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Post Office as a pe mg 


General [Paroz le, 90, DY Fenetan Fae 

















" Lusrs or STaNpaRp S1zEs 


Aveltg & porter, L 


ROCHESTER. 


~ te am 
Read Rollers & "Tractors. 


A. G. Med. [. 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FRED PUMPS. 

See Advertisement, pages 31 and 83, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary — supplied to ~~ 


R ohn H., W iteon &(o.,Ltd. 


Birkenhead. 


See Illustrated Advertisement 
Page 8, Dec. 31. 


Lpcomotive Shunting Cesena 


Steam and Eiectric 


ranes, 
BXCAVATORS, CRANE-NAVVIES, GRABS, 
OCONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 


9037 

















8569 
oN . APPLICATION. 





London Office : 
15, VICTORIA STREBRT, 8.W. 1. 


(rig & Donald Ltd., Machine 


L MAKERS, Jommerore, near Glasgow. 
For class of Machine Tools see our Illustrated 
Advertisement every alternate week. 1358 


CHANTIERS & ATELIERS 


A veustin ormand 


67, rue de Perrey—LE HARVE 
(France). 











3890 

0 Boate, Yachis and Fast Boats, 
ine and Submersible Boats. 

NORMAND)’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 


lectric ifts 
K (UP TO 3% TONS.) L 


8. H. HEYWOOD & & OO., LTD., 
REDDISH. 





9026 





team Hammers (with or 
ot, ee d-worked or self- 
TOOLS | for for SHEP BU LDERS & a 
DAVIS& PRIMROSE, Loar: Lrurrep, Lerru,Epinsures. 
Brett's Patent | iter Co: 
LiMiTED. 


Hammers, Pi Presses, Furnaces, 


Bere, Dorling . k Co., Lid. 
HIGH-CLASS ENGIN 


NES FOR ALL PURPOSES 
also WINDING, HAULING, AIR COMPRESSING 
aud PUMPING ENGINES. 


ranes.— Electric, Sézam, 
sae pH bee. HAND, 


of all Wate sizes. 
GEORGE RUSSELL & CO., Lep., 
Sanpete Se. ye 


W elaie diesedtee! Tubes 


for Water-tube 














Y arrow & Co., Ltd.’ 
SHIPBUILDERS AND ENGINEERS, | 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR. | 
PADDLE OR SCREW STBAMERS OF 
EXCEPTIONAL SHALLow Draven. 
Repairs on Pacific Coast 
by YARROWS, Tee. , Victoria, British 


um! 87 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


les Limited, 
a INEERS, IRLAM, MANCHESTER, 
FED WATER HEATERS, 

CALORIFIBRS, EVAPORATORS, > ,20W'S 


ATENTS. 
CONDENSERS, AIR HEATERS, 
Merrill’s Patent ait STRALWERS for Pump 


Suc 
SYPHONIA STEAM TRA RAPS, "REDUCING vaires 
High-class GUNMRTAL STEAM FITTING 
ATER SOFTENING and FILTERING. Cras 





(Sampbells & Hee, L 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 


Yon Launches or Barges 


Built complete with Steam, Oil er Bes 
rs; or Machinery supplied. Od 3551 
YOSPER & CO., Lrp,, Broap Street, PorTsmMouTH. 


C ochran MULTITUBULAR AND 


OROSS-TUBE TYPES. 
Boers. 
See page 17, Dec. 31. 8205 
By lectric Cpenee- 


8. H. HEYWOOD & & CO., LTD., 
REDDISH. 











[tubes and Pitti 
IRON AND STE 
gaat and I loyd’s, l td., 


, OSWALD ST., GLASG 
BROAD STRERT CHAMBERS, BIRMINGHAM ; 
and ec ote OFFICE— 

WurcuesTerR House, OLp Broap Srreet, H.C. 
LONDON WAREHOUSB-167,Urr.THames Sr.,B.0. 
LIVERPOOL WAREHOUSE-—3, PAaRmaDisE Sr. 
MANCHESTER WAREHOUSE—&, DeansaarTe. 
CARDIFF WAREHOUSE—122, Bure Sr. 
BIRMINGHAM WAREHOUSES—Nie Sraeer, 

SHEEPSOOTE STREET. 
See Advertisement page 28. 8187 


Hilder Daw, MELC,, 
M.R.S.L1., 


9 & 10, Southampton Street, 
Holborn, W.C. 1, 


ADVISE on PROBLEMS 





is PREPARED to 





Drop Forgings 


aremmert  - ENGINEERING & FORGE Go. 


ellington Street, Glasgow. 
xbber 


MANUFACTURERS. 
Hose 





Suction 
and Fire. 





GUTTA PERCHA & RUBBER, LIMITED, 
ank Locomotives 
eee -~ and Workmanship equal to 


Toronto Canada. 8510 
Line Locomotives. 


R. & W. HAWTHORN, LESLIE & =, Lrp., 
_ ENGINEERS, [NEwosstLe-on-TYNE 8203 


Fexcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


D. Whitaker, 


1, Union STREET, 
LEICESTER. 





7985 





“ Qpencer- opwood”’ Patent 


: ~ pags 15, 

Sole Makers : Boilers. ec. 31. 
SPENCER - BONECOURT, ill, * 
Parliament Mi , Victoria St.. London, 8.W. 


GOLD MEDAL- Invasions EXHIBITION-AWARDED. 


uckham’s Patent. Suspended 


WEIGHING MA iT FERRY 
ROAD ENGINEERING WonmS coM PANY, Lev. 
Lowpor, B ydraulic Cranes, Elevators, &o. 
See Illus, Advt. last week, page 15. 











ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


8421 | Vol 








arising in connection with Sewage, Civil and 
Const ——  ovniny — peta 
Tel useum 9065 
if peepee \raversers 
4 (BLEOTRIC). 
S. H. HEYWOOD & OO., LTD., 
Ane” 3 REDDISH. eae 
_-Fror Sale. 


Two 850 Kw. “ Fraser & Ohbalmers-Siemens ” 
TURBO - ALTERNATORS, complete with Oon- 
densing Plant, Moter~iriven Pumps, etc., ete. All 
new in 1916, Alternators can be omvare for 500-550 

or 3000-3200 v. oper, 50 cycles 

THE PHGNIX HLECTRICAL CO., Lep., 32-36, 
Broomieclaw, Glasgow. J 62 
[the Glasgow Railway 

Engineering Company, | | 
GOVAN, GLASGOW. Lrp 


London Office—12, Victoria Street, 8.W. 


MANUFACTURERS ©) 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
WHEELS & AXLE 
CARRIAGE & WAGON IRONWORK, 
CAST-STEEL AXLE BOXES. 


Patent 4 
See’ 8 HyarePueumatic ASH Ejector. 
Great saving of labour. No noise. Nw dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Lrp., Naval Archi- 
tects and Surveyors, 43, Billiter Bidgs., Billiter St., 
London, B.C. Od 4835 


° : ° "aT 
Dice! Engines, Six Cylinder, 
two and four stroke, 850, 1000, 1200 HP, 
Excellent condition. Dynamos for above 250 or 600 
olts, D.C. Immediate delivery and low price. 
Also 2-500 Kw. PARSONS TO RBINE SETS 250 or 
500 Volts, D. as with Condenser and spare armature. 
ELECTRICALLY DRIVEN AIR COM 





also 
8337 








PRESSORS, 250 Volts, D.C. Pressures 1500 to 
3000 lbs. per square inch, 
JENNINGS, 
__ West Walls, Newcastle-on- m-Tyne. 8888 


r Sale.— 


MOTOR-DRIVEN 
PLANING MACHINE 


To plane 30 ft. by 20 ft. by 10 ft., four Tool Boxes. 





°Y arrow Patent 
W ater-Tube Boilers. 
Messrs. YARROW & CO., DERTAKE 4 

PRESSING and SonrsiwG ys et various 


of Yarrow Boilers, such as the Steam Drume, Water 
Pockets, and Superheaters for — ‘oreign 
the necessary facilities, 


Firms not havin 
YARROW & CO., Lrp., Scorsroun, Guaseow. 


») ohn Bellamy L_jmited, 


MILLWALL, LONDON, 8. 

EWERAL CONSTRUCTIONAL BNGINERRS, 1216 
Boilers, Tanks & Mooring Buoys 
Srizzs, Perrot Tanks, Ark RECEIVERS, 
Curmmeys, RiveTtTep StTEam and = 
Pregs, Hoppers, Sproua, Work, Repains oF 

ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOOK. 


H= Nelson & Co L 4 


Tae Guaseow Roitme Srock anp PLayrT p+) 
MoTHERWELL. 


ead, rightson & (‘\o., 
He W C 


LIMITED, 








See Advertisement page 55, Dec. 31. 


Willson 


STRAIGHT-BED, GAP-BED, 
TOOLROOM LATHES. 


Whatever your lathe requirement communicate 
with us. Our Be Cy ence and reputation is 


world-wide —— of a century of 
LATHE SiRVJCH t back 





every transaction. 


SMITH BARKER & WILLSON LTD., 
North Moorside, Halifax. 


Wire: “ Lathe,” Halifax. 
F 698 


Newcastle Shipbuilding Co., 


LimiteD, HesBuRnN-on-Tr¥r. 
Toleges hic pg * Wate: 7 «pee 


: Hebburn 83. 
- BUILDS OF A ig’ ceveeees AND 
L TANK STBAM 
Shsicinert - build under 
ISH MEWOOD SYSTEM. 


Voge & ops: 
10 BUILDING B er Hs P TO 5650 feet. 
RIVER FRONTAGE, 1600 feet. 


fi lectric [ansporters. 
8. H. HBXWOOD Ey 0o., LTD., 9026 
Tur GLaseow ioe ae Prant Wonks 


Hx. Nelson & ; Co. Ltd., 


Bullders ofRAI Hy ren 
BLECTRIC CARS and EVERY oTH 
or RAILWAY and TRAMWAY ROLLING @ STOUR, 
Makers of Wurrtsand Axies, Ratiway Piast, 
Forerves, Smira Work, [row anp Brass CasTines, 
Pressep Steet Work OF ALi Kuve. 
Registered Office and Chief Works: Motherwell. 
Lon ‘on Office: 14, Leadenhall Street, 8.0, Od 3382 


Time Recorder, as New, 


guaranteed, latest model. WHAT rn weed 
—A. G. PELLEY, 149, Farringdon Road, 8.0. 1 
CHARTERED 


okal, parunr AGENT, ° 
1, Great James Street, Bedford Row, London, W.C,1, 
T.N. 8820 


Phone: 46. 























of “* Armco” on, Resisting —_ 


The Scottish | "Tube Co., Ltd., 





eg Se nes SEL iw 


Heap OFFIcE: 3, Robertson Street, Giaagow. 
See Advertisement page 101 


OF EVERY DESCRIPTION 
RAILWAY IRONWORK, BRIDGHS, ROOFING, &c. 
Chief Offices: 129, Trongate, Guaseow. Od 8547 





Registered Offices: Clutha House, 10, Prinses 8t., 
Westminster, London, 8.W. 1. 


ae a : yet, ey Sr., B.C.3,| Condition as new. Makers, Buckton & Co. was jwwrhn ewe 
or TT a near HARLOW, BssEx. Price and particulars from— : 
Bvaporsting and Distilling Plants. MURRAY, McVINNIB & CO., Lrp., (Centrifugals. 
Ref and Ice Machinery. Mavisbank Quay, 8749 . 
edhe a = dye ggg emia ott, (\assels & W illiamson, 
E tors. . 
Preah Water if Distillers. K. 2: J. Davis, M.I. Mech.E., if ‘ C 
Main and 
Combined Circulating and Air Pumps. Reported oy Recs. Tel. : rere titi Fou t 8880 
Auxtiliery Surface Condensers. 136and 137 traiford. Wire: "Ra Lendon.” 
8690 t Bastern Road, Stratford, 1194| See balf-page Advertisement page 90, Dec. 24, 
tron and Steel P. & W. Maclellan, - imited, reget Steam 
T u b es a nd k ittin gZ 8. CLUTHA WORKS, GLASGOW. ec. Bl. By Pneumatic Power 
MANUFACTURERS OF 
Sole Licensees in ~~ Britain fo: the manufacture RAILWAY CARRIAGES AND WAGONS Hammers 


Drop Stamping Plant 





B. & 8 aol Tiscemes. 
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[the Manchester Steam Users’ 
ASSOCIA’ 


For the 


worm. te 
orksho . 
and Liabilities pat bald fi in case Sao Deptt. 
and Boilers inspected during construction. 


Leeds University. 


DEPARTMENT OF COAL, GAS AND FUEL 
INDUSTRIES (WITH METALLURGY). 


SPECIAL COURSES OF eee La alan 
will P eiren Gust during January, Feb: nd March on 
AND T i OTIL SATION OF 

roe by iedouer J. W. Cobb, C.B.B., B.Sc., 


F.1. 
Il, CONTINUOUS VERTICAL ee axp 
STEAMING; La? A. Parker, D.8c., 
~ Ii. aon ae ta: LES OF GAS pisTRIBU- 
ta’. Mr, Walter Hole. 

IV. ay. “Ga COKING PROCESSES 
(including che y atiltentton of Coke Oven Gas 
for ee LURGY 2 ee $ ws Mr, 4 Greaves, F.1.0, 

Vv. Pe r. F, Summers, 


The Unoeshery of the Department will be open on 
Wednesda prcoinge for students desiring in- 
struction in Fuel Calorimetry and Pyrometry. 

For further information, apply to THE 
REGISTRAR, The University, L Lae. L 452 


]["*t. .C.E. Exams.—Successes 
as usual last Hxam. by Correspondence Ooach- 
Successes by hundreds, several prizes. Sec. 
braces years e€ ence, 

sates eae Offices of epretesstonal ats 


rrespondence Courses for 
B.Sc., Inst. O.K., I. em. B., all ENGL- 
NEBRING EXAMS. 5; I Courses and Single 
Bubjects. Personal tui .—For ulars 
apply to Ma. TRHVOR W. PHILLIPS, B ons, 
Assoc.M.Inst.C.B., M.R.8.1., etc., 8-10, 
Chambers, 58, South John Street, Liverpool. 8423 
[>*t. C.E., lL. Mech. E., B.Sc., 
and all mene pmmigtions, —Mr. G. P 
KNOWLSS, B. HR M.Inst.0.H., F.8. 1., 
MhSan 1, PREPARS CANDIDATES ail 
or ey correspondence. Hundreds of successes, 


rses raay commence at any time.—39, Victoria 
8t., Sc. Wentmizesen S.W. Tel. a7t0 V Victoria. 8970 


rrespondence Tuition by 


the “ U.8.” Individualised m will carry 
you through your Exam, with rn mum expense 
and energy. Success Guaranteed. Hstablished 
1906. Hundreds of Cmeatees at :—Stud. at O.K., 
Assoc.M.Inst.0.B., A.M.I.Mech.B., A.M .E., 
Matriculation, inter. and Final B.Sc. Be me 
Olty and — a partmen 
Exams. etc, Specialised Professional Traini: 
APPROVED, wx, MINISTRY OF TE 
Send for “U.EO.” Prospectus No. 8, 

















- Bett. to bag 


mentioni t—Desk 
ntioalng, regu ENGINEERING OOLLRGR, 


Weastgate-on 


Pexrningtons, University 
chester. 


RS, 254, Oxford Bend, Man 
—_ 1876. Postal Courses for all eering 
Exams. Enrel now for I.0.B. ina TMB Coonae 
96 per cent. passes last Hxams. 8¥01 


-_——- 


— 


ent. 








—— 


ee 





TENDERS. 
MRETROPOLITAN AN WATER BOARD. 


TENDER FOR PIPB-LAYING, REPAIRS AND 
ALTERATIONS TO MAINS, &c, 


The Metropolitan Wat Water Board invite 


f beg for Pipe - Laying 


REPAIRS and ALTBRATIONS to tee, 
for a period of twelve months, commencing 
sath February, 1921. 

Tenders must be made on official forms, which 
may be obtained from the Chief Engineer, 174, 
Rosebery Avenue, B.C, 1., on or after Monday, 10th 
January, 1921, by persona lication or on 
of a stamped addressed briet envelope, 

Tenders enclosed in sealed envelopes addressed to 
“The Olerk of the Board, Metropolitan Water 
Board, 173, Rosebery Avenue, =. 1,” endorsed 
“Tender for Pipe-laying, irs, &ec.,’ " mnt be 
delivered at the offices o ‘une rd not later than 
a gh an aa. on Monday, 24th January, 1941. 

The Board do not bind themselves to acce pt the 
lowest or any Tender. 

A. B. PILLING, 


Clerk of the Board. 








Offices of the Board, 
New gs Head, py 
Rose venue 
a: 
8lst December, 1920. L4li 
EDINBURGH CORPORATION BLECTRICITY 
SUPPLY. 





The Lord Provost, Magistrates and Council invite 


nders for the Following 
PLANT, at the Portobello Generating Station: 
Spectricarion No, 30, 

OIRCULATING WaTER PIPBS ae VALVES. 
Copies of the Specification and Drawings can be 
obtained from the Enemerr, Dewar Place, Edin- 
burgh, on and after 7th inst., upon payment ofa 
deposit of £3 9s. Additional Copies of the Speci- 
fication and Drawings can be obtained upon peyment 
ofa deposit of £1 1s., these deposits to be ned 
receipt of a dona Tender, and on return of 

the Oa yy ween and wings. 

Specification and Drawings can be seen at, 
wate net obtained from, the office of Sir ALEXANDER 
KENNEDY, 17, Victoria Street, Westminster, 


‘Tenders, on the prescribed Form, 1 


in 


a 


e443 | ticuiars may be 


METROPOLITAN BOROUGH OF 
HAMMBRSMITH. 
BLBOTRICITY DE DEPARTMENT. 

Borough Council invites 


renders “tor the Su 


Three or more WATER TUB. 


py. of 


geet of aM sapplviog 160.< 150,000 Ibs. of Steam per hour. 


be obtained from Mr. G. G. 


of Tender, and other par- 


BELL, 
Borough Blectrical rag ar Electricity Works, 


85, Fulham FS angie W. 6. 


* healed 


Tenders, endorsed “ Tender for .Boilers” 


must be delivered to the undersigned at the Town 


Hall, Hammersmith, W.6, not 
Hleven a.m, on Friday, 2ist January, 1921. 


later than 


The Council do not bind themselves to accept the 


lowest or any Tender. 
LESLIE Gounes. 


wn Clerk, 


Town Hall, 
Hammersmith, W. 6. 
4th January, 1921. 


L 424 





0. BBR 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF 
(Piant axp Macutvery SEcrr 


Fror Sale by Public Tende 


ONE COMPLETE POWER STATION 


ng :— 
3—200 K.w. enennin Sete 
Periods 


3,300 Volts, 3 koe 


with 
Bae ete 


and all Station Accessories 
TENDERS CLOSE ON FEBRUARY Ist. 
For full —, Tender Forms, Permits 


~— “"Pie B CONTROLLER, D.B.1 


ECTION). 


THE DISPOSALS BOARD 


Tr. 


PLANT 


to 


E., 
Cross Fan ed Buildin, 
_—— London, W.C. 32, L 





ABERDEEN CORPORATION WATER WORKS. 


BXTENSIONS 1920. 


CONTRACT No. 
PUMPING MAOHINERY. 


8—ELECTRICALLY - DRIVEN 


The Town Counctlof Aberdeen are prepared to receive 
enders from Competent 


Persons willi 
the SUPPLY and 8 
TRICALLY - DRIVEN 
capable of delivering 64 million gallons oem 24 hou 
including Transformers, Motors, Pumps, etc 


i enter into a 


mtract for 
NG TO WORK of ELEC. 
PUMPING MACHINERY 


ies of the Specification and Layout plan may 


be ined on and after 18th January, 1921, 


on 


i] Speeson at the Water Engineer's Office, 41}, 


Street, Aberd 
For each & 


een. 
fication a de; 
after a Tend 


er be returned 


accepted, 
the tenderer, provided that he shall have sent ina 
tender, properly filled in and shal! not 


bona fide 
have withdrawn the same. 


Tenders on the forms ribed and enclosed 


securely sealed en endorsed “Tender for 


addressed to the und 


Pumping — yy _ 


signed, must be 
Febr 1921. 
The 


accept the lowest or oon 
GEORG TTCHELL, M.I Lesh. E., 
Water Engineer 
Water En 


neer’s Office, 
nion Street, 
Aberdeen, 4th January, 1921. 


peci it of Five Pounds 
sterling in > amg be required, which sum will, 


to 


in 


er- 


later than 2ist 
own Council #. a. aa themselves to 


L 426 





~ BURMA RAILWAYS COMPANY, LIMITED. 
The Board of Directors of the Burma Railways 


Company, Limited, are prepared to receive 


Te enders for the 


a ee 


EB PARTS. 
(p) 4 A GALVANISED HOOK BOLTS. 
For each copy of the 8 
will be charge 
will be charged, which 
eae enclosed in sealed envelopes 
the “Chairman and Directors ° 


12,500 DOG SPIKES. 
85,810 STRBL FISHBO 


addressed 


Supply 


LTS. 
BUILT. UP fo et ag AND SWITCHES 


ifiation (a) a fee of 20/- 
and for & and (c)a fee of 10/- each 
fees are not returnable. 


to 


and endorsed 


** fender for Deg Spikes” or as the case may be, 
must be delivered at the Company's Offices not 


later than TWEL 


‘VB noon on Wednesday, 19th 


January, 1921. The Directors do not bind themselves 


vide the —- 
ook Bolts are urgentl. 
By Oe 


the right to 


eee 


Naueging Director. 


Old 
London, B.C, 2, 
6th Januar: , 1921. 


199, Gresham House, 
Broad Street, 





LIVERPOOL CORPORATION ELECTRIC 
SUPPLY DEPARTMENT. 


Plant for Sale. 


Two 2000 KW. Double Flow Westinghou 


or the lowest Tenders, and reserve 


ey oot - Burma. 


L 428 


se- 


Parsons TURBO ALTERNATORS with Condensers, 


air pumps and Gwynne circulatin 
pressure 180 Ibs. per square inch. 
Rach generator 


ed 
capabl ” 


wy Bteam 
500 r. 
e of giving three-p ase 


current at 6000 to 6600 volts between adjacent 


conductors at 50 

tion at 460-480 v 

Offers for the above 
to make room for machines of larger capacit 

eng dy tena sg Clerk so as to be rec ber 

not later than the first (postal deliver 

Jenuary 18th, 1921, endorsed, “Tender for 





sealed envelo and endorsed th teide 
* Blectricit; ‘ay apply. Tender for Spe cation No. 
90," must yered at the office of the under 
ged ak ner » nok Rind ShemmadNves 45 cooage ans 
on 
loweet er any offers e ves to accept the 
TERSON, 8.8.C., 
City Cham! 
= bers, Town Clerk. 
L 395 


— per second separate excita- 
lant which must be op 


by 
on 


urbo 


Plant ready for removal about the end of February. 
The Ghent or any 1 jo not bind themselves to accept 
the oe Tender, 


The 
Station ~¥ 
forms of 


be obtained on 
rd Chey 


sda ey 
Electrical 





G. HAMMOND ETHERTON, Town Clerk. 
Municipal Buildings, Dale Street, "Liverpool. 


be seen running at the Power 
ppolntment and full particulars and | §: 
appli to 


, 4, Hatton Garden, 


412 


| pesenges. 





APPOINTMENTS OPEN. 
NORTHAMPTON POLYTECHNIC INSTITUTE. 
ST. JOHN STREBT, LONDON, E.C.1. 

The Governing Body invite 


A plications for the Post of 
ULL-TIME ASSISTANT LECTURER in 
the Civil and Mechanical Engineering Department. 
Applicants should have good experience in 
theoretical and practical Structural ee 
and Engineeri: Design. Commencing salary, 
2315 a year, 10 revised when the report of the 
Burnham Committee on the salaries of technical 
teachers is issued and meanwhile subject toa bonus, 
until 3lst March, 1921, of £10 a month. 
For full particulars and forms of spplication, 
apply ts in writing at once to, 
R. MULLINEUX WALMSLEY, D.Sc., 
Principal, a 


TY asap ee —KING’ 


e Delegacy 


AT canny of an ee 
and DEMONSTRATOR ina Civil and 
Engineering. Sa £300 perannum. The dutfes 
will commence on January 12th, 1921. Opportu- 
nities will be given for research w 

——. with —_ of not more than three 
conthinen should received not later than 
January oan 1921, byt THE [agen ner $ of King’s 


College, — ay ae from whom further par- 

ticulars may be Be Ss + 

WIGAN AND Di ern MINING AND 
TECHNICAL COLLEGB, 





N EGE. 


Require the 
T LECTURER 
Mechanieal 


pplications are Invited for 
the POST of 
Lara IN MECHANICAL AND 
ECTRICAL ENGINEERING. 

Salary mo to scale ; norma] maximum £500, 
an additional £50 being payable in the case of 
candidates having a First-class Honours Degree 
or the equivalent. 

In computing initial salary under the scale, full 
allowance will be made for years ef service in 
t or in industry after 21 years of 

Further iculars ane | be had om the 
PRINGIPAL. to to whom applications should be sent 
before January 14th. L 317 








ORDNANCE COLLEGE, 
MECHANICAL AND ELECTRICAL 
ENGINEERING BRANCH. 


pplications (Stating 
~oo——ao, are invited for the 
POST of PROFESSOR of MECHANIOAL 
and ELECTRICAL ENGINEERING 
Salary :—2£850 p.a., rising by £50 to £1000, in- 
clusive. 
Post pensionable under the Universities Scheme 
of — uation, 
——— for further particulars should be made 
in w 


ting to :— 
THE COMMANDANT, 
Ordnance College, 
Red cks, 
Woolwich, 8.E. 18. 
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()ualified Surveyor Required 


for Central Africa. Sound knowledge of 
Tachometric surveying and field work essential.— 
Write fully, ——_ particulars of training and 
experience, age, and salary expected, BOX A 58, 
Lee & NIGHTINGALE, Advert, Offices, —T. 


SAC of the Jamaica a RAILWAY as 


Assistant Construction Engineer and Clerk of 
Works to the Construction Engineer, for 2 years’ 
service, lary £560 per annum. Free first class 


Candidates, age 25-30, single, must be good 
draughtsmen and able to assist in the preparation 
of plans, estimates and quantities, etc., for the 
erection of locomotive shops, yards, running sheds, 
machine tool shops, passenger station and sand 
offices. Apply at once, in writing, stati 
brief detatis of experience to the C ROWN AG 
FOR THE COLONIES, 4, Millbank, London, 8. w. 5% 
quoting M/10,536. Ap licants must have served in 
some branch of H.M. Forces during the late war, 
unless satisfactory reasons for not having done so 
can be furnished L4lé 


Refrigerating Engineer.— 

Thoroughly qualified MAN REQUIRED as 
Chief for large Stores in a Lancashire Port. Must 
have thorough prictical knowledge of, and be able 
to control and supervise Refrigeration Plants (direct 
expansion and brine systems), Gas Engines and 
Producer Plants, Electric Power and soe 
Plants. Good commencing and oe ve a 
to competent =. Give full particulars 

qualifications, rience, olnanan a 
present room hs dress, L 438, Offices of Enei- 
NEERING. 


A 








Civil Engineer ape 


for the Way ayp Works DEPARTMENT 





age, 


EGYPTIAN _GOVERNMENT. | 


a 8 ° 
Vacancy ~ Exists in the 
Mechanical Public Works 
Minis fora FIRST-CLASS 
— IC with following qualifications -— 
— have served a full apprenticeship with 
neering firm of some 
2. Must have an up-to-date — of modern 
—— workshep practice. 
3. Must be more than 30 years Ofage. - 
4. Must be accustomed to take charge of men. 
See-going experience will be considered an 


Salary £E annum plus such tem; 
allowance as may be in force, at present amountin 
to about 8B 175 per annum (£B1 a 6d. approx. 
Free quarters will be 2E 40 
money allowed. Initial ot contract one year. 
trict medical examina’ 


plications, with full particulars of 
tocttnoutale to be addeeseal to SIE AL L. Wiens, 


K.C.M.G, Queen Anne's Chambe: Sacer 
Westminster, 8.W.1, and marked " Mechanic, Pobite 
Works Ministry.” L422 

















Oy a (Maintenance) 
AE ag for large country wats. 
motor transport. House . 
Write with full particulars of ex: in confi- 
bury, Bucks. 
—_— COLLEGE ne « 
W anted Immediately, an 
ASSISTANT ~ Ee with experience 
ectrical aud Heating Plant. Salary commencing 
= £300 per annum. 
recent testimonials, to be sent to the unde: ed, 
from whom further iculars can be obtained. 
ement, 
HARD 7. cones, 
Secretary 
anted, -Sales one: 
aged about 35, with war who also 
has wide selling expertence 
railroads and industrials and should have some 
oe in foreign countries ; must be resource- 
together = a@ good personal appearance. Salary 
at least 2 r year, with interest in profits, 
Address, L 454, Offices of KNGINEERING. 
gC? Engineers Required 
appointment as I m Engineers for 
three years’ service in the first instance. Salary 
of 33$ per cent. Free passages provided. 
Candidates, not over 3 35 wenss of age, who must 
examination, and who have a thorough knowledge 
of surve , levelling, earthwork and the principles of 
preferably with actual experience the desi 
and construction of irrigation Ps ao “ 
details of experience to the 
FOR THE COLONIES, 4, Millbank, London, 8. oe 1, 
Assistant RE 
REQUIRED by the GoveRNMERNT 
two tours each of not less than 12 months nor more 
Sal. £600 a year rising by annual increments of 
£30. A commuted allowance of £12 a month in lieu 
forming the duties of the re oe = _ 
Colony. Free first class es and ca: 2 
salary after each tour of service. 
Civil engineers and have had experience as Engi- 
neers or Drau, oe on Railway Construction or 
Surve 
CROWN AGENTS FOR THE COLONIES, 4, Mill- 
bank, London, §.W. 1, giving brief details "of expe- 
Candidates must have served in some branch of 
His Majesty's Forces during the late war unless 
tory. 
3 C for the GovERWMENT RalLWays in 
East Arrica, for one tour of 20 to 30 
-~ ws a annum rising by annual increments 
to per annum, payable locally in rupees 
local allowance of 50 per cent, An outfit allowance 
of £30 is one on first a “_———y a 


[JAN. 7, I92t. 
te ea a ge and electrical 
dence, to Hazexi, Watson & ViseEy, Lrp., =. 
376 
BNMARK HUD HILL, 8.8. 5. 
2 the running of Diese) Engines and also General 
Applications, with copies of not less than three 
By Order of the Committee of 
RIC 
Ist January, 1921. L399 
ngineering 
practice among British engineering So eee foreign 
and have business = executive ability, 
Reply, reat full record and recommendations,— 
by the GoveERNMENT oF CEYLON for 
£450 per annum with a temporary war allowance 
have passed the A.M.Inst.C.E. or an equivalent 
road ma ing, waterworks and building construction, 
apply at once, in writing, givi 
CHOWN ‘AG AGENTS 
and quoting M/Ceylon 10, ‘348. 5 L 4 431 
oF NigErts for Railway Construction, for 
than 18 months’ service with possible extension. 
of quarters, etc., is payable, but only whilst per. 
passag' 
ment provided. Liberal leave in England on f 
Candidates, under 40, who are duly qualified 
should apRly y at once letter to the 
rience and qualifications and quoting M./10,358. 
their reasons for not doing so are entirely satisiac- 
L 430 
Civil Engineers Required 
oe mag service with prospect of permanency. 
- ten to the £, with an additional temporary 
quarters, of rent; ; an first-clas 


rovided. Liberal leave in England on full sales a. 
Candidates, age 25 to 35, bP pre ren who Sabe 
had experience as Engimeers on railway 
construction and Fo RN should a ply at 
onee, in writing, to THE CROWN AGENTS FOR 
THE COLONIES, 4, Millbank, London, 8,W.1, 
giving age, and brief details of experience, and 
wa M/9987/10037, Se must have 
served In some branch of H Forces during the 
late War unless satisfactory reasons for not having 
done so can be furnished, L 383 


METROPOLITAN WATER BOARD. 


ASSISTANT ENGINEER. 








The Metropolitan Water Board are prepared to 
receive 
AP Eira 8 for the A ppoint- 
MENT of an ASSISTANT ENGI 
cants must be Corporate Members of the 

Inetitution of Civil Engineers, from 30 to 45 years 
of age, and must have — in ne 
and setting out, -~ upon w ks of construct 

The t will be classified “y one 
of the Senior Aadetant Engineers. The ap) oa 
ment will be held during 7 jleasure of the 
at a commencing — a sues 
—— annual increments 

The foregoing salary is cake on a Siiboun 

and is subject temporary addi' sotiog the 
total minimum remuneration at present about 
2726 7 Pen Fadl cag pet g ny wh need 
year. ese amounis may, however, be increased 
or reduced aceording to fluctuations in the cost of 


TEMPORARY ae. 


lications, which must aoe RE by 
cialis af ek hheve tain tae cae must 
be submitted on a form to be obtained from the 
Clerk of the Board, New River Head, 173, 
Avenue, H.C. 1, and delivered to him at that address 
in a sealed envelope endorsed “* Assistant En, 
er Oe ee y, the 
Th Tene caleneh contidate will be required to 
e selected can req pass a 
medical examination b the Bases Gate? Medics! 
Officer and to join the uation and 
Provident Fund. 
Personal 


canvassing is strictly prohibited and will 
disqualify. 


A. B. PILLING. 
Clerk of the Board. 
_ ATo, Hesebsry A 
venue, 
Londen, 8.0. 1. 





22nd December, 1920, 
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TENSION TESTS OF MATERIALS. 
By Professor E. G. Coxrr, D.Sc., F.R.S;, M,Inst.C.E., 
of University College, London. 

Amone the numerous tests which engineers.have 
adopted for finding out the properties of the metals 
they use in construction, the one which finds most 
favour is a tensile test over the whole range of stress 
to fracture, since by such means alone it is possible 
to form a very accurate idea of the value of the 
material for use. Much, valuable information may 
also be gained in other directions and indeed, some 
recent experimental work of Professor Dalby* shows 
that it is possible to determine from a simple 
statical tension test what. the limiting stress is 














which a material will stand when the tension load is 
repeated indefinitely. If ordinary care is taken 
tension tests are practically independent of the 
testing machine employed, while the ease with 
which they can be carried out make them 
very gene.ully useful for comparing different 
materials. There are, however, circumstances which 
may make this form of test less simple than might 
at first sight appear, owing to the possibility of the 
occurrence of a variable distribution of stress ‘in 
the member from causes which, so far, appear to 
have been only imperfectly realised. 

The application of load to a flat bar or cylindrical 
Specimen, by the usual ‘forms of grips émployéd, 


we 





eae Speen St 
on Py essor BE, 
Dalby, F.R.S., Phil. Trans., Series A, vol, 221, 1920. 








|is practically always accompanied by a variable 
distribution’ of stresg at.and near the ends, and in 
order to prevent fracture there, it is usual to increase 
the'sectional area of the ends.of a Lert ia ple 
the manner in which the change of section is e 
between the ends and the central part of the spedi- 
men is provided for in standard specifications to 
ensure uniformity of stress within-the gauge length: 


Fig.1. TENSION MEMBER WITH SYMMETRICALL. 
PLACED NOTCHES 
Ad. 








There is, however, a lack of ‘definiteness‘in some of 
the provisions of these specifications, which make 
it possible, in certain cases, for vatiable stress ‘to 
occur in the gauge length owing to the form of the 
at the ends, and it is the object of the 
present article to describe briefly somie' photo-clastic 
investigations which have been made on standard 
test-bars and to direct special ‘attention to the 
irregularities in the distribution of stress due to 
the form of the test piece. 
Briefly the method of i igation in all cases 
is to determine the directions of the tines of priticipal’ 





‘have been checked’ by 





stress by observation om a transparent miodel\in a 
field‘ of view illuminated by plane-polarised light, 
and afterwards to measure the differences of t 
stresses P and Q i 

compari é , 
To separate the two vi P and Q from the 
difference values the la’ strains are measured 
atthe same points, and these strains) afford 
convenient’ measures’ of the sums of» these prin- 
cipal stresses when referred to a_ calibrated 
tension member. In this way the stress distri- 
bution throughout a plane member under load 
can be measured) point by ‘point to am, accuracy of 
+ 3 per cent., if sufficient care is taken, while the 
measurements are quite independent of calculation 
and can be applicd. to similar bodies in other 
materials, for it; has been’ shown on_ theore- 
tical grounds and verified tly by experi- 
ment, that ‘loaded transpatent: | with. one 
boundary, give distributions of stress _ precisely 
similar to those ot the metal form loaded:in the same 
manner. ‘Although the to be described 
oceasional | jon 
metal test-pieces, the bulk of ‘thé data has been 
obtained by optical means on account of the ease and 
accuracy of measurement which such methods 
allow. iO as . 
The pritiary form of # standard test-bar for plates 
may be derived from: the siniple case of a ‘uniform 
strip having two semi-circular notches in. it sym- 
metrically ‘disposed with reference to the axial 
litte.” Indeed; seh a form (shown in. Big. }), has 
‘occasionally ‘beep used for tension experiments, 
although ‘there is no uniform stress distribution. at 
or near these notches and the material is subjected 
to a somewhat complex stress, which’ neyer -ap- 
proaches’ pure tension unless the notches .ate of 
insignificart dimensions. i 

The kind of stress which ocours in such a case is 
indicated in the colour photograph, reproduced in 
Fig. 14, on Plate I, which shows the appearance 
presented by a stressed tension member four units 
wide with symmetrically - disposed semi-cireular 
notches of unit radius. when viewed in ciroularly- 
polarised light. The varied display of colour indi- 
cates the essentially non-uniform character of the 
stress, especially at and near the notches. 

Across the minimum section there is; in fact, 
a highly-variable tension, which is accompanied 
by ‘a variable cross-stress, which is not insignificant. 
In a ‘tension member of this kind } in. wide with 
notches’ of } in. radius, a mean applied stress of 
1,092 1b. per square inch across the minimum section 
produced a stressof 1,580 lb, per square inch at the 
ends of this section; which fell'to about half this 
value at the céntre and was accompanied by a 
variable cross-stress, which rose to a value of 250 |b. 
per sqtiare inch near the erids:of the section and 
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diminished somewhat towards the centre. The 
stress measurements are shown in the Ss) 

Fig. 2, which also shows the stress developed .\t the 
contours. On the left hand half of the * sure it 
will be observed that the stress P at the centre of 
the minimum section is much below the mean 
stress and that it rises to approximately 1-5 times 
the mean value at the ends of this section, while 
the cross stress is also large and has two maximum 
values separated by a slightly less minimum value 
at the centre. A close approach to uniform stress 
was only obtained in this case at a distance of 4 R 
from the minimum cross-section, where R is the 
radius of the notch. As might be expected, the 
variability of stress round the boundary of the 
semi-circular notch is even greater, as the right- 
angled corners are not stressed at'all, under any 





lateral strains of the order of a few millionths of an 
inch, and they may be considered as afio 
another confirmation of the applicability of photo- 
elastic measurements to engineering materials. 

Although the form of this test-piece is simple, 
its shape has, up to now, eluded mathematical 
analysis of the stress distribution, except by an 
approximate method due to Leon* for the case of 
a single notch in a very wide plate. This solution 
when applied to a tension‘member with symmetrical 
notches of moderate size, agrees fairly well with 
the measurements obtained at the minimum cross- 
section, although the analysis is defective as regards 
radial stress around the notch. As already indicated 
the values indicated by this theory are shown by 
dotted curves in Fig. 2. 

The tensional stress p across the minimum section, 





Notch Radius 
Breadth of Specimen 
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Fig4. SHORT TENSION MEMBER 
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woos 0) Ln — | . 
load, as is apparent, from the in . which 
the original dark field, corresponding to no stress is 
‘still shown, 

''The stress distribution found at the contour 
of the-siunipeinatnn nated ie shewe, by aid of 8, poles 
Fig. 2, while 











siekaranbialineiilee inctlociedinns ty 
dotted ‘lines... Notehes of % im, and } in. radius 


evenly stressed as the i 
although around ‘the noteh there is little change, 
that: for even a small indentation, such 
produced bya scratch in the material, 
a local «stress is which may become 
cullen especially if the material is overstressed. 
Some recent of the writer appear to 
show that the effects of scratches in materials can 
be examined in transparent bodies with ease and 
— In a metal specimen . precisely 
istributions have been observed by m. 

former research student Mr. ¥,,, Satake, 
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Fig. 7. FRACTIONAL PART OF A TEST BAR IN SIMPL 
TENSION FOR VARIOUS RATIOS OF LENGTH D 
b WHEN THE RADII AT THE ENDS 
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when the notches are small, agrees fairly closely 
with the following relation cerived from the 
analysis :— 

at 


—s(% + M42 
p (5 +5 +2) 


Y | where f is the stress corresponding to an infinitely 
wide plate, a is the radius of the notch and r is the 
distance of any point on the line of the minimum 
section between the notch boundary and the line of 


} pull... The. experimental results appear to show, 


however, that the formula gives a rather low valie 


of the maximum stress. 


' If.we compare the above formula with the average 


gheieh cit, tidaienny , to. decive an cy a 
iaperenee Ton, the, prontent stanen. 06, et 


iat \ ) i Ze 


Peas. = Pm . paren yr 


where 2 ¢ a is the breadth of the member. 








> ‘und Kerb Wirkung,” Mitteil der 
K. K. Hosshechalo Wien N, 10, iene 


Under the same circumstances the eseun-aizens 


rding | is given approximately by the formula : 


ae at 

72) a) 

for the larger notches, but for the smallest the 
coefficient is found to be 1-27. 

This notched bar is of interest mainly as a primary 
form of test-piece, from which a practical form can 
be derived by introducing a straight parallel portion, 
connected by arcs of circles with the ends, and the 
short tension member shown, in Fig. 4, is of this 
form. Fig. 4a, on Plate I, shows the colour visible 
when a test piece of this form is examined by 
polarised light. An idea of the distribution of 
stress in this and other cases may be gained by a 


r= 1-42 p ( 
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comparative table of colour values for simple ten- 
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Fig.6.1 Us ae MEMBER WITH SHARP INTERNAL 


sion in which, black indicates no stress, white 5-5, 

light yellow 8, orange 10, brick red 10-5, purple 11 

and blue 13, followed by colours of the second order 
ding in general to double stresses. 

In this ead succeeding figures it will be observed 
that the centtal part of the gauge length has been 
loaded to give the same uniform stress intensity and 
corresponding to a light blue of the first order. 

The, colour effects show, at once, that only a 
fraction of the central part is in pure tension indi- 
cated by a uniform colour, the remaining portions 
being in a complex state of stress, for which the 
colours indicate maximum values near the join of 
the straight and curved parts of the contour where 
colours of the second order appear. Experiment 
also shows that d a minimum value the 
central parallel part has no influence on the stress 
distribution at the change of section, and the lines 
of equal inclination of stress, which are shown in the 
polariseope when plane polarised light is employed, 
clearly mark off the complex stress «gions in both 
the wide and narrow parallel parts. 

Thus in a specimen cut from a plate of nitro- 
cellulose 0-1812 in. thick, having enlarged ends 
0-9316 in. wide, and connected to a parallel portion 
0°4600 in. in width by curves of 0°25 in. radius, 
the isoclinic lines, shown at A in Fig. 5, define a 
region of complex stress extending to nearly } in. 
into the enlarged ends and slightly over 0-4 in. 
below the shoulders. Above and below these sections 
approximately uniform stress conditions are ob- 
tained, as the lines of principal stress, in diagram 
B, Fig,, 5, indicate. 

The condition of stress along the central line 
shows some interesting features as we pass along it 
from the enlarged ends inwards. At a point suffi- 
ciently removed from the discontinuity the stress is 
uniform, but, as di C Fig. 5 shows, the experi- 
mental values of the sum (P + Q) and difference 
(P — Q) of the principal stresses indicate a gradual 
rise in this stress accompanied by 4 cross. stress Q, 
which at first is compressive and attains a maximum 
before the shoulders are reached, then dies away 
to nothing and becomes a tension with a maximum 
value below the shoulders, and ultimately vanishes 
when. the region of uniform stress is reac ed in the 
narrow of the test-piece. These changes 
in the cross stress appear to be due to the inclination 
of the lines of principal stress, and a physical 
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explanation is suggested by considering these latter 
as flexible lines of force subjected: to pulls at their 
ends. It is then evident that forces are required 
to maintain the curved forms actually found, 
and these tend to compress the material when the 
lines are concave with respect to the axial lines 
and to extend it when they are convex. There 
should on this hypothesis be no cross-stress where 
points of contra-flexure occur, but, as these changes 
do not all take place at the same cross-section, 
the effect at the central line is a summation of all 
the effects across the section, and the zero point of 
the cross-stress Q should occupy a mean position, as 
it apparently does. 

Another feature, and the most remarkable one, 
is the stress around the curved contours, which 
has a zero value at the shoulder and is found to 
rise to @ maximum value before it merges into 
the straight portion. In the reproduction of 
the coloured photograph, Fig. 44. on Plate I, 
this maximum. stress is indicated by light-coloured 





the specimen is badly centered in the testing 
machine, would increase this effect on one side and 
make @ fracture near the ends almost inevitable. 
In a ductile material the stress distribution changes 


before fracture is reached, and an equalisation of 


stress ‘takes plate, so that the chance of failure at 
or near the change of section is somewhat leas. 

In many cases of cast-iron and like materials 
in’ tension the broken cross-section shows ‘that 
fracture has taken place just beyond’ the 
portion where the stress concentration is shown by 
optical measurement to be most intense, and this 
goes to prove that the stress distribution observed 


Fig.8. ENGINEERING STANDARDS COMMITTEE 
TEST BAR WITH WIDE ENDS. 
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. 10, ISOMETRIC VIEW OF ENGINEERING 
DARDS TENSION TEST BAR SHOWING 
DISTRIBUTION OF STRESS PARALLEL TO 
ITS CENTRE LINE. 
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11. ISOMETRIC VIEW OF ENGINEERING 
TEST 


NDARDS TENSION BAR SHOWING 
THE DISTRIBUTION OF THE CROSS STRESS. 





patches bordered by a band of red of the second 
order. In this case a maximum stress of 1,480 Ib. 
per square inch is found at a point where the tangent 
to the contour has an inclination of about 15 deg. to 
the central line, although the uniform stress in the 
gauge length is 1,180 lb. per square inch. When 
the radius at the join is decreased to } in. the stress 
rises to 1,725 Ib. per square inch, and a further 
decrease to x in. radius causes a still further rise 
to 1,890 lb. per square inch, corresponding to an 
increase of stress of nearly 58 per cent., as Table I 
shows. 


Taste I.—Tension, Specimen 0-4600 in. x 0°1812 in. 
we, Stress of 1,180 with Enlarged Ends 0.9316 in. 
tde. 


Radius of connecting curve (inches) | t 4 | ts 








Maximum stress (Ibs. /in.) . . 


1,725 
Percentage increase of stress 


++} 1,480 
: 43-8 


23-4 


1,890 
67-5 

















This concentration of stress affords an explana- 
tion of the reason why brittle materials often fail 
near the enlarged ends. This effect is often ascribed 
to imperfect centering, but, as the experiments 
show, is due to great loeal stress, which, if 





below the elastic limit tends to persist in these 
materials until failure takes place. 

The Effective Length of a Test-Piece. in Pure 
Tension.—It has already been pointed out that the 
zero isoclinic bands define the region of complex 
stress, and in the case described above this was 
examined independently by measuring the stress 
distribution over the whole region, and the results 
obtained verified this conclusion. It is, therefore, 
an easy matter to establish how much of the parallel 
portion of a test-piece is in pure tension. Thus, 
in the case already cited, when the radius of. the 
connecting arcs was successively diminished from 
} in. to nearly, zero, with a ratio of breadths of 
slightly. more than two, it was found that the 
penetration of the complex stress distribution 
into the parallel portion decreased with the radius 
of curvature, as the accompanying Table II shows, 
and, therefore, apart from the consideration of 
increased local stress, the test bar with sharpest 
re-entrant. angles (see Fig. 6) has the 
length in pure tension, although it is less 
for the purpose required by reason'of the high local 
stress produced, at the re-entrant angles as 
coloured photograph reproduced in Fig. 6a, Plate I, 
shows. 














Tasty II. 

Radius of 1 
curves . », Gaches: i : the 0 
Radius in term: of mini- © 
mum breadth .. «. 4) 05440) 0-2725)0-1806 
Maxim’ distance in 
inches between . the 
shoulders for which 

tension is not 
possible. . il +} O82 |. @-60 0-46. | 0-42 
In terms of breadth b ..; 1-786) 1-805! 1-006) 00-9150 

















For any form of enlarged end of a flat specimen 
it is, therefore, ible to determine the fractional 
part of the length & under pure tension for any length 








Fie. 12. 


of test bar, in terms of the le 
shoulders and the lesser breadth 6, 
For example, in the present cases with a con- 
necting radius of } in., 
pa Dor 1786 
dD 


h D. between" the 
ba 


or 
D(k — 1) = 1°786 

a curve of the form zy = constant, which con- 
tinually approaches but never reaches the line k = 
unity, |The hyperbolic curves showing the general 
relations of k to D/b are shown on the accompanying 
Fig. 7, for the four cases described, and it is clear 
that similar diagrams could be constructed for any 
form of plate tension, member, 

The Engineering Standards’ Test Bar for, Plates,— 
Apparently the dimensions of the best. known 
British Standard test bar were determined by the 
capacities of the testing machines then available, 
which made it advisable to secure a cross-section. of 
not more than | sq. in., so that any test-piece could 
be tested to destruction in « 50-ton machine. 
The Engineering Standards Committee, therefore, 
adopted a standard gauge length of 8 in. with 
a parallel part not less than 9 in. long, connected, 
by arcs of circles having a radius of 1 in., to enlarged 
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ends of a width at least } in. greater than that 
the central portion, this latter dimension 
fixed by the condition that the area of the 
cross-section shall not exceed 1 sq. in. 

The optical experiments indicate that the 
most unfavourable case is a narrow width in the 
gauge length with very wide ends, such as is shown 
in Fig. 8, in which the ratio of breadths is tly 
greater than two. The results of the o in- 
vestigation are shown by the reproduction of a 
coloured photograph given in Fig. 84, on Plate I. 
This standard is so important in British engineering 
that a complete experimental analysis was carried 
out of the stress distribution in a model three- 
tenths full size, having a width 0°4488 in. in the 
gauge length and 0°855 in. at the enlarged ends to 
begin with and with a parallel portion corresponding 
to 9 in. 


For such Seer meee © slight amount of com- 


gz 






plex stress within the length, as is shown by 
the inctini aps. nd ines of principal sree of 
diagram A, 9, but the measurements of the 
stress distri the axis and the contour, 


Fig. 9, indicate that 


OP al It is of interest, 


portion alc i 
ser eonentatin of ae eh te ma 


a “phone ee Pee. 
12, in w 


indicates, 
is shown in the distributions of 
stress corresponding to 10- are shown .by 
templates attached to the bar and set perpendicu- 
larly thereto in order to give a general view of the 
state of stress which exists in the member. These 
longitudinal variations of stress are naturally 
accompanied by cross-stress, which are in 
com ons in the wide portion, ¢ to 
tensions somewhere in the neck connecting this 
part to the gauge length, as indicated in Fig. 11, 
where these latter values are plotted to the same 
scale as in Fig. 10. The measurements at section 
+ Ol: in. indicate that the maximum cross-stress 
reached is about 15 per cent. of the stress in the 
gauge length for this case. - Mea 

The slightly variable stress distribution measured | as 
in the gauge was found to disappear when 
the enlarged had a breadth B about 13 per 
cent. greater than the breadth t of'the gauge length, 
and it was proved that evén when! the ratio B/b = 
1-905 it did not occur therein if the parallel part 
was increased to 9°34 in. Experiment also showed 
that there was not much change in the maximum 
stress at the contour for wide variations in the 
breadth of the 


be safer to increase’ the minimum of the 
parallel portion, and thereby avoid all risk of 
complex stress in the gauge length under any 
circumstances. 


not show what happens for tension members of 
circular cross-section, but some general considera- 
Sie capers, te: sar! kunt the, Crtrlons 
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is, therefore, likely to be more widely distributed 
in the latter case, 

It seemed desirable to prove this by direct 
experiment, although it is much more difficult to 
make observations since a transparent cylindrical 
rod deflects parallel rays without causing them to 
come to an exact focus, and a beam of light is 
therefore contracted to a narrow band, while the 
double curvature of the discontinuity dispersed 
it completely. This difficulty was, however, got 
rid of by enclosing a cylindrical test-piece in a flat- 
sided cell, 13 and 14, consisting of two plates 
of nitro-cellu bored out slightly larger than the 
specimen, the narrow space between them being filled 
with a liquid of the same refractive index as the 
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specimen and enclosing plates. The presence of 
uniformly-distributed stress is then shown by bands 
of colonr parallel to the contour, and the divergence 
from parallelism affords a means of detecting the 
presence of complex stress. In this manner it 
was shown that the region of complex stress extends 
bar |somewhat further into the length for a 
cylindrical rod than into a flat bar of thé same 
contour. 

In this connection it is of interest to note that 
tension tests are often made on short lengths turned 
from a cylindrical rod. Examples of this kind are 
furnished by specifications used by the Royal 
Air Forces during the war, in which specimens 
with an area of } sq. in. in the reduced part of the 
section are tested on a gauge length of 2 in., with 
a parallel part 2} in. long, the curved end profiles 
being shaped to arcs of circles, which in one case are 


Both these forms have been 
investigated i in the flat with the larger width taken 
§ in. in both cases, and it is then shown that 
in the former the gauge length coincides almost 
exactly with the extreme length under uriform stress 
and that a maximum stress occurs just beyond the 
portion of 1:1] times the mean stress 

within the gauge length. In the specimen, with 
} in. profiles, only seven-eighths of the gauge length 
is found to be in pure tension, while the maximum 
stress increased to 1-17 times that in the gauge 
under uniform stress. It is, therefore, 
unbkely that either of the cylin- 
drical forms fulfil the conditions required for 


the fact that a considerable ion of 





@ simple tension test, and this view is confirmed | w2laden) constructed or 





THE ANOMALIES OF MOTOR 
TAXATION. 


In our issue of December 17 last (vide 
page 811, of our last volume) we dealt with 
the effect of the “Treasury rating” on the 
taxation of the ordinary “pleasure” car—a car 
which as a matter of fact has now become a 
practical necessity in many businesses—but we did 
not comment on the hopeless inconsistencies of 
the various methods of taxation adopted for the 
different. types of vehicle. The taxation of the 
“ pleasure car” has the merit at all events, of being 
fairly consistent in its injustice, inasmuch as it 
makes the poor man pay more than the rich in pro- 
portion to what he gets, and also in the fact that it 
will bear especially heavily on those who use their 
cars mainly for business purposes, When we come 
to the pose fhe of the taxation of the different types 
of vehicle, however, and compare the results, the 
inconsistencies appear to be very glaring. It is 
always an open question how far it is desirable to 
tax different classes differently. Prima facie, 
it would appear that it was reasonable to tax vehicles 
used for trade or business at a lower rate than 
those used for pleasure, but it is very difficult in 
practice to differentiate between the two. If, 
however, any different rate of taxation is adopted, 
it should be a consistent reduction in taxation in 
favour of the trade vehicle. Further, if there is 
a difference between the vehicle carrying passengers 
for hire and that carrying goods, this difference 
should also be a consistent one in favour of one or 
the other. 

In the present scheme of taxation there is no such 
consistency. The taxation rates are as follows :— 


SECOND SCHEDULE. 
DUTIES ON MECHANICALLY PROPELLED VEHICLES. 


Description of Vehicle. _ of 
uty. 
a's Cycles (including motor scooters and cycles 
nt for propelling the same by mechanical 
poet not exceeding 8 cwt, in weight unladen :-— 
Bi 
ot exceeding 200 Ib. in weight unladen . 1f. 108. 
200 Ib. in weight unladen i 3l. 
Bicycles, if used for drawing a trailer or side-car, 
an additional sum of 11. 
icycles ua : 4. 
2. Vehicles (including ote “with an mete 
for pre} the same by mechanical power) not 
exceed _—oo in welght Unladen adapted and used 
for inval 5e. 


3. Vehicles. see Saati i cnatneal as defined in isbotda four 
of the Customs and Inland S wenee Act, 1888 :— 


In the Metro- 
politan Police 
area and such 
other dis- 
tricts as the 
Minister of In all 
Trans: other 
may fix districts. 
Tramcars .. ’ 15s. 15s. 
Other vehicles : 
Seating not more than 6 persons .. 15. 124. 
Seating more than 6 but not more i 
than 14 persons 30l. 241. 
Seating oan — 14 but not more 
than 20 pe: 465i. + 361. 
Seating ous > 20 but not more 
than 26 persons 60l. 481. 
Seating more aay 26 but not more 
Senting 32 persons 721. 604. 
Seoting Seating more si i af 84l. 701. 
5) num! r- 
cons. mentioned nero pi 


the driver of the. vehicle 


4. Vehicles of the following onto. used solely in the 
course of trade, or in agriculture (that is to say) :— 


Locomotive ploughing en engines, tractors, agricul- 
tural tractors, and tural 


engines, not 
being engines or tractors cme pean pape 9 
any objects except their 
appl farming implements, or 
supplies of fuel or water required for the purposes 
vehicle or for p 5a. 
than such an Seapest of wich a duty of 
e es in which a du 
re we tt for ha’ haulage 
sol connection with agriculture— 
Not ex 8 tons in weight unlade: 254. 
Exceeding 8 but not exceeding 12 tons in 
Ex 12 tonsin weight unladen .. -. 808. 
Tractors tractors and agricultural 
such tractors or ¢ in 
res) of which a duty of 5s. is chargeable, used 
for solely in connection with agricul 
Not e 5 tons in weight 6i. 
in weight - 10 
Tractors of any other - 2 


weighing more than 8 cwt. 
for use and used solely for the 
en 


Bins th ee om iptlied aad 
do not exceed 38 owt In we in we 
bien deaueiay ais 


aforesaid. 
Not exceeding wie 1b oct te eva unladen .. 108. 
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Exoveding 12 cwt. but not exceeding 1 ton in of the same vehicle if used to carry goods,| vehicles pay up to 42s. per horse-power. The tax 
Brovelling 1 ton but not exoseding 3 tons in weight Se oa Sa eh ee, ee, wher eat, | Pee rela aleo varies very. wily... being 

x ae oe r, “ = : leasure car. very muc vier on sm. class trades- 
a re) ee Again, let. us take the larger vehicles. The same|man’s vans than on the expensive pleasure car 
Exceeding 3 tons but rict excseding (canoe type of chassis is ordinarily used as a lorry to carry | with the fashionable small-bore engine. 
ay on All Pa Sahin ie ee four tons and as a charabanc to carry 36 These inconsistencies certainly appear grossly 
With an sadiiionsl duty In any case weed tf estd for a It has an engine with four cylinders, about unfair, and are likely to have very bad effects on 


6. Any vehicles other than those charged with duty under 
the foregoing provisions of this schedule :— 


Not 6h. wermmes < ariel, 
Exceeding 6 bh.p a? Me . for each unit or part of a 
unit of horse-power.* 
* Formula for calculating the horse-power for Treasury rating : 
D2N 
LP... 
2-5 


where D is diameter of cylinders in inches and N the number. 


It will be seen that there are three distinct bases 
for taxation. First weight, under which motor- 
cycles and tricycles under 8 cwt., agricultural 
engines, and vehicles used solely for carrying goods 
are taxed. Second, seating capacity, under which 
vehicles which are hackney carriages are taxed ; 
and thirdly, piston area under which “other” 
petrol-driven vehicles are taxed. This latter is, 
therefore, the rate for “ pleasure ”’ cars. 





in. by 

6 in., and weighs unloaded 3} to 4 tons. pe hed 
car such a chassis is assessed ata tax of 331. Asa 
goods vehicle it pays 28/., a reduction of 15 per 
cent, which seems reasonable, but as a hackney 
carriage it will pay 84/., or an increase over the 
pleasure car rate of 150 per cent., and over the 
“ goods rate” of 200 per cent. The modern type 
London omnibus would pay 25/. as a pleasure car 
84]. as a hackney carriage, and probably 281. as a 
lorry, though the latter would depend on what 
weight of body was included in the unladen weight. 
It might be urged that omnibuses and charabancs 
are not run as pleasure cars, and therefore, this 
comparison is of no importance. This argument 
is hardly sound. In the first place a system of 
taxation should be consistent, in the second there 
may in the future be many omnibuses or charabancs 
which are either used by owners of large country 

















=| Tax per Actual Tax Owt. 
Cylinders. Se 3 Tax per Year Horse-power. Unloaded Weight. 
= & 
— g/8 1g “&| 5 B< esl od bg ; 
at 2 . 
e14 | 8 | 98| 3 rE 282 |283 [2 a\s 33 aj af] 233 
| |)2@ | <8) § | S| ae s s 
Two ong Three-W heeled Ib. 1. 1. &. 8. s 8. 8. & 
2h.p. motor bicycle ..| 1 | 2 2/190 | 15) — | — ef — | — Pei oe 
3} h.p. motor bicycle .:| 1 | 3 220 | 3 o> | oe |. ae | ee i es 
8 h.p. motor bi a oa es 3 330 | 8 a a ie eee eee eS 
h.p. motor cle and cwt. 
light side-car a 1 3 3 34 3 4 — — | 23 — — |%6; — a 
Three-wheeled car 2 af 12 ee « — | «| O71 — | — Feo a 
praur- Wheeled Vehicles 
, hever carrying more 
x aE 4 | 38} 4 20 | 15 | 23 | 16 | 16 | 23 | 15 | 16 | 80-6] 20 | 21-8 
ord, 
7 o gon eee tl 20 | 15 | 23 | 80 | 16 | 28 | 80 | 16 | 80-6} 40 | 21-3 
“ high ben ae 6h s 6 4 | so | 16 | 16 | 2 | 7-2) 67) @8| 20-6] 20 | 24 
> ‘ s a : 
Car with extreme Shieh . 
e an | 4 | 3 | 6 | 95 | 80 | 16 | 25 | Q1 | Ba] 8-2] 4-4110-6) 20 | 14 
Luxurious car, 
than 6 pameent : 6 | 4 | 48 4 | 40 | 15 | 2 24-6 | 7-5 | 10-5 
tl — ats om ‘isan ° ° . 
Trade chassis as 
36 seats on 4-ton lorry “4 | 6 40 | so | 33 | 84 | 28 | 16-5| 42 | 14 | B&B] 2 | 7-0 
) 















































Now let us examine the effects of this in practice. 
In the first place, we see that in some cases a vehicle 
used as a pleasure car will pay more tax than a trade 
car, in others less. Further, in some cases a hackney 
carriage will pay more than a trade van, in others 
less. Thus, let us take a car with a four-cylinder 
engine having cylinders 3 in. by 6 in., capable of 
giving over 40 h.p., having a covered body, and 
weighing 35 cwt. The tax as a pleasure car will 
be 151. a year. If the body be taken off and a trade 
body put on for goods, it will come in the class 
weighing between one and two tons unladen and 
will, therefore, pay 211., or 40 per cent. additional. 
If made a hackney carriage and never used for more 
than six people, it will pay the same as a pleasure 
car, but if ever used for more than six people it 
will pay 307. a year, and as most cars of this class 
are used occasionally to carry over six people, 
it means that such a car would as a hackney car- 
riage pay double what it would have to pay asa 
pleasure car. It will be observed that there are two 
rates of taxation for hackney carriages, the one in the 
Metropolitan area and “such other districts as the 
Minister of Transport may fix,” and a lower one 
in other areas. As this enables the Minister of 
Transport to apply the higher rate to all the districts 
in England, we have taken it for the purposes of 
comparisons. 

If we take the most used car in the world, namely, 
the Ford, we find that as a pleasure car it pays a 
tax of 231., while if used solely for carrying goods 
it pays 161, as it weighs under a ton. This is a 
reduction of 30 per cent., which is quite reasonable. 
If used as a hackney jage to never carry more 
than six it pays 151, or a little less than if 
used for only. Most Fords, however, whether 
used for pleasure or hire carry more than six people 
on some occasion or other, and in this case the tax 


as a hackney carriage is 30/., or nearly double that 





houses, &c., or are let out to private parties without 
being registered as hackney carriages. 

While in most of the above cases we find that the 
trade vehicle pays as much or more than the pleasure 
one, there are instances of the opposite. Thus a 
Rolls-Royce as a pleasure car pays 49/., but if used 
as a hackney carriage never carrying more than 
six passengers it only pays 151., and if used as a goods 
van 211., reductions from the pleasure car rates 
of 69 per ceat. and 57 per cent. respectively. In 
other words, a Rolls-Royce as a hackney carriage 
catering for wealthy people who hire luxurious 
cars, and therefore, only take few passengers in them, 
pays half the tax of a Ford which happens occa- 
sionally to carry seven TS. 

When we come to the vehicles with less than four 
wheels we find that a three-wheeler of any power, 
not weighing more than 8 cwt., pays a tax of 4l., 
and may therefore only pay about a third of the 
sum paid by a small four-wheeled car of the same 
weight and power. There will be no difficulty in 
putting over 20 h.p. in a three-wheeler of 8 cwt., yet 
it only pays the same tax as a very moderate- 
powered bicycle with a light side-car. These 
anomalies will be best seen from the annexed table, 
which gives the rates of taxation of a few various 
types of vehicle, representing different types of 
current practice. It will be seen that the inconsis- 
tencies are very glaring, and that there is no attempt 
to secure any reasonable ratio between the taxation 
of pleasure vehicles, goods vehicles and hackney 
carriages, sometimes one class and sometimes 
another being taxed the more heavily. 

When the rates of taxation are worked out in 
terms of tax per unit of weight of horse-power, the 
confusion is still worse. Ninety-five rem po | 
has already been actually obtained from four 81 mm. 
cylinders, the tax per actual horse-power, on Trea- 
sury rating basie, being then under 4s., while some 


the motor trade of the country. The essential 
need in this is cheap production and this means 
manufacturing a small number of t and making 
large numbers of each. In order to do this the same 
parts should, as far as possible, be used for different 
classes of vehicles. Different rating rules, however, 
produce different designs, and not only the engine 
but other parts are likely to be affected. Hence 
makers will be handicapped by having to make 
different lesigns for different purposes. The 
American maker can, for instance, produce light 
vans at a very cheap rite because he can use 
the same engine and other parts for the van as he 
makes in large quantities for the pleasure car. 
The “high efficiency” engine necessary to keep 
the taxation of the pleasure car small is, however, 
not suitable for a trade van, hence different 
must be made in this country, and the cost will 
be increased. 

A further effect of this great variation may be 
a good deal of what is known in the Army as “ wang- 


vans than as pleasure 
is extra tax, however, if 


hardly reasonable, and a flat rate for these and 
hackney carriages would be more equitable. 





THE SALVAGE OF THE DREDGER 
“ SILURUS.” 

Art the end of 1915, Messrs. W. Sitnons and Oo., 
Limited, Renfrew, completed for the Bombay Port 
Trust the hopper dredger Silurus, a vessel, 260 ft. 
by 46 ft. by 20 ft., a very fine example of modern 
dredging plant of ‘unusual strength and power. 
Owing to war risks being so the vessel was 
not sent out to India, but was laid up in the Gare- 
loch where, in a heavy gale, in October, 1916, she 
dragged ashore at Rowanmore Point. The shore 
at this spot being very steep she listed outwards 
as the tide fell, and capsized. 

A subsequent survey showed that she rested on 


her port bulwarks and top of the sheerstrake, 
and with of her funnel in the mud, 
some 54 ft. below water level. The shock of the 


castings 

pin of the ladder and tumbler shaft were 
but were not displaced to any great extent. 
ship had turned over 146 deg. Our first illustration, 
Fig. 1, 5, shows the position of the 
vessel in lines, while the view in 
taken after some of the hopper doors had 
off. Early in November, 1916, Mr..H. 
of Queenstown, made a “ No cure—No 
to underwriters for the salvage of this v 
this was accepted. 

As this ship was not required for war 
the salvage work, of course, could only 
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as and when it did not interfere with more important 
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war salvage work, and the time devoted to the| required, it was assumed that the load was 2,500 
Silurus ‘only amounted ‘to a single day in 1917} tons, thus setting off the weight of spare gear 
and 4 total of under 14 days in 1918, The problem | and mud deposited in the ship as equivalent to the 


taken by the tower) of 19-25 x 2,500, or 48,125 
ft.-tons. 
It was found that 1,000 tons of the buoyancy 





was by no means an easy one, The permanent! buoyancy of the immersed portion of structure. 
Fig.1. SECTION N°6. AT FRAME N°7/. (FORWARD END OF HOPPERS.) 


required could be obtained from compressed’ air 
pumped into the starboard side compartments, 
boiler and engine rooms, and that the centre of 
buoyancy of the air space thus obtained would 
approximately be 25-6 ft. outside the fulcrum, 
and would give a righting moment of 25,600 ft.-tons. 
It was also found possible to attach to various parts 
of the tower and ladder a number of steel cylinders, 
or pontoons, which were also filled with compressed 
air, when secured in place. The centre of effort of 
these pontoons was 37-25 ft. outside the fulcrum, 
so that their 150 tons of net buoyancy was equiva- 
lent to 5,587 ft.-tons. Thus there were 31,187 
ft.-tons of righting moment which could be deducted 


Fig. 7. SECTION AT A.A. 
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structure of the Silurus weighed 2,500 tons, . The; As the ship lay, with her list of 146 deg., it was | from the original 48,125 ft.-tons of canting moment, 

spare gear on board weighed 186 tons. The over|taken that the fulcrum would approximate to| leaving about 16,938 ft.-tons of canting moment 

deck weight was 500 tons, with its centre of gravity |the line of the bottom of the upper belting|to be overcome by purchases attached to ship. 

21 ft,.above the deck, while the centre of gravity |(as built). The vertical through the centre of | It was found that the line of pull of these purchases 

of the whole was 19 ft. above the base. gravity was 19-25 ft. outside, or to port of| would average 39-5 ft. above the fulcrum, so that 
In calculating the various righting moments | the fulcrum, giving a canting moment (then being| dividing the canting moment of 16,938 ft.-tons 
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by, the righting arm, f 39:5,.a,,net ld aa pen 
panchonss of 429 tons, was, required 

uoyancy; been obtained from air in the ship or 
pontoons, the joad, would have been, 48,125 ft.-tons 
divided, by (3915, ft... righting arm, or 1,077 tonsa on 
the purchases at the start. 

If the bottom had been. hard, it would have been 
@ fairly simple matter to. make a complete set of 
calculations for the .ship,as; she came over. In 
this, process, she lost, buoyancy, of course, due. to 
air spaces, but at the same time her centre of gravity 
moved more nearly over the fulcrum, and so reduced 
the canting moment required. The bottom on 
which. she rested, however, was sand and gravel 
covered with, mud, and as she came over, it was 
expected that this ground would crush and form a 
wave in front. of the fulerum. _If the ground had 
been. hard, the fulcrum would have changed from 
the line of the upper belting to the turn of the bilge 
as soon as she came.over to 112 deg. list, at, which 
point. her bilge should have come hard on ground. 
Owing, to the softness of the ground only a guess 
could be made of the actual angle at which, the 
fulerum ;would shift from the sheerstrake to the 
bilge. When being turned over she actually came 
overt 18 deg before hor age began oak te 


load, up, till being borne by a wave of sand, 
&c., gradually c its position from the upper 
part of the sheerstrake towards the bil Working 


out the strains on the basis of the bi e becoming 
the fulcrum at 112 deg. list, the following factors 
governed the calculations. The centre gravity 
would be 25 ft. outside the assumed fulcrum, giving 
62,500 ft. tons as the resistance to righting, while 
the average height of the wire slings and parbuckles 
employed was 42 ft. over fulerum. The total fordé 
required was therefore =" = 1,488 tons pull 
onthe wire ropes in, this position, without taking 
into, account the air, space buoyancy or tanks. 
As it was, not quite certain that the structure had 
not sustained damage, which would negative the 
use of air or tanks, it was decided to prepare the 
righting gear for a load of 1,600 tons, and let any- 
thing obtainable from air in ship or tanks be so much 
to the good, 

In addition to the 1,600, tons purchase which it 
was thus considered ought to be provided for turning 
the ship over, it was necessary to provide gear for 
holding her from, slipping. down the bank into 
deeper water as she righted. It was decided to place 
four parbuckle wires, round the ship, two crossing 
the forecastle head to attend to her bow, and two 
aft, one passing through the doors of the engine- 
room, and the other the deck abaft the 
engine-room, and forward of the after winch. These 
parbuckle wires were 94 in. circumference, and had 
a breaking strain of 275 tons each. 

To attach the other wires to ship, so as to 
combine security of. grip with safety to the ship, it 
was decided to fit four double 7-in. straps in the 
ladder well, and four similar straps in the hopper well. 
As. the ladder well required strutting to prevent 
straining the ship, the necessary struts fitted to the 
bottom across the well opening, were constructed to 
hold the ends of these 7-in. straps. Figs. 3 to 8 
posi! the form AAP ner hy 4 ad strut and 

e structures for the we 4.and 7 sho 
ee -in, ims to which the straps were Lseadhedt 
Taap e designed to take » load of 200 tons. 

These ogo were built of j-in, plates suitably 
connected, and were made I in. short of the sj 
between ire "a of the ba thin wth 

i ven in to this s t the 

peor Whe Maced ms strain Git the wires was 

relied on to hold them up against the curve at 


bottom of well. 
The wires were led across the deck at convenient 
places, and steel were used to prevent 


injury either to ship or at top of the well and 
at the gunwale. Several bits of bulwark plate 
to be cut away by divers, to enable the wires 
protesting castings to be properly pi As 


divers started worki cutting operation was 
rather tedious Tho Suu result was got by using 
a machine hacksaw blade, to which a © like 
that of a sinall hand saw had been fitted. 


After crossing the deck, the wire ropes were led 





up to the bilge. Figs. 9 and 10, annexed, show 
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the timbering arrangement 

pitch pine logs being used in eight pairs fitted from 
the gunwale to a point some 3' ft. outside the curve 
of the bilge plate. Between the two logs of a pair, 
a shorter 12-in. log was fitted ‘with ite lower 
on the belting piece, and upper end against 
horizontal log which carried i 
for the wires. To prevent 
foundation logs, which were al 

they were fitted into the bosom of 3-in. angle ‘bars. 
The corner of the upper bar’ caught the 
bilge plate, and ‘the lower bar ‘was 
landing edge of second plate from 
Struts were fitted to keep these logs 
hard up against their respective’ | 


out from bilge, as shown in Fig.10, gave an addi- 
tional leverage in turning, amoun’ with the top 
horizontal log and casting, to about 4} ft. when the 
lower bilge became the fulerum. 

It was found that the angle bars fitted on ‘the 
corners of the logs got a very good grip of the plate 

As the forward parbuckle was on ‘a very 
round part of ship, it slipped a little when under 
test, and it was found that the angle bar had 
sheered for its whole (about 4 ft.) before 
letting the wood packing slip. 

The slings in the hopper-well were also passed 
through holes cut in bulwark plate, and in the 
coaming of hopper. Four ends were lashed to the 
keelson, and to avoid straining the keelson with 
too much load, other two slings were secured to 
castings fixed to rolled steel joists. The loaded 
end of these structures rested against the wall ‘of 
hopper, where it met the deck. As there were 
3} in. of teak over the steel deck, the centre of pull 
was some 4}in. above the steel deck when the wire 
rested against the wood deck. These lever bollards 
were about 20} ft. long, so that neglecting the wood 
deck there was a 40 to | leverage, treating the steel 
deck as the fulcrum. This was that, 
instead of the wire being in contact with the wood 
deck, it was 1} in. clear of it. This, of course, 
meant that 200 tons load on the wires resulted in 
5 tons at the other end of the lever. This 5-ton 
load was attended to by struts fitted between the 
ends of the H-bars and keelson. 

Having thus arranged how to 
next problems were how to app’ 
and how to secure the shore In considering 
all these points, in connection with this case, it 
was necessary to make the best possible use of such 
plant as could be obtained in war time. Wire 
purchases worked by steam winches were obtain- 
able, and were therefore adopted. The distance 
through which it was required to pull ship was 
about 100 ft., but, as there is always a little move- 
ment to be expected in turning a ship with a lot of 
air in her, about 120 ft. were allowed for. The 
purchases were three of 40 to 1, two of 44 to 1, 
one of 24 to 1, and one of 20 to I. Their lay-out 
is shown in the diagram, Fig. 11, page7. In this the 
standing parts of the four - are marked 

1? 


Ay, Ap, &. The parts . B; are lead 
blocks for runners. The nine parts of 
runners are marked C,, C,, C,, &0., while the nine 
tackle block anchorages are D,, D,, &e. 
There are, further, two lead blocks for falls marked 
E, and E,. The hauling parts will in most cases 
be seen as lines running across the anchorages 
D,, D,,. &e. 

‘in the cases of the two after parbuckles, and the 
four hopper slings, it was possible to get length 


ip the ship, the 


enough to apply simple 10-part purchases of 3}-in. 
wire. These falls were each 800 fathoms long. 
To each of the 


about } in, 
grooved on the ends 
wire, having its 
taken through the 


adopted, 12 in. by 12 in. | 


the purchases, | ; 
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parbuckle, then back through another single block 
on shore, and off through the single block in the 
second after parbuckle, as can be followed in 
Fig. 11. There was an eye in the hauling part of 
the 6-in. wire runner, into which a cast-iron five- 
sheave block was secured, A four-sheave steel block 
was made fast on shore and the 10- purchase 
of 3}-in. wire was then rove off (D 9. Fig. 11). 
Two similar runner and purchase sets were used 


for the -well slings ; one set attended to the 
after two (D 8, Fig. 11) and the second to the 
forward two slings (D7, Fig. 11). Both the hopper 


slings and ladder-well slings were rove through 
single blocks, which were in turn strapped by 7-in. 

i used for the 6-in. runner. 
of the slings were intended 
the two parts of the slings. 
ladder-well slings, and the 
not room for such 
To 
6-in. runners were 
single block. The 
shore, and into the 
runner @ six- 
fall was rove 
in a five-sheave 
part of 34 in. was then 
on shore, and off to 
the second 6-in. runner, 
and then through a four-sheave block on shore. 
Thus, these short 6-in. runners had a 12-part and a 
10-part purchase, respectively, combined to act 
as a 22-part purchase, or a 44 to 1 purchase for the 
set (D 5-D 6 and D 3-D 4, Fig. 11). 

The forward parbuckles being hard to secure 
on the round of the bow were each attended to by 
a different winch. The forward parbuckle had a 
single block and 6-in. runner worked by five and 
four-sheave block purchase of 3} :in., and the second 
forward parbuckle a similar runner, with six and 
five-sheave purchase (D 1 and D 2, Fig. 11). There 
were thus seven winches and sets of purchases 
and runners. 


ji 
Ge 
i 
8 


(To be continued.) 





THE BEARDMORE PRECISION MOTOR 
CYCLE. 

A MoToR-cycLE which exhibits several novelties 
was shown at the recent Motor-Cycle Show at the stand 
of Messrs. E. F. Baker, Limited, King’s Norton, 
Birmingham. This was the Beardmore precision 
c which we illustrate above. Beginning with the 

wer unit, this is a combined engine and gear-box 

aving a two-stroke engine with a single cylinder, 
74 mm. by 81 mm. (2-9 in. by 3-2 in.). From the 
engine two chains drive sprocket wheels on a counter- 
shaft, and there aré expanding clutches to connect 
either of these sprockets with the shaft, the one givi 
the eee and the other the low. The clutches 
are wo’ by the lever on the handle bar. From the 
countershaft the back axle is driven by achain. There 
can be little doubt that this arrangement of combined 
engine and gear-box has many advantages over the 
adoption of separate units. It will be seen that 


MOTOR | CYCLE: 


KING’S NORTON, BIRMINGHAM. 





the frame is peculiar from the fact that the petrol 
tank forms its top member. This tank, which is made 
of sheet steel, is of approximately circular section, 
and is therefore the equivalent of a very large diameter 
tube, which should give great rigidity to the whole, 
especially in torsion. Both the back stays and front 
forks are of a good deal larger section than usual, 
and this principle appears much better than the usual 
one of having very small sections of great thickness. 
No pone are used in the frame, all lugs being of 
steel, 

Both the front and back of the frame are sprung, 
leaf springs being used for both as will be seen from 
the illustration. The arrangement of the front forks 
is simple. The forks proper are hinged to the stem on 
ball bearings and the weight is taken through a vertical 
strut by a cantilever leaf spring of the bell crank 
shape. Similarly the back forks ure hinged on ball 
bearings and the weight taken by a cantilever spring 
cages behind the seat pillar. ie arrangement of 

th appears simple and substantial.§ * . 

The foot brake is placed on the countershaft, while 
the hand brake is on a large diameter drum on the 
front hub. The tool-box is of stamped steel and is 
fixed to the back mudguard. 





PORTABLE STTAM ENGINE. 
De”. © om te coped peas ae meee’ « 
new class of portable steam engine by Messrs. Marshall, 
Sons & Oo., Limited, of Gainsborough, in which all 
features of have been carefully reviewed, The 
boilers are of the firm’s corrugated or cambéred fire- 
box which has met with so much success, 
and the idea has been applied to the front tube plate, 
as indicated in” 5 and 6. This corrugation or 
pressing of the tube-plate, to stiffen the flat surface 
above the tube area was referred to in our description 
of the firm’s works, given in our last volume but one. 

The engine illustrated has a single cylinder, fitted 
with a piston valve, and single variable expansion 
and reversing eccentric. A Pickering governor, 
belt-driven from the crank shaft, is mounted directly 
over the equilibrium throttle valve in the steam-chest. 
Part of the exhaust steam is taken to the overflow pipe 
from the feed pump, for warming the feed. The boiler 
has a working pressure of 150 Ib. per square inch, 
and is tested hydraulically to 250 Ib. square inch. 
The crosshéad guide is of the circular-bored type, and 
the connecting-rod big-end of the marine pattern. 
The shaft bearings are self-oiling, and dust-proof. 

The single cylinder engines are made in six sizes, 
ranging from engines with 5} in. by 9 in. cylinders, 
giving 13 maximum continuous brake horse-power, 
to 10} in. by 14 in. with a maximum continuous brake 
horse-power of 50. Two-cylinder simple engines on 
the same lines are built in three sizes giving 38, 49 
and 62 maximum continuous brake horse-power, 
and also three sizes of compounds of approximately 
the same maximum continuous powers. 





Tecuntcat Scnoors Recutations.—The Board of 
Education hereby notify that the draft, dated October'18, 
1920, of the Technical &c. (Amending) Regu- 


, Schools, 
ving rey 3), 1920, has been published for the i 


period, and has now been confirmed by the Board without 

wer ag The draft now becomes the Technical 
ools, &c. (Amending) Regulation (No. 3), 1920, dated 

December 15, 1920, and copies can be 

any bookseller (price 1d. net), or directly from H. 

Stationery Imperial House, Kingsway, London, 





Office, 
W.C, 2 (price by post 1}d.). 
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PORTABLE STEAM” ENGINE, 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND CO., LIMITED, ENGINEERS, ' GAINSBOROUGH. 
(For Description, see opposite Pages) 


Fig.7.  Mig.3 , 
Fern] 
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THE “A.W.” SMALL INTERNAL- 
COMBUSTION ENGINE. 


So rapid has been the develo t, and in so many 
directions have applications), ‘| found | to- confer 
advan economy and simplification of 
existing practice, that it is not generally realised how 
much the principle of internal combustion as applied 
to prime movers has entered into the daily life of a 
large portion of the community. - With the cessation 
of hostilities, many factories were made suddenly 
available for the production of peace. products, and 
the problem of turning our swords into ploughshares 
assumed immediate importance: In 
cases these factories weresturned over to the manu- 
facture of agricultural im , or to some similar 
essential having a bearing on the world problem of 
increased productivity to.make good the losses and 
wastages of the five \of intensive warfare. In this 
connection the in mbustion engine cannot be 
overlooked. The engine as now described comes from 
Messrs. Sir W. G. Armstrong, Whitworth and €o., 
whose name has an unique place inthe 

development of the world’s armaments. This en 
designed in three sizes to operateon gas, petrol o 
paraffin, giving horse ranging from 3 brake 
horse-power to 10 horse-power on paraffin, in 
single cylinder setd, 

Being intended 1 
connected with all 
estate work, private electric li 
repair shop duties, small pumping installations and the 
like, simplicity of Operation, absolute fool-proofness, 
and a capacity for running efficiently and continuous} 
under the afiverse conditicns of situation and - 
ance which are often the Ipt of machinery in suchicases, 
are the leading considerations. 

The first point of note regarding the engine illus. 
trated in 1 to 3, page 16, is that its principle of 
operation is four-stroke cycle. An inspection of 
the sections, Figs. 1 and 2, will show that in regard to 
the simplicity with which this system has been worked 
out in this case, the two-stroke cycle engine could hardly 
have offered less complicat: and would have had 
the added disadvan ‘increased fuel and lubri- 
cating oi] consum J >| 

general appearance of this machine as illustrated 
in Fig. 3 indipates the. note. of. simplicity in design 
and lack of fittings and requiring adjust- 
ment and liable to cause derangemerte and to give 
trouble if mishandled. The engine having, of course, 
the low compression réquired for paraffin and/ being 
fitted with magneto ignition, is easily started by hand. 
The vertical type of construction takes up less floor 
space than the horizontal for powers up to 10 brake 
horse-power or so, the question of head room does 
not arise, and the running parts can the more readily 
be completely enclosed, only visible moving 


parts 
with this engine are the d uated b= 
ce the 

must 


E 


2 
fi 


" 


ly for the multifarious duties 


and the ends = the A geet, 
conditions under w agricultural ee 

often work makes for a full appreciation of the absolute 
necessity, if ‘satisfactory service is to be given, of 
completely enclosing-al) possible moving parts, even 
to the valves, springs, governor gear, &c. 

As will be seen in Figs. 1 and 2, the crankshaft is a 
stamping having balance weights solid with the shaft, 
which carries the flywheel and projects from both ends 
of the crank case, so that the driving pulley can be 
keyed in at either end as may be more convenient. 
The flywheel is of sufficient size and weight to give 
steady running when the set is used for direct-current 
lighting. 

The question of the most suitable design for the 
bearings of such an engine, when simplicity ig the 
keynote, has been solved in a very neat way. The shaft 
runs in two phosphor-bronze bushes of large diameter, 
which in turn fit into steel bushespressed into the ends 
of the crank chamber. The bronze bushes are drilled 
with a number of holes to facilitate lubrication. .. These 
bronze bushes Tevolve at about half engine speed. 
This type of construction was used to a considerable 
extent for’aero engine gudgeon pin bearings, and has 
the ad , whilst not being capable of adjustment, 
that it cannot be tampered wi'h, and the rubbing 
volositybetgroandibe Sere tagans stationery members 
is halved, film of the lu is assisted by the 
floating’ bush and when wear calls for replacemen 
quite saat et eT easily be slipped 
into place.” 

The lubrication system is simple. An oil pump is 
providell th the bottom of the crank-ease. A pum 
cam, opera from the crankshaft, shown in Fig. 1, 
draws the oil from the sump and delivers to a duct 
cast halfdm the crank-case and half in the end cover. 
The oil jis Jed through this groove to the tip of the 
timing gear cover, where it reachés three cast ledges ; 

Camshaft bearing, one the main bearing 
undernéath, and the third conducts a supply of 
lubricant to the other main bearing at the flywheel 


of lture, for general’ 








DIAGRAMS OF THREE MONTHS! FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


OCTOBER. 





OCTOBER. 


NOVEMBER. 


NOVEMBER. 


DECEMBER. 








DECEMBER. 


Nors.—In the diagrams the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for fine “ foreign” and “ standard ” metal respectively. 
for lead are for English metal, whilst those for spelter are for American metal. 


The prices shown 
Middlesbrough prices are 


plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case 
of steel plates, are for ship, bridge, and tank qualities, and those for steel rails are for heavy sections. The 
pig-iron prices are for East Coast hematite and Cleveland iron, both of No. 1 quality, and for home consump- 
tien. The price of tin plates is per box of I.C. cokes free on board at Welsh ports, but in all other cases 
the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal lines 





end. A large quantity of surplus oil that overflows 
these ledges floods the timing and other gears, lubri- 
cates the governor and serves to keep up to a good 
level the oil in the trough under the connecting rod. 
On the bottom cap of the connecting ‘rod is a scooper 

the lubrication of this bearing, which 


oil 
of the ordinary split t with two good-sized bol 
ecole The godern in rating anda 
in 


are | by the usual way. 
tb Will Be wottosd-t- connection with thie eystom 
that there are no pipes that can become or 
senate tor pen Senrent tases ty aie arenes 
pump ‘there sump 
ample lubrication to all parts is assured. When 
reassembling after being dismantled there is nothing 


val operated from a pinion on the 

end of the crankshaft opposite to the flywheel, gearing 
1 on the second-motion 
% cam. Above this shaft 

rum spindle common to both the valve rockers. 


= 
> 
> 
Q 





represent 11. each, except in the case of the diagram relating to tin plates, where they represent ls. each. ; _ 





The design of this part of the engine follows the usual 
practice for single cam operated valves where the 
angles of opening are controlled by a suitable shape 
of rocker contact face. 

The tappet rods phowe these soobeae, ssaprooate 
in guides pressed into the crank-case, necessary 
clearance is obtained by thin steel washers held 

caps under the valve stems. This method 

vents accidental interference with the timing, 
wee ye back of adjusting sctews. All 
the contact surfaces of the valve mechanism are 
hardened and , and the guides for the valve 
stems, as willbe seen, are of ample length. The end 
cover, in addition te enclosing the valve gear, contains 
a powerful ball aepnee operating on the.throttle, 
the magneto is driven by a piniOn off the end of 

the second-motion gear. It be noted that the 
magneto io driven tel cagine speed to obviate the 

ty which is sometimes in: 
when the is\ operated 


in. 


experienced instarting 
magneto at.half engine s a 
The slow rate of rotation at half engine speed is liable 
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‘DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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to give a weak spark, so that in this case with the 
magneto revolving at full speed two sparks are obtained 
every cycle, each alternate spark serving for ignition. 
The connecting rod is a steel stamping with split 
and adjustable phosphor-bronze bushes in the bottom 
end, In the case of the top end the gudgeon pim is 
locked, as shown, in the eye of the connecting rod, 
and revolves in bushes pressed into bosses in the cast- 
iron trunk piston. This piston is of somewhat unusual 
form for this class of engine, the bearing surfaces being 
reduced to a minimum to obviate friction, and where 
the side thrust of the connecting rod Has to be taken 
up the skirt of the piston is drilled to facilitate Iubri- 
cétion, Three cast-iron’ split ramsbottom rings are 
provided to give gas-tightness. The cylinder is of 
the normal type for internal - combustion engines 
where the standard arrangement of side-by-side valves 
is adopted. An inspection of the drawings will show 
the very ample spaces which have been provided 
for water circulation, also the large diameter of | the 
inlet and outlet: pipes, and. the plug ou the opposite 
side to the inlet for removing any deposits. Abo 
the valves are removatile caps facilitating regrind- 





ing and inspection, and over the inlet valve. the 
sparking plug is inserted. 

Cooling can bé effected either from a separate water 
tank or by means of a “ hopper”’ attached to the top 
facing in place of the usual outlet connection. The 


nt is desirable in general, | StOne 


operate drable in 
but for many purposes where the engine only is. required 
to"run intermittently for an hour or so,at,a time, the 
“ bopper ”’ system is quite adequate and gives\a more 
com layout. 
illustrations are those for an engine driven 
by paraffin, and show the vaporiser and float chamber 
on the cylinder.facing coupled to the supply tank 
held by a bracket attached to the cylinder jacket ; 
these will be quite clear from the photograph we 
reproduce. This vaporiser is‘ in form an ordinary 
horizontal choke carburettor with an exhaust-heated 
air supply, the fuel being sprayed by the of 
hot air at a sufficiently high velocity throughithe vena 
contracta, which gives good results from no load to 
full load. Bh gio’ Géoh of the afficlenay-chin gaaalin 
is the amount of{fuel which passes the piston 
its rings. This has a deleterious effect on the 


qualities of the lubricant in the crank-chamber sump. 
Qn.a test of 44 hours, running t, of one, of these 





smaller engines, developing ly'3 hip., the result 
showed that less than 2 per cent. of fuel found its way 
into the lubricating oil. distillation of the sample 


of lubricating oil taken from the sump for this purpose 
was carried to até of 400 » FB. n 


the engine 


an r, 
brake horse-power and 13 brake horse-power on petrol. 
desired to use town’s gas as fuel, the 
usual type of gas bag 
pressure fluctuations 
meter. The gas is then 
valve which replaces 
the carburettor or b horse-power out puts 
as given are normal , since it is not considered 
desirable to rate the engine at the maximum obtainable, 
speeds of revolution of the three engines are 
750 r.p.m., 675 r.p.m. and 600 r.p.m., respectively, 
and these may be reduced by about 100 r.p.m., by 
unscrewing the external governor adjusting spring. 
Fuel consumptions are good in each case for the 
size of under due to the care 
which has been taken, as will be i from 


the and illustrations given to reduce 
frictional toene, and to avoid ine 


pe t conditions 
gas passages. 

The Armstrong-Whitworth engine provides a very 
simple prime mover incorporating good meédern 
practice without the introduction of refinements which 
would be of debatable value in unskilled hands, and 
might impair genetal robustness of construction and 
ease of operation. 

In order to meet all the demands of farm work, 
the engines are designed to dy gen either for 
stationary or on skids, or trolleys, with 
substantial ee draw hooks as portable sets. 

The design of modern machinery allows of the direct 
or single-belt coupling to the engine in most cases, 
but for the few exceptions, such as certain classes of 
small power agricultural machinery which have to 
be run at low speeds, a geared reduction drive is 
available. 


F 





Prrsonat.—Messrs. Alfred Herbert, Ltd., Coventry, 
inform us that they have been appoinied selling agents 
throughout the world, with the exception of South 
Africa, of the Vulean ie duplex locomotive 
boiler stay riveters, made by the Vulean Foundry, 
Limited, Newton-le Willows, Lancashire.—The Sheffield 
Twist Drill and Steel Company, Limited, announce 
that they have removed their London (Office to Morni 
Post hony- Strand, W.0C. 2, and have appoin 

sales for London 

asked to correct an 
impression which has been created to the effect that 
J, B, Saunders and Co,, Limited, haveamalgamated with 
Twiss Electric Transmission, Limited. The first-named 
i the incorporation covers the trans- 
mission line business only of the company. 
Otherwise J. B. Saunders and Co., Limited, retain their 
individuality, and carry on their railway telegraph and 
telephone maintenance and construction business, as 
has been the case without interruption since 1857,— 
Mr, Ernest Wilson, “ Barnston,” Spencer-road, Weald- 
. G. Armstrong, 

, and lately a 

director of 'Picketts’, Limited, art A arma nts for 
Apex Steel Company, Limi! ), informs us 
that he has severed his connection with the latter firm.-— 
The address of the British Non-Ferrous Metals 
Association is now Athenewum Chambers, 71, Temple 
row, Bi .—We are informed that Captain 8. 
-Moore, M.C.. and ‘Mr. F. J. k 


” 


have 
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STEEL ROLLING STOCK FOR THE METROPOLITAN DISTRICT RAILWAY. 


CONSTRUCTED. BY THE METROPOLITAN CARRIAGE, WAGON AND FINANCE COMPANY, LIMITED, ENGINEERS, OLDBURY. 


IbAd 


Fig.t. 
















We"commence”this week a description of new steel 
rolling-stock which has lately been placed in_commis- 
sion on the Metropolitan District ery This stock 
was designed under the supervision of Mr. W. Agnew, 
mechanical engineer to the company, at the railway's 
drawing office at Ealing Common, and comprises motor 
cars, control cars and trailers, embod a number 
of new features, some of which are distinct departures 
in -stock construction. Everyone must have 
noticed trouble which the station staff on the 
District, Railwa: enue Dp. ine rs 
to pass well into the car on entering, they at 
7 byes aE A gore for the main moth 
the new stoc rather striking poster was formerly 
to be seen inside many of the cars on the tubes. 
Tt showed what we generally call a bird’s-eye view of 
the interior of a car, with passengers clustering round 
the entrance, filling the seats and standing space there, 
while other seats further in were vacant—and offering 
the maximum of obstruction to  ingreés’ and 
This was in no sense exaggerated, and 
showed that the passenger density of the car, if it may 
so be termed, is a maximum near the, doors and 
minimum between them. The de 
was clearly, in these days when main 
to get aboard the cars, seat or no seat; to provide the 


a 
t 
is 


clearly |. 








































£tg.3. PROPERTY OF SIDE PILLARS. 
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means of securing during the rush hours as high a 
p.ssenger density per car as possible, dividing up 
the cars into zones more accessible to door openings, 
and cutting out the less fully utilised space in between. 
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It will be found that about 9 ft. is the maximum 


distance people, or unconsciously, care to 
get away from a door. attitude is, we believe, 
mainly su i People have no intention of 
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selfishly preventing others from getting seats, or of 
oo“. congestion, but are probably influenced un- 
wittingly by the fear of getting too far from the door, 
and so missing their station. The new cars arrange, 
therefore, while retaining about the same length, for 
all seats to be within about 9 ft. or so of the doors. 
This is secured by abolishing the vestibule single side 
doors, which obviously are inefficient, as they are 
served from one direction of the interior only, and 
substituting therefor double doors/about 10 ft. away 
from the coach ends. These clearly are served from 
either side like the present centre doors. Everyone 
is within easy reach of a wide door, and much more 
expeditious loading and unloading’ is expected to 
result. As the improvement of the underground 
service is at present dependent mainly upon shortening 
stopping times, and in overcoming some of the delays 
at stations due to passengers getting in and out of 
the trains, it is hoped this new distribution of pee 
will not only result in better use being made of 
seating (and standing) accommodation, but will result 
in an accelerated service, which in turn has the effect 
of again increasing the provision of seating. The new 
distribution has been applied to all three types of car, 
viz., motor cars, cma cars and trailers, but the two 
latter classes are modified by the presence of the motor 
and control end compartments. We are not aware that 
cars with door openings disposed in the manner adopted 
in this design, have ever been previously constructed 
though the arrangement was at least considered as 
iong ago as 1907, when it was cy tty the New 
York Subway. It was, however, then be- 
cause of the difficulty of using central doors on curved 
platforms, a trouble which on the District Railway 
has not been acute enough to prohibit their adoption 
on that system. The stock now being commissioned 
consists of 40 motor cars, 12 control cars, and 48 
trailers. These will bo used in eight-car trains made 
up of three motor cars, four trailers, and one control 
car, and during the slack periods will be cut into three 
and five-car trains. The seating accommodation of the 
trailers is 48, of the motor cars 40, and.of the control 
cars, 44. This stock has been constructed by the 
= - litan Carriage Wagon and Finance Co., Ltd., 
0 ‘ 

Before commencing detailed descriptions of this 
stock we will draw attetition to the interesting lines on 
which it has been built, ‘The cars are constructed with 
frames without truss-rods, the usual. channel sole- 
bars being replaced sale sniee,.s0d. te bone 
components being mostly pressings of 4-in. stee 





STOCK FOR THE METROPOLITAN 


\CONSTRUCTED BY THE METROPOLITAN CARRIAGE, WAGON AND FINANCE COMPANY, 








The desire to abolish the truss-rods has led to a careful 


investigation of the stresses in the structure of these | be 


cars. The approximate method of estimating these 
detailed below was adopted for working out the design, 
the stiffness contributed by the side sheeting, and by 
the roof, having been ignored. This, of course adds 
a considerable margin to the results obtained. The 
following are the particulars of the coaches affecting 
the calculations :— 
Tons, Cwt, 


Weight of underframe with draw gear 4 10 
Body with fittings and seats ... oi 2&0 
Electric control (in both ends of motor 

coach) ods 0 4 


Electric and brake gear in underframe 8 2 








20 «66 
Live load (passengers) ... si Br @ 
Total 28 «6 


In the calculations, plates less than 4 in. thick have 
been ignored.. The working stress adopted has been 
5 tons per square inch throughout. 

In Fig. 1 the loading diagram shows on the right 
hand the load on the centre longitudinals. This load 
is transmitted to the solebars through cross-members, 
This is indicated by the concentrated loads in the 
left-hand side of this diagram (P,, P, and P,). The 
whole load of superstructure and live load, except for 
3,699 lb. directly around the bogie centre pivot, is 
considered to be taken by the solebars and side frames. 
Considered as a beam with overhanging ends the shear 
diagram for the structure works out with maximum 
shear at the bogie centre, the worst condition bei 
actually at the adjacent doorway, where the value is 
21,721 lb. for the whole car. Taking one side this 
means 10,860 lb., or 4:848 tons, where the section 
through the top and bottom of the doorway is 6-13 
sq.in. The bending moment diagram below has been 
worked out with a polar distance scaling 20,000 Ib. 
The ordinates multiplied by this factor give the total 
bending moment at any section. The bending moment 
for one side will ‘be half this amount. 

Owing to the presence of window and door openings, 
the function of the usual diagonal truss members must 
be performed by side pillars of sufficient stiffness, 
when it may be ass that the combined strength 
of the latter will suffice to cause the top chord (in thi 
case the cant-rail) to act as in a truss. The resisti 
moment of the lower side girder up to the window 
is worked out in Fig.2. Fig. 3, &c., show corresponding 
calculations for the side pillars, a diagram of forces 
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for the latter being. given in Fig. 5, and their values 
ing indicated in Fig, 1. The total resisting moment 
for one side of the car is thus :— 


In.-Lb. 

Lower side girder 810,768 
(1) Side pillar 224,728 
(2) Side pillar 224,728 
(3) Side pillar 224,728 
(4) Side pillar 67,256 
1,552,208 


The bending moment diagram, with the several 
resisting moments of the pillars deducted, is shown at 
the foot of Fig. 1. 

The actual bending moment for one side is 1,246,073 
in.-lb. The actual ‘stress throughout the side is 
therefore 

11,200 Ib, sq, in. x 1,246,073 
1,562,208 r 

== 4 tons per 8q. in, 
Under these conditions of stress it has been considered 
safe to treat the flanges of the girder at the doorways, 
as a trussed girder, The compression and tension 
stresses in the members above and below the centre 


doorway would be — == 18,430 Ib, = 6-88'tons, 


80-75 in. being the depth of the girder (see Fig. 6), As 
the area (A, + A, + A,) at the top of the doorway is 
2-18 sq. in., and that of the bulb angle solebar is 
4-04 sq. in., these are considered safe stresses. 

At the doorway nearest the bogie centre the bending 
moment at the side nearest the centre is (224,728 + 





== 8,991 Ib. per sq) in. 


In | 168,008 + 67,256) in,-lb. = 459,992 in.-Ib. To this 


must be added the shear stress (see Fig. 7). This equals 
21,721 Tb. for the car, and therefore 21,721 x 46 _ 


oxe 
6,244 Tb. for one side. 
The stress in the flanges calculated as above from 


the “bending mdment’ is = = 5,749 Ibi” The 
total stress therefore at this wargye Sy (5,749 + 6,244) 
Ib, =, 11,993. Ib. = 5-35. tons. area is again 
2-18 sq. in. at. the top and,4-04 sq, in. at the bottom. 
This is the position of the worst conditions of stress. 
Figs. 8 and 9 relate to the conditions at the bolster. 
The loading diagram shows the reaction at the 
centre of 27,782 Th. for the’ car, piving 13,891 Ib. as t 
load. supported by each end of the bolster. The 
bending moment in the, bolster at,a point 6 in. (Fig. 9) 
from the eentre, is, 13,891 x 45,=/625,095_ in.-Ib, 
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mains will deliver into new service reservoirs to be 


sing a 
4 constructed in north London,,and branch mains will be 


The resisting moment (Fig. 8) is 497,952 in.-Ib., u 
stress of § tons per equare resultant 
in the bolster is thus ee x 11,200 
per square inch = 6-25 tons r square inch. 
In Figs. 10 to 16, Plate Pe we give general draw- 
ings of the new cars, and in Fig.)17, on the Ls Plate, 
and Figs. 18 and 19, on 
duced from p 
interior of one of 


== 14,000 Ib. | existing Staines Aqueduct, and the proposed new conduit 
to Hampton, will be supplied both to the north and south 
of the ‘hames by means of existing pumping engines 
and mains, together with a new pumping installation 


of the jb deliver ow into the north-western portion 


itd 
: 
Tae 
ne 
i 
: 
Tee! 


idea of the new arrangement in which it will 
the end vestibules are closed — aera 
tional seat; ee. 

is similar i first and The 
interior finish of the cars 
pe the floor of steel being covered with Iino 

steel panelling mouldings are 

resemble teak, the being in. thick. | ' 
The seats of the ‘ 
holstered in red i t 
done in pegamo interior ic fittings 
of Florentine bronze or ee finish. The 


are well a. provided with 
fittings an mare, J nig fittings. 


ne 
FE 


support can be affo 
a umping plant 


See velisine ven ee oe ‘asbeing 


on “al oe amg an @ 
ges re 
oolwich Common to 


from a reservoir at W: 
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. ae h reagent bed 
and are of clandiae fiw baller 







tioned above, but are to be inside with 
oe «8a phe of of the doors 1 to 1 cement mortar instead of asphalt, while the roofs || 
are also arranged at are 15-in. by 15-in. columms of concrete 
oe pints otha ie age the rtions of 1:2: 4, Viliowt 
with metal fittings, are ment. At rough, where a portion of site is! 
are four pillars to each range of six 


on a similar to that at Shooter's 
See Pade below the main walls, where there was 
ity of their sliding forward. 
. contract for the reservoir at Bromley will be 
commenced during January. This reservoir is of simular 
— to those at Farnborough and Eltham, excepting 
that the walls are of heavier section, the site being in 
the yellow London clay, which is notoriously treacherous, 
A special form of construction is also adopted to a 
smear es - _ . as shallow as — 
e we wit 
bottom aw first constructed, See Too -geovinhiin 
a Sg aloes Deeeion the” deat and tig 
bottom of the walls a stiff slope of concrete is to be 
constructed and @ wide strip of the floor, together with 
the slope, is to be co1.pleted before the filling behind the 
walls is carried to any considerable height. The site 
lends itself to this method of construction, as the reservoir 
is at the top of a mound-like hill and co uently the 
depth of excavation at the perimeter is much less than 
when approaching the centre. The reservoir at Bickley 
will be commenced early in the coming year, and will be 
of similar construction to that at Eltham. 

In the Board’s Northern District a service reservoir is 
to be constructed at Bourne Hill, where the site is in 
clay. The design of the reservoir is similar to that 
at Farnborough, with a reinforced concrete tongue below 
the foundation of the main walls. The construction of 
the reservoir will be commenced early in the coming year. 
The Board have, during the past year, completed a 
duplicate well at West Wickham and have commenced 
the sinking of a new well at Eynsford, in the Kent 
District, the latter will be li with cast-iron nts 
tied into the chalk and be un after the sound chalk 
is reached. At West Wickham the installation of an 
additional pumping plant is in hand. 

A Bill is to be promoted in the coming session to obtain 
power for the construction of works necessary for dealing | *® 
with the supply from the Littleton reservoir. These 
works will include service reservoirs of large capacity 
on the northern side of London with mains to 
strengthen the supply to the central and outlying 
northern portions of the Board’s area, The additional 
supply thus obtained will enable the Lee Me A ~ Bowe 1 
which is at present largely used to st 
in the central and western area of the ’s nort 
district, to be used in its natural zone on the eastern 
limits of the district, and will also permit of the elosing | ° 
sora of the filters and pumping plants at New River 

In addition to the works outlined above in connection 
with the use of the Littleton reservoir, this scheme will 
require a duplicate line of 48-in. main to be laid in 
instalments, as required, from Kempton Park, west and 


In addition roof straps are are fitted 80 












have 
lar to that shown in 
resembles Fig, 16, the ¢ 
working being cut off from the reet of the car as in the 


motor coach, 


5 







“et 













THE ;METROPOLITAN WATER BOARD. 

Tue Littleton Reservoir of the Metropolitan Water 
Board, the contract for the construction of which was 
entered into with Messrs, 8. Pearson and Son, Limited, 
on the basis of payment for prime cost plus a 
lump sum to cover the provision of plant, profit, 
&c., was commenced in July, 1919. The formation of 
the embankment is now well advanced along the northern 
side, and the excavation of the trench and refilling with 
clay is in progress along the eastern and western sides. 
The outlet shafts have been completed to about ground 
level, and the tunnel between the shafts is about half 
finished, 

The area of water surface of the reservoir will be 
approximately 700 acres, and its capacity about 
6,500,000,000 gallons. The whole of the water will be 
pumped into the reservoir from the River Thames, 
and the reservoir, like those already constructed in the 
‘Thames Valley, will be formed of an earthen em 
with a uddle core tied into the surface of the London 
clay. e inner slope of the reservoir embankment 
wil ve 8 to 1 lined with concrete slabs for the lower 
portion and rock-faced concrete blocks for the upper 
portion, The outer slope will be 24 to 1 —. a berm of 
10 ft. wide, and be planted with shrubs, dc 

The intake from River Thames near Penton Hook 
will be controlled by roller sluices. Three Venturi 
meters, each having a throat of 4 ft, 10 in. in diameter, 
with a maximum capacity of 100,000,000 gallons per 
day, will be installed at the commencement of the intake 
channel. At the inlet to the reservoir, pumps will be 
installed ca Siar Uieada deeeataslataes, 6% tn dian ,000 
gallons per through three steel pipes, 6 ft, in diameter, 
laid over the Tsbediesent. 

The Bago 2 worn he reservoir eee contested, by 
six roller sluices, ving openings wi y t. 
deep, into a draw-off tower constructed within the 
reservoir. This shaft will be be connected to another shaft, 
constructed just outside the puddle core, by means of a 
tunnel, 9 ft. 9 in, in diameter, formed of cast-iron seg- 
ments lined with concrete and brickwork. From the 
outer shaft the water will be drawn off by means of two 
uits controlled | 


draw-off from the reservoir will be discharged into the 
Staines Aqueduct, which passes in cloge yw 

The conduits, after the branches are off to this 
aqueduct, will be reduced to 6 ft, in diameter and will 
remain at this size until the Board’s works at Kempton 
Park are reached, where a further quan’ tity of water 
will be drawn off to supply the existing reservoirs and 
filters and further filters hi 
this station. After leaving Kempton ittleton 
water will be con 
diameter, which will extend ~ Sa w e 
ee tne ee dealt with 
existing won bay oe 


on 
cannon pas x 4 be ome conn oom verious parts of the 
means 


oe 


Fortis Green, and another suitable site north of H 
stead and large diameter main from Cricklewood to the 
Marble Arch, Clerkenwell and Holloway; a pumpi 
station at Fortis Green, with mains to Southgate aan 
Hornsey-lane ; an additional pumping plant at Lee 
Bridge, with a main to Woodford, where it is proposed 

to construct an additional service reservoir. 

"itetameneert powers have been obtained 
for sug adam and parepin station at Kempton Past and the 
mains from Rempto ark to Cricklewood, Powers for 
the remainder o the scheme are to be sought in the Bill 
to be presented in the coming session of Parliament. 





Cowprtions tn Russta.—We have received a letter 
ee eae tae 
and Science in Russia, appealing for support, in order 
to relieve some of the distress which the present con- 


ditions in that country have 5 deen gv prevetnene aa 
of The committee is are. t Peoniien, 

Se saci of tee ‘Thame te of wee, le sumucrtel. by. omen ae, ‘known 
existing pumping station and mains, with a} The address of mmittee is at the British Science 
further pumping installation and two mains, 48 in. | Guilds Offices, 6, John-street, Adelphi, W.C. 2, and it'is 


in‘diameter round the west and north of London. These | needless to say assistance will) be heartily welcomed. 





en route. The water whieh passes déwn the | 


~ Water Board’s Kent District, has 





































north of London to Fortis Green, service reservoirs ny 


ee :FROM, SOUTH YORKSHIRE. 


(SHEFFIELD, doy ass 
Iron ahd Bteel. {nie Governments proposal Baopt 
short-time working to relieve unemployment has failed 
‘to arouse more than pessing interest in Sheffield. This 
is one of the many expedients that has already been 
tried with qualified success, and as a permanent solution 
is cokes considerable a lB trade position 
little c com with a week ago. 
ot few more departments have resumed, but operations 
by no mear ne! In some cases repairs have 
d and in others order books are 
' . resumption is impossible. 





r mally est Some of 
% v imistic 
b future ; 
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cash to execute essential renewals 
and Saal ae for raw 
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mn : Rabterials for 
vols, “and: certain classes of 

_ Drop-stemping establishments find 

for their outputs, ‘anal keen com- 


rade. CBistep in resuming 
Owing to the dearth of new 
easier tendency in 

have ble stocks to draw 
to find an outlet under the new export 


eae se ath oo me os of talons This, of weg is 
posing at inland uirements. 
is an ge foels 20 to replace Nwaanreus 


during the holi ; Small fuels are rather 
firmer. Renewed pressure is reported at depots for 
house coal supplies. The call for b blast-furnace coke is 
easier, but prices remain unchanged at 65s. 9d. per ton 
on rail at ovens. Quotations :—Best branch hand- 
picked, 37s, 2d. to 38s, 2d.; Barnsley best Silkstone, 
378. 2d. to 37s. 8d. ; Derbyshire best brights,’ 358. 2d. 
to 36s. 2d. ; Derbyshire house coal, 32s: 8d. to 33%. 2d. ; 
Derbyshire "best large nuts, 32s. 8d. to 838, 8d.'; “Derby 
shire small nuts, 31s. 8d. to 828. 8d); Yorkshire hards; 
328. 8d. to 338. 8d. ; shire hards, 328,.8d. to 
338, 8d. ; rough slacks, 286. oe flee 298. 2d, ; mutty slacks, 
27s. 2d, to 288. 2d. ; smalls, 238, 2d. to 248,.2d, 








NOTES FROM CLEVELAND AND THE « 
NORTHERN OOUNTIES. 

. MippLesprover, Wednesday. 
The Cleveland Iron Trade.—Business in Clev d 
pig-iron is quiet. Igonmasters met, yesterday and decided 
to make no in prices, for the present, a decision 
which was not altogether unexpected seeing that Cleve- 
land ih eo is the cheapest iron in the country, Home 
demand, however, shows falling-off, and there is practi- 
cally no foreign inquiry. So far as foundry quality is 


concerned, searcity is no longer pronounced, the stringent ' 


situation which has’ existed for some time ppt be se 
been much relieved by the closing down o 
works for, the holidays, . Forge, mottled. and white 
donmeptn are very plentiful, and difficult to dispose 
home customers, No. 1 is 237s. 6d.; and No. 3, 
5 well as the inferior grades, is 225s. 


Hematite Iron.—In the East Coast hematite branch 
there is little business passing. The decision of makers 
not to drop prices was received with some surprise, 
consumers consid that cheaper cost of juetion 
due to fall in i ore, justified substantial reduetion 
in prices. Sellers are oom & good im evidence, but 
their efforts to put transactions through meet with little 
suceess. For home, consumption, No. 1 is 2628. 6d,, 
and mixed Nos. are 260s. Export prices ane not named. 


i Oreve~Slump in freights is res pain pe 
ce foreign ore, but consumers are still holding 
the market, The ex-ship Tees value of best rubie i 
now down to 45s., the Piel ht Bilbao-Middlesbrough 
having fallen to 13s., and the market quotation bi 
rubio being 498. on the 17s. parity freight from the 
Spanish ore port. ‘ 

Coke.—Coke is plentiful and stocks are accumulating, 
but prices are upheld, Medium blast-furnace kind 
is 628, 9d. a4. the ovahe, a ane 
65s. 3d. at the ovens. 


Manufactured Iron and Steel.-_Recognised quotations 
for manufactured iron and a are maintained! ‘on 


levels customers will not pay, but apo me 4 for some 
s are above figures act ominally 
the are the pa gg pal ne 


Common pia § ak 271.108. ; steel ship, badge and. 


tank 241. 108.; steel angles, 2 1 boiler 
ee St; steel joists, 241. ; Cealuiche ‘ant’ Oa8e 
41. 6s. ; ‘Soft billets; 222); medium billets, 232. {'hara” 
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billets, 24i. ; ; heavy vy steel rails, 25. ; fishplates, 301. ; upon-Tyne, a paper will ‘be read by Sir James Kemnal, 
black sheets, 28/.; and corrugation galvanised shoots, » NOTICES OF OF MERTINGS. ae y 
302. 


j Sri E the > Advantage at [Water- tube Boilers in Merchant 
Shipments of Iron and Steel.—December shipments Tax Is the Bros tity ane abt vlog Jono Lysmaryto ag 

ry of Iron — pmen t 5 p.m., at jiety 0! . HE —Friday, 
of iron and steel from ‘the port of Middlesbrough. are Lechome kat the Hato f Roads, peerendi hs.) January 14, at Genin ae clethemts 


-» at 
officially returned’at 35,949 tons, of which 17,363atons 1h ay is Vi ee bs he Tides, ‘their ay Effect and Use,” 
were pig-iron, 1,634 tons manufactured iron and 16,952 | of mig Sha Te Taxation of othe “Catooa |» a Dunbar , othe M.A. Phen Weir of 
tons steel. The largest customers {for;pig-iron were:|(¢. Bressey, O.B.E., Divisional  Enpthecs Soned ( Somald President, in the obai chair. 


Belgium, 5,637 tons ; Scotland, 4,580 tons ; and France, Branch, Minisity of Transport. Tue Srarrorpsurre Iron anv Sree. Inerirvre.— 


1,215 tons. The Straits Settlements, with an Pte rere yt tg of 
THE sour InstrruTion.—Monday, January 10, | Saturday, January 15, a will be read and discussed, 
851 ~~ aan ae i re of manufactured India, 1603 582 will be read entitled “‘ The Stroste of of London entitled “ * Refractories for tor the Iron and Steel Industries,” 
nang ; belore the the Great Fire,” by Mr. W. W. Jenkinson (Fellow). by Mr. W. J. Rew, Ghotield University. 
tons ; Japan, 2,449 tons ; “and China, 1,790 tons. The'ch ill be taken at 8 p.m. 
Cleveland Miners’ Wages. —The Cleveland lronstone 













mine owners and the miners’ representatives are con-|_ TH#° Braprorp Ewncinrrrine Sociery.—Monday, 
sidering the question of adopting 9 new —, for re January 10, at 7.30 : . the — of the Bradford NOTES FROM THE NORTH. 
regulation of wages. The pn By is Pas, gpa end | Technicel College, Professor G. ¥. Charnock, M.Inst.C.E., Gtascow, Wednesday. 
negotiations are likely to extend over months. Steam Meters.” Scottish Steel Trade. a from abroad shows 
Consett Steelworkers’ Wages.—An official announcement} THe InstirvTion or MecHanicaL EwGinemrs:| signs of increasing, and that means a lower level of 
intimates that Consett stéelworkers’ calculated | Grapuates Szcrion.—Monday, January 10, at 7 ey pre home \but these, to be effective, must be sub- 
upon the average net oly ecice sted plates during | at the Institution, Storey’s Gate. “The ma producers have to make a saving some- 
the last three months, are a further 10 per cent. | Production of Ice,” by Mr. A. H. Pullen of a agreed ee — will have to consider 
in the current quarter, 207 pe the _ apt yaad cent. | Graduate. Chairman, Mr. Asa Binns, Member. and besides Seedching the 
above the standard, or 207 per cent. above. pre-war} Tee Onevetanp InstiruTron or ENGINEERS, ‘ea canny’ Feaamy " olloy which been somew isastrous 
basis. Monday, January 10, at 6.30 p.m., in the ao of the to ve to increase output very considerably, 
— Cleveland Literary and Philosophical Soci and ven wit pace raed 6 lower level of 
NOTES FROM THE SOUTH-WEST. tion-road, by ar Fred. Kero paper on wages, The ere trouble, eae caah ha got to wo niha 
The Coal Trade.—The coal trade is in a chadtic con-| of the § Anonyme John Cockerill, Belgium, will Turning to chovenaae of it is y agreed 
dition, and a number of pits are idle of the lack | be read and that i cabins ops the high sete of 
of orders. For the timd| being the have} Tue Liggherossce or Exxcraicar EnGnrkaits | 1920 is by and the recent reductions of 
captured the European markets, a3 1 Wales coals | (gcorrise CENTRE).—Tuesday, January 11, at 7 p.m., | 40s, in sections and in ship plates have not been a 
of all qualities are aie gece prices which | at the North British Station Hotel, Edi: A paper, big pnough Inaareaces to-consumers. Last year opendéd 
show © wee ee ‘A2e. a. Od 9 senate re 9 “ Range of Wireless Stations,” by Captain R. ©. Trench. | with ship selling at 191. 158. per ton ; iol Seaton 
compa: Ww) e lowest market at 242. and les at 191. 5e. ton, all f.o.r. 
= . 
August last. Buying orders are very Lemony or tg they ee —- il, ey A DMINISERATION — por ir andangia ot 1 8 Te af = year, 
inland demand, too, has considerably slackened owing uesday, Oe Hall Ordinary Meeting in Sat eatt wag) it the ‘top had been feacholl with 
to works going on short time. In a mumber of cases | the Conference all, — all, Westminster. | ship plates up to 271. per ton ; boiler plates at 31/, 108. 
patent fuel and/coke makers, rom also mage! een on * The egy O4 tee in Acre ele ton ; eal angles 261, ‘ ; 
facturers, have ¢losed F ae wei; their inability | W.J.Malden, To ow Y ussion, © ) ee seem: thée rates did meme aeiog oi 
adopted a Sir H, Trustram Eve, K.B.E., y ’ ness, 
to secure fresh orders. Foreign buyers haye adop as for every ton turned out there ‘geveral buyers, 
mark-time po! anticipating bog fall in Wain oe Tue Instrrvurion or Crvmu Exotrmens.—Tueeday, and producers experienced an demand tight on 
and | colliery dkathen  capagtenon difficulty a 11, at 5.30 p.m. Paper to be read: till near the closing weeks of the year. In order to 
disposing of outputs. Indeed, in 1 in nati oulons stoppages | forced Concrete for Ship Construction,” by meet foreign competition and induce forward booking, 
have been effected in consequence of a shortage of|Thomas Bertrand Abell, OBE. M.Eng. ballot | as well as to bring prices more with those of 
wagons, caused by ‘the seanding? = salesmen to Je | for new members, Students’ Meeting : A oy makers, quotations were low in November 
customers for coals pe cag January 12,at6p.m. The first two “ Vernon-Hereourt” to 251. 10s. per ton for shi Plates, 41. 108. per ton’ 
tippings, composed of rubbish sal Ley ge on “The Lay-out and Equipment of Docks,” | for sections, while boiler were These 
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Foremen’s Institute, a by | Considerably tinder to-day’s prices. Ship and boiler 
Unless there is & rapid improvement ingthe situation, 8 7.45 p.m., at the paper ‘ 

and the outlogk is none too bright, there is little doubt J. Newey on “Cooling Systems, will be Tead and plates are aS taidly go 


that stoppages will become more general. Indeed, the deopesed. = hia is enough a= to ee 
view is expressed that the collieries should restrict the| Tae SHEFFIELD AssocIaTION OF MTAGLURGISTS except in sectidns, but the future is rather uncertain. 
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How prices have fallen in the last|few months will bé] at 7.30 p.m., in the Assembly Room, 1 Victoria towards the end of the year, but 1920 was, on the whole 
observed from the following table, which compares | Hotel, Sheffield, Annual General Meeting. F 
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Waenrs, (Temporary Reounation)*Acr. 
1918.——We referred in our issue of last 
week to val ge ogee of Mr. Justice}Roche 
to*the effect that the Wages (Temporary 
Regulation) Act, 1918, expired for all. pur- 
poses on September 30, 1920, and that after 
that date the Munitions Tribunals have 
had no right to proceed further with cases 
under the Act and he, as Judge of Appeals 
from Munitions Tribunals, has had no right 
to deal with them on appeal. It is in- 
teresting to find that in a case, Charles 
McLean inst Hugh McLean and Son, 
Lord Sands, the Judge of Appeals from 
Munitions Tribunals in Scotland, came to 
the same conclusion in a\judgment delivered 
a few days previously. 

Tux Royat Agronavutioat Socrery.— 

have; we understand, been 
made for a party of members of this society 
to visit the National Physical Laboratory, 
Teddington, on Wi y afternoon, the 
ay inst., to see something of ow — of 
the Aerod, ics Department. Full par- 
ticulara hans be oltkaiieed from the secretary, 
Mr. W. Lockwood Marsh, 7, Albemarle- 
street, London, W. 1... We also learn that 
Air Commodore B. M. Maitland, 0.M.G., 
D.80., A.F.C,, has consented to deliver 
the annual ile lecture, whieh will be 
entitled ‘* Airship’ Flights of t and 
Fatcy.” Se ee ee vi > —— 
Society of Arts, -street, Adelphi, 
London, WC, 2, at 3 p.m, on‘Tuesday next, 
the ith inst. 





Tuk Furure or Inpustry.—-The future 
of the industries of this = is matter 
for serious t ht at t time, 
and we subsea actnine < cohabibtaion 
on the subject from Mr, 8. W. Petter, 
M.1.Mech.®., and chairmanh'of Messrs. Pet- 
ter’s, Limited, of Yeovil. This takes ‘the 
form of a pamphiet con of a t 
of @ lecture recently delivered by' Mr. Petter 


at’ the Guildhall, under the auspices 
of the Industrial League and Council. Mr. 
Petter is a large employer who has studied 


these questions very carefully, and made 
a number of experiments in labour matters, 


(For Description, see Page 10.) 
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and his views are therefore worth circula- 
tion. The address, which is now reprinted 
is divided into sections dealing with the 
past and present conditions of industry and 
the ‘probable effect. on the future, While 
avoidi politics, Mr. Petter treats such 
subjects as dumping, foreign markets and 
taxation in a concise manner which brings 
out clearly the points he wishes to make, 
and altogether the little pamphlet may be 
recommended for general distribution. It 
is published by the Wessex Publishing 
Company (1917), Limited, Yeovil, at the 
price of 20s. per,100. 





Tue Untverstry or Lonpon, UNIVERSITY 
CottreGe.—The second term at University 
College commences on Tuesday next, the 
llth inst., and the programme of public 
lectures, which are not intended for persons 
under 19 years of age who are not under- 
graduates of the university, has now been 
issued. The following lectures appear to 
be the more interesting to our readers : 
“The History of Mathematics up to the 
Righteenth Century,” by Mr.T. L. Wren, 
Tuesday, January 11, at 5 p.:m.; “The 
General History and Development of 
Science,” Dr. A. Wolf, January 12, 
at 3 pm.; “The Navigation of Air- 
craft by Astronomical Observations,” 
by -Professor .L. N. G.. Filon, F.R.5., 
January 14, at 3 p.m.; ‘“‘ The Measurement 
of in Materials and Structures,” 
by Professor E. .G. Coker, Jan 17, 
at 5 p.m.; ‘‘The Mathematical, Theory 
of Relativity,” by Dr. G.. B, Jeffery, 
January 17, at p.m.; “The. Current 
Statistical Problems in Wealth and In- 
dustry,” by Sir Josiah C. Stamp, K.C.B., 
D.Se., January 19, at 6.15 taal “ Spec- 
troscopy,” by Dr. .8. udd.___ Lewis, 
January 21, at 5 p.m.; and “The Art 
and Craft of Printing” by Mr., Charles 
T. Jacobi, February 14, at 5.30. pim. 


Several of. the above-mentioned lectures 


are am of series, of which further 
part with regard to fees, &c., may 

obtained from the secretary, Dr. Walter 
W. Seton, at the University College, 
Gower-street, W. 
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MOTOR TRANSPORT “ADVISORY 
BOARD. 


Tue late war was remarkable to engineers by 
showing them how little the military authorities 
expected to need their services at the commencement 
and how, as time progressed, it became more and 
more evident to all concerned that the engineer was 
a most important factor in all its branches. It is, 
therefore, satisfactory to note the beginning of a 
reform in the attitude of the Government to the 
question of the status and education of the mechani- 
cal engineer, who must have so large a share in any 
future operations whether on a small or large scale, 

In November, 1919, the Army Council decided to 
form a Mechanical Transport Board, to act in an 
advisory capacity in technical problems in connec- 
tion with mechanical transport for Army require- 
ments and to ensure a more intimate liaison with 
the motor industry, so that the Army might be in 
close touch with the progreés of mechanical trans- 
port throughout the world. The constitution of the 
board was to be:—Chairman, the Director of 
Supplies and Transport (War Office), and the mem- 
bers were to consist of three or four members of the 
Quartermaster-General’s staff and four civilian 
members. The actual constitution of the present 
Board is as follows:—Chairman: Major-General 
Sir Evan E. Carter, K.C.M.G., C.B., M.V.O.; 
Quartermaster-General’s staff ; Brevet Colonel G. F. 
Davies, C.B., C.M.G., Lieut.-Colonel T. M. Hutchin- 
son, D.S.0., C.B.E., Lieut.-Colonel C. W. Macleod, 
C.M.G., D.S.0., Lieut.-Colonel M. 8. Brander 
(Secretary). The civilian members of the Board 
are Sir Henry Fowler, K.B.E., L. A. Legros, Esq., 
0.B.E., Lieut.-Colonel H. Niblett, C.B.E., D.S.O., 
Professor W. E. Dalby, F.R.S., all these being mem- 
bers of the Institution of Mechanical Engineers. 

The staff of the Mechanical Transport are military, 
but have special qualifications and are divided 
into two groups, administrative and technical. 
Mechanical transport in the army is a branch of 
the Royal Army Service Corps, which is, in its turn, 
a branch of the Quartermaster-General’s Depart- 
ment of the War Office. On account of the fact 
that the transport not only brings all necessaries— 
food, clothing, materials and munitions to the 
forces, but, of necessity, makes personal. contact 
with every branch of the Services, it is essential that 
the individual members of the Mechanical Transport 
Branch should be thoroughly familiar with the 
details of military service in order that they may be 
able to answer properly such questions as are 
bound to arise continually in the execution of their 
duties. It is therefore necessary that every officer 
of mechanical transport should have a complete 
knowledge of the work of the administrative staff 
as well as the technical knowledge necessary for the 
execution of his own work. It is with the work of 
the technical side that we propose to deal; 

At the present moment there are many officers of 





the Mechanical Transport who have gained valuable 





| experience during the late war, in addition to having 


hada previous regular workshop training, but they 
are not corporate members of the Institution of 
Mechanical Engineers or of the Institution of Auto- 
mobile Engineers. Both of these Institutions require 
the passing of examinations for the entry of 
Associate Members, and the Board have 

a syllabus and and are making ents for an 
examination, the passing of which shall constitute 
a right to corps pay. In future this will be depen- 
dent on the attainment of high qualifications in the 
instructional scheme which is being set up and will 
be carried out at the Royal Army Service Corps 
Training . The curriculum will start with 
short courses of study, followed by two years prac- 
tical shop training in manufacturers’ work- 
shops outside the college, and will be concluded by 
an intensive course at college, extending over 
practically another year, all of this work being 
additional to the regular training for the army. 

The Instructional and Experimental Workshops, 
1050 Company, Royal Army Service Corps, Alder- 
shot, are administered by the Commandant, Royal 
Army Service Corp Training College, Aldershot, and 
used for such research work as is carried out by the 
mechanical branch of the Royal Army Service Corps. 
These experimental workshops are run in conjunc: 
tion with the Artificers Training School, and consist 
of a fully-equipped works, with drawing offices, 
pattern shop, foundry, smiths shop, machine shop, 
fitting and erecting shop, together with an electrical 
shop, in connection with which it is intended to 
erect an electro-depositation plant taken from one 
of the heavy repair shops in France. The proposed 
permanent staff of the company numbers 10 officers 
and 140 other ranks, all of whom:are skilled work- 
shop personnel, and who will devote part time to 
experimental and research work. 

Up to date the work undertaken has been the 
erection of the buildings and the installation of 
machine tools and plant taken from the heavy repair 
shops in France, concurrent with giving workshop 
instruction in the completed portion of the shops to a 
large number of learner-artificers and boy-artificers. 
As an example of research work at present in pro- 
gress we may mention :—Shock-absorbing stretcher 
frames for motor ambulances are being constructed. 
These are intended to reduce the effect of road 
shocks on the stretchers and patients carried by the 
standard ambulance. This has been found par- 
ticularly desirable for “‘ fracture” cases. General 
experiments have been carried out and develop- 
ments made in the design of tractors for military 
service and trials of selected types. Dynamometer 
draw-bar tests have been made by tractors under 
various loads and on all conditions of ground. 
Trials have been carried out of alternative fuels, 
including suction-gas producer plants adapted to 
road locomotion. The development of wheeled 
tractors and the selection and testing of types suit. 
able for haulage work has received attention ; 
while the evolution of improved mobile workshops 
and the selection and testing of specially suitable 
appliances and apparatus for work on the road are 
also matters to which a great deal of work and 
thought are being devoted. 

We have already pointed out* that at present 
the tendency of the average mechanical engineering 
apprentice, if interested in the Territorials, is to 
join the infantry or artillery branches. It appears 
to us that to those engaged im the automobile 
industry or the allied trades*the Mechanical Trans- 
port branch would give greater scope and the young 
mechanical engineer entering this branch of the 
service would not find the doors of the technical 
institutions more or less closed to him as would be 
the case had he joined an infantry regiment. 

The necessity for this broad basis of education 
arises from the large range of the work comprised 
in mechanical transport, its limits being, on the 
one side, the tank, and on the other side, the horse- 
drawn military wagon. Between these limits 
everything driven by mechanical power, especially 
by internal-combustion engines—from the heavy 
tractor that hauls the large gun and puts it in place 
in the field, to the light motor-bicycle of the 
despatch-rider—is included. The essential function 





* EnGineertna, vol. ex, 1920, page 577, “ Mechani- 


cal Engineers in War.”’ 
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of mechanical transport is to help all other; branches 


of the service, and- for this {reason it is by far the 


largest user of mechanical traction; though the Air 
Force, the Navy and the General Post Office have 
their own independent mechanical transport ser- 
vices, these are relatively small. It is therefore 

to keep in view all the ditierent questions 
and limitations which affect the, design and con- 
struction of tractors actually intended for military 
transport or such as,ymay come under the i 
scheme with a,view to their possible use in the event 
of the outbreak of hostilities. 

The questions of the transport of the tractors 
themselves by ship and rail, their equipment with 
spares and accessories, their suitability for different 
classes of country and work, and the details of their 
attachment’ to such other vehicles or machines 
as they may,be fequired to haul, must all be taken 
into consideration, as well as the provision for 
carrying a sufficient staff or crew to work the trans- 
port. in this connection the lessons of the late 
war have to be taken to heart and the many valuable 
records made by those who were responsible for 
inspection and repair of the vehicles actually in use 
must be turned to as full account as possible. We 
have recently published a series of articles* 
the lessons taught by failures during the war, and 
also comments on the collection of German and 
other motor transport vehicles exhibited recently 
at Aldershot. These were mainly the results of 
individual observation, but there must be large 
masses of detailed information relating to failures of 
material, errors of design, defects in workmanship 
and absence of accessibility available to the officers 
of the Mechanical Transport service. The reduction 
of all this information to practical form rendering 
it available for ordinary use will be of extreme value 
to the Committee in the preparation of the “‘ subsidy 
wagon” specification on which they are at present 
engaged, and which involves so many varied 
interests. It is one of those problems which is 
subject to limitations both with regard to the 
amount which the original purchaser can afford to 
give for the wagon and to the money available for 
subsidy, and there is obvious difficulty in deter- 

those conditions which enable the vehicle 
to perform its present duty without being excessively 
heavy or costly, and at the same time leave it 
available for conversion in time of emergency. The 
class of vehicle known as the “subsidy wi 
however, forms only a small proportion of the whole 
of mechanical transport, and the Advisory Board 
will have to deal as well with specifications for 
heavy tractors, both steam and petrol, suitable for 
hauling the heaviest loads, with lorries for the 
transport of troops and material, with cars for 
carrying staff, and with the motor cycles, with or 
without side-cars, for despatch and urgent work. 

We note with particular appreciation that the 
present Board comprises men as representatives of 
the army who have had first-hand experience during 
the war, and as civilians, men who are well-known 
to manufacturers and in the profession. The 
maintaining of friendly relations with the trade and 
the exchange of views on design and manufacture 
between the War Department and those on which 
they must necessarily be dependent is of the utmost 
importance. It is to be Loped that other branches 
of the Service of whose work engineering forms the 
major part or into which it enters largely, will adopt 
an equally liberal view and depart freely from certain 
of their ancient traditions. 





TRADE PROSPECTS FOR 1921. - 

Now that more than two years have passed since 
the termination of the great war, it is well to review 
generally the industrial progress made in the 
interval, and to attempt to point to the probable 
prospects for the present—the New Year. In many 
ways the enormous changeover from war to peace 
products in our industrial undertakings, has been 
speedily and successfully accomplished. In measure 
this has been due, it will be admitted, to the great 
advantage Britain has enjoyed of having a continui' 
of Government policy—whatever may be said of the 
trend of some of its legislation—and to the earnest 





* See EnGinekrina, ‘Defects in Motor Vehicles and 
their Remedies,”’ vol. cix, page 782, and vol. cx, pages 33, 
202, 271, 463, 796, 855 





efforts generally made to meet our financial obliga- 
tions. These have’ been reflected clearly in the 
advantageous position, as buyers, which we occupy 
in most of the world’s markets. These benefits 
ser- | have, now under altered circumstances, also @ less 
pleasant aspect. The excess profits duty which ‘so 
materially has contributed to the paying of interest 
on. national debts is a grave burden to trade strug- 
gling heavily to regain its feet, albeit satisfactory 
alternative methods of realising the necessary sums 
to ensure the requisite creditable financial posi- 
tion have not been forthcoming. The inter- 
national rates of exchange are in most cases so 
favourable to us as materially to hinder our 
selling in erstwhile foreign markets. 

When the demand for munitions suddenly ceased, 


the laudable desire of many manufacturers was to’ 


find suitable products for the works then suddenly 
thrown idle. A fairly wide choice was available. It 


must now be recorded that, in some cases, the! 


selection of product “was,unwise. Notably in two 
directions, the first, based on the assumption that it 
was highly patriotic, and as such likely to be profit- 
able, was to manufacture at home everything that 
previously we had bought from the Central Empires, 


on | without any regard as to whether or not the charac- 


teristics of our artisans tended towards cheap 
production in such chosen directions. Now, it is 
being realised that we cannot economically manu- 
facture everything for ourselves. Our first duty 
clearly is to conserve, by the exercise of the greatest 
concentration, the fullest use of the latent inventive 
faculty of our race, to increase the efficiency of 
processes relating to those manufactures, for which 
we are primarily suited by the endowments of 
nature and the inate qualities of our people. To 
buy abroad those necessaries that bear the same 
position in other countries as do our standard 
industries here is sound economics and is, further- 
more, only the logical outcome of the doctrines of 
the policy of Free Trade, upon which so largely our 
position as traders has been built. Furthermore, 
the most pressing need of the times is the re- 
establishment of European and international trade, 
without the strengthening of which cohesive 
cement the whole structure of modern civilisation 
may be threatened. In any case the temptation to 
buy in the cheapest market, regardless of patriotic 
motives to the contrary is so strong as generally to 


| outweigh all other considerations. This, then, is 


one direction in which post-war industrial policy 
has erred, and the result is now seen when a number 
of works find themselves meantime, at any rate, 
unable to continue operations. Others are only 
working short time. 

The second false assumption refered to the luxury 
trades. Many factories, early in 1919, were con- 
verted to the production of such luxuries as, for in- 
stance, high-priced motor cars, simply because there 
was certainly, then, an insistent and considerable 
demand. This determination, however, was arrived 
at without having due regard to the likely future 
position when conditions settled down due to the 
full realisation of the appalling waste of necessaries 
that required to be made good, and the enormous 
difficulties that the world would require to face 
in order, virtually, to reconstruct almost the half 
of Europe. In this case again we now have 
factories only partially in operation. 

In shipbuilding and marine engineering, there 
have been many cancellations of orders. Ship- 
owners are finding that the costs of work have risen 
to such a height that ships building to-day will only 
earn with difficulty a profit in the future. Further, 
in the shipping world freights are coming down, 
and due to world shortage of commodities at the 
present time, there is generally a sufficiency of 
tonnage to transport the required goods. To some 
extent the lessons of the war by teaching peoples 
to develop home food supplies, to be content with 
substitutes, if not actually to do without in many 
cases, has also had an effect. In this respect the 
relatively low home production of coal since 1918— 
for the lack of which many of the countries of 


ty | Europe, who have little if any home supply, are 


sorely pressed—has played its part in failing to 
provide for outgoing merchantmen. A 
number of men have been paid off in all of these 
industries, and the demands of the trades unions for 


increases in pay to compensate for the rises in cost’ 





of living since the last award, have ig f been 
pressed 6 4 he : 

Again, we are foecest back to the oft-reiterated 
maxim of the absolute necessity: for increased 
ada to’ justify the present rates of pay. 

his was very powerfully urged by Lord Weir in his 
presidential address to the Junior Institution of 
Engineers (see ENamnzEnryc, December 31, 1020, 
pages 879 to 882). Co-operation ‘between the two 
partners in industry—the employer and employed, 
arin urged on all i. ede to be 
Pp with, it must be discouraging 
results. “Instead of increasing sticcess ‘betause’ of 
the gravity of the issues with which we:are faced, 
the, menace of growing unemployment throws an 
ever more intense shadow over the. ‘proceedings. 
Palliatives of a somewhat temporary nature are 
hastily devised: and can only, we fear, in the end 
result in further confusion. \ Take, for instance, the 
Government’s latest offers to the building trades 
unions of 51. for every eX-service man ‘traimed, 
and of compensation for idle time due to inclement 
weather. Where does this lead ? In many trades, 
notably shipbuilding, bridge construction and 
general outdoor work, the weather plays ‘a ‘con- 
siderable part, and in shipbuilding as well as. with 
some other undertakings, in time of frost and snow, 
a number of operations must be mded in the 
necessary interests of safety of human life and limb. 
These factors have been long realised and; ‘in general, 
justice has been done, as is so remarkably often the 
case, by the fact that such tradesmen as are subject 
to weather conditions are compensated, by, the 
seoe ey: high rate of wages which they are generally 
pai 

During the war production was highly stimulated 
by the spirit of patriotism. rising to high levels 
under ‘the stress of national danger. The hope to 
maintain a high rate. during subsequent peace 
conditions was justified and was general... Making 
all allowances for the relaxing of efforts aftere period 
of strain—and ample time has now elapsed to over 
any subsequent temporary deépression—it tin be 
shown that again our hopes have not been realised. 

In distinction, for example, to the industries of 
the United States of America, our own) canbe said 
to have achieved their position on a basis of rela- 
tively low wages, low rate of production and long 
hours. At present we have high wages and short 
hours,,and, as we have previously pointed out. the 
shorter working week ha; not perhaps had ‘@ fair 
trial, so many have been the stoppages ‘of work and, 
in general, so difficult the times. When, however, 
our industries are finding an inability to compete 
in foreign markets we are then faced with the 
position that the present new system has virtually 
failed and we must perforce consider deeply whether 
the best plan would not be to revert to known 
and tried ways until settled conditions again 
arrive. 

Meantime,Yof course, the problem of unemploy- 
ment precludes consideration of any lengthening 
of hours; in fact, the reverse is suggested, and 
there can be no doubt that in those. industries 
such as the metal trades, for instance, where employ- 
ment is good and work plentiful, the inauguration 
and extension of the three-shift system where not 
at present in operation will succeed in reducing the 
number of completely;idle workers. 

The scheme of three shifts drawn up at a York 
conference four weeks ago between the Engineering 
and National Employers’ Federations and the 
Amalgamated Engineering Union has been recom- 
mended for acceptance to the various associations 
and unions. It is likely to find favour with the 
employed since it contains very advantageous 
terms; and in fact we are at a loss to understand 
why such further advances in hourly rates should 
be conceded under present: conditions. In some 
cases that is simply what these particular terms 
mean. 

Reduction in wages have taken place and will 
continue to occur. It is inevitable. In the matter 
of production, we are in no way partial to one or the 
other side. We are deeply conscious of the many 
shortcomings of those leaders of industry who have 
not provided in the past, when they might, the 
necessary machinery and organisation to deal with 
increased production where the desire and the will 
have been present in the workshops. 
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»,Anybroad solution of the unemployment position 

is, the most ‘urgent, question... Probably..in ‘this 
matter! the most, rational scheme would be based 
on,some. arrangement, whereby each industry should 
legislate.'anc carry its own quota of unemployed, 
as-urged recently by Sir Allan Smith. 

A considerable'weight of opinion will favour such 
a solution, ..It is not too,much to hope that when 
brought together at the present time, in view of 
the urgency of conditions to-day, to deal with such 
a human issue as the diminution of the ever-present 
menace of yment and consequent privation, 
hitting first and hardest those whose call upon our 
sympathy is greatest, employers and employed 
would be ‘able’ to “formulate a ‘definite remedy. 
There are many difficulties to“overcome, to name 
one,. for instance, concerning the unskilled and 
semi-skilled: workers. As is well, known, these 
classes are less regularly ‘employed than the more 
skilled.and the\.craftsmen.., This‘ obstacle should 
not, however, prove insurmountable. Any method 
of , stabilising foreign exchanges as suggested at the 
recent, Brussels financial conference, if it can be 
devised, will undoubtedly assist trade. 
s9ne of the principal advantages of some method 
of legislating definitely against unemployment will 
probably be the) regulating of the flow.of young 
workers-entering industry into such trades and 
odeupations to prevent the starving of some and the 
overcrowding of others; all with due regard to 
future prospects in various trades. 
fThere are; not lacking those extreme socialists 
who seem to expect that out of chaos could emerge 
a socialistic Utopia, These destructionists need not 
be given ,in the future the attention that has 
flattered them in the past. ‘They are a small but 
noisy minority, and when the gravity of the issues 
now to be faced becomes generally realised, we are 
quite. sufficiently optimistic confidently to affirm 
that definite answers will surely-and emphatically 
be given to these empty vaporings devoid of all 
constructive suggestions. 

Fundamentally to-day, our industrics lack one 
thing, and that is the will to work: Work, honest, 
almost) ‘unconditional ‘and unreserved, is the only 
solution: Those countries that are making the best 
receévery from the ravages of war, will be found to be 
giving freely of their best and most strenuous efforts. 
Letius remember that in some parts of Europe 
men are working and are reasonably content if by 
giving all ‘their physical energy they can manage 
to procure the minimum necessities required for bure 
subsistence. Let us hope that before the position 
greatly changes here for the worse our workers 
and their organisations will realise the fundamental 
principles) underlying ‘the carrying on of business, 
and that unstinted work is immediately called for 
toielp ‘to right our ship of trade. ‘It cannot 
be’ too strongly emphasised | that unemployment 
cannot be prevented by any system ‘of restriction 
of output and that doles give only temporary relief, 
and in the end serye to create a heayier burden upon 
ah already, overloaded industry. Our trade is not 
in any way unique in feeling the stress of to-day’s 
conditions: | All the world over the state is some- 
what similar, and in many ways as already indicated 
we are much more favourably placed than other 
nations. 

The outlook is somewhat brightened by the 
probable .early,. tackling, of, the, unemployment 
question, by an immediate lessening of the effects 
by’ spreading them over a larger number, by the 
extension to the maximum of the thnee-shift system, 
by any levelling-up of the foreign exchanges through 
a credit system, by the removal of the excess 
profits duty and its replacement by some other 
equitable method of taxation and by the increasing 
coal output. 

Again there is the,corrective factor that the 
threat of unemployment.,always stimulates and 

effort: In ‘any case, the world is still 
calling insistently for many commodities, so that 
the period of depression, it may be hoped, will be 
relatively short.. This does not. prevent us from 
issting a warning note, “The fact of the rate of 
increase to-day of unemployment is in itself suffi- 
cient,,.reason....Nor must it, be taken that in any 
way We are»péssimistic. ‘The problems with which 
We dre faced "will; tio doubt, be ‘surmounted with 
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an energy, goodwill and enlightenment in direct 
proportion to the magnitude of the task. 





THE NILE PROJECTS. 

In the past few days a report has been issued 
which probably settles for a very considerable time 
at’ least, the manner of using more of the water 
of the Nile than is at present withdrawn from that 
stréam for cultivation purposes, The Nile rises 
in one country which itself will require ultimately 
a certain volume of water for irrigation and other 
purposes, and flows through another country, 
which latter simply could not continue to exist 
without it. It has always been considered in our 
time that the river is so vitally important to Egypt 
that it is essential that the flow of the stream 
should be completely regulated in that country 
itself, but a very strong case has also been put 
forward for the control of the head waters in the 
same interests. Unfortunately, the interests in 
the head waters are to some extent conflicting, 
and the solution of the problem has not been ren- 
dered easier by the fact that two Governments have 
been involved. These, however friendly, have 
certainly not allowed any idea of the Nile Valley 
ever forming one administrative whole to enter 
into the question. Since the agitation for the 
complete independence of Egypt a satisfactory 
solution of these problems has become all the more 
imperative. 

To consider the whole matter, and to decide, if 
feasible, how possible works intended to utilise 
more of the conservable water should be operated, 
and their cost allocated as between Egypt and the 
Soudan, a commission was appointed just about a 
year ago. This was a completely independent body 
of experts, and its findings are therefore free from 
all possible charges of bias. The Commission con- 
sisted of Mr. F. St. J. Gebbie, Dr. G. C. Simpson, 
and Mr. H.T. Cory. The first, who is chief engineer 
of Bombay, was nominated by the Indian Govern- 
ment. The second, who is meteorologist at Simla, 
was nominated by the University of Cambridge, 
while the third, a prominent engineer of the United 
States, was nominated by the Government of that 
country. In.addition, Judge G, A. W. Booth, of 
the Mixed Tribunals of Egypt, was appointed 
to assist in conducting the inquiry in certain of its 
phases. 

The Commission paid a visit, in March, to 
Khartum, and proceeded to collect information of 
the conditions above that point, then travelling on 
to Sennar and across to Kosti, and thence by 
steamer to Lake No, and on some distance up the 
Bahr-el-Ghazal, and up the Bahr-el-Gebel. An 
interim report was issued in June, in which the Com- 
mission stated that the projects described in the 
report on the Nile control, put forward by the Public 
Works Department, should be carried out at once, 
as regards the White Nile Dam, the Gezireh Irriga- 
tion Scheme, the Blue Nile Dam (Sennar) and the 
Nag Hamadi Barrage. These works are considered at 
greater length in the present report, and it is satis- 
factory to note that on all these the Commission is 
unanimous. It is only on the question of how the 
water and the cost of the work should be divided 
that there is difference of opinion. 

The projects which have now been reported on 
thus favourably by the Commission have been under 
consideration for some considerable time, having 
originally taken definite shape after investigation 
by a Commission in 1914. This body was composed 

Sir Arthur Webb, K.C.MLG., Sir M. Maedonald, 
K.C.M.G., and Mr. H. H. McClure... The White 
Nile Scheme is intended solely for the benefit of 
Egypt, and the most practical site for a dam of the 
type involved was found to be 45 km. south of 
Khartum, where, as is well known, the White and 
Blue Niles join, The White Nile is free from silt, 
or practically so, at all seasons, owing to passing 
through lakes and the great Sudd region. Although 
this work will not prove ideal, owing to the large 
area. with resulting .evaporation and percolation, 
it is considered the best possible under the cireum- 
stances, and will not prove useless when further 


works are undertaken subsequently. The dam 
which was, originally suggested as an earthen 
embankment, was changed later to one of. solid 





of 
masonry of sandstone available on the site, with 
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granite sluice openings, for which the stone will be 
quarried at Gebel-Ain, 200 miles further up;stream. 
The dam will be over 5 km. in length. ; This is 
continued on one side by an earthen bank. with a 
masonry core, for a length of 1+85,km. Parapet 
level will be at R.L. 382+5 (metres) and flood escape 
level at R.L. 380, the low river level at the site 
being at R.L. 370-5. The masonry portion of the 
dam will be carried down to rock, and it is said that 
recent work on the site has shown this to be satis- 
factory for the whole length as far as preliminary 
investigations can indicate. The water impounded 
by the earthen wall with masonry core will only have 
a head of 1 m. at the most. The area flooded will 
extend about 335 km. up stream, and will cover 
2,210 sq. km. at normal storagd level of R.L. 378-5, 
the impounded water being 5,000,000,000 oub. m., 
which compares with . 2,000,000,000 cub. m. im- 
pounded by the Assouan Dam. There will be a 
navigation lock, 80 m. by 14 m. The cultivated 
land which will be spoilt by this reservoir will be 

by land which wil) be submerged during 
the actual flood long enough to saturate it sufficiently 
to be utilised, the water subsequently falling to 
normal storage level of R.L. 378+5. The majority 
of the recent Commission considers that as this 
is to benefit Egypt that country should pay for it, 
and also pay compensation for the land damaged 
by the construction of the works. 

The impounded water will suffice to irrigate 
at least 900,000 acres of land in , taking 
average years into account, but will be detrimental 
to some extent to basin irrigation of areas in the 
provinces of Khartum, Berber, Dongola and Halfa ; 
the majority of the Commission therefore thinks 
that water sufficient for 80,000 acres for summer 
crops should be guaranteed to these provinces by 
pumping. 

The second important project put forward by the 
Public Works Department was the control of the 
Blue Nile by a dam for which a suitable site was 
found at Sennar or, rather, 8 km. from that place, 
at Makwar. This work would be primarily for the 
supply of water to the area known as the Gezireh, 
between the two Niles, north of Sennar and south 
of the junction of the two rivers. In this area it 
is considered about 3,000,000 acres would prove 
suitable for irrigation, but the initial area treated 
will only be about 300,000 acres, while the present 
scheme does not embrace the ultimate irrigation of 
more than 1,000,000 acres, even this being dependent 
upon future works. This area of 300,000 acres it is 
reckoned would be used for one-third under cotton, 
one-third green crops, and one-third fallow. The 
dam at Sennar will be about 34 km. in length, 
consisting of a central section of solid masonry 
carried down to rock, and two end sections of earth- 
work with a core wall. Starting from the east end 
there comes first a length of over 800 m. of embank- 
ment and core wall, then a streteh of solid dam, 
then a spillway with 18 openings, 7 m. wide; this 
is followed by the main sluice portion of the dam, 
759 m. in length, succeeded by another spillway 
section. A length of 305 m. of solid dam follows, 
after which come the regulator sluices for the 
irrigation canal, 14 sluices 3 m. wide. The remainder 
is an end portion of earth embankment and core. 
The parapet level is R.L. 422-6 (metres) ; the highest 
level of impounded water would be 420:7, while 
the lowest rock level to which foundations would be 
excavated would probably prove to be about 
R.L. 388-7. The dam would be provided with a 
long apron on the down-stream side. The flooded 
area would extend about 50 km. up stream behind 
the dam, and the amount of water impounded would 
be 636,000,000 cub, m. 

The Blue-Nile is heavily laden with silt in flood 
time, and it is this silt which is so serviceable in 

The opinions have been expressed that 
this large work on the Blue Nile would prevent a 
great deal of this silt reaching Egypt, while the 
reservoir itself would rapidly fill up and become in 
the end useless. The Public Works Report counters 
this suggestion, and the recent Commission{con- 
siders ite argument sound. ‘The reservoir will 
be filled when the flood is falling so that the 
of the water will traverse the area in a small channel 
the surface of whicl is about 21,000,000 sq. m. 
Outside this channel the land level is R.L. 414, © 
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and this land will only be flooded to a depth of 
about 3 m. to bring the water to the level required 
for the canal supply (R.L. 417-2). When being 
filled to full reservoir level the water will be free from 
silt. If all the lands contingent to the channel 
silted over, up to the 417°2 level, the reduction of 
capacity would be about 58,000,000 cub. m., while 
the estimated capacity to the reservoir level is 
636,000,000 cub. m. This work will rob Egypt 
neither of water nor silt, and the Commission 
considers it should be proceeded with as early’ as 
possible. The further development of the Gezireh 
area beyond the 300,000 acre scheme will depend 
on.other works carried out either on the upper 
reaches of the Blue Nile, or on the White Nile, the 
former by preference. A site for a reservoir capable 
of storing 7,000,000,000 cub. m. of water has been 
tentatively located on the former, but it is not pro- 
posed to proceed with this work at present, though 
the original programme suggested that it should 
be completed about 1930, or less than ten years 
hence. This would provide water for the 1,000,000 
acre Gezireh scheme, 

The majority of the Commission proposes that 
the Sudan Government should pay for the Sennar 
Dam and Gezireh scheme, since the water stored 
will be employed for that area, but that if for any 
reason surplus water after irrigating the 300,000 
acres is passed on to Egypt that country should 
reimburse the cost of supplying the Gezireh culti- 
vators with water for themselves and their stock 
by pumping. 

The last important scheme which the Commission 
considers should be at once proceeded with, is the 
Nag Hamadi Barrage. This would be a work like 
those at Assiout and Esneh, which would convert 
500,000 acres from basin to perennial irrigation. 
There is little to remark in this connection except 
that the work would enable all the basins in the 
area to secure “red” silt-laden water, while it 
would enable the one crop system of cultivation to 
be replaced by the two-crop method. The cost of 
this work is, of course, purely a matter for Egypt. 

The Upper Blue Nile reservoir has not been com- 
mented on at length by the Commission, neither have 
they discussed the proposals made by the Public 
Works Department for the Sudd region and beyond. 
The latter proposals, to be taken in hand at some 
date in the indefinite future, suggest the conversion 
of Lake Albert into a large reservoir and a cut from 
Bor, something in the order of 400 km. in length, 
to the mouth of the Sobat, in order to divert the 
water past the Sudd area. These are clearly 
schemes which will require an immense amount of 
careful consideration before the countries are 
committed to them. 

In 1916-17 Egypt was able to cultivate under 
irrigation, an area of nearly 5,500,000 acres, while 
of course irrigation in the Sudan is stall in its infancy. 
The majority of the Commission, consisting of 
Mr. Gebbie and Dr. Simpson, consider that data were 
insufficient to enable them properly to apportion 
the present and future supplies between the two 
countries. The further development of the Gezireh 
would be dependent upon the Upper Blue Nile dam. 
The Commission suggests that Egypt might pay 
for this and use the water provided at the beginning, 
sufficient being allocated at development proceeds for 
the ultimate extension of the irrigation in the 
Gezireh to 1,000,000 acres, the Sudan then paying 
for a share of the dam in proportion to the water she 
will receive. 

The Minority Report by Mr. H. T. Cory, is a very 
lengthy treatment of this question of allocation of 
water and cost, which is clearly the result of a 
very painstaking study of the conditions. It dis- 
cusses the subject in the light cf the Quran, and the 
customs of England, America and Oriental lands. 
Mr. Cory considers that the present uses of the 
Nile should be taken as a basis of vested rights, 
and that —y water above this amount should be 
divided y between and the Sudan. 
The pal conservancy should similarly be appor- 
tioned providing that 90 per cent. of the Makwar 
(Sennar) Dam be paid for by the Sudan, as this is 
the proportion of the cost of this work which can 
be appropriately considered as due to diversion. 

It is rather curious when all this discussion has 
* been proceeding for many years in regard to the 
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construction and control of works on the head 
waters of the Nile, outside the boundaries of Egypt, 
that in Mesopotamia a similar problem promises 
to arise. The main works of Sir William Willcock’s 

schemes for that country, which for the time are 
suspended, would, if now put in hand, be altogether 
at the mercy of what people in the higher reaches 
of the rivers cared to do. Our sphere only stretches 
a small distance up country relatively speaking, 


and it would be of little use developing large schemes | 


which would be dependent upon the friendly attitude 
of people beyond. We have no doubt whatever, of 
course, of the possibility of working agreements on 
such points with our Alles, but the two rivers flow 
through country where the mandatory power for 
some time at least is likely to have little more than 
nominal control. This very question of mandates 
in fact makes it very doubtful whether it is worth 
seriously settling down to the development of the 
country. If we could expect control, or close 
friendly relations with a native power, for a period 
as long as that in which we have brought Egypt 
to a state of prosperity, there would be some reason 
in attracting capital to Mesopotamia. With condi- 
tions as unsettled as they are at present, a decision 
to embark on the larger schemes would appear to 
be exceedingly rash. 





NOTES. 
Tue New YEAR Honovrs. 

Tue New Year Honour list is a very short one in 
so far as it affects the engineering profession and 
allied industries. We note that Sir William Beard- 
more, Bart., has been elevated to a peerage, and 
that Sir John Ellerman has been made a member 
of the Order of Companions of Honour. Colonel 
J. W. Pringle who for so many years was an inspector 
of railways under the Board of Trade, and is now 
Chief Inspector of Railways under the Ministry of 
Transport, has been made a C.B. Among the new 
Baronets are several connected with shipping 
interests, as Commander A. B. T. Cayser, Mr. 8S. W. 
Hansen, and Mr. R. F. W. Hodge, while transport 
is also represented by Mr. A. 8. Brown, president 
of the Buenos Ayres Great Southern Railway, the 
honour, however, being conferred for*work in con- 
nection with war committees. A baronetcy has 
also been conferred on Mr. Frederick Mills, chairman 
of the Ebbw Vale Steel and Iron Company. 
Engineering industries are represented among the 
new Knights, by Sir A. M. Kennedy, president of the 
Shipbuilding Employers’ Federation, Sir W. P. 
Rylands, president of the Federation of British 
Industries, and Sir E. F. Oldham, deputy-chairman 
of the same Federation. Among the awards to 
science we notice a knighthood conferred on Pro- 
fessor J. Walker of the University of Edinburgh. 
The India Office list includes very few engineering 
names, Mr. H. W. M. Ives, Chief Engineer and 
Secretary to the Punjab Government, has been 
honoured with a O.LE., as has also Mr. C. W. Dods, 
of Messrs. Burn and Co., Calcutta. 


RESTORATION OF PrE-Wak PRACTICES. 


We referred recently to a judgment of the Local 
Munitions Tribunal at Glasgow in a case, John 
Mackay, of the Amalgamated Society of Wood- 
cutting Machinists, against James B. Fraser and 
Co., Limited. The Union instituted proceedings on 
September 15, 1920, in order to enforce the restora- 
tion of an alleged pre-war practice of employing male 
labour in the making of packing boxes, but the 
Tribunal held that it was unreasonable for the Union 
to institute proceedings at such a late date, and they 
dismissed the complaint. The Union appealed to 
Lord Sands, the Judge of Appeals for Munition Tri- 
bunals in Scotland, who has now issued his judgment 
on the matter. It now appears that although the 
proceedings were not commenced until September 15, 
a preliminary demand was made upon the employers 
on June 19, 1920, to the effect that the pre-war 
practice should be restored, and, having regard to 
the fact that the holiday season intervened before 
the proceedings were instituted, Lord Sands has 
held that the delay was not excessive, and in the 
circumstances of the particular case he has directed 
the tribunal to proceed to hear it. What is of 
general importance is the fact that at the con- 





clusion of the judgment Lord Sands says: “I trust 
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that nothing I have said or done in this case willbe 
construed as encouraging the idea that I take ‘any 
different view from the Local Tribunal as to its being 
too late now, at all events except undér extra- 
ordinary circumstances, to institute 

under the Act.” In view of this it seems unlikely 


‘that further legal’ proceedings will be taken under 


the Act in Scotland, unless in exceptional cases. 
As regards England, the question whether ‘pro- 
ceedings under the Act should still be entertained 
has not been raised, so far as we know, but it seems 
unlikely that further proceedirtigs will be instituted 
at this late date. 


Tae Emptoyment oF Ex-Szervice MEN on 
Roap Work. 


A fund of 5,200,000/. is available for free grants 
in connection with the employment’ of ex-service 
men on road work. The Ministry of Transport will 
make grants up to 50 per cent. of the total cost of 
approved schemes put forward by local authorities, 
and as money is now rather difficult to raise, a loan 
for the other 50 per cent. may be arranged at the 
Government rate of interest and repayable in five 
equal annual instalments. A good deal of ‘this 
money has been allocated already. In the metro- 
politan area grants have been made to the amount 
of 2,375,000/. in connection with arterial schemes, 
and 225,000/. on other main road schemes in this. 
area. Loans have been arranged for like amounts, 
so that the total of loans and grants for the metro-’ 
politan area amounts to 5,200,0001.. For work in 
other areas arterial schemes have been awarded 
grants to the sum of 2;600,000/., and loans of a like 
amount also arranged. At least 50 per cent. of 
the cost of the works undertaken is to be spent in 
wages of unskilled labour. The areas embraced in 
the scheme cover London County, 13 areas outside 
London County but inside the Metropolitan area, 
and 66 areas outside the Metropolitan area: So 
far County Councils have only undertaken a small 
portion of the possible work of the arterial road 
programme. When an area is notified by. the 
Ministry of Labour, the local authorities are 
approached with regard to possible road improve- 
ments on arterial roads, and if suitable schemes 
are submitted, the scheme can be put in hand 
practically at once.. The Minister. of Labour 
estimates that about 30 per cent. of the unemployed 
ex-service men will be. willing and able to do road 
work. .Some 120 schemes are altogether in hand 
outside the Metropolitan Area, and work has 
actually been started on 52, some 7,760 men. being 
employed.. This, it must be admitted, is a very 
small figure considering the numbers now said to be 
out of work, but the scheme has the advantage, 
providing the control is sound, of enabling a certain 
amount of necessary work to be put through instead 
of being indefinitely postponed, and. at the same 
time alleviating some of the distress now prevalent. 





Moror Drivers’ Examrnations.—The fifteenth annual 
examinations of drivers, by the Commercial 
Motor Users’ Association ©.), with the object of 
encouraging drivers to take a personal interest in the 
driving and condition of their vehicles, and to run them 
without accident, will take place during the last week of 
April next. These examinations, which hitherto ‘have 
been confined to London and the Home Counties, 
will now be open to any driver in Great Britain, and will 
be held in various provincial centres. Each driver who 
obtains more than o sidan ot of marks will 
receive @ money & or a certificate. There 
will be several prizes, ranging from 10/. to 10s. in val 
Full particulars of these examinations may be ob 

from Mr. F. G. Bristow, General Secretary of the Asso- 
ciation, 50, Pall Mall, London, 8.W) 1. 





Tue Taxation oF Motor Venicies,—For the purpose 
of enlightening their members on the subject of the new 
laws relating to the taxation of motor vehicles, 
Automobile Association and Motor Union have issued 

a booklet summarising the various points in connection 
with the-hew bates’ a fee.ke they concern the owners 


Let 


of private motor cars and motor cycles. reg ihr se 
bopeuan ote ne ceiainet ee memberfrom offices 
of the Association, Fanum use, 

London, W. 3. 
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THE PHYSICAL AND: OPTICAL 
SOCIETIES’ EXHIBITION. 

THe usual Annual Exhibition of Electrical, 
Optical and other Physical Apparatus, held on 
Wednesday and Thursday afternoon and even- 
ing this’ week, and was this year again arranged 
by the Physical Society of London, whose’ Secre- 
tary, Mr. W. R. Cooper, initiated these exhi- 
bitions in 1905, in conjunction with the Optical 
Society. Again also, rooms on two floors of the 
Imperial College of Science had beet placed at the 
disposal of the societies. If the Institute of 
Physics should develop in the way its promoters 
have reason to expect, ‘the arrangements for the 
next exhibition may be made by that Institute. For 
the present, the task of the organisation had fallen 
mainly upon Mr. 'F. E. Smith, F.R.S., and upon 
Mr. Martin, senior secretaries of the societies. 
That the exhibition was kept open for two days is 
in accord with the wishes of the exhibitors, and it 
was fully justified by the attendances: Of the three 
discourses given during the exhibition, we can 
to-day only notice two, those by Sir William Bragg, 
F.R.S., and by Professor Archibald Barr, D.Sc. 

Professor Bragg’s lecture on “ Sounds in Nature,” 
possibly did not follow lines anticipated. Sir 
William did not treat his audience to phonograph 
records of birds’ notes and street noises, but he did 
something at least equally instructive, explaining 
the nature of sounds like the wind notes and the 
rustling of the leaves in the wind. A steadily- 
blowing wind was not likely, he stated, to produce 
a note; that we can speak of wind notes was due 
to the fact that air currents passing obstacles were 
thrown into eddies which were responsible for the 
peculiar whistling and singing of the wind. When 
a wire frame was rotated about its vertical axis 
the wind note was heard; the wire itself was not 
vibrating: then, when the speed was relatively low. 
But' when the telegraph wires were humming, we 
heard the resonance note of the wires. 

The “Optophone, the instrument which enables 
totally blind persons to read ordinary print,” upon 
which Dr. Barr discoursed, has undergone con- 
siderable modification since we last noticed it 
and since it ‘was taken over by Messrs. Barr 
and Stroud from Dr. E. E. Fournier d’Albe. The 
idea, we had better recapitulate perhaps, is that the 
light reflected by the printed surface is made to fall 
upon a selenium cell which is enclosed within a 
telephone circuit so that the light flashes produce 
musical sounds ;' the light traverses the print, and 
the reader hears the notes. The book is placed, face 
downward, on a glass case, in front of which the 
blind reader is sitting. As the reader—a lady in 
the demonstration—turns a rocking shaft from right 
to left, a line of five light spots in a vertical row 
is seen to traverse the print, and sounds are heard 
corresponding to the letter illuminated ; if the reader 
cannot at once identity the sounds, the shaft can be 
turned back again a little. The five spots are pro- 
duced by a disc, perforated in five rings, rotating 
in front of the straight filament of a lamp which is 
mounted in a radial arm of the shaft together with 
a very small electric motor. The innermost ring has 
18 holes and produces at the motor speed 512 pul- 
sations per second, i.e., the note G ; the other rings 
have 24, 27, 30,36 holes. When the reflecting 
surface is white, all these notes may be heard to- 
gether ; when the black type which the row of five 
dots traverses obliterates one or several of the notes, 
the notes change, and the reader hears a rather 
pleasant whistling. The optophone may be “ white- 
sounding,” when the reflecting white (blank) space 
produces all the notes, or “ black sounding,” when 
a second selenium bridge (the balancer) opposes the 
current from the primary selenium cell. The 
apparatus exhibited works on this latter method. 
When the letter V is crossed, the pitch of the note 
descends and then ascends again, and each letter 
has its own peculiar note. The reader has to 
adjust the instrument to one line after the other ; 
this can easily be done by the sounds. This kind 
of reading is not quick; but we must not forget 
that it took all of us many months to learn to read. 
The instrument is stated to have now reached the 
commercial stage. 

In the Exhibition the appliances: shown were 
roughly grouped as optical, on the ground floor, 





al ea Goouseals on the second floor of the build- 
ing. We will begin with the optical apparatus and 
follow in tHe main the order of the ca 

Messrs. Newton & Oo., of 172, Wigmore Street, 
showed their demonstration lanterns and their epi- 

. The new lanterns are noteworthy for the easy 
way in which they can be utilised for open-stage 
work, vertical projection and opaque projection, and 
for microscopic, polariscopic and spectroscopic pro- 
jection. The steel-enamelled body of each lantern 
contains a carbon arc (with carbons at right angles 
to one another) ; the different are attained 
by the aid of attachments to the front, the manipula- 
tion of which is certainly very simple and rapid. 
The episcope is a simple epidiascope making it pos- 
sible to project drawings, maps, &c., up to 27 in. 
wide ; the actual field projected is 11 in. square, and 
within that space the Aldis projection lens gives good 
definition. Behind the box, which is made of 
corrugated aluminium, is 4 small platform serving 
for the projection of transparent objects. 

Messrs. A. C. W. Aldis themselves demonstrated 
the use of their horizontal micro-projectors which are 
remarkable in their simplicity and in other respects. 
A 20-candle lamp, the slide to be projected, 
the projection lens, and the optical system are 
arranged along a horizontal axis; the noteworthy 
feature is the high magnification, of 1,500 diameters, 
and the excellent definition of} the projected 
images. This definition is mainly’secured by the 
use of peculiar glow lamps, lamps of the ordinary 
shape, but containing a filament in the form of a 
cylindrical wire coil. 

Among the exhibits of sessile Adam Hilger, 
Limited, we notice the interferometers for measuring 
in terms of wave-lengths. The of mirrors 
may be of either the Michelson or the Fabry-Perot 
type. When a beam of white light traverses 
successively two plates (layers) ot air, each with 
silvered faces (made by cathode volatilisation), a 
system of fringes will be seen, whenever the two 
differences of paths occasioned: by' each of the 
plates are in simple relation to ‘one another. 
When an etalon is then placed in series with an 
interferometer, the air plate of the etalon having a 
constant thickness, whilst the thickness in the inter- 
ferometer is variable, fringes will only be visible 
when the difference is an exact multiple of the 
distance between the etelou plates. 

Another use of the Hilger interferometer, which 
we illustrated in our issue of last week, was 
demonstrated by Mr. Robert Paul and Mr. Frank 
Twyman. In this case a wire heated by an electric 
current was placed in the interferometer. The 
observer sees this wire endways; as it is heated a 
bubble seems to rise from the wire and to spread 
upward in mushroom fashion, showing contour 
lines of interference bands, which are isothermals 
of the hot air surrounding the wire. The refractive 
index of gases varying with the temperature, the 
observer sees the convection currents, and he can 
by these means study the distribution of tempera- 
ture round a hot body and thus test the efficiency 
of the baffles of radiators. 

The fluorite vacuum-spectograph of Messrs. 
Hilger is still in the experimental stage. It is a 
prism spectrograph designed for the spectrum range 
230 » p to 140 pw on a flat plate 4} in. by 1 in., 
the study of which is urgently needed for optical 
theory, as Sir J. J. Thomson last December pointed 
out in the Philosophical Magazine. The instrument 
consists of a brass cylinder fitting with a lateral 
projection into the spectrograph tube, containing 
the optical system of fluorite lenses and prisms, a 
high vacuum being maintained both in the cylinder 
and box. The fluorite (white fluor spar) has to be 
colourless and faultless, of course ; discs up to 2 in. 
diam. can easily be obtained, but the preparation 
of prisms of large size—all made by Messrs. Hilger 
themselves—is a difficult matter. 

In the colorimeter of the firm the general design 
of the colorimeter of Dr. P. G. Nutting, of the 
United States Bureau of Standards, is combined 
with the Hilger constant-deviation wave-length 
spectrometer. The Nutting colorimeter is essentially 
a spectroscope provided with two additional arms, 
the one to admit standard light, the other the 
light to be analysed. This source of light, or 
a ti it glass, or a coloured substance to 
be examined, is placed in front of the collimator 





end, a mirror sending the light, direct or reflected 
or transmitted sun light, into the collimator ; the box 
in the tuhe contains a Lummer-Brodhun cube, the 
prism, and in front of the lattera te of glass, 
intended to be rotated by a small tric motor, 
divided into four sectors, two of which are silvered 
at the back. At the other end of the tube is a slit 
and beyond it a pointolite lamp as standard source. 
The observer, looking through the tube b off 
from the middle of the box, sees three little 
squares su , and he adjusts the instrument 
with the aid of the cube and of polarising prisms 
until the central square matches the other two. Any 
colour represents a mixture of the dominant line 
and of white light; the instrument determines 
these characteristics and thus analyses and specifies 
colours of paper, fabrics, liquids, light sources, &c. 
The rotating mirror serves as flicker photometer. 

The Bawtree colorimeter of Messrs. A. W. Penrose 
& Co., of 109, Farringdon-road, E.C., and their 
spectroscopic camera have only undergone slight 
improvements since we described them last year in 
our issue of January, 1920. The aesculin filter 
of the firm is used in engraving for copying 
wash-colours employing Chinese white (lead carbo- 
nate), which absorbs ultraviolet light; the ultraviolet 
light has to be eliminated to stop its photographic 
action. The aesculin filter which does this consists 
of an aesculin film between two plates. We 
mention also the plane Rowland grating of the firm, 
with 14,438 lines to the inch, and the fine replicas 
taken from it. 

Most of the exhibits of Messrs. E. R. Watte & Sons 
were noticed last year. We need only mention a new 
14-in. precise level fitted with an internal 
telescope, in which the object is sighted, the bubble 
observed, the compass seen and the elevating 
micrometer drum read all from the same end of 
the tubular instrument, without the observer having 
to change his position. The 3} in. mountain theodo- 
lite shown was also a novelty. 

Of Messrs. Watson & Sons exhibits, microscopes 
(noticed last year) and electro-medical apparatus 
we may mention the kenetron valve for X-ray work. 
These valves are rectifiers for cutting out the 
inverse current, and are of the hot cathode 
type. The valve looks like an X-ray bulb. The 
cathode filament is heated by a battery current ; 
it is surrounded by a cylinder of molybdenum 
or tungsten, supported from the anode end; the 
high tension terminals are at the ends of the 
tube, the current travelling only with the electrons 
from the hot cathode. The boiling X-ray tube, 
another exhibit, has been developed in Germany 
for deep-therapy treatment with very hard radia- 
tions from gas bulbs (not so highly evacuated as the 
Coolidge tubes). The cathode stem of the bulb is 
long and slants upward so that it can be cooled by 
water. The water has to be hot, however, not to 
crack the glass; the cathode stem is hollow, and 
is charged with water from a sphere outside the 
stem. Provision is further made that a spark 
passes when the internal resistance becomes too 
high; a jet of coal gas is then lighted which in- 
troduces more gas into the bulb through an osmosis 
regulator. For the internal insertion of radium 
tubes the firm makes use of a hollow gold-plated steel 
needle, provided with an eyelet hole at one end. 

The thorium pastille lamp of Mr. Biss, of 106, 
Elmore-street, Canonbury, is a simple mi 
lamp of a novel type. A little flat pastille, about 
the size of a pea, is stuck on a steel needle or better 
on a platinum wire which is so mounted that the 
flame of a gas jet plays upon the pastille; one 
pastille is said to last for 80 hours’ work and more. 

Messrs. Chance Bros., & Co., of Birmingham, 
demonstrated the utility of their various protective 
spectacle glasses which we noticed last year. A 
novelty was the blue glass which is used in order 
to convert the light of tungsten-glow lamps into 
daylight. That their special glassware is of high 
thermal endurance was shown by spraying water 
on lamp bulbs and by placing pieces of such glass 
on gas burners. These glasses are boro-silicates 
containing very little alkali. The sensitiveness of 
glass to temperature changes devreases, as the 
silica proportion is increased, and in that respect 
fused silica itself would answer best ; but silica is 
strong mechanically. 

(To be continued.) 
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Brassey's Naval and Shipping An Annual, 1920-21. 
by AtexanperR RicHarpson and ‘AncuipaLp Hurp. 
London: William Clowes and Sons, Limited, 94, 
Jermyn-street, 8.W. 1. [Price 26s, net.] 

THERE has at no time been any lack of appreciation 
on the part of the British public “of the services 
which the Navy performed during the war. There 
was, however, in the months following the armistice 
a discernible tendency to feel and act as though the 
interest in, and. necessity.for, a. powerful Navy 
had lapsed, The way had been hard, but the end 
of the road was reached, and one need ‘not. further 
weary brain and muscle, and could let attention 
stray from immediate naval interests and the navy 
of the future. This reaction was understandable 
and was merely the expression of a necessity. The 
mind of the nation was not far from the limit 
of its endurance. Its ordeal “on the rack of this 
tougb world”’ had been long and severe, and every- 
day human nature was avid for a hiatus and a period 
of calm. 

This interval of rest could not last indefinitely, 
however, and the reawakened interest in’ naval 
affairs, which is now evident, represents the real 
basic] feeling of the nation and that on which our 
safety rests and must rest. Viscount Jellicoe, in 
the book with which we are now concerned, says 
“the sea is our life,” and the phrase literally 
expresses the simple truth. In this period of 
newly aroused interest the thirty-second issue of 
“ Brassey's Annual ”’ is sure of a generous welcome, 
and a study of its pages would afford no inconsider- 
able assistance to many who cannot but be interested 
in the present somewhat narrow controversy on the 
future of the big,ship. It will be noted that the 
volume is now termed “ Brassey’s ‘Naval and 
Shipping Annual.” In view of the services which 
the Mercantile Marine performed during the war, 
and in view of the keener appreciation which has 
come into being of the dependence and interrelation 
between the Navy and the Mercantile Marine, the 
devotion of a section of the annual to the latter 
subject is well justified. The break between the 
editorship of this publication and the Brassey 
family, caused by the tragic death of the second 
Earl Brassey, has made no difference in the aims 
and point of view of the annual, and the addition 
of the mercantile section is to be explained by the 
new times into which we have lived and not by any 
departure from the “‘ Brassey tradition.” 

The annual opens with a foreword by the Right 
Hon. Walter Long, the First Lord. Mr. Long 
states that at the present moment the Navy is both 
sufficient and efficient. This view will be generally 
accepted as correct, but when consideration turns 
to the future, great differences of opinion arise, and 
a valuable function of the present issue of Brassey 
will be in supplying full and correct information 
about the present position of the various navies 
of the world and about the building programmes 
which are actually being carried out. In this 
connection the comparative tables which accompany 
Chapter III, contributed by the editors, are of 
interest and importance. Including building pro- 
grammes which are in progress the tables show the 
United States with 21 battleships carrying 14-in. 
guns and upwards, against 14 for Great Britain and 
8 for Japan. The general form of these figures are 
well known, but it is valuable to have them in 
tabular detail. In the same way, for battle-cruisers 
with guns of 14 in. or over, the United States is 
shown with 6 ships against our 4, and it is to be 
noted that each of the United States units is to be of 
greater displacement than the Hood. None of the 
United States ships is yet ‘n commission, but 
assuming no change in present programmes a few 
years will show this country in a most unfavourable 
position. Our list of 4 battle-cruisers includes the 

iger, launched in 1913. All the American ships 
will be new. 

Much further information on this question of the 
relation between our own and other navies is con- 
tained in the chapter on “ Foreign Navies,” by 
Mr. John Leyland, whose name has been connected 
with Brassey’s Annual for many years. This 
chapter is of much interest, and in it are collected 
accounts not only of the great navies of the world 
but also those of the lesser and new powers, A 
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navy; however, is far from ‘clas thealaiin 
of ships. Particularly is this true of the British 
Navy, and the bearing of this fact. could not, we 
think, be better brought home to the general reader 
than by a study of the chapter contributed by 
Commander Charles N. Robinson. Commander 
Robinson has written on the British Navy. in 
Brassey’s Annual for a number of years, and in the 
present volume finds a subject of {great administra- 
tive and technical interest. He deals with demobili- 
sation and reconstruction. The method and manner 
in which. these movements—necessary on the 
termination of the great war—are being carried 
out is of engrossing interest. Much subsidiary and 
related information is given as, for instance, that 
relating to merchant shipbuilding in Royal Dock- 
yards. Questions. of personnel are also dealt with, | ‘ 
and the whole chapter is of value as an historic 
record of the demobilisation of the fleet and the 
bringing of the naval service to a peace footing. 

We have not yet exhausted the naval section of 
the annual and reference. must be made to, the 
chaptér on the capital ship of the future contributed 
by Sir George Thurston. In view of the present 
controversy this chapter is likely to be extensively 
consulted. Sir George, in this chapter, is not 
actually concerned with the question of battleship 
versus submarine, but his views must naturally have 
weight in that dispute. It is matter of no surprise 
that he takes it almost as a matter of course that the 
capital ship, will survive. He is convinced that 
“it is possible to produce a capital ship that would 
withstand, without foundering, a torpedo attack, 
that would at ordinary fighting range remain in 
action though heavily punished by gun-fire, that 
would have her main and auxiliary armament and 
her directing officers and staff adequately protected, 
and that would have a chance to live through any 
action however severe.” 

In view of the remarkable scientific advances, 
particularly in details and subsidiary appliances, 
which were made during the war, it is fitting that 
research and some of its results to the Navy should 
be dealt with in the volume. A valuable account of 
the establishment of the Admiralty Engineering 
Laboratory is given in a chapter by Engineer Vice- 
Admiral Sir: George Goodwin. Sir George points 
out how in earlier years the Admiralty relied to a 
large extent on private firms and other outside 
bodies for their experimental work, but that how 
the growing problems presented by the war resulted 
in the necessity for a definite Admiralty research 
institution becoming urgent. This want was first 
met in 1917 through the co-operation of the Imperial 
College of Science and Technology and the City and 
Guilds Engineering College. Under the director- 
ship of Sir Dugald Clerk and with the assistance 
of Professor Dalby, an Admiralty laboratory was 
started at the Imperial College, and valuable work 
was done in connection with oil engines. The 
laboratory has now been transferred to West 
Drayton and work is being carried on in connection 
with fast-running Diesel engines. Some details 
of the applied scientific inventions such as hydro- 
phones, &c., which were utilised during the war, are 
given by Mr. J. Buckingham, of the Admiralty 
Department of Scientific and Industrial Research. 

The naval. section of the book also contains 
an account of the Navy League, by Mr. V. Biscoe 
Tritton, the chairman of the Executive Committee, 
and a valuable list of books dealing with the naval 
and mercantile side of the war. From this section 
we must pass to the merchant shipping section, 
which. carries an appropriate foreword by Sir J. P. 
Maclay, the Controller of Shipping. The book then 
passes to an account of “The Merchant Navy in 
the War,” by Viscount Jellicoe. We have already 
quoted, from this chapter, which is a remarkable 
tribute from one standing high in the Navy, to the 
merchant marine. An important suggestion is 
made by Lord Jellicoe. After dealing with and 
pointing out the value of the intimate association 


between the two sea services which grew up during | and 


the war, he suggests that we should endeavour 
to retain this close ,association. He says “ any 
form of control by the Admiralty, or any other 
Government Department, over the mercantile 
marine, is, of course, unthinkable, but it. would 
seem possible that the close association and co- 
operation of one or two leading men of the shipping 
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a (re aie the ‘sini mercantile marine) 
with the repre of Admiralty in an Official capacity 
might be an advaritage:”” 

The. shipping section follows on with a number 
of, chapters dealing with various aspects of its 
subject with the whole of which it is, impossible, for 
us to deal, Many of the subjects treated are. of 
such,-importance, and are written. on «by such 
achnowledged ‘authorities that they almost; call for 
independent reviews. Sir John Biles; writes, for 
instance, on “ Passenger,,Liners”;. Mr. W,;..J. 
Noble, President of the Chamber of Shipping of the 
United Kingdom, on “The Tramp and ,World 
Commerce”; Sir W, .E, Smith, on; the. William 
Froude tank; Mr..James Richardson .on, “‘ The 
Marine Oil Engine”; and Sir Westcott, Abell on 

‘ American, Shipbuilding during. the War.’’... This 
is far from being a complete list, . but it, indicates 
the wealth of valuable. material which the editors 
are able to present in this new section of Brassey, 
In view of the importance and present interest of 
the subject, Mr. .Richardson’s review of the marine 
oil engine position will be read. with attention. In 
spite of the commercial position, which the oil engine 
has now established and the economy which it can 
show, there certainly remains against it the point 
of high first cost. Mr. Richardson estimates that, 
for a 10,000-ton 11-knot oil tanker, a single-screw 
steam engine would show; a, first. cost overall saving 
10. per cent. as compared. with, a. twin-screw, oil 
engine installation. Insome cases the 10 per cent. 
might be reduced owing to the larger earning capa- 
city of the same hull consequent on saving of space 
This condition of high cost, is one that, will and is 
solying itself by the gradual realisation of ship- 
owners, that the various, advantages of. oil. fuel 
burntrin oil engines are worth the extra money spent, 
on the engines. 

The chapter on American shipbuilding by Sir 
Westcott Abell is of importance. . The rise of, the 
American merchant fleet is probably, the .most 
potent post-war phenomenon which British shipping 
has to face. Sir Westcott does not, deal, with this 
aspect of the question, but pays a, well-deserved 
tribute and gives a most interesting account of the 
very remarkable achievement which, the building 
up of this merchant fleet represented. . In the year 
1918 the United States built 821 sea-going vessels, 
in addition to 1,060 non-seagoing craft and a con- 
siderable number of small fighting ships and naval 
auxiliaries. Various aspects of the future of British 
shipping are touched on in chapters on, ‘‘ The 
Economics of Shipping,” by Sir Frederick W. Lewis, 
and “ Freights During the War,” by Sir O. G. 
Holmden. An interesting plea for the sailing ship 
is made by Mr. J. W., Eason, in a chapter entitled 
“The Sailing Ship’s Salvation.” . Many of, the 
points made by Mr. Eason are good ones, and in 
view of fuel charges, first. costs, &c., it would be, no 
surprise were the sailing ship to re-establish its 
position in many 

The annual contains the various naval tables 
which have long been one of its features, , In 
many directions these are, of course, much more 
detailed than has been. possible during, the. war. 
The Merchant Shipping Section also has an appendix 
consisting of various tables and lists. This is, of 
course, all new matter, and should be valuable for 
purposes of reference. The tables cover such 
matters as “‘ The Merchant Shipping of the World,’’ 
** Merchant Vessels under Construction,”’ “‘ Numbers 
of Vessels Classed by the Various Classification 
Societies,” and so on. Two useful diagrams are 
included showing the distance steamed in one day 
by ships of different speeds and the daily fuel 
consumption of steamers and motor ships with 
engines. of different efficiencies. Lists of ship- 
builders and ship-repairers close the volume. It 
will be evident from what we have said that while 
Brassey's Annual in its new form maintains the 
tradition” and useful features of its earlier days, 
it supplies also much new and valuable material, 
should in its new field take a co 
position to that which it held and holds in its. old. 
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of San Juan County, New Mexico: By 
CHannes W. Grimore. [Price 40 cents.) Washington : 
Government Printing Office. 
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-Press, [Price 10s. 6d; net.] é 


United States Bureau of Labour Statistics. Bulletin 
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Printing Office. 

Practice of Lubrication. An Engineering Treatise on 
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London: Macmillan and Co., Limited. [Price 36s. 
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Doin. [Price 16 francs. ] 
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London: McGraw-Hill Book Company, Inc. [Price 
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New York and London : McGraw-Hill Book Company, 
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Tae Trow ano Street Instirvre.—It is announced 
that the annual meeting of this Institute will take place 
ow Thursday and Friday, May 5 and 6, at the House 
of the Institution of .Civil Engineers, Great George- 
street, London, 8:W. 1, by kind: permission of their 
coungil, Dr. J, E. Stead, F.R.S., President, will preside. 
The annual dinner will be held on the evening of Thurs- 
day, May 5, at the Connaught Rooms, Great Queen- 
street, London, W.C. Members are reminded that in 
March the council is prepared to consider applications 

from i id of research 


made irrespective of sex or nationality. Special forms. 
on which candidates ‘should apply before the end -of 
February, can’ be obtained from the secretary of ‘the 
Institute. The research work must be on some subject 
of pra¢tical importance relating to the metallurgy .of 
iron “and steel, and allied subjects. The results of 
research“work must .be communicated to the Institute 





in the form‘of a report, 
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YEAR-BOOKS AND ANNUALS. 


Post Office London Directory.—The Post Office 
London Directory for 1921, the 122nd annual edition, 
has now been issued by Messrs. Kelly’s Directories, 
Limited, 182 to 184, High Holborn, W.C. 1, who 
announce that in bringing up to date the information 
the book contains it has been found n to make 
over 250,000 corrections. Again this year the Directory 
is published in three volumes, the first two dealing 
with London proper, the third covering the London 
County suburbs. It retains all its well-known features 
and will continue to form an essential aid to business 
firms, both British and foreign. As usual, also, every 
separate street is referred to very complete plans. 
The price of the three volumes is 64s. ; the two volumes 
covering London proper cost 48s. We may here remark 
that Messrs. Kelly’s Directories, Limited, announce 
that they are removing very shortly to 186, Strand, 
W.C, 2. 





Willing’s Press Guide.—This guide and advertisers’ 
directory and handbook for the present year, the 
forty-eighth annual edition, is issued at the price of 
2s. by Messrs. James Willing, Limited, advertising 
contractors oot es 19h Ce W.C... 2. 
It gives an alp! ti ist rs and 
meskidienle published throughout the United Kingdom, 
the information including the year of establishment, 
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Electric International Company, 165, Broadway, New 
York, and a monthly calendar depicting their ali- 
ties by the Willesden Paper and Canvas Works, 
Limited, Willesden Junction. We have received a set 
of refill cards for the present year from Messrs. J. 
Evershed and Co., Fairfield-road, Bow, EF. 3, and 
86, Long-lane, West Smithfield, E.C. 1; also a set from 
the Welin Davit and Engineering Company, Limited, 
Hopetoun House, Lloyd’s-avenne, E.C. 3; and a 
daily tear-off calendar from the Keighley Gas and Oil 
Engine Company, Limited, Imperial Works, Keighley, 
on a cardboard facsimile of their Imperial engines. 
The following have also come to hand, a monthly 
tear-off calendar from the Submarine Signal Company, 
Friars House, New Broad-street, E.C. ; a wall calendar 
from Messrs, C. Isler and Co., Limited, Bear-lane, 
Southwark-street, S.E. 1, illustrating various phases 
of their artesian well work; a wall calendar from 
Messrs. A. West and Partners, 91 to 98, York-street, 
Westminster, printed on their Planifer ferro prussiate 
paper; a monthly calendar from the British Thomson- 
Houston Company, Limited, electrical engineers and 
manufacturers, Rugby; one reproducing a water- 
colour of London Bridge, by Charles Dixon, R,I., 
from Messrs. Heatly and Gresham, Ltd., Engineers, 
of London and India; one from the Allied Steel 
Makers and Founders, Ltd., Braintree, Leven and 
Bradford; and a desk calendar from Messrs, William 
Firth, Ltd., Iron and Steel Merchants, Greek Street, 


the day when the periodical is issued, the price and the | Leeds 


s name and address. It contains also an 
alphabetical classification of the papers as per trades, 
subjects, &c.; one of the metropolitan newspapers ; 
the London addresses of provincial papers; the titles 
of the provincial papers classified by counties; also 
lists of foreign. papers. 

a 


Kurst's Architectural Surveyors’ Handbook.—This 
handbook, which has reached its sixteenth edition, 
contains a useful sélection of formulm, tables and 
memoranda for architectural surveyors, draughtsmen 
and others engaged in building work. The data and 
tables given relate to the strength and weights of 
materials, properties of beams and columns, flow of 
water in pipes and sewers, labour constants for building 
work, building ons, weights and measures, 
mensuration, metric conversion, dilapidations, valua- 
tion, professional charges, and other matters far too 
numerous to mention. In the present edition, the 
tables and mathematical data of general application 
have been grouped in the front part of the book and 
much additional matter has been included in the later 
sections, especially those devoted to structural steel 
work and reinforced-concrete buildings. The section 
containing valuation tables has also been carefully 
revised. The price of the handbook, which is pub- 
lished by Messrs. E. and F. N. Spon, Limited, 57, 
Haymarket, London, S.W. 1, is 10s. net, and the cost 
of postage is 5d. for"the United Kingdom and 8d. for 
places : 








Mechanical World Year Book, 1921.—Several new 
features, including sections on cast-tooth gearing, 
ball“and roller bearings, and friction and lubrication, 
have been added to the thirty-fourth edition of this 
valuable publication, which has just been issued. We 
also notice that the matter on chain gearing has been 
re-written and extended, and that a new table of the 
properties of saturated steam has been introduced. 
With the regular features of the work most engineers 
ate doubtless familiar, but we may mention that it 
contains sections on steam engines and boilers, steam 
turbines, gas and oil engines, properties of metals and 
alloys, structural" iron and steelwork, power trans- 
mission, machine tools, hydraulics, &c., as well as 
tables of weights of materials, metric conversion tables 
and constants, mathematical tables and mensuration 
tables; at the end of the book a-diary, with a week on 
each page, is included. The price of the book is 
2e. 6d. net, and it is published by Messrs. Emmott and 
Co., Limited, at the offices of The Mechanical World, 
65, King-street, Manchester, and 20,"Bedford-street, 
London, W.C. 2. 


*‘Almanacks, d&c.—Since our last issue we have 
teceived a very handy pocket diary from Messrs. 
Braithwaite and Co., structural engineers and con- 
tractors, 117, Victoria-street, 8.W. 1, illustrating their 
specialities and giving a number of tables dealing with 
weights, measures, stresses, &c. Also a clearly-printed 
monthly tear-off calendar from Messrs. Langhall and 


usually | Wade, printers, designers and manufacturing stationers, 


10, South-street, Finsbury, E.C. 2. A neat monthly 
tear-off calendar has also come to hand from Messrs. 
Harrison and Sons,, Limited, the well-known printers, 
of St, Martin’s-lane, W.C, 2. Messrs. John I. Thorny- 
croft and Co., Limited, have sent™us a similar type of 
calendar showing their motor vehicles loading at a 
wharf from one of their cargo boats. A”highly decora- 
tive calendar has been issued by the Westinghouse 





INDUSTRIAL NOTES. 

A conrrrencr of the British Labour Party was 
held last week at the Central Hall, Westminster, when 
a resolution was carried stating that the Government 
and local authorities should make the fullest use of 
their legislative and administrative powers to facilitate 
the provision of immediate work under satisfactory 
conditions for unemployed men and women, and as 
an emergency measure to meet the serious situation 
that now exists the conference demanded the immediate 
adoption of the following proposals by the Government : 

“(1) That a person for whom no work is available 
at the Employment Exchanges, or through his or her 
trade union, shall be entitled to maintenance. 

(2) That the rate of maintenance (including other 

benefits) shall be at least 40s. per week for each house- 
holder and 25s. per week for each single man or woman, 
with additional allowances for dependents. 
Pit conference further urges the imperative need 
for dealing with the permanent causes and conditions 
of unemployment, and warns the Government that 
both the unemployed and the employed workers are 
not pre to remain the victims of the pernicious 
economic system which exposes them and their families 
to hardship and demoralisation as a consequence of 
unemployment.” 





Writing in The Democrat, Mr. W. A. Appleton, 
secretary of the General Federation of Trade Unions, 
states that the workers of Britain have » some 
responsibility for the present crisis. He adds that 
their political advisers and the Government ‘itself 
are much more to blame than the men and women 
who are now suffering. The former preached salvation 
by political action; the other, by excessive and in- 
judicious taxation, absorbed the nation’s liquid 
capital and left businesses without the wherewithal to 
pay wages and buy raw materials. The task for the 
moment is to employ the people. The employment 
must be useful, even if it is uneconomic. No country 
jean afford to regard lightly that loss of moral and 
\physical efficiency which accompanies long-continued 
lunemployment. Never again must we mistake 
‘nominal for actual wages. Never again must we forget 
‘that we are a nation of shopkeepers and overseas 
adventurers. Our present situation is bad, and 
suffering is inevitable. It is Nature’s way to exact 
|penalties for failures as well as for crime, but. we shall 
endure the suffering and shal] pay our penalties ; 
we shall put aside the folly which assumes that men 
or nations may become great except by work" ~ ~ 





"The Unemployment Committee of the National 
(Alliance of Employers and Employed states that 
‘the present unemployment crisis comes at a period 
when the cost of living is so high that even a reduction 
of wages is severely felt and a total cessation means 
great ip. The Unemployment Committee is 
not a political body and does not express any ion 
jon the political side of the question, but ta 
dangerous impression of insincerity exists must be 
|obvious to anyone who has observed the tone and 
‘temper of many recent speeches and writings, and it is 
of the first importance to remove this’t once. Another 
‘aspect of the case must also be seriously considered. 
Grave unemployment exists at a time when there is 
lequally grave need for further production, and it” is 
Jhopeless to get people who want house-room, for 
example, with"all the concomitant good results to 
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trade, to understand why, at one and the same time, 
there should be pees of need for work and many 
thousands out of wor’ 

These are all dangerous symptoms, and the con- 
clusion of the Unemployment Committee is that the 
nation must realise that this is no ordinary crisis 
and that the methods of the past should be replaced 
by different ones. The committee is of opinion that 
so far as is ible work should be found and the 
granting of doles be reduced to the barest ible limit, 
and while it agrees that local efforts to deal with the 
problem are good and, indeed, in some cases superior 
to any other methods, it is of opinion that these should 
be supplemented by national and district efforts, free 
from bureaucratic obstacles. It is firmly convinced 
that the present unemployment can be reduced to 
manageable limits ; also that valuable and permanent 
experience can be gained by the joint co-operation 
of employers and employed with the help of the 
Government and local authorities, and suggests the 
immediate calling together of the Joint ustrial 
Conference. It will be remembered that the Prime 
Minister called such a conference two years ago and, 
although difficulties afterwards arose, the committee 
feels that these are not insuperable and offers a 
suggestion for overcoming them, 

The success of the conference in bringing together 
representative employers and workpeople is well 
known, but what is less appreciated is that unanimous 
reports were produced on most important subjects. 
The difficulties which arose were Parliamentary ones 
and in no sense due to disagreements at the conference. 
The committee feels that were the conference re- 
constituted, the employers and trade union repre- 
sentatives would themselves find ways and means of 
reducing the volume of unemployment to a point which 
would require little assistance from the Government, 
but the conference ought to receive explicit guarantees 
that the Government would place any proposals from 
the conference, which might require legislation, before 
Parliament at the earliest moment, even, if necessary, 
summoning the House to meet before its ordinary date. 

Holding the view that the Joint Industrial Con- 
ference is infinitely the most competent body which 
exists to deal with unemployment, the committee does 
not desire to discuss the various suggestions which it 
has itself made to cope with the problem, but the 
National Alliance will gladly co-operate in any work 
which may be done. 





At a meeting last week of the joint executives of 
the trade unions affiliated to the National Federation 
of Building Trades Operatives, and dealing with the 
Government's offer for absorbing 50,000 ex-service 
men in building operations against a payment of 5i. 
per man to the unions, regret was expressed that the 
Government had offered no guarantees against the 
consequences of unemployment. It was found, 
further, that distinctions between sections, as far as 
the granting of wet time allowances was concerned, 
were likely to divide the trade union movement. It 
was added at the close of the meeting that the members 
of the various unions would be consulted at the earliest 
possible date with regard to the Government's offer, 
and that the meeting stood adjourned until the members 
had recorded their decision. This means further delay 
in arriving at a decision upon the Government's offer. 
The Ministry of Labour has since written to the 
National Federation of Building Trade Operatives 
calling their attention to the urgency of the matter, 
and asking for a definite and final reply at the earliest 
possible te, and, in no event, than the 
14th inst. 





A meeting of the Cabinet was held last Friday, when 
the unemployment question was debated. It is 
reported that a general scheme for dealing with the 
situation was approved provisionally, provi that 
each industry should absorb its own unemployed by a 
shortening of the hours of work and an increase of the 
number of shifts. The scheme in question embodies 
the suggestions made a short time ago by Sir Allan 
Smith, and which we briefly outlined on page 802 
of our last volume. 





Sir Robert Horne has addressec’ the following letter 
to the Chambers of Commerce :— 

“In view of the depression of trade which prevails 
in many places at the mt time the Government 
are anxious that the e Pe geacd of work should 
be shared to the widest extent possibleseamong the 
whole body of the wage-earning classes. 

“In some districts the practice of working 
time, with the object of providing employment for a 
larger number of people is well i ; in others 
the nature of the industry may make any such arrange- 
ment difficult, but the Government feel that much can 
be done by employers in general to alleviate distress 
by distributing the existing opportunities for employ- 
ment among as many as possible of their employees so 


short 





that the largest numbers may be enabled to earn a 
portion of their usual wages. m08 

“The system of short time may enable employers 
not only to spread their work for a longer time over 
the existing number of their employees, but also to 
i eee: to some who have already. been 


“The Government, therefore, ask that all employers 
should consider at once what re ments can be 
made to give partial employment to the maximum 
number of workpeople. 

“ Tt will probably be found in many cases that the 

uestion can best be approached in consultation with 
the trade union concerned, on whose co-operation the 
Government feel confident they can rely. 

“ It is hoped that no time will be lost in taking the 
necessary steps. 

“The Government are already epplying this 
principle in the i br Dockyards and other naval 
establishments, and have planned to do all that the 
Government can do to provide in various ways for 
those who are out of work, but they look to employers 
and their wo le to do what they can to keep 
the number of wholly unemployed as low as possble.” 





Dr. Macnamara, Minister of Labour, addressed a 
letter, on the 31st ult., to all Joint Industrial Councils, 
trade boards, interim industrial reconstruction com- 
mittees, td organisations, trade unions, asking 
them to collaborate in the same way. 





The men in the Government yards are in principle 
against the scheme, but are awaiting to know its full 
scope before taking any proceedings. Mr. J. R. 
Clynes, M.P., finds the scheme a desperate device 
to give relief to one section of workers by reducing the 
subsistence level of another section, and he is afraid 
that it will give rise to much natural dissatisfaction 
among the wage-earning classes who are called upon to 
suffer by reason of the unemployment of others. 
Mr. John Hodge, M.P. (Steel Workers), thinks the 
scheme a sound one so long as it is not carried to a 
point where there would be no living for anybody. A 
similar scheme had been in operation for a very long 
time in the iron and steel trades. The Government, 
he added, had had unemployed crises before now 
but had never considered the matter seriously. Their 

resent anxiety was no doubt due to the fact that we 

ad at the present time an army of trained men in 
the demobilised forces who would not remain quiescent 
like the unemployed workmen of the past. Had the 
Government realised that the State was responsible, 
legislation would have been in operation long ago to 
place upon every industry the burden of keeping its 
own unemployed. Mr. O’Grady, M.P. (General 
Workers), has stated that the scheme for meeting 
unemployment by the adoption of short time was an 
old proposition of the trade union movement, but the 
difficulty was that it could not be carried out in present 
circumstances unless there was:@ guarantee of a living 
wage. Other labour leaders and also a number of 
employers have dealt critically with the scheme. 


The National Alliance of Employers and Employed 
held a meeting at.64, Victoria-street, Westminster, 
last "Tuesday, Sir Vincent Caillard presiding. After 
the meeting the following statement was issued :— 

The Alliance is of the opinion that the Government 
suggestions of short time can only have a very limited 
effect, because in many trades the scheme is already 
operating and cannot be extended, while in some other 
trades it is not possible. Where it can be Sarorors 
it merely reduces unemployment by creating under- 
employment. No provision is made that the means of 
the workpeople shall not fall below subsistence level, 
and where under-employment forces the worker below 
a reasonable subsistence level the Government pro- 
posals will only aggravate the threatened evil, and 
increase discontent. 

To impose short time compulsorily would be a great 
mistake and would arouse tremendous opposition, but 
where employers and workpeople agree to working 
short time for the benefit of sufferers in industry as a 
voluntary measure, the Alliance feels that this is a 
a course, 

Government appears to be contemplating the 
establishment of a committee, and if the committee 
is properly constituted and has generous terms of 
reference, this is a step in the right direction. In the 
opinion of the Alliance the committee should leave the 
permanent solution of per pe Sse to a later period, 
and should address itself to the urgent problem now 
before us. The committee should be permitted to 
consult with employers and trade unionists whenever 
necessary, and to come to an 
to schemes by which the unemployed can be absorbed 
in industries. It should be cores. astoa oan ae 
of a ce employers representative work- 
people. 


Alliance realises that there would be a residuum 
of unemployed even after every co-operative effort had 





ment with them as | o 











been made by employers and trade unionists, and this 
should be dealt with by special schemes financed by 
the Government and local bodies. It is of the first 
importance that joint committees should be set up in 
every trade and in every centre, and that the agri- 
cultural interests should not be overlooked in ‘this 
matter. The Central Committee should act asa co- 
ordinating body, and the widest possible powers should 
be allo tothe smaller committees which have been 
mentioned. 

To sum up, the National Alliance is of opinion that 
the crisis is one in which the Government can give 
valuable help, but the real solution must be found in 
the cordial working together of employers and trade 
unionists. 





The claim made by bricklayers and bricklayers’ 
labourers in iron and steel ary on the North 
Coast for an advance in wages:of 4d. per hour as from 
November 13, 1920, has been refused by the Ministry 
of Labour Industrial Court. Representatives of 
employers and employed were heard in London on 
December 2, when it was stated, on behalf of the brick- 
layers, that other classes of labour in the district, 
unskilled as well as skilled, were paid higher rates, and 
that in the iron and steel trades in Scotland they were 
id 4d. an hour more. The bricklayers’ labourers 
their claim on the increased cost of living, the 
laborious and rous nature of their work, the 
higher rate paid to builders’ labourers inthe district, 
and the prosperity of the iron and steel industry. The 
employers opposed both claims on the grounds of the 
depression in the industry, due to fall in trade and the 
cancellation of orders, and the difficulty, even with 
wages at their present level, of meeting foreign com- 
petition. On the North-East Coast, they said, the 
recognised work was one of 44 hours, for which men 
employed on single shift plant received 48 hours’fpay. 





The Consett steel workers’ wages, calculated u 
average net selling price of steel plates during the 
three months, are to be advanced by a further 10 per 
cent. in the current quarter, this bringing the rate 
22 per cent. above the standard or 207 per cent. above 
the pre-war basis. 





The poe! wy Swansea Exchange state that the 
tinplate market is very dull and business is at a stand- 
still. Most works are idle through lack of orders, and 
probably more works will close down at the end of the 
present week. Similar conditions are ruling in the 
galvanised sheet trade and the prospects of business 
are poor, 





CHIMNEY DRAUGHT. 
To rae Epiror or EncinceRine. 

Sir,—In my letter on this subject published in your 
issue of December 24 the figure at the top of column 3, 
page 833, for the temperature of the hot day must be 
altered to 90 F., in accordance with the formule in the 
Electrician’s Pocket Bouk. (And on line 7 read “con- 
fronted” for “‘ imported”. 

The number 125 F. was obtained from the Moles- 
worth formula; but this application was i te, as 
the formula implies an outside temperature of the day 
of 50 F. 

etme =, Pa yaterlaeed ate wg at once to 
a carefu r, of @ mi index in the Hospitalier 
notation ; and these he can correct for himself. 

The question of loss of heat up the chimney by con- 
duction may be treated as an application of the theory 
on page 802 of “Heat Transfer in a Tube.” 

Yours truly, 
G. Green BILL, 





January 3, 1921, Staple Inn. 





OIL FUEL IN DIESEL ENGINES. 
To tae Eprror or ENGINEERING. 

Sir,—In your issue of December 24, Mr. Ure-Reid 
refers to the paper recently read by me before the 
North-East Coast Institution of i and ip- 

uestion of fuel-valve gland 


builders, and raises the 2 
viz., 8-5 lb., was obtained 


friction. The figure quo’ 

by removing the spring and finding the force required 
to draw the valve spindle through the gland when it was 
not subjected to pressure—but it 
ascertained that the gland was tight under w 

J admittedly liable to misinter- 
pretation, it was not intended that 8-5 lb, should repre- 
sent “running” friction ; but as it was necessary that 
the fuel valve should work under similar iti 
during the comparative tests it was thought thet this 
figure, which could be readily determined, was of some 
value. 


written. I might mention that friction 

was it with in slightly A ary t detail during the 

reading of the paper the t raised by Mr. Ure-Reid 
was referred to in the su uent discussion. 
ours faithfully, 


Cc. J. Hawes. 
20, Graham Park-road, Gosforth, Newcastle-on-Tyne, 
December 30, 1920. 
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page and 26 and 27. T 1 A was that | is not of easy attainment, while it decreases buo 3 
THE FUTURE OF WARSHIPS.* pro in ee Peseta on , bubids nadia when the water round the hull is utilised as 
; * upper semi- | a form of protection. 

ae Ha immersed, and there remains exposed to above water | The types 2 A, 2 B, 3 A and 3 B are of this character, 
pe rhnrey 9 terthe fear opt ea (Dread- eels bal® 4,3 hed ee the liqua = 
noughts and Superdreadnoughts), which are tically | types 1 . 2 B, an i im \. 
defenceless against a Gubsnesie offensive, chould not 


the jueous protection on the 
practically impenetrab A | system, the: from my original wie alin wiade the 
sufficient angular stability for the safety of the ship is wndenavates pentaistie i i 

lead to their complete abandonment. Where it is| provided by the cambered shape of the deck and the Guidoni. 

possible from the naval and the financial points of view | relatively low position of the centre of gravity of the} The 1 A type having no water ballest in. the mormal 
to build ships of the pre-war type, but improved | ship in “os to the centre of buoyancy, secured by the | na i i 

by reall ective protection against high-angle gunfire | use of V deg. by the water 

and aeroplane bombs, oe and mines, such I wish to contrast this type of ship, slow, but prac-| double bottom, In @ ship wi 

large ships have not lost their efficiency nor their purpose tically invulnerable, or, to say the Yeast, highly pro- quienice of a belt of armour of 25 cm. and the abolition 
(ratson d'etre). It would appear that both Japan and | tected and of a relatively small bulk, with the battleship the ballast pumps and piping, which are not then 
the United States hold this view. Great Britain, how- | Hood of a higher speed, but larger, more costly, and less ired, the ti i 















TYPE 28. 















































Semi-SusMersisLe Battie Monitors. 
Principal Dimensions and Main Features of the various Types. 
—_ 1A. 2 A. 2B 3 A. 3B 
Length .. ee oe oe M. 130 150 150 150 150 
Breadth. . oe oe ° ” 26 29 29 29 29 
Depth .. ve oe oe = 10 10 10 10 10 
Draught, normal uae am se 8-50 8-80 8-80 9-10 8-88 
Displacement .. « M. tons 18,500 21,500 22,000 21,600 21,000 
Maximum draught .. os . i 10 10 10 ll lL 
Maximum displacement M. tons 22,600 24,500 25,000 26,000 26,000 
Turbines. Internal Internal Internal Internal 
combustion combustion. com combustion. 
Power. . oe a o¢ ieee 40,000 24,000 24,000 24,000 24,000 
Number of propellers. . qs de 2 4 4 4 4 
Speed at normal draught ™ .. Knots 20 18 18 18 18 
rete St eegem Gongt . .Knots 19 17 17 16-5 16-5 
solid ballast .. M. tons None 6,000 6,000 6,900 7,200 
— Water ballast .. oe 0° 4,100 3,000 3,000 8,000 3,600 
vm Under-water protection Retatorced Water Water Water Water 
concre 
6662. Armour ion— 
nn ee es -» Cm, 15 15 a = 4 
ever, after having completed the battleship Hood, has A so 15 
in the meantime stopped building and has cancelled the » . oo ‘ 4 6 6 6 
order for sister ships to the Hood. 152 fe - ~ a 8 aa ids asi ted 
And, with reason, since the Hood, with her| 99 A re = a aa 8 8 8 ae 
41,500 tons displacement and mar one of gr ne 102 ott a as ce 4 4 4 4 2 
(without counting the armour cost so many 0 Reserve of buoyancy— . 
items), although a very fast ship, can hardly be reckoned — ++ se ee ~ M. tons H+ 4 yd yd bs 24 
as the large unit of the near future. As concerns our Stability of forui— -” ” ’ ’ : 
country, whose aim is simply to protect. our coasts, the | “When afloat .. & ie 3-60 3-20 2-90 6-30 6:60 
number of ships is quite as important as individual| Whenimmersed |. Leet ear 4°20 2-90 2-60 =p ~~ 
power. In view of facts, I submitted a short | Stability of weightc— 
paper to the Chief of Staff of the Royal Italian Navy| When afloat.. , > — my ee 
last year, dealing (1) with a type of semi-submersible are teaecsel . ” = = 
battle monitor, of relatively low speed, but le of | Angie of stability— a e - a oo om 
isting effectively both the attack of to end) Whenimmersed -. |) ,, 42 55 48 360 
mines, high-angle fire and the firing of aerial bombs;/Formofhull ..  .. .. ”.. Rectilinear. Curvilinear. Curvilinear. Curvilinear Curvilinear. 
(2) with the scheme for a cruiser of small capacity, 
having no protection whether under or above the water- 
line, but powerfully armed (carrying four 381 mm. | protected. If it be reckoned that in these monitors the | and the maximum. heeling apes be reduced to 
guns) and of extra high speed. Ballast (which coste nothing) forms about one-third of aS Sige itaiodens Saree semi 
Since that time new data, due to the recent war, have the displacement, it will immediately be seen that, with water in the double bottom. The belting 
come to hand, and it has a to me advisable to | approximately the same expenditure, it is possible to | to would be higher by about 1 m., but a reserve 
take uP afresh the study of the units above referred to, | compare one Hood, of 32 knots and armed with eight | of would be and the long and difficult 
and in perticular of monitors, which form more | 3g} mm. with three such of only 18 knots, of admi and exhausting the water 
eee Ate rans sree. J eumadyetie-tucive quand of oni as eight, | ballast, a weak point of the semi-submersible system, 
Monitors.—Particulars of the various types considered | and better protected. This forms the — for | would be done away with. ! 
are given in the table herewith, the t 88 | consideration in the selection of a type suitable for our| The reserve of buoyancy in the instance cited, with 
2 B, 3 A and 3 B being reproduced in . 1 to 9, on this Navy. Spee ea nd ee ee ee 
, about 6,500 tons, only 3,000 tons without 
* Abstract of a paper read before the Italian Society | Semi-Submersibility, Stability and Nautical Qualities. | armour and with the water ballast. 
ef Naval Architects and Marine Engineers at Genoa,| (1) Semi-eubmersibility in itself has not much In the types 2 A and 2 B, similar in type except for 
December 4, 1920. ance, especially in the case of a large unit with it | the gun arrangements and features dependent thereon 
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ha an armoured deck, the buoyancy and the angle 
of atebility are without the water ballast than 
with it, so that if it does not serve as protection for the 
hull, it might be eliminated. 
In the t; 3 A and 3 B, without armoured deck 
su 


hull is detrimental to buoyancy, but turns out to be 
favourable to pane ah w= 4 < forms, 
becomes itive ilit weight, whi uoyancy 
Sas 60 hee bagainad byline this ballast from the 
ship. In the same t; 3 and 3 B the deck, not 
armoured, when the are cleared for action, is com- 
pletely submerged at a depth of 1 m. below the surface, 
and only the and the conning tower emerge, 
stability remaining always positive at all inclinations, 
the centre of gravity, owing to the fixed ballast and water 
(protective ballast), falling below the centre of buoyancy. 
n these two types the water which covers the whole of 
the deck serves to protect it in lieu of armour. The 
reserve of buoyancy is of necessity small, and in the 
type 3 B, which has no su: tructure, the case may be 
said to be dangerous, the ship being practically totally 


side, the height aie ees i“ © the Hood, 
hk i ter in 
ee ae —_ 
in water a greater good nautical qualities 

all good habitable conditions, 

Now, apart from the nautical qualities and the 
habitability of monitors can be rendered sufficiently 
good by means of upper works, as will be seen in the 


t 3 A. These upper works would be vulnerable, 
it is true, in action, but no more vulnerable than those 
of the Hood. 


On the other hand, three monitor units can be had for 
the cost of one Hood, twelve powerful guns instead of 
ht only and a better protection. 

t is necessary to bear well in mind in taking a decision 
that, for an equal iture, and by sacrificing 
speed, there is obtained forthe slower ships as against the 
faster larger ships the following important advan : 
(1) a number of ships; (2) a higher artillery 





submersed, 


power; (3) a better protection afloat ; and (4) a better 
protection under water. 2 


Figt. TYPE 3A. 


seaal 

















for a weight of about 1,000 tons. In the case we are 
now considering ‘of a semi-submersible ship, m which it 
is desirable to eliminate from the deck structures likely 
to be destroyed by gunfire and aerial bombs, it would 
bb hestadaityGhetcetabonnbuaian playing nan air 
rather than steam. This been introduced 
in the types 2. A, 2 B,3 Aand3B. This has the advan- 
tage of ayoy bey possible to shift the conning tower to 
the centre of the deck between the two main turrets, and 
above the machinery thus an ri the transmission 
of orders and the navigation of the ship. 
are purchased at a considerable expense, 
ing @ one weight by about 
200 tons to the internal combustion machinery, and a 
greater lengthwise by about 10 m., and by doubling 
the number of propellers, it does not seem possible—in 
the present conditions of development of this machinery 
—to arrive at an installation exceeding 24,000 h.p., 
in spite of adopting four twelve-cylinder engines on four 
shatte. Thus with internal combustion the power is 
reduced to about half, with a consequent reduction of 
from 20 knots to 18 knots. And the speed reduc- 
tion would be still more marked if the greater length of 
the ship did not come in which, in the types 2 A, 2 B, 
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* I have tried to get over this in the type 3 A by means 
of upper-works above the water, provided with cork 
filling, by which the reserve is comely increased, This 
superstructure, which I may call “a raft,’ even if it 
were completely destroyed, would not sensibly prejudice 
the compen & of the vessel, as there would still remain @ 
positive stability of weights. It has besides the following 
advantages :— 

1, It sensibly increases the reserve-buoyancy. 

2. It renders the ship more habitable. 

3. It increases protection against aerial attack. 

4. It allows using the guns even in a rough sea, which 
does not appear to me to be possible with the type 3 B, 
which has no superstructure. 


The reserve of buoyancy, which in the type 3 B 
having no upper works is hardly 900 tons, increases in 
the type 3 A with 120 tons of cork to 1,500 tons, and 
this could be further increased by increasing the cork 
filling, which in the t 3 A has only a volume of 
600 cub. m. and occupies only the eighth of the 
egy The latter, of course, are divided into 
wa t compartments to increase the buoyancy of 
=s ship a, gr cork, ieee 

points considered type 3 A ai to me the 
best, or, if one wishes, the least defective, The idea of 

+ mg ancy SS ae referred to = semi-sub- 

mersi ps is new. a rs to me deserving of 
<a  . mactiin 162 

type 3 B, the centre of gravity well below 
the centre of buoyancy, could be slhensmed capatbetal q 
but I arene Phy whether this class of large shit 
is likely to widely: ndepeedy, beenese of the mall 
buoyancy reserve, of the slowness and difficulty of 
under-water mancuvres—it would be an easy prey for 
submarine boats which are smaller, have a hi 
are more numerous, Further, the 
diving to great ths, a condition which submarines 
can easily meet, tates against submersible ships. 
And it should be noted that the ability to submerge 


while maintaining the centre of vit 
is purchased at nigh 
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Form of the Hull.—In the original type 1 A I gave 
the hull a rectilinear transverse, U-shaped form, to 
prevent the mines encountered by the stem exploding 


under the central bottom of the hull, where there is:no 
reinforced concrete protection. Now, owing to the 
paravane, rectilinear U-shaped form is no longer ni 

and curvilinear 


forms can be adopted, better suited to 


higher . These forms are adopted in the types 
2A, 2 3 A and 8 B, which make for higher speed, 
notwi i of the hull (150 m. 
instead of 130 m.). The hull is longer; this, whilst 





35,000 shaft horse-power to 45,000 shaft horse-power 
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3 A and 3 B, is carried from 130 m. to 150 m., while the 
forms of the hull are also improved. 

The relatively low of 24,000 h.p. is obtained 
by 48 cylinders of 500 h.p. each. On the other hand, 
in the type 1 A having steam turbines, the power of 
about 40,000 h.p. was obtained with only six turbines. 
This difference in complication is very marked, and 
reduces the of in favour of the turbines. 

Captain de Feo has advocated the use of explosion 
motors, which would be lighter and take up less space, 
and faster ing than internal combusti mgin 
I am sorry I am not able to share his views in this 
respect, for whilst the internal combustion engines have 
attained, not without difficulty, a power of 500 shaft 


i 





horse-power cylinder, it appears to me that the fast- 
running explosion motors are far from having reached 
this figure, there being, further, the difficult; coupling 
the engines to the propeller shafts, and latter are 


we tees ot rem os ee coupling would er 
possi y resorting to electric propulsion, suc 
a solution would be found more heavy and bulky than 
the internal combustion engines solution. It is not 
superfluous to add that both with internal combustion 
engines and explosion motors, the radius of action, with 
eT Ee oe ee 
which obtains in the turbine-propelled ship. 
Above-water Protection.—As I have formerly stated, it 
is advisable that the above-water protection should be 
; é.e., in the deck and outside 
walls. It to me absurd to allow the’ pro- 


arranged on the outside, 
appears 
jectiles to penetrate to the inside. The decks and the 
partitions should only act as Lape ee against shell 
linters, In the types 2 A and 2 B all the protection 
ve water is concentrated, as in the original type 1 A, 
on the deck and belt at the water-line, the maximum of 
armour thickness being 15 cm. 
In the matter of the horizontal armour, the curved 


armoured deck which, in pre-war ships, was usually 
level with the lower deck, tly above the water-line, 
in the Hood, is round the sides below the water-line, 


having its central portion raised to the height of the 
battery deck, thus giving the ship better protection if 
the external side 


armour, between passage and > 
with steam from water-tube boilers, the mac being | was pierced. This i I may say, was y 
similar to that of the scout Mirabello. It allows a power by the Ansaldo, Sestri Ponente Yard in 1912. 


Under. Water Protection.—In the type 1 A under-water 
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protection is obtained by means of walls of reinforced indesemeent, ead fae thin secsen, the eyes Ai Sade Mast.—I have reckoned on one’ mast only, passing 
concrete on the Pecoraro Guidoni behind an out- erred. In the 1Aand2A A ore 0p, OY through the centre of the conning tower, The latter 


side air chamber, the object of which is to deaden the 
violence of explosions against the concrete wall. This 
air chamber is a weak point of the system, since in case 
of a tearing effect by the shock of a torpedo the ship 
takes a heavy list. 

For this reason, in the types 2 A, 3 A, 2 Band 3 BI 
have adopted a liquid under-water protec ion (a system 
‘derived m the one devised by Engineer Pugliese), 
having the advantage of not occasioning any sensible 
list of the ship even when struck by torpedoes. This 
advantage still remains. however, to be ~~ =~ The 

— timber protection which I pape the 

or the under-water protection o would be 
more certain in action, but has the disadvantage of the 
impossibility of lightening the - (by discharging the 
protective liquid mass), and with consequent increase in 
speed and buoyancy-reserve. 

The Hood is protected wate water by the so-called 
“bulge” filled with drums. filling with cork the 
interstices between the drums, ic effective flooding of 
the bulge should a torpedo strike its outside wall might 
be kept down to quite a small amount, and this would 
explain the good effect which the bulge has had during 


TYPE 38. 
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the*war. This protection would be both lighter than 
that of reinforced concrete, and that of the Pugliese 
type which, taking the water and the internal protec- 
tion, weighs approximately 3,000 tons, a weight which 
could be reduced by Bogen | a bulge of equal volume to 
about 1,000 tons. using this kind of protection in 
our types there wou be no need for the water ballast, 
and there would follow a saving in weight of aoe 
mately 2,000 tons, which could be utilised partly in belt 
armour and partly. in increasing the buoyancy-reserve. 
It could also be for decreasing the displacement 
= bape ar the speed. 
Fe ove Ucnvenen cok be aad inde in 

which the reserve buoyancy can 
dently of the water ba (by increasing the volume of 
the cork filling i in the upper works), the displacement of 
the ship in normal navigating and fighting trim would 
decrease from 24,600 tons to 22,600 tons, the positions 
of the centre of buoyancy and ‘of the lower centre of 
gravity re the same, so that the conditions of 
stability, otherwise satisfactory, would also remain 
practically unaltered 

As Captain de Feo has well said, the outside under- 
water protection will have to be intimately combined 
with the inside protection by means of minute sub- 
division, both vertically by transverse watertight bulk- 
heads and horizontally by watertight decks, so as to 
minimise flooding both above and below the water- 
line, and so reduce to a minimum the uent loss 
of buoyancy and stability. by is well to avoid longi- 
tudinal subdivisions whic 7 Sas sy to one 
side only of a ship, ott . In the 
types dealt with in the poet paper such - B- sub- 
divisions are not indicated, the schemes as put forward 
ae simply in elementary form. 

Armament.—In all the types I have excluded torpedo 
tubes, which a to me to be inefficacious on board 
a large ship. i armament is limited to guns. The 
type 1 A has 381 mm., 152 mm. and 102 mm. guns; 
in those of 2 A, 2 B and 3 A, following the ideas of 
Cc in de Feo, I have r anoed te mm. guns by 
° of 120 mm., whi used against sub- 
marines, torpedo boats nr Rat There are also 
four 120 mm. anti-aeroplane guns, which could be done 
away with. 

In the type 3 B in the matter of small calibres there 
are but two 102 mm. guns, owing to lack of space. This 








our 381 mm. poy in two double-gun turrets. On the 
other hand, in the types 2 B, 3 A and 3 B the main 
armament consists of six 381 mm. guns in two triple 
gun turrets. h from bleto triple gun 
turrets appears advisable, since whilst it avoids he 
recourse to Le na turrets, it allows the sim 
taneous firing of guns fen 0 turret, which facilitates 
the 


the regulation of the be fine, 2 Bthe oe 
of two guns makes the angle of stability. rether 


This is not. the case in the types 3 A an ins where it 
remains large, this being a point in favour of the latter 
types, and especially of 3 A, for the reasons already 
sta) 





eed eee POL. ane eains tated tee Meaesins Leki ees 


limited to six 381 mm. two triple gun turrets, 

instead of six guns still in trinle turrets but of-a larger 
calibre, or of eight (381 mm. \or larger) guns in been 
quadruple turrets which would allow greaier preci 

and a gem intensity of firing. This been done to 
keep the centre of gravity low, so as to secure an angle 
of Ntability sufficient for the Le of the ship when 
immersed and stability when enti 





Speed.—When dealing with the propelling machinery | seas. 
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T stated that, eeithe tyes -& Seep eam urbines 
of about 40,000 h.p., of about 20 knots could 
be reckoned upon, whilst in those of 2 A, 2 B, 3.A and 
3 B, havi internal combustion engines of only 
24,000 h.p., t speed was only about 18 note, notwith- 
standing that the hull in these latter types was, in length 
and more favourable to 

If in the latter turbines were fitted instead of internal 
the speed wo — 
instead of only 18 knots. ee 
combustion engines in their present state development. 
One must hope that the future progress in —— 
eeehe anal nite aS 
of higher po: eS aan 

Redders—-Notwithstanding the greater 
offered, it is advisable to provide two rudders anode 
pA ere aetna me pe 

side rudders, to ensure navigating the ship if one rudder 

be 

Oonning Tower.—In all the types the conning tower 
is only outlined ; it would have to be studied from the 


oe 








pointe of view of navigating the ship and directing. gun- 








acting as a protection. The mast carries the wireless 
telegraph system, and can be lowered to prevent 
the ship from being seen by submarines at short 


Ventilation, —A large shaft concentric with the 
conning tower supplies air inside the ship. 

Note.—I am afraid that the sobmariane. carrying heavy 
artillery, such as the “‘M’’ class of the British Navy, 
small, | having a speed of 17 knots on the surface and armed with 
a 305 mm. gun, can compete with the battle monitors 


mere pias a 
an hen r, and traversing is carried 
a by sping the a the submarine in line with 
. It would appear, pases ea that 
this sutthed-of traversing has given good resul 
Not much is known of these submarines. Ap 


possible to argue that for the 
cost of building one monitor of about 20,000 tons, there 
could be constructed at least six submarines of the same 
speed, which could probably out all the war 
Sums open to the battle monitors, at least in our 





















armament is 0 ol spore fa value. In the present 
political, nancial diti of our 


country it wears, T believe, be ovpetthe to follow an 
extensive naval It is permissible, however, 
to study new ships. But for the present our Navy may 
limit herself to improving the under-water protection 
of the existing ships, to pa Lag iy Trego to ligh 
craft, scouts, destroyers and others, to following closely, 
above all, navigation under water and in the air, both of 
which are developing and are destined, better than 
battleships and cruisers, to provide the country with the 
required defence. 


53. 





Firepame WHISTLE.—A new. acoustic signal of 
Professor Fleissner, which gives warning of the presence 
of methane and other combustible gases, and is hence 
a substitute for the miners’ safety lamer. io Denes upon 
the principle of the singing flame. "s device is 
described in the Journal fiir Gasbeleuchtung, October 16. 
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SOME POSSIBLE LINES OF DEVELOPMENT 
IN AIRCRAFT ENGINES.* 
By H. R. Ricarpo. 

In the soe sings | paper the writer’s aim is to indicate 
— ible lines of devel eens and research 
whic 8 own investigations reliminary experi- 
ments have shown to be at Senne erorthy of serious 
consideration, If we review the present state of the 
art we find Cio Heaton to be substantially as follows : 
From a thermodynamic point of view the performance 
of the modern aero engine has approached so nearly 
to the ideal obtainable from the cycle on which it be 
that there is little scope for improvement. i 
efficiency or fuel consumption is now the all-important 
factor, but since the best modern aero engines are actually 
developing a thermal efficiency within 4 per cent. or 5 
cent. of the hi obtainable from the cycle on which 
they operate, it is evident that to gain any further im- 
provement it will be n either to from, or 
at least to take considerable liberties with, the 
cycle, or to modify the composition of the fuel, or both. 
The cycle on which all present-day aero operate 
is one in which an explosive mixture of fuel and air 
is drawn into the cylinder compressed to the highest 
pressure permissible without detonation and ultimate 
pre-ignition, then ignited at constant volume and ex- 
panded until it occupies the same volume as before 
compression, after which it is released and the cycle 
is repeated. The theoretical efficiency of this cycle is 


by the formula E = (1 — yr) y-1 This is 
nown as the air standard efficiency ; it assumes that 
the specific heat is constant at all temperatures, that 
there is no loss of heat and that there is no dissociation. 
According to this formula the efficiency is dependent 
upon rf, the expansion ratio. In the ordinary cycle 
r is also the compression ratio, since compression and 
expansion happen to be equal, but it must be remembered 
that it is the expansion and not the compression ratio 
which governs the efficiency, and that the two need_not 
—— ily be equal. 
most recent inv tions on the ies of 
the working fluid ——~ 5 by Mr. Tizard et and ter. 
Pye and corroborated by the writer’s tal 
results, show that when due allowance has made 
for the losses due to change of ific heat and to dis- 
sociation at the temperatures which actually obtain in 
the cylinder, the true limiting thermal efficiency becomes 
approximately E = 1 — (1/r)®%, This formula takes 
no account of the losses due to the direct passage of heat 
to the cylinder walls during combustion and expansion. 
It is clearly impossible to arrive at a really universal 
formula which will take this into account, since the 
proportion of heat lost must depend upon the form of the 
combustion chamber, the speed, and, in fact, on the 
individuality of each engine. In the most perfect case 
of an ine having a compact and symmetrical com- 
bustion c ber and running at a high speed, so that 
the direct heat loss during combustion and 
is reduced to the absolute minimum, the t attain- 
able indicated thermal efficiency is given pretty accurately 
by the formula E = 1 — (1/r)?25, This allows for the 
minimum possible heat loss to the jacket walls and may 
be regarded as the absolute limiting thermal efficiency 
obtainable under the best possible conditions, assuming :— 
(1) Perfect carburation and distribution. 
(2) That the compression and expansion ratios are 


ual, 

(3) That the mixture is homogeneous and of the 
most eeonomical S 

The following table (Table I) illustrated by the curves 
in Fig. 1 gives, in column (1) the air-cycle efficiency for 
Shen. aha on ratios from 4 : 1 to 8 : 1, column (2) 
Ti and Pye’s ideal efficiency, into account 


losses due to o in specific heat at high tempera- 
tures and to dissociation, column (3) the h attain- 
able indicated thermal efficiency assuming that the 
combustion chamber is to allow of the minimum 


— heat loss, that the cylinder is of comparatively 
arge capacity and that the revolutions are not less than 
1,500 por Tn column (4) are given the actual indicated 
thermal efficiencies as ob in a special variable 
compression engine designed by the writer for research 
purposes, and in which every known artifice for obtain- 
ing the highest possible efficiency and power output 
has been employed. A ih and sectional 








drawings of this engine are shown in . 2, Sand 4. 
Taste I. 
- Col. 1. Col. 2. Col. 8 Col. 4. 
x on 
Ee1l—-/|/Eei1—/| Bel — 

Ratio. dines | (pene | Cpa | Variable Com- 
4:0 0-4256 0-336 0-296 0-277 
45 0-4521 0-359 0-314 0-207 
5-0 0-4747 0-878 0332 0-316 
5-5 0:4044 0-396 0-348 0-332 
6-0 0-6116 0-411 0-361 0-346 
6-5 0-5270 0-424 0-375 0-360 
7-0 0-6398 0-437 0-386 0-372 
7°5 0-5534 0-449 0-396 0- 
8-0 0-5647 0-460 0-406 _ 

















The difference between columns 3 and 4 indicates the 
scope left for improvement—it is very narrow. So 
long as the oyele is adhered to, in its entirety, 


fuels belonging to the general group known as petrol 


* Paper read before the Royal Aeronautical Society, 





in power 
all 





the pression pr can 
limited by the tendency 

ultimately to pre-ignite. The explanation of the 
= cregeeeng of detonation appears to be as follows :— 
the mixture is ignited from any one point, the 
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Tate 
rapid. On the other hand, fuels belongi 
matic group, such as benzene, toluene 
ring compounds of greater chemical stability 
ignition tem ure, they cannot be made 
to detonate even with compression ratios as high as 
7°5:1. 

It has been known for a long time that by adding 
benzol or benzene to paraffin petrols the tendency to 
detonate could be greatly reduced, but recent experi- 
ments at the writer’s ratory have shown that of 
these three members of the aromatic group, benzene 
is the least effective and toluene the most, Tile xylene 
occupies a ee midway between the two. On 
account of their relatively low heat value per pound, 
it is naturally desirable to employ as small a proportion 


48 
EE 
a§ 


B 
$ 





of aromatics as% ible. Of the three aromatics men- 
tioned, benzol also the highest specific vity 
and the lowest heat value per 
pound. It is, therefore, from 








Fre. 2. 


flame at first spreads by the normal process of flame 
propagation aided by turbulence and in doing so com- 
presses before it the unburnt portion of the charge ; 
unless the latter can get rid of its heat with sufficient 
rapidity, it is liable to be compressed to a temperature 
ex: its self-ignition temperature, with the result 
that it ignites spontaneously throughout its whole bulk 
and an explosion wave is set up which strikes the walls 
of the oplnilet with hammer-like blows, giving rise 
to the familiar noise known as “ pinking.’’ This ex- 
plosion wave further com the 
charge first ignited, thus still further raising its tempera- 
ture, and with it the Po a eB of the igniter points 
or any other partially i ted object in the neighbour- 
pau! Senile Teeaeee Ree hastens Se are © 
temperature as ultimately to cause —— tion loss 
of power. Pre-ignition, which is timate limiting 
factor controlling compression, never under 
normal conditions with + gyre 

persistent detonation. If detonation be prevented, 
@ much higher compression can at once be used without 


any risk o' -ignition, and a very decided gain both 
nino obtained thereby. 
There can be little doubt but that detonation 
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every point of view the least 
efficient of the three. Experi- 
ments on the variable com- 
pression engine have shown 
that the compression pressure 
can be raised in direct propor- 
tion to the aromatic content 
of the fuel. A sight paraffin 
freed from aromatics and con- 
sisting mainly of fractions of 
the paraffin series, but con- 
forming in every respect to 
the Air Ministry’s specification 
for aircraft spirit, detonates 
under normal conditions as 
to temperature, &c., and with 
the most efficient mixture 
strength and ignition timing, 
at a compression ratio of 
4-85:1 (the de of com- 
pression at which detonation 
starts being ve sharply 
defined). By adding 20 per 
cent. of toluene the com- 
pression can be raised from 
4-85:1 to 5-57: 1, the gain 
in efficiency on actual test is 
found to be from 31-1 per 
cent. to 33-5 per cent., and 
in mean effective pressure 
from 131-8 lb. per squaré, 
inch to 140 lb. r square 
inch. Now the addition of 20 
per cent. toluene adds less 
than 2 per cent. to the weight 
of the fuel per unit of heat 
and permits of an increase in 
efficiency of 7 percent. The 
net gain is, ore, very 
considerable. Finding toluene 
the most efficient medium for 
reventing detonation, it was 
Focided to express the ten- 
dency of fuels to detonate in 
terms of their toluene value. 
Starting with a light paraffin 
petrol, freed from aromatics, 
the relation between toluene 
value and the est com- 
pression ratio which could 
usefully be employed was 























found to be as shown in the 
following table, and the curves 
in Fig. 5, page 30 :— 

Later investigations showed 
that toluene was not the most 
efficient dope, and that, in 
fact, it could not compare 

Ind. 
Ind, Mean 
Tol Com) Found ty - F Ind. 
uene y | as Foun , 
Value. 0. Experi- by Experi- | Efficiency. 
ment. ment. 

0 4-85:1 132-5 0-311 0-327 
10 5-20:1 135-4 0-323 0-338 
20 5-57:1 138-7 0-335 0-350 
30 5-04:1 142-0 0-347 0-361 
40 6-32:1 144-9 0-855 0-371 
50 6-67:1 147-5 0-365 0-380 
60 7°06:1 150-0 0-373 0-388 

yak é Toluene Value. 

Toluene oe ar ae + 100 

este ae Oy 

Xylene ... age Rss + 83 
Ethyl-alcohol, 99 per cent. + 166 
Acetone ... age eee + 175 
Cyclohexane _... mee + 30 
Carbon bi i pe i + ' .. 
Methyl mercaptan dee + 
Ether on al a — - — © 

ith alcohol, h this fuel is not likely to be. of 
=aeh value Pe he Ges account ,of its low heat 
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value ‘ ‘per pound. The 
values of a number of different fuels, For pein 
to publish this table the writer is indebted to the Asiatic 
Petroleum poner re Limited, for whom these and 
other i were carried out, 

From this table fi it vill be seen that the fuel known 
pe gn pe = sl benzene 
and 50 per cent. cyclohexane, which the Americans 
have found so successful, therefore has a toluene value 


% 


table gives the toluene 
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group; these, under normal pore vg ay Sins a 
higher power because the increase of se. snd 
after combustion is very considerable, and rein in in practice 
owing to their hi latent heat the a oe com- 


is very slightly less than rol, 

ing "the composition of the fuel, 

oe sagt @ somewhat 
and therefore in 


"tual wh no not always 


ii oticlonay, "tan bs peg ET vee 
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2 Bo — could be used with a compression ration 
° 
Before proceeding further it would be well to emphasise 
that of all the known volatile hydro-carbon fuels the 
total internal energy ( into account the heat of 
Toni catiy Gath av ence en ee 
volume on the other) is substantially the same, t is 
pe Bh meer mer Mt age etmenel carl Rest |p 5a 


power about 2 cent, 
only exception is alcohol and thé other ineeiiverd of its 



































pletely evapora with the result t le | by the addition of inert which serve to 
amount of evaporation takes delay the normal rate of Cernig rm ts with 
place in the cylinder d aromatic-free petrol ot eae toluene value 0 showed 
the suction stroke, thus b that the safe compression ratio could be raised from 
increasing the weight we 4-85 to 1 up to 7-5: 1 by the addition of cooled exhaust 
T 
7 
. 
’ ‘ 
‘ ' p 
1 
! 
' 
| a i —_—_" 
| | | 
' 
' Fe 
' it ' : 
| uy | 
—_—— - = ~ > « . n a 
| 
| om 
‘ 
(6478.8) 
Fie. 4. 
charge and reduci the compression temperature. ; gas. Fig. 6 shows = relation between mean ure, 
Papelah tineccies that betect or matures of bonne! end thermal efficiency and compression ratio, w: just 


petrol give higher power at the same compression than 
have recy es Some ee Oh ae 


engines 
too high @ compression for efficient use | of 


l, with the result that a late ignition 

netting, an often an over-rich mixture also must be 
The addition of benzol in such & case permits 

of the use of full ignition advance and the most efficient 
mixture h, and so gives rise to this very prevalent 


=~: the total internal 
ore 


y 
the power output available from, 





sufficient exhaust 
check detonation. 


was admitted in each ease to 
iy NS EY Ta 

mean ive pressure ciency 
obtained with a fuel of high toluene value and of the same 


total internal energy. The divergence between the 
two mean curves i roximately 
the SS of inert gas added. It wi ° ed 


4°05: to over 6: 1 without any reduction in 
whatever, , and with a very substantial guin in efficiency ; 
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thus it is possible to improve the economy of an engine 
by as much as 6 per cent, without affecting its horse- 
power one way or the other, by the mere addition of 
onan’ a costing nothing, and adding nothing to the 
w oO! engine. 
© appreciate the possibilities of the use of exhaust 
in this manner, let us suppose that we have a fuel of 
toluene value 0. , With such a fuel the iy ope com- 
pression ratio we can use if the engine is to fe, ead 
of running “full out” at ground level, and with an 
economical setting, is only 4-85: 1, corresponding to 
a limiting thermal efficiency of 32-7 per cent, By the 
addition of cooled exhaust gas. a compression ratio of 
say 7:1 giving a limiting thermal efficiency of 38°6 per 
cent. could be used and still permit of the engine —. 
run full out on the ground with perfect safety, an 
developing even at ground very nearly the same 
power as the lower com: . As the machine 
ascended the quantity of exhaust would be reduced 
until at about 12,000 ft. it could be cut off altogether. 
It will be seen that, in this manner, not only can a hi 
compression engine be made to operate safely on the 
ground with any fuel, but that the control of pet Ancor gas 
can be made to afford a very efficient’ alt?tude com- 
pensator. By way of comparison, tests were run with 
varying compréssions and with a fuel of toluene value 0 
in order to ascertain the relation between mean 
compression pressure, and com on ratio when de- 
tonation is prevented by throttling, The results obtained 
are shown in Fig. 7, an uire no particular explanation. 
It is interesting to note, owas that detonation be- 
came apparent at very nearly same compression 
ressure in all cases. By way of comparison it will 
noted that with this fuel the throttled engine with 
7:1 compression ratio can develop only 57 per cent. 
of its full power on the ground while the exhaust con- 
trolled engine can develop 84 per cent. 
Safety Fuels.—A good dea] of interest has been shown 
lately in the question of employing fuels of flash - 
int to avoid fire risks. So far as the writer is aware, 
erosene only has as yet been seriously considered. 
There are two possible methods of dealing with this 
fuel: (1) by vapourising it and so using it in a normal 
type of engine ; (2) by injecting it into the cylinder as a 
liquid, either during the suction stroke or at the end of 


compression. With to the first com- 
mercial kerosene consists almost entirely of heavy 
fractions of the paraffin series. These are all chain com- 


unds, and their chemical stability decreases with 
increase in molecular weight. From the point of view 
of detonation, therefore, kerosene is one of the most 
be mae ble propeaiain of it a n> lhe 
v @® reasonal it, it is necessary 
to raiso its initial temperature to certainly not less than 
ose. poe mncens © vapeeeine ine [eight of 
charge of at least 20 per cent. as compared with 
and a co ing reduction in mean pressure. er 
to its chemical instability on the one hand and 
the com: ion temperature resulting from pre- 
heating, is reduced to about 
4-2:1, corresponding to a limi thermal efficiency 
of only 30-2 per cent. and a indicated mean 
of only about 115 lb. per square inch, or; say, 
100 Ib. per square inch brake p' \ no means 
have yet been discovered oo oh the heavier 
fractions condensing on the cy! w 
down into the crank-case, where 
destructive to the bearings, &c. 
proved in the case of stationary 

that so far the only kerosene 





kerosene engines 
of normal t, 
ts 
over long w the worki 
are open oe we each bearing is lubricated ‘adivieivelly. 
Although detonation can be kept in check and a com- 
high compression ratio oe with the 
of dition of exhaust gas, yet low-power 
output, the condensation trouble, and the low efficiency 
serious drawbacks as, in the writer’s opinion, 
to put kerosene out of court as a fuel for exi types 
of aero engines. The alternative method of mee | 
the fuel is not much more hopeful so long as it is i 
to the existing type of engine. If the fuel is injected 
on the suction stroke one avoids the loss due to pre- 
paw 2 and can, therefore, use a higher compression 
and obtain considerably power, but the con- 
Vil tee GOUEEe cl mectiling end pemying, nell 
w the pro of m and pumping small 
tities of fuel and maintaining correct proportions 
the fuel and air at all loads and speeds is no 


one, 
ng As aA the fuel be om at the got —_ 
pression ignited on en y means of a hot te 
or other igniter, the very formidable difficulty at 80 
pulverising and distributing the fuel that each particle 
can find at once the necessary air for complete com- 
bustion has got to be tackled; it is one which is v 
familiar to the author from bitter experience 
Diesel and semi-Diesel ines. There 
another way of dealing with tie 
problem which, in the writer’s opinion, is the most hopeful 
at the moment. Many natura kerosenes. contain a 
considerable proportion of heavy aromatic hydro- 
carbons havi the same characteristics as regards 
flashpoint as the kerosene of which they form . 
These aromatics burn with a smoky fiame, 


it 
is, however, 


with an inlet temperature of 60 deg, C. 1t is still possible 
to use a compression ratio as high as 6 : 1, even and 6-5: 1, 
with the result that the efficiency is very high and the 
power output equal to or very near! ual to that 


ly 
obtained with ordinary petrol of low toluene value. 
gas| Direct comparative tests carried out with 
and samples of these aromatic extracts 
. gr. 0:812; 
our, 0-595; 


ffin 

ve the fo 
.M.E.P., 111-0; 
aromatic extracts, 


180 


results :—Kerosene, 
fuel pt. per 1 h.p. 






5. 


= 
7 


$659.0) 


sp. gr. 0-884; I.M.E.P., 125-5; fuel pt. per 1 h.p. hour, 
0-42. In both cases ously the same vaporiser tem- 
perature was used, the only difference being in the 
compression ratio ype: Ag The results obtained 
are, in the writer’s opinion, sufficiently encouragin 
to justify further investigation. The difficulty o 

tion still remains, but this cmecere to be less 
serious than with kerosene, since the freedom from any 
tendency to detonate its of more. pre-heating, 
while it is open to question whether the heavy aromatic 
condensate is as destructive to lubrication as the paraffin. 


(T’o be continued. ) 





Tue Kunze-Kyorr Ramway Brake tn SwepEen.— 
The final trials, on the strength of which the Kunze- 
Knorr brake was recently adopted in Sweden, were made 
on the Ange-Braecke line, which forms between Ange 
= — an almost continuous incline, 20 km. 
long, Li special goods train used in 
the weighed 1,300 tons and had a ly 
700 m., being made up of 57 carriages with 132 axles. 
45 km. per hour, with 8 brake vans, the 

within 70 seconds and 605 m.; at a 





CATALOGUES. 
Drawing O, Supele 3.——A list of instruments, inks, 
slide rules and samples of w! ms 


hite and buff drawing papers 
in rolls comes from Drawing Office Supplies, Limited, 
51, Cheapside, London, E.C, 2. 

Motor Car Accessories.—A little monthly journal 
entitled The Accessory is published by Messrs. Brown 
Brothers, Limited, of Great Eastern-street, London; 
E.C, 2, and Lady Lawson-street, Edinburgh, containing 
jnformation for agents and drivers. 


Fireproof _Doors.—Doors. and framing made up of 
strong steel plates and angle sections, riveted and hinged 
ready for building into bony te shown in a catalogue 

lhalmers Ce ag eae (General 
y, Limited), Erith, Kent. They are 
in large quantities. 

Electric Drills.—A series of portable hand machines 
for drilling, ing, reaming, and similar opera- 
tions is described in a number of leaf catalogues issued 
by the Westminster Tool and Electric Company, Putney- 
bridge-road, London, 8.W.15. The motor is enclosed 
in the machine body and the total weight for a powerful 
tool suitable for somewhat rough usage is kept low. 
The usual range of drill diameters is provided for. 


Chemical Plant-—We have received a number of 
catalogues from Messrs. Guthrie and Co., chemical 
engineers, Accrington, describing the pumps, vats, 
tanks, pipes and pipe connections made by them for 
use with acids, These have a very substantial lining 
of Ceratherm ware, which resists strong acids, hot or 
cold, and all Noreen < Seni. and is capable of with- 
standing great changes of temperature without c i 
We illustrated and described a centrifugal pump of 
Ceratherm type on page 253 of our last volume. 


Farm Oil Engines.—Some small horizontal four-cycle 
oil made by Messrs, Crossley Brothers, Ww, 
Man , are described in a special catalogue to hand 
from this firm. This type of engine is preferred on 
the grounds that it is more accessible and reliable in 
the hands of semi-skilled men and in the rough conditions 
of farm work. The normal sizes give 3 brake horse- 

er and 6 brake horse-power running on oil, and about 

h.p, more in each case on petrol. Several modifications 
are made. Some having proper or separate tank coolers, 
and others being designed to run on benzine, alchool, 
producer gas or town gas fuels. The engines are simpl 
and strongly constructed, and are designed to run wit 
the least possible attention, 


Marine Oil Engines.—Messrs, Werkspoor, Amsterdam, 
send a catalogue, in English, describing the construction 
of their high compression heavy oil engines for ship 
propulsion at cargo-boat speeds. Eleven standard sizes 
are made, the maximum indicated horse-powers ranging 
from 475 to a ie a Aw a) not bo goen with the 
power figures o' tish engines, which are generally 
rated by the brake horse-power delivered to the pro- 
peller Evidently great care has been given to 
the construction of the engine, especially in avoiding 
redo my of — due to localised. heat and in 
rendering access for cleaning and overhaul easy. The 
firm licensed to build the engine in this country are the 
North Eastern Marine Engineering Company, Limited, 
and Messrs. Hawthorn, Leslie and Co., Limited, both 
Tyneside firms. 

Reducing Pressure Turbines.—Where motive power 
and steam heat are required on a large scale, the problem 
arises as to the most economical means of supplying 
both. Obviously there is a apees yd that the con- 
peo Nene aan pedal and low pressure steam 
may be blen into a complemen 
given scheme must be conditio on the relative 
magnitudes of the two demands and the limits of varia- 
tion in each. A large central heating system combined 
with an electric current demand would present a com- 
paratively simple case, while in chemical, textile, 
sugar, paper and other mills a variety of complications 
would be encountered. The Metropolitan Vickers 
Electrical Company, Limited, 20, Brazennose-street, 
Manchester, have developed the Rateau system of steam 
turbine to meet this problem, which, in its commercial 
aspect, is largely affected by the sustained rise in the 

rice of coal. The matter is di d very clearly in a 
0-page pamphlet prepared by the firm, with illustra- 
tions of a few successful plants designed for various 
a. The pamphlet 


the 


system, and any 





ould be studied by those 
ving similar problems to solve. 


Machine Tools.—A fine series of planing, shapin 
and slotting machines is shown in a catalogue receiv 
from the Butler Machine Tool Company,* Limited, 
Halifax, who are members of the Associated British 
Machine Tool Makers, yore All <9 tools are — 
for high cutti with ample materials, 
Soncinee wie F and full equipment of self. 
acting and time-saving devices. The planers include a 
direct reversing electric motor drive using the Lancashire 
Dynamo Company’s motors. The shapers are classed 
as traversing, and tool-room types; in the first 
t the planing head is traversed and in the others 
hn. utsAabie is. traversed. A considerable of 
turning, rotating and tilting work-tables and holders 
are available for use with these machines, It is in t 
to note that the Whitworth quick-return stroke i 


y revived, and Messrs. Butler frankly state that they 

a SP ee ee eens ak taal 
to inven w ] 

it. The Le ane which seemed for @ time to 

oe ek ri his sana mT 
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MECHANICAL WARFARE ON LAND 
AND SHA. 

Tae advent ofthe tank in the late war is con- 
sidered by many people to have been quite a new 
development of warfare. In fact a new ent 
of the Government was formed called “ Mechanical 
Warfare.” This implies.that mechanical warfare 
was considered, a. new. invention, but the fact is 
that it has been practised at sea for a very long 
time and was long ago developed to an extent 
which, is eve now, quite unknown in the army, 

It. is rather difficult to . define “ mechanical 
warfare ’’ for, the reason that every sort of weapon 
is a machine, and such a thing as a machine-gun 
or a.rifle is a, machine of very complicated character. 
In the,sense in. which it is used in the Army the 
term \presumably means the use of a self-moving 
fighting machine carrying a crew which control it 
in place of employing the men as fighting indivi- 
duals. In this sense mechanical i 
old method of fighting at sea, T 
there. was the same. as the land, method, i.e., the 
men fought hand to hand and the ship was only 
used as a means of carrying them on the sea. 
This was slightly improved on even by the ancients 
when. they fitted their ships with rams and used 
them as fighting machines. They were still, how- 
ever, propelled. by hand, 

In Tudor times a quite different method of 
fighting was developed. The ship was fitted with 
sails and therefore ceased to require the manual 
power of the erew.to propel it. Further, the gun 
was made the principle weapon ; the English ships 
had crammed into them every gun which was possible 
to place, and these guns were very powerful for the 
size of the ships. This was an enormous step, for 
the crew now became the brains and guiding power 
of a self-moving fighting machine, and this proved a 
far more efficient. method of fighting than masses 
of infantry in ships.. True the guns and sails still 


required manual labour to work them and the ship | i 


was dependent,on the wind. The principle of 
using a sailing ship and her guns as the main fighting 
weapon was however definitely established, and it 
was this method of fighting which decided sea power 
from then onwards. 

It is true that in sea conflicts a certain number 
of ships were taken by boarding up till quite 
recently, but the,number was quite small, and a 
great proportion had really been subdued by gun- 
fire before being boarded. Fleet. actions were, 
however, practically entirely decided by gunfire, 
and the very large majority of single-ship actions 
also. 

The wooden ship with smooth-bore guns remained. 
the main fighting unit till the American Civil War, 
when the ironclad turret ship appeared on the scene, 
Since then progress in mechanical warfare at sea 
has been enormously rapid, steam or oil engines 
having completely ousted sails while mechanical 
means of loading guns, handling ammunition, &c., 
have developed to an enormous extent. It is, 

to enlarge on these points, but it is inter- 
esting to compare the results’ of, this development 
on the relative fighting efficiency of the Navy and 


y- ; 

The principal fighting unit ina fleet is the battle- 
ship. manned by, roughly speaking, a thousand 
men, or about the same number as an infantry 
battalion. Such a ship usually carries some eight 
15-in, guns, each of which can be fired at the rate 
of nearly one shot per minute, as well, as a con- 
siderable number of 6-in. or 7-in. guns which can 
be fired several times a minute.. The greater part 
of the ship is protected by heavy armour, and. it 
can steam,|some 400 miles, or more, a day for 
several days, 

Itis fairly evident that this is a far more powerful 
fighting organisation than a battalion of infantry, 
even if the latter included its share of both. field 
and heavy artillery. In fact, the battleship .is 
probably a more powerful fighting weapon than a 
corps of four infantry divisions with its accompanying 
artillery, &c. Such a corps, including its gunners, 
transport, &c., would number some hundred 
thousand men. Of course, it is difficult to abso- 
lutely compare these, for it is hardly possible for a 
navy fand army to meet. We can, however, 
compare the methods, if we imagine what a fleet 





would be like on land or an army’ on’ the sea. The 
former is at present not a practical’ proposition, 
but the latter could be realised. 

There seems no reason’ why an army’ like the 
German Army at the beginning of the late war 
should not have been put on the sea with practically 


no diminution of its fighting efficiency. It consisted 


essentially of some millions of men, the greater part 
of whom were infantry armed with rifle and bayonet. 
It had @ certain amount of field which 
could ‘move fairly fast for @ short time, but which 
only fired 18-pound shell at low velocity. It had 
also howitzers served by hand and with a very low 
rate of fire, ranging from about 6-in. to 15“in.) which 
were towed by mechanical tractors at very low 
speed. The whole army ‘could move with luck 
perhaps 20 miles to 30 miles a day. No part 
of the army had any real defensive armour. 

We can quite well imagine an army like this put 
on ‘the sea with little diminution of its fighting 
power. It would mean’ several million men in 
glorified row boats. The heavy guns would be 
mounted on pontoons, each towed by a small tug. 
It is quite evident that although the offensi 
power of an army like this on thé sea 
practically the same as on land it 
ineffective against even a quite 


3 


: (1) What is the main reason for. the 
; (2) How far mechanical warfare can be 
developed on land. There are probably many 


31 
Between the extremes of the most primitive 
payee and alternatively having the very 
‘possible men on the job regardless of the cost 
margin, 


of plant, there is a very wide 
people execute engineering work in’ different ways 


according to their tem it, ‘No 


peramen’ two 
exactly as to the extent’ to which rp come 


money on plant to economise direct labour. 

is mainly a convertible term for man power 
and it is essential to face the fact that 
issue has to be decided in a fighting foree. 
to say that the fewer the men put into mt ie 
line the more perfectly they can be’ armed 
equipped. The resources of any country are limited 
and in a war fought to a finish it is just a choise 
between numbers and armament. 


large amoutits of direct labour. 
evident that many of the modern 


reasons for the greater development on sea than} obsolete 


on land. It was no doubt. greatly accelerated 
in the early days by the fact thatthe i 

merchant ship could be ‘used as the basis of a fairly 
efficient fighting machine. Thus the early fighting 
ships were merchantmen fitted with guns. Similarly 
the early engines in warships were commercial 


marine engines. In modern times, however, 'wé' 


have gone far beyond this, and a warship is com- 
petely different to a merchantship on every way, 
in some cases being even a submarine. 

The principal reason for the enormously greater 
development of modern fighting methods on sea 
than on land of recent years appears to be largely 
due to the different mentality of those controlling 
naval and military affairs.. If we consider the 
outlook of the representative naval man we usually 
find that on the whole he is very progressive /in 
his, ideas as ‘to the) utilisation. of sian’. power. 
There are always two ways of using man power 
whether in warfare or anything else... On the one 
hand we can! have a very large number of men at 
work on thé job itself and comparatively few else- 
where supplying them with plant, on the other hand 
we can have more perfect plant, needing many 
more men to make, but have fewer men on the job. 
Acivilian instance will illustrate this. We have, let 
us say, @ canal to make. This can be done either 
by having.a large number of labourers simply 
digging with picks and shovels, or alternatively 
can be done by;a comparatively small. number.of 
actually at work on the ¢anal,, but, supplied 
ith the most modern steam excavators, &c. 

first case the plant. would be very i 
the number of men required to make it 
be very small. In the second case @ very. 
smaller number of men would be required on 
canal, but the number of men at home making 
plant would have to be greater. 
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ers 





type. tob « 

In the army a very different feeling ails and, 
led apparently largely by Continental the ory 
has been for large numbers of men, the perfect arming 
of these being a relatively secondary: 2 
It has, of course, | been, that the army 
must have: and that these must be im 


from time to time, but the dominant idea has been 
numbers as a first consideration and armanient as 
a second, 
| It only requires a very superficial knowledge 
of weapons. to see thie differente in, ‘the ideas! of the 
Navy and Army as to numbers versus quality. We 
may take guns a¢|an exam Onee'& pattern 
of gun is approved in the Army it remains standard 
for many years. Jn the Navy new and improved. 
patterns are constantly) being made, The Navy 
dould, of course, haye greater numbers of guns, 
ships and men for the same money if it was willing 
to, put up with same pattern for years, but it 
is preferred to have the besti and tobe content 
with a reduction of number. 

The ‘same tendency was shown by the demands 
of the Army at the beginning of the late war, We 
started with a very small number, of men in the 
Army, but with enormous manufacturing resources, 
and for a considerable time these 


bes, were 
not seriously crippled by the withdrawal, of men 
for the Army, as was ily more or, less the 


case with our enemies, who put huge armies in the 
field. It would therefore obviously, have , been 
possible to produce aeroplanes, guns, ammunition, 
bombs, tanks, &c., in enormous quantities early 
16 Gi Ee He, 1 Pele 29 ANID IP OO A 
regards i 


The one at the A 
however, for, infantry, an By « infantry, _ the 
could be taken if enough men were sent against it. 
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im 
the field has 
this means the employment 
ber of men on the. lines of communications. In 
the second place men in the field are subject 
to heavy casualties while those at home for all 


population as the war goes on than that relying on 
more perfect weapons. In the third place the 
smaller the number of fighting men in. the field 
the better their average,quality and the ‘better 
their training, 

This last is a very important point because the 
number of men in a country who are by tempera- 
ment/really fitted for fighting is limited and the 
number of men who can be really trained is also 
limited. In ordinary civilian life the, majority 
of the community by trial and error 
into the jobs they are fitted for 


z 


pretty 

further each 
man is trained for it by many yeats of experience. 
Thus some men are blacksmiths, others fitters, 


is the question of 
methods . ‘Taking the first point there 


fi 
ot 
wy howitzers were, for instance, loaded and 


carry 5 tons in place of 3 tons? It would reduce 
the number of lorry drivers to three-fifths in one 
stroke. Many points for improvement would 
come up, and each would suggest a farther one. 
The great reduction ‘in men in the fighting ‘line 
must, however, come from thé development of 
modern methods of fighting. ‘The tanks were’ the 
first attempt, apart from afew armotired 
to develop the use of a fighting machine in ‘modern 
land ‘warfare. Fortunately ‘for otir' infanitry,' but 






‘would have forced 





unfortunately for scientific progress, the Germans 
never developed this arm. Had they done so they 

progress in tanks as they did 
in aeroplanes, and we should have had to improve 


our machines to meet them, as we had to improve 


The idea of the tank is, however, only in its 


yet beem done. There appears no possible reason 
why it should be limited to the very small size 
in which it, has yet been made, or why it should not 
be varied in pattern according to the work required. 
A. navy. would be of no use if composed of only 
two or three types of vessel for all purposes, and 
hence it consists of every type from a small row 
boat, to a battleship. 

So to make tanks really effective many kinds 
would be required of all sorts of sizes up to very 
much larger ones than have yet been built, and 
carrying much heavier armour and guns. How 
large such tanks might be we cannot tell because 
large machines take time and experience to evolve, 
and the large battle-ship of to-day has taken a 
great number of years to develop. There seems 
no reason, however, why land fighting machines of 
several hundred tons should not. be built in the 
very near future. A fighting force of this kind 
could no doubt be developed which, in conjunction 
with a suitable force of aeroplanes, would be more 
than a match for any practicable: number of men 
armed in the ordinary way. 

The essential requirement for any real develop- 
ment of mechanical science in the Army as a sub- 
stitute for huge numbers of men is, however, 
that the bulk of the officers controlling it should be 
anxious for such development and should be in 


‘|}sympathy with the idea of using as small a number 


of men in the fighting line as possible, and using 
science to the utmost extent to make each man 
efficient. At present this state of affairs cannot 
be said to exist. The tendency is, on the contrary, 
to look on the scientific arming of the men by 
mechanical means as at best a necessary evil. 
This has been; more or less, the case ever since the 
knights complained of the “ villainous salt petre ” 
many hundreds of years ago. There are no doubt 
many reasons for this. Possibly a very powerful 
one is a mistaken sense of chivalry, a feeling 
that pluck is the only factor’ which ought to 
decide a fight, and that to use one’s brains to 
make weapons more perfect is to take an unfair 
advantage. Another possible factor is that 
mechanical pursuits do not as a rule conduce to 
that cleanliness and smart appearance on duty 
which is so dear to the heart of the army officer. 
A third may possibly be the feeling that the social 
standing of an officer might be lowered by his 


becoming a mechanic. 


Whatever the reason, there is no doubt that the 
feeling of distaste for scientific mechanical appli- 
ances exists, and that it is quite impossible to 
develop them properly in the Army till it is 
removed. It is also necessary that the thorough 
study of mechanical i should be given 
a far higher place than it now has in the Army, 
and that those possessing the necessary knowledge 
should be given much higher rank and pay. 

Incidentally, if the Army were more progressive 
in mechanics it might make a great deal of difference 
to its standing with the general public. The 
— is often asked why the Army is so much 

than the Navy. Individually the 
officers and men in the Army are recognised as being 
the equals of anyone, yet as a whole the Army has 
except in certain circles been less popular than the 
Navy and has not commanded the same respect. 


ears, | The reason for this is probably very largely that 


Army 


the is't6 no small extent out of sympathy 
with 


the ‘rest ‘of the population. We are, on the 





whole, an extremely mechanical and progressive 
nation, and the Navy is thoroughly mechanical and 
progressive, while the/Army is not. 





THE SALVAGE OF THE DREDGER 
* SILURUS.” 
(Concluded from page 8.) 

Tux securing of the winches to take a 10-ton load 
each was a simple matter. The securing of the 
purchases,’ standi and runner blocks in- 
volved a good deal of work. The standing parts 
of the parbuckles required four bollards to stand 
200 tons each. The three shore runner blocks 
were also provided with a 200-ton bollard each. 
Nine standing parts of the 6-in. runners each 
required a 100-ton bollard. Nine shore ‘purchase 
blocks had similar bollards, and two lead blocks 
had 20-ton bollards each. 

For all, except the ‘three bollards of the after 
purchases, it was possible to obtain fairly satis- 
factory rock foundation. The centre of the ‘pull 
was not more than 2’in. above the surface of the 
ground in most cases: For the 200-ton bollards, 
old vertical boiler shells were used, stiffened with 
a ring of 9-in. by 3-in. by }-in. channel bar to take 
the strain of wire. The shells were placed in 
reinforced con¢rete, which’ filled the hole cut in 
rock, to receive bollard. The ‘fire-box of the ‘boiler, 
or part of a smaller boiler shell was placed inside the 
boiler ‘shell and the whole carefully packed with 
concrete. ‘For the 18 bollards to take 100 tonseach, 
short lengths of 11-in. “or 12-in: propeller shaft 
were used. These can well be seen’in Fig. 12, 
on the opposite page. They were also secured 
in reinforced concrete. 

The various standing parts of the parbuckles and 
runners were set up to their bollards with wire 
lanyards in special cast-steel lanyard 
thimbles, fitted in the eyes of the 94-in. and 6-in. 
wires. The 6-in. wires were all rather short, so 
that fairly long lan were used, thus enabling 
the purchase blocks to be hauled out to the runner 
blocks again by shortening the lanyards. This 
enabled the purchases to act efficiently’ through 
a longer pull than the 120 ft. allowed for. The 
various shore blocks were secured to their bollards 
by suitable wire straps. A typical set is well shown 
in Fig. 12. 

To operate the 34-in. falls, winches designed for 
a pull of 10 tons were used. As 10-ton winches 
were not promptly procurable, ordinary ship’s 
steam winches were used to drive special winding 
gear. One of the ordinary drum ends was taken 
off the winch shaft, to which a half-coupling was 
then fitted to take the half-coupling on the end of 
the pinion shaft of the'special winding gear. This 
gear consisted of a 12-in. pinion gearing into a 
60 in. diameter spur wheel, mounted on a 5 in. 
diameter steel shaft. As the great length of the 
falls prevented the use of drums to wind up the 
whole fall, ordinary large winch ends, 18 in. 
diameter, were specially arranged, carried in framing 
built of steel channels, on which cast-iron plummer 
blocks were secured. To avoid the risk of bending 
the shaft of these drum-ends, an outer bearing was 
designed, as shown in our Fig. 12. The bearing 
consisted of a 6-in. by l-in. steel eyebar. The eye 
worked hinge fashion on a 2} in. diameter steel 
pin secured to a channel bar frame. On the other 
end of this bar, a half-bearing of cast iron was 
secured, the steel bar being bent to grip this bear- 
ing, and its end then again bent back, nearly 
parallel to the bar between the hinge-pin and 
bearing, and projecting outwards from the bearing 
about 3} in. This steel bar stood at about 30 deg. 
to the line of pull and was in tension only To keep 
this swinging arm up to its work, a cast-iron strut 
was hinged at the other end of the channel frame. 
This strut had an eye cast at its lower end, which 
was machined to work on « 2}-in. steel pin. The 
upper end caught under the projecting part of the 
6-in. by l-in. bar. This strut was at an angle of 
about 45 deg. to the line of pull. To keep the head 
of this strut, or pawl, from kicking out, a short 
piece of 1-in. round iron bent to a U-shape, was 
dropped into two holes, on the projection of the 
steel leg, the ends sticking down close outside the 
pawl.” The U-shape made this easy to remove, Two 
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men could apply, or remove, this outer bearing in 
a few seconds. The bearing being dropped out 
of the way, the turns of the wire could be thrown 
on or off the drum, with as much facility as with 
the ordinary overhung drum-end. The hauling 
part of the wire was worked underneath the drum 
to lessen the strajn on the back bolts of the winch 
frame. Six of ‘these sets were used, but a large 
steering engine with worm gear drive was used for 
the seventh fall. A winch end was mounted on the 





purchases. One dynamometer was placed on the 
hauling part and the other on the standing part of 
each purchase, and, after a test load of 10 tons 
had been several times put on and off with the 
relief valves screwed down, the valves were eased, 
and a number of tests up to 8 tons were made on 
each set to arrive at the frictional loss. No very 
definite data were to be found in any of the engineer- 
ing publications consulted on this point. Some 
gave the frictional loss as from 5 per cent. to 10 per 
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shaft of this, instead of the drum for chain, and an 
outer bearing was fitted. 

As it was of much importance to keep within the 
proper limits for the winches, a relief valve was fitted 
on the pipe connecting the two valve chests of the 
winch cylinders. Each winch was carefully tested. 
Two dynamometers, one hydraulic and the other 
spring, and each for a 15-ton load, were used in 
tandem on the winch wire. The dynamometers 
worked fairly closely together in their readings, 
and the mean reading was taken as accurate. 
The test load for each winch was 1] tons. After 
the test load had been put on and off several times, 
the relief valve was eased, so that it blew with 
8 tons on the wire. At 8} tons on the wire, the valve 
was blowing hard. This small margin before 
blowing hard was necessary to enable the winches 
to restart under full load after they had been 
stopped. 

A number of tests were next made on each of the 
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cent., others put it at 2 per cent. for each sheave. 
A number of tests made in this case showed that at 
all loads. between 3 tons and 8 tons on the hauling 
part, the loss was not strictly a percentage, but 
a percentage plus a constant. For the blocks 
tested in this case, and their falls of Bullivant’s 
extra flexible galvanised steel wire, it was found 
that the loss was 5 per cent. of the difference between 
the strain on the part before reaching sheave and 
that leaving sheave, plus 2 ewt. 
basis the calculated difference between the hauling 





Using this as a} 





|The difference between dynamometer readings on 


the various tests was, however, much greater than 
the difference between the mean result of the tests 
and the result arrived at in this manner. 


for the standing part was 4 tons 9 cwt. 
The lowest standing part reading was 3 tons 18 cwt. 
The mean of the nine readings was 84-5 owt. for 
the standing ‘part. The calculated load on the 
standing part was 86-2 cwt. At 7 tons on 
hauling part, the mean load, as observed and 
calculated, ‘coincided at 73-5 cwt. for the 
part. With 6 tons on the hauling part, the 
observed load on the standing part was 58 owt. 
as against 60+8 cwt. calculated. At 5 tons, 
observed mean was 47, as against 49-3 calculated. 
At 4 tons, 37 cwt. was the mean observed load, as 
against 35-7 cwt., given by formula; and at 3 tons 
on the hauling part, 23 cwt. should have been the 
load on standing part as calculated by formula, 
against 22 owt. for the mean observed load. 

Neglecting friction, an 8-ton load on the hauling 
part of a 10-part purchase should give 80 tons 
pull by the purchase, but the actual result ‘to be 
expected is only some 60 tons, for friction is a very 
considerable factor. 

Steam for the winches was provided by bi 

boilers, some of which are shown in_ Fig. 
As there was a considerable distance between eS 
four winches working the forward purchases and the 
three winches working the after purchases, the 
boilers were rigged in two batterles. Each battery 
of boilers was arranged so that any boiler could 
be cut out, or used for steaming any of the winches 
supplied by the battery. Flexible metallic steam 
pipe was used for connecting boilers and winches, 
As the winches were out of sight of one another, 
steam whistles were fitted, and a system of signals 
arranged, so that stopping and starting could be 
properly synchronised. 

For giving buoyancy to the vessel, a number of 
boiler tanks were obtained, of about 8 ft. diameter 
by 30. ft. long, . These were rather heavy for their 
net lifting power of about 30 tons each, Three 
cylindrical oil tanks, 30 ft. Jong by, 9 ft. diameter, 
and four similar tanks, 20 ft. long by 9 ft. diameter, 
were also used. These were of j-in. steel plates. 
To take the nip of the wires, channel bar rings 
were slipped oyer the tanks to the required position, 
These channels were 9 in, by 3} in. by § in. in 
section. They were not riveted to the shells; the, 
grip of the wire ropes held them in place quite well, 
and as they were loose until the strain came on 
it was possible for divers to shift the rings slightly 
so as to get the right position to, suit the wires. 
With these light tanks, it was necessary to fit some 
form, of pressure relief-valve. A connection for 
letting the water out was also needed. As both 
these valyes were required where divers could get 
at them easily, and as the tanks were needed for 
turning through about 90 deg., it was decided to 
make the water outlet also act as an automatic 
relief valve. This was secured by fitting a piece af 
flexible suction hose to the cover of the tank dome, 
long enough to reach within about 18 in. of the 
bottom of tank. To the lower end of the suction 
hose, about 2 ft. of iron pipe was fitted. This, pipe 
not only made the suction hose long enough to 
drain the tank, but ite weight made the end of the 
suction always seek the lowest point of the tank, 
no matter at what angle it lay. No air could 
escape until air filled the tank down to the bottom 
of the pipe, and the pressure of air could not exceed 
the pressure due to the vertical height between the 
outlet and the bottom end of the pipe. 

Before putting a strain on the purchases, two of 
the 20-ft. by 9-ft. tanks, giving a net lift of about. 
30 tons each, were secured to the horizontal driving 
shaft which ran along the top of the tower over the 
hopper. At its after end, this shaft was in the mud, 
and divers had to clear away the mud to pass the 
wires round it, Another 30-ton tank was secured 
to the rim of the starboard spur wheel, which 
worked the top tumbler. A 30-ft. by 9-ft. tank, 


ef 


| giving a '50-ton lift, was placed on the upper side 


and the standing parts did not, however, quite |ladder and secured in place by wires, which also 
coincide with the mean of the results obtained at | caught the bucket links. When preparing to put 


each } ton of increase in the hauling part. strain. 


these tanks into place, it was found that’ the castings 
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on the top of the tower, to which the main 
both Lee, Seotbeicn oak Pasar ein the 
ladder were fixed, had been broken. 

As the top of ladder, and nearly all the tumbler 
and the top of bucket chain had been driven into 
the mud, the ladder and tumbler had no 
of getting much out of place, until the ship 
to come up, At the first move of the rest of the 
structure, it was expected that the tumbler and 
top of ladder might fall clear and make a general 
wreck of everything about them. It was not 
possible to tell in what state the port or underneath 
side of tower and its gear were, as all this was at 
least 10 ft. below the surface of the mud. 

The divers.got a 2-in. chain sling round the rim 
of the starboard wheel, and one of the legs of the 
tower, and set. the two ends of the sling tight with 
a lanyard of 2-in. wire. As close up as possible, 
two turns of 8-in, circular wire were also 
through the ladder, and round another part of the 
tower framing. These lashings, with the 
weight taken by the tank on the spur-wheel and the 
tank on the ladder between the deck and the top of 
tower, were sufficient to keep the gear from dropping 
away at the start. To check any tendency of the 
ladder to move forward, a le built of a length 
of 14-in. by 6-in. rolled-steel joist and pitch-pine 


logs was constructed, Jong enough to rest on both | - 


legs of the tower, and also small enough to get 
between two buckets. Using the steel joist and pitch 
pine together made the toggle fairly light in the 
water. This was a very important point, as the 
divers had to do most of the work of putting it 
into place themselves. The angle at which the ship 
lay made it almost impossible to give them much 
help from overhead. It was found possible to 
secure the toggle to the bucket links with a couple 
of 1-in. bolts. 

Before starting to turn ship, 1t was necessary to 
remove about 1,000 yards of 'ground in-shore of 
her, as shown by the dotted ground line in Fig. 1, 
page 6, ante, so that when turned there would be 
@ sufficient space of,faired ground for her to lay on 
with safety. As it was not prudent to keep a man 
on the ship whilst turning, was ih progress, a weighted 
pointer and indicator were used, so that the move- 
ment of ship could be read off from a point ahead 
of her. 

When all had been prepared and tested, air was 
pumped into the after peak, engine-room, stokehold, 
and all the starboard side compartments forward of 
stokehold. The compressors were on board the 
salyage steamers, which were moored outside the 
ship, and far enough clear to avoid trouble, if any- 
thing carried away and the ship came back with a 
run. These’ boats also used their whistles to signal 
to the winches, as required. 

At about three-quarter flood, the winches were 
started, and, as soon as the d ometers, which 
were on the standing parts of the falls, indicated 
that the calculated strain had been reached, it was 
noticed that the ship was coming over. The long 
span and the considerable weight of the blocks 
combined to make the purchases themselves fairly 
sensitive indicators as to how the strains were 
being applied by the winches. Any winch that went 
@ bit slow promptly caused its block to sag below 
the line of its neighbours. Fig. 13, page! 33, shows 
various stages of progress in the turning operation. 
This figure also indicates some of the factors of the 
caloulations made in reckoning out the canting and 
righting moments to be considered. As the ship 
came jover, the air escaped from all compart- 
ments. After 5° of movement, the strain on the 
dynamometers commenced slowly to decrease, but 
not as fast as it would if the fulcrum had remained 
about the gunwale. The vertical through the 
centre of gravity was moving in towards the shore, 
but that through the fulcrum was also moving in 
at the same time. 

When the ship’s side should have been resting 
flat on the ground, which sloped at about 22° 
before ship moved, the strain was much greater 
than it would have been on hard ground before the 
bilge became the fulcrum, but, also, much less than 
it would have been if bilge had become the fulcrum. 
This indicated that a compressed wave of the mud, 
ee ee wee shore by the 

p’s weight, as she came over. At about 112° 
ot list, the dynamometers ceased to indicate any 





reduction in the load on the. purchases. A little 
later, an increase in load was evident, and at 103° 
the strain rose rapidly, indicating that the bilge 
was now hard on the ground. The net effect of the 
nara, spoil was to reduce the slope of ground 
y 9°. 

Heaving was now stopped. All falls were chalked, 
so that the movements of parts could be observed, 
and the hauling parts were eased, but not enough 
to cause the chalk mark on the ing parts to 
move on the last sheave of the shore block. This 
brought even strain on all parts, and the hauling 





As the next move was the heaviest pull on the 
purchases, it was necessary at this stage to re- 
arrange the buoyancy. The starboard side compart- 
ments forward of hopper, and a large starboard side 
deck-house, were made water-tight and pumped 
out. Tank lashings were tightened. Another 50-ton 
tank was secured under the ladder, and two 30-ton 
boiler tanks were placed under the lee forward 
and aft of the tower, what would ultimately be 
their lower ends resting against the hopper deck 
on the port side of the chute. To provide an extra 
factor of safety another purchase was rigged from 








Fre. 14. View or StarBoarp QuaRTER; VESSEL TURNED ON TO PorT SrDE. 
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Fie. 15. Sets or Bow TackitE AND PARBUCKLES. 


parts and the slack part leading from the drums were | the ship to the two standing part bollards of the 


clipped together. 


Ten turns of the wire were used | after parbuckles. This 40-ton purchase was worked 


on the drums. When heaving stopped, the tanks | by the winch of one of the salvage steamers. 


on the spur-wheel and ladder were well out of | 


water, and not giving much help. The air in the 
starboard side forward of the engine-room was no 
longer of service. 

Figs. 14, 15 and 16, annexed, are views of the 
vessel when she had been turned over on her side. 
Fig. 14 shows the ship’s bottom, and at the near 
end the two parbuckle sets passed round the stern. 
Fig. 15 practically a view at much the same stage 
of the proceedings shows the forward part of the 
vessel with the starboard side well out of water. 
Fig. 16 shows some of the sets of tackle at about 
this stage, the two to the right being the par- 
buckle sets arranged round the bows. 





When all was again ready and as much air as 
they would hold was in the port or lee side pockets 
and engine-room, another start was made. Again 
at about three-quarter flood the winches were 
started and again the ship came over quietly. At 
intervals the winches had to stop to allow the 
cylinders that were coming out of water to be 
removed. In most cases this was done by burning 
through the wire slings by means of oxy-avetelyn 
apparatus. After about three hours the ship had 
come over to about 24 deg. list (Fig. 17, page 35). 
and the dynamometers indicated a rapid increase 
in strain. Heaving was then stopped and hauling 
parts eased and secured. At no time did the ship 
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come over freely, and a fair strain had to be kept 
on the purchases’ to keep her from again go 
over. The bilge had crushed into the soft til 
so far that the top of the Gaighdn-tobith debit ob th on,the 
port side only dried at low water ina good tide. 

It was now’ seen that the spare buckets had got 
adrift when the ship went over and had carried 
away some of the "tween deck beams. The logs fitted 
across the ladder well to keep up the ladder, and 
buckets during the voyage were too badly wormed 
to stand any weight, and a new lot was fitted to 
keep the ladders and the buckets quiet. One of 


the Gareloch and a few days later was towed to 
Tome, for dry docking. 

nn docked and surveyed it was found that 
save for small local damages the vessel had come 
through its ordeal undamaged and unstrained, 
which is a good testimony to the quality of work- 
manship and design of her builders. © success 
attending the precautions taken to prevent damage 
by the slings during the operations was also evident. 
Saye where the bulwark and coaming plates had 
been cut to let the wires pass, the salvage work 
had left the ship intact. 
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Fic. 16. Srarsoarp Bow; VESSEL TURNED ON TO PorT SIDE. 
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Fie. 17. Vuessku RIGHTED TO aBovuT 24 Dza. 


the forecastle head winches was cleaned, and less 
than three days’ work got it running with steam 
from one of the salvage boats. 

As there was not now much drift on the purchases 
they were slacked, one at a time, and the runners 
shortened in. This was. necessary to provide for 

a ull inshore on the ship while 
pumping out. With her great top weight she was 
not @ good subject for moving with any free water 
on board. gen age sides of the engine-room and 
casing were tight by divers, and boxes or 
fitted to several of the port side hatches. 
the suctions down also gave a fair amount 
as the gratings nowhere allowed a free 
either the boiler or engine space. When 
out. the ship was hauled off to anchor in 


ii 


5 
5 


i 


The blocks and special fittings used in the case were 
all designed by the contractor, Mr. H. Ensor. The pre- 
paration of the bottom for the ship to come over on 
to and all the concrete work on shore was in the hands 
of Mr. A. D, Delap, M-Inst.C.E., of Messrs. Depay 
and Waller, Dublin. The wire ropes, some 10 miles 
long, were supplied by Messrs. Bullivants, Limited. 
The actual net cost of salvage exceeded £65,000. 





Imprrrat Motor TRANSPORT CONFERENCE.—We are in- 

er that copies of the ve of the n of 
rial Motor Transport Comference, at 

October 18 to 21 last, are now available, The re which 








THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. . 
(Concluded ‘rom page 21.) 

In’ with our comments on the exhi- 
bition of scientific apparatus, held on J 
5 and 6 at the Imperial College of Science and 
Technology, 8.W., we have first to mention the two 
further discourses delivered. The one, by Professor 
C. L. Fortescue and Dr. Bryan, an instructive de- 
monstration of “‘ Some of the Uses of Thermoionic 
Valves,” would call for more than a mention, if we 
had not recently dealt with these problems on 
various occasions. In the other discourse, on 
“Some Unusual Surface-Tension Phenomena,” 
Professor ©. R. Darling, of Finsbury Technical 
College; gave some exceedingly simple demon- 
strations of the beautiful phenomena upon which he 
first lectured years ago. His oily liquids, aniline, 
dimethy] aniline, ortho-toluidine, xylidine, quino- 
line, &c., should have nearly the same specific 
gravity as water. Drops of the toluidine, ¢.g., 
sprayed upon water, behaved in extraordinarily 
lifelike fashion, darting about under violent con- 
vulsions and coalescing or swallowing one another in 
a manner which, the lecturer emphasised, indicated 
chemical reactions and could not merely be ascribed 
to mechanical stresses. 

To our notice of the Aldis microprojector (second 
column of 21 of last week’s issue) we should 
like to add that the Rea wire coil of the lamp, 
giving the remarkable magnification and definition, 
measures 0-5in. by 0-4 in. Want of space compels 
us to pass over the optical exhibits of several 
well-known optical firms. 

The Talyden microscope of Messrs Taylor, Taylor 
and Hobson, of 62, Oxford-street, W., measures the 
diameters, up to 7 mm., of the Brinell ball 
depressions in hardness tests with the aid of a 
graticule, incorporated in the optical system ; 
the focal plane coincides with: the plane of the 
Se Set ti Gon Geter nee ere 
focussing. The same microscope, & workshop 
instrument, is used to examine formed cutting tools. 
A drawing of the tool, 50 times magnified, is made 
on squared paper; the tool is slipped into a V- 
groove of the foot, and the image, seen through the 
transparent squared graticule, is compared with the 
peme 


wing. 

The Davis-Pletts slide rule, shown by Mr. J. St. 
Vincent Pletts, is one especially designed to deal 
with mathematical functions. Along the upper and 
lower edges of the face of the rule are arranged the 
log-log scale and ite reciprocal scale, and they are 
related to the upper log scale in such a way that the 
numbers on the latter are the common logarithms 
of the numbers opposite to them; the range of 
the non-recurring log-log.scale can be indefinitely 
extended. Additional scales give a4 e* and log, aa 
(a being a number on the log scale) and circular 
and hyperbolic functions. The division of degrees 
is decimal, a somewhat unusual feature in this 
country. 

The Lea indicating, recording and integrating 
machine of the Lea Recorder Company, Manchester, 
has not needed any noteworthy improvement since 
we described.it about ten years ago, but it was 
exhibited also in a portable form as a self-contained 
recording apparatus for testing p In this 
form it is supplied with three notch of 90 
and of half, and a quarter of a right angle, the 
smaller notches being recommended for dealing 
with smaller quantities. A table giving the heat 
efficiency of a, boiler, when the evaporation. per 
pound of coal is known, was one of the diagrams 
exhibited, 

The large collection offchemical balances 


by Mesers. L. Ocertling, included types espee ly 
designed for Woolwich, for Egypt, for assayers 
and for works laboratories; some of the beams 


are serrated on the upper surface. to prevent the 
riders from slipping. 
Messrs, Negretti and Zambra’s dial thermometer . 


the | 204 thermo ph, the capillary stem of which is 


against temperature changes, wae 
Ten naed on cna Thi cl ame lames. 4k trcesaber 
last. The instruments are now used by railway 
co for the control of the heaters op 
Pall the locomotives, The chief point. of interest, fox 
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engineers in the meteorological instruments of the 
firm are the recorders for the rate of rainfall. 

The Freeman Precision Temperature Control, of 
the British Oil and Fuel Conservation, Limited, 
9, Southampton-street, W.C.,1, relies on the ex- 
pansion or contraction of an air bulb which is placed 
within the material or within the apparatus, furnace 
or still, to be heated. The movement of the bulb 
operates a short column of mercury, the one electric 
contact of which is adjustable by a fine screw. 
The mercury tube is mounted on a radial arm, 
the variable inclination of which to the horizontal 
alters the sensitiveness of the instrument. The 
control of the gas flame or fire is obtained through 
the intermediation of a nitrogen switch tube and a 
horseshoe magnet or a piston. The instrument, 
which contains other parts, was designed particu- 
larly for the control of oil stills, in order to make 
sure of distillates of correct boiling points, but it 
is generally recommended for the chemical and 
metallurgical industries. 

The exhibits of Messrs. Siemens Brothers con- 
sisted of temperature indicators of the suspended 
coil type. The new recorder for use with resistance 
thermometers or thermocouples is a box, about 
15 in. long, with sloping front, mounted on three 
levelling screws. The terminals are at the back ; 
on the top is the suspended coil in a casing, inside 
a clockwork and the drum for the chart. The 
pointer indicates the temperature both in deg. C. 
and F., and acting as chopper bar dots. curves, 
the, clockwork raising the inking mechanism twice 
every minute. 

Most of the electric firms, to which we have 
turned, displayed meters, potentiometers, Kelvin 
bridges, telegraph instruments and testing sets in 
great variety. In addition to such instruments and 
to the stroboscope we described last year, Messrs. 
H. Tinsley and Co., of South Norwood, exhibited 
the Wates automatic wireless transmitter for aero- 
planes, a small box on the top of which are three 
rows of holes. By inserting a plug in one of these 
holes and by puiling a lever the aviator can send a 
large number of messages to mark his position, to 
say where he intends to land, to call for assistance, 
&e.; the clockwork inside the box works a com- 
mutator and repeats the Morse signals four times. 
Messrs. Elliott Brothers drew attention to their 
latest pattern Century main testing sets, among 
the large collection of varied instruments. The 
Weston Electrical Instruments Company was like- 
wise well represented. 

The Foster Instrument Company, of Letchworth, 
made a special display of pyrometrical appliances. 
Their “‘ resilia”” millivoltmeter for these purposes 
is both delicate and so robust that the wall type 
instrument, fitted with edgewise scale, could be 
banged on the table. In this meter the cylindrical 
iron core, which is encircled by the pole pieces, 
of the armature is radially slotted to facilitate the 
mounting of the vertical axle upon which the jewels 
of the are mounted ; the inturned pivots are 
attached to the rectangular coil which is mounted a 
little eocentrically on the coil so as to balance the 
weight of the pointer. The current to be measured 
is introduced into the coil above through a control 
spring and below through ‘a ligament. These 
springs keep the axle in its bearing even under 
severe shocks, 

The most interesting novelty of Messrs. Evershed 
and Vignoles was the Pulsator Speed Control 
Systeni, for marine and other machinery, due to 
their Mr. J.C. Needham. The device is electric, but 
it is neither of the type of a voltmeter, nor a reed 
instrument. In the pulsator system the capacity 
of a condenser is balanced, gsin a Wheatstone bridge, 
against a non-induction ce. The instrument 
can be worked on any direct-current supply ; 
variations in the supply potential are of no conse- 
quence. ‘The condenser or tor, shown in our 
diagram, is so mounted in a box that it is alternately 
charged or discharged when the shaft of a four-arc 
commutator is rotated by a belt from the engine 





to increase speed, and an indicator on the bridge 
moves in the same sense ; as the engineer puts on 
speed, the pointer moves back to equili ibrium. The 
movement depends upon the rate of charge and 
discharge of the condenser, without any sparking. 
When the captain throws his switch over from ahead 
to astern, the engineer down below sees that he 
is to reverse; when the captain wishes to see the 
momentary speed, he moves the dial until the 
indicator is balanced. The system is said to allow 
of much greater accuracy than other speed controls. 
As demonstrated at the exhibition the instrument 
was arranged for calibration by the aid of a standard 
clock. Messrs. Evershed and Vignoles also showed 
their high-tension direct-current motor-generator 


DIAGRAM SHOWING THE PRINCIPLE 
OF THE PULSATOR SPEED TELEGRAPH. 
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set, in which six generators, mechanically coupled 
in tandem and electrically in series, three on each 
side of the motor, gave currents of 12,000 volts 
practically free from ripple. 

The Cambridge and Paul Instrument Company, 
of Grosvenor-place, 8.W., exhibited two very inte- 
resting novelties among other apparatus, shown in 
their latest style, such as the Rosenhain chronograph 
for plotting inverse-rate heating and cooling curves, 
the drum of which has been made reversible, the 
Griffith depth indicator, the MacGregor Morris 
anemometer and others, which we have described on 
former occasions. The Machine Running Recorder 
was made for Messrs. J. and A. D. Grimond, of 
Dundee, for recording the number and duration of 
the of textile machinery. The recorder 
exhi with 50 machines. When all the 
machines are running continuously, the card sheet 
remains white ; if all the 50 machines were stopped, 
50 lines would be drawn on the card, parallel to the 
direction of its feed forward. The mechanism is 
relatively simple and is mounted, together with the 
small constant-speed electric motor actuating the 
instrument, on a base of a few square feet. The 
motor drives @ worm a vertical shaft 

above a contact blade which slides in 
its rotation over the 50 vertical terminal rods of 
the 50 machines arranged in a circle on an upper 
platform. Underneath the platform the shaft 
further bears a cam which presses against the 
radial inking arm ; the cam makes the arm traverse, 
in an arc, the chart (which is delivered from a drum, 
also under the control of the motor) in 4} minutes, 
and a spring pulls the arm back in 1} minutes. 
Thus every 6 minutes the arm makes the line of a 
machine a little longer or starts a new line if the 
respective machine be stopped. We hope to illus- 
trate this useful machine. 

The other novelty, the Instantaneous (Flash) 
Photometer, was designed for the Admiralty in 
conjunction with the staff of H.M.S. Vernon, for 
measuring the instantaneous candle-power of an 
electric lamp when it is lighting up or going out. 
The comparison is made with a similar lamp pre- 
viously calibrated. With the aid of a revolving 
shutter, and by turning a horizontal dial calibrated 
in hundredths of a secon@, contacts are made such 
that flashes of 0.001 second will occur at a known 
interval after switching the lamps on or off. From 
these observations complete illumination and ex- 
tinction curves are plotted. We have to hold over 





venearatee description of this photometer till next 
wee 

Of the varied exhibits of Messrs. Everett, Edg- 
cumbe and Co., we mention the metrohm insulation 
testing set and the mechanical reed tachometers. 
Messrs. Crompton and Co, demonstrated the use 
of the Stroboscopic Vibrator of Professor,.David 
Robertson, of Bristol. A large tuning-fork is kept 
in yibration by two storage cells. Each limb. is 
surmounted by an aluminium vane in- which two 
slits are cut. The vibrations interrupt the beam 
from the lantern behind the fork, which falls on the 
stroboscopic disc mounted on the respective shaft. 
Each slit is equal to the amplitude of the limb. 
One has to distinguish with such apparatus between 
the frequencies of edge vision and of slit vision ; 
in the instrument exhibited the glimpse frequencies 
were 12,000 and 6,000 respectively. On the disc 
are drawn six concentric rings with 12, 13, 14, 15, 
16, and 64 teeth respectively. The observer in 
front of the disc (he need not look through a slit) 
sees that ring stationary, the teeth, however, moving 
at the frequency of the stroboscopic beam or at a 
multiple or a submultiple of that frequency ; other 
rings advance or recede. But the patterns seen 
may be very peculiar, and they are not easily 
explained, though the stroboscopic discs are by no 
means new, of course. The discs are utilised 
also for studying slip and the meshing of gear 
wheels. 

The mercury-vapour rectifiers of the Hewitt 
Electric Company, of York-road, King’s Cross, N, 
are now much in demand for charging automobile 
batteries and for arc lamps, and not only for electro- 
medical apparatus and for laboratories. The 
ordinary rectifier cell is a glass bulb of cross shape. 
The lower arm forms the mercury pool ; in the cross 
arms the two graphite electrodes (anodes) face 
one another, and the upper enlarged arm serves as 
condenser for the mercury vapours. The arc plays 
from either anode down into the mercury cathode. 
To start the rectifier, which is mounted on a vertical 
marble panel slab, the bulb has to be slightly tilted 
so that a shunt current may pass from an auxiliary 
anode close to the pool to the mercury; on tilting 
the bulb back, this anode is cut out. The rectifiers 
run continuously for 5,000 hours; each requires 
an auto-transformer. We may also mention the 
blue-printing machines and photographic enlarging 
outfits of the firm, which are fitted with Cooper- 
Hewitt mercury lamps. 

In the original pointolite lamps of the Edison 
Swan Electric Company the starting electrode, 
known as the “ioniser,” also acted as negative 
electrode for the positive bead of tungsten which 
gives the light. The larger lamps now exhibited of 
500 c.p., 1,000 c.p. and 4,000 c.p. are fitted with three 
electrodes ; the arc is first formed as previously, but 
it is then changed over, the bead becoming negative, 
whilst the real source of the light is a square plate 
of tungsten, nearly }-in. square in the largest type, 
opposite the bead, which becomes white all over. 
These powerful lamps, which are filled with nitrogen 
at low pressure, are designed for projection and 
cinema work, and they are often worked in com- 
bination with rectifiers. The interior lamp leads 
are made of molybdenum. 

The large collection of thermoionic valves for 
eurrent transforming, receiving and amplifying, 
exhibited by the Marconi-Osram Valve Company, 
included transmitter bulbs, over a foot long, of 
lkw. capacity. The filaments are made of tungsten, 
the leads of molybdenum or tungsten alloys, and 
the cylindrical electrodes of nickel. Some of the 
lamps were helium-filled. Less impressive, but not 
less interesting than the powerful bulbs were the 
very small, novel valves of the Research Labora- 
tories of the General Electric Company of Brook 
Green, W. The filaments, of a special tungsten alloy, 
are run at relatively very low temperatures, showing 
only a faint glow. They thus consume little power, 
e.g., 0-4 ampete at 1°5 volts, 16 amperes or 65 
amperes at 4 volts, with the usual filament thickness, 
and the life of the lamp is much increased. By 
reducing the filament thickness the power can 
further be reduced to one-fortieth of the usual 
value, and it becomes possible to work a six-valve 
amplifier with 0-5 ampere from one storage cell. 
That means small batteries for receiving valve 
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which> ene t keep -burning contin y, 
without tibing betine battery wilt a aoud ‘ 

Morera aM ianises Telegraph Company demon- 
strated the latest development of their Marine 
Direction Finder, which embodies a “ sense "’ device. 


If the ordinary direction-finder, two small vertical 


a¢rials—each a wire loop, a,rectangle or triangle— 
are fixed in planes at right angles to one another. 
The operator has. two similar aerials in a box, and 
he turns an exploring coil about the common 
vertical axis of his aetials}*he then hears two 
maxima of sound intensity when, bis coil is in a 
plane passing through the 0; “(the Hertzian 
waves pulsate at right angles to plane), and two 
minima at 90 deg. from that plane. » He thus learns 
the direction of the si But he does’ not know 
whether the origin is in front or behind; the new 
“ sense” device gives him-thatinformation. With 
the sense switch he couples one of the wires of his. 
aerial with his box instrument ; from that 
direction, say forward, will then be strengthened, 
whilst the signals from aft will be weakened. 
Messrs. H: W. Sullivan, of Winchester House, 
E.0., had divided their numerous exhibits into 
three sections, for high-frequency measurements, for 
cable telegraphy and for radio- hy (valves 
and méters). -We-notice the Selenium Amplifier for 
Submarine Telegraphy, of Mr. K. C. Cox, a novelty 
for this country, which has been worked for some 
years on the Pacific Cable. This ingenious selenium 
relay acts in’ the following way. The incoming 
feeble cable currents deflect the moving coil of a 
galvanometer, to which a mirror is attathéd ;\ the 
mirror is illuminated by an arc. Immediately 
in front of the lantern is placed a grid, built 
up of vertical narrow stripsof-»metal; the 
broken up beam is reflected by the mirror and 
falls upon a compound sélenium cell, about 4 in. 
Square, exciting the selenium and magnifying 
the currents. The selenium cell is itself built up 
of about 4 dozen marrow strips of selenium, 
apparently forming @ gontinuous surface, but in 
reality subdivided into many narrow band-cells 
by parallel longitudinal strips of brass (very thin 


foil) and mica, all mounted edgeways. Each cell} bars 


is longitudinally halved by a stout mica strip; on 
each side of this are further six brass strips, alter- 
nating with mica strips ; the latter are not quite so 
high as the brass foils, and the grooves at the top 
are filled with selenium. Looking at the compound 
cell endways’ one sees nothing but.the sections 
of the metal and mica strips; the selenium film, 
ich is varnished with shellac, is very thin. _ All 
the st held together by two horizontal serew 
bolts, passing through them.\Alternating brass 
strips are connected by screw terminals to two 
conductor bars,.and the two groups of cells form 
two arms-of.a Wheatsone bridge and can be coupled 
in various ways... The grid illuminates about half 
of each small cell..: In‘ the exhibition currents of 
0-5 microampere were amplified10,000 times ; 
magnifications of 40,000 times are attained and are 
much appreciated in cable telegraphy. .The deflec- 
tions of the mirror are almost imperceptible, even 
as reflected on the selenium cell. ~~ 
The instruments used by Messrs. Creed and Co., 
Limited, of Croydon, for the demonstration of 
Receiving and Printing Radiotelegraphic Messages 
were not quite the same as those employed last 
November..at the Society of Arts during )\Mr. 
Campbell Swinton’s opening discourse of the session, 
when, as last week again, signals were received from 


Paris and elsewhere. The essentialparts ate the 
and thé Oreed printer, the latter being of the latest 
improved type. In the perforator the line currents 


in through a yery sensitive polaribéd relay, | ¢ 


the invention of Mr. R. E.\H. Carpenter, of the 


firm, actuate the controlling valves of a small| to 


pneumatic anaee the bell crank levers of which 
work the punches and the corrector rods.’ The paper 
par is fed forward by @ sprocket wheel mounted 
between two cogged wheels; the paper passes in 
front of two punches which are staggered by 1 mm., 
this being the space throngh which the tape advances 
during one Morse dot. The V-shaped ends. of the 
corrector rods engage with the cogs of the two wheels, 
anid they operate at every current reversal; thus 
a much correction is possible than the Baudot 


_feal with. .. The, worki of 
NE Greed ipatfdratol ai 0Glwerd poe mnibshed > 
In the printer, which is entirely, separate from 
the and ‘purely mechanivtal; the punched 
slip is-made-to work-a kind of typewriter so that 
the message received is delivered on a tape printed 
in eharacters. The slip is again fed by 
2) vertical needles or selectors. When a néedle 
eects a punched hole, it penetrates through it, 
jecting by about 1 mm. ; when there is no hole, 
the blunt-ended needle is stopped without hurting 
per. 


the tough 
a set of horizontal levers ; a penetrating needle 
ie lever and depresses one ofthe combs, little 
Plates set radially in the circumference of a 
horizontal drum. This drum is a pneumatic valve 
chest ; the selected valve tes the piston rod 
connected to its particular type bar and prints 
the letter on the tape, the rod being withdrawn 
in next moment. The normal working speed of 
instrument is 120 words per minute, but higher 
speeds are attained. 


Corresponding to the selectors 





STEEL ROLLING STOCK FOR THE METRO- 
POLITAN DISTRICT RAILWAY. 
(Continued from page 14.) 
~ "Tae -new.cars are all 49 ft,.2 in, over headstocks, 
bogie. centres 34 ft. apart. The bogie wheel 
are. 7 ft. 10 in. in the case of the motor i 

7 ft. 3 in in the other’@ars. The overall 
the side plating at the frame level, is 9 ft. 6% in, 
stru features of the underframes are shown | 


and 
over 


| The 


ot these, Fig. 
motor car, taken on the central line, as indicated by 
DD, Fig. 21. The latter figure gives a part plan, 
showing also the various points at which the oross- 
sections, &c., given in Figs, 22 to 2.ere taken, Fig. 22 


is a half-end ation, Geta ane and bogie; Fig, 23 

is a apse. thro’ aa ke i paver. pe re- 
ini aré sections ti otively t 

AA, BB and CC, Fig. 21. ae 


As already pointed out, the frames are untrussed. 
They are given an upward camber of } in. The sole 
are 3 in. X 6 in. X § in. bulb angles, while the 
centre longitudinals are of steel pressings and roiled 
channels. The sole bars are 8 ft. 6 in. apart. The 
centre longitudinals are 2 ft. 3 in. apart iin the 
centre, brought into 1 ft. 4 in. at the bogies;-when 
the extensions to the headstocks again diverge. The 
central lengths of » the’ To are 
form of. channel 


remaining séct 
of 


at the centre, ta to y are 
stiffened by a-}-in. cover-plate above; and-a {-in. plate 
below. » There are two main intermediate transverse 
members extending right across.the frame between 
the sole bars; these are channel , Sin. xX 
lpecina’ ed Ineioae 4 eross-members are short 
pressings and le ts) extending between the 
sole bars and centre longitudinals for the purpose of 
stiffening the floor plates. Gusset are pro- 
vided. .at “four..points intermediate. between the 
bogie centres. In the case of the trailer and control 
cars the main features of the underframes are similar 
to the above, except that the centre longitudinals, 
8in. x 3}in. x ¥; in., are continyous.and of uniform 
depth for the whole distance between the bogie centres. 





(To be Continued.) 
Bett CaLouna —We'have received from Messrs, 
John Tullis and S6n, LimitedpSt. Anii’s Works, Glasgow, 








sprocket wheel and passes horizontally over | will 


on Plate III with this week’s issue.) 
20 gives a part sectional elevation of #' 


channel sections, 3} in. x 8 in. x yy in. this 


IDEN) E-TYPE’ |0 . 
"HEATER FOR SCOTCH MARINE BOILERS. 
WITH & view, to getting over the objections eften 
raised to superheasars of the class now 
described as the smoke-tube type, Messrs. 
T. Sugden & Co., Limited, 180, Fleet-street, London, 
E.C. 4, have recently introduced other forms which 
ill commend 7 ves to pare rs as 
offering certain advantages. t' spells 
which machinery on board ship has to work it is 
natural that marine engineers should very 
nicely questions of economy and i 4 In 
this connection it must be admitted that though offering 
very considerable economy the | 
is still more troublesome as 
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considerable -econonry, but yet is not too high for 
use-in the ordinary marine type engine, so no 
special modifications or o in acce ice 


have.to be introduced. in connection with the latter. 


jbetween facing boilers. Fig 2 
is a section through VY of,¥ig. 1, and shows that 
pectin of the heater fac the end of the central 
ues, while Fig, 3 shows low the heater is arranged 
the wings. heater consists of two headers and 


at 
the ent heaterselements, The latter are 


placed one above the other as indicated to a,larger 
scale in ‘Fig: 5.°"'The headers are well away ftom the 
in Figs, 6, 7 aiid 8, tha bottom 

r and the top one graiving 
tu 


into the 
to 


ion. shown is on a vessel with four boilers 

each of . diameter, having a grate area of 71-6 sq. 
ft. nib a hbating surface of 2,007 . ft. The working 
serine ~ lb. per inch There noth 
rhei coil tube: i a superheating 
pet butae ot aes sq. ft. superheater 


tubes are~-arranged “so that-there | space 
between them to allow of cleaning the boiler tubes 
and also working at the latter, the au r tubes 
not being nearer to the boiler tube ends than 4 in. 
The tubes may also be sprung slightly to one side 
without injury. The superheater does not, of course, 
tend to choke the boiler tubes in any way. 


modification depicted in 11 to 16, 
to meet rather rertntk hgh doe 
‘of overall were fixed before su 





re was’ considered.’ The 
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BERD JUPTAKE-TYPE ‘SUPERHEATERS -FOR...SCOTCH , MARINE BOILERS. 
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Fig. 5. 
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of oxperience of the smoke-tube type, and are con- 
vores, tpt with its advantages ae disadvan 
troduction of the moderate-degree su er 
heaters hak been the o of ‘a desire to'6 
fair degree of Superheat wi ii tainiavene of siidideladitie 
is 480 sq. ft., and the grate area 57-75 .ft. The super — which wetawalty: will to the r 
~.t enginee 





mee ee ye PF. both chon eypes | 
of Taman he i oft eter met Fig. Lito 19 show cul leaning device fitted to 
poe styenok with the smo! rah bat Tey |e a This is indicated by the pipe A and 
nT, Sugden thkve bad 2 the valve marked B, leading steam to perforated pipes 
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SUGDEN’S UPTAKE-TYPE SUPERHEATERS FOR SCOTCH MARINE BOILERS. 
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running through the superheater loops. The steam 
jets blowing on the superheater elements remove the 
soot which({may collect on the surface from time 
to time. 

The method of expanding the tubes in the headers 
is quite normal and every tube end is accessible. Should 
a tube fail after removal of the cover, an emergency 
stopper is inserted. This takes the form of a taper 
plug drilled and threaded some way down the centre 
at the large end. This threaded hole is intended for 
use in withdrawal, a screwed rod being inserted in it, 
a bar placed across the cover opening over the rod 
and a pull exerted on the stopper by screwing a nut 
on the rod down on the cross-bar. The tu are 
removed for replacement simply by drifting. As 
no beading is required, this is quite a simple matter. 








THE ITALIAN SOCIETY OF NAVAL ARCHI- 
TECTS AND MARINE ENGINEERS. 

At the Genoa meeting of the Italian Society of 
Naval Architects and Marine Engineers, held on 
December 4, 5 and 6 last, a paper was read by Signor 
Orlando on the “ Technical Lessons of the Battle of 
Jutland.” An abstract of this is given on page 57 
of this issue. A paper was also read by Signor Nabor 
Soliani, on “ The Future of Warships”; we repro- 
duced this in abstract on page 25 of our last issue. 

The two papers were taken together for discussion. 
This was opened by Signor Ignarra who, dealing with 


the latter paper, found that Signor Soliani dealt only | 988 


with means of defence. A future war implicating 
Italy might not be fought exclusivély in Italian waters. 
Allied nations would intervene; the battle would 
develop at a distance from the Italian seas and the 
big ship was not destined to be eliminated altogether. 
It was certainly true that in the case of the big ship 
the very serious problems of its defence against gunfire, 
submarine and aerial attacks still awaited solution. 
He (the speaker) nevertheless agreed with Signor 
Soliani’s scheme of ships having a low displacement, a 
moderate speed and more powerfully armed, for a 
parity of expenditure. He believed the monitors 
solved the problem satisfactorily, and thought the type 
3A. to be the best one. In regard to internal- 
combustion engines, 500-h.p. cylinders had been built, 
and he hoped that both the Fiat and the Isotta 
Fraschini works would succeed in carrying to a satis- 
factory conclusion tests necessary for attaining even 
1,000 h.p. per cylinder. With reference to the speed 


of the monitors he thought the etudes should be carried | 8 


further so that in this respect Italy should not lag 
behind other nations. 

Naval Constructor F. Bonfiglietti, who followed, 
after briefly reviewing the chief features of the Soliani 
monitors, thought they had limited nautical qualities 
which might militate against the use of the guns in a 
rough sea, and were deficient also from the point of 
view of stability. The speed of 18 knots for the type 
3 A., which seemed to be preferred to the preceding 
types, was reduced to 16-5 knots when in fighting trim, 
namely when the ship was in a semi-submerged state 
in which it was best protected owing to the water. 
Would not this speed, he asked, be found low for a 
ship which would be required to act as a unit in a line. 
At all events, it would seem that a limited speed would 
have to be counterbalanced, in a_line-of-battle 
ship, by a powerful armament and a good protection, 
so as to keep enemy ships in check. As regards 
armament, the type 3 A. had six 38l-mm. guns, There 
might be no objection to six guns, but the calibre 
suggested had already been exceeded, since the last 
American ships appeared to have 406-mm. guas, and 
the 457-nim. calibre is frequently referred to. The 
protection of the type 3 A. as given in the paper was 
certainly limited, and there was the risk of flooding 
reducing and even destroying the limited buoyancy 
reserve. With respect ry 2 subaqueous defence, 
the scheme proposed the Pugliese type, but, of a 
necessity, partially only, limited to the central part 
of the ship. Such a protection might easily become 
inadequate, owing to the constantly increasing size of 
torpedoes, which, from 450 mm. at the commencement 
of the late war, were rapidly enlarged to 500 mm., 
finally reaching, in the case of Germany, 600 mm. 
Even that did not represent the extreme limit as to size. 
Further, the lack of underwater protection aft, for a 
slow-speed unit, might be fatal to the steering gear 
and the propellers. Whilst agreeing with the author 
that for certain nations it might be preferable to own 
a greater number of ships having a medium displace- 
ment, rather than a smaller number of big ships, he 
(the speaker) found that, for the present, the question 
of under-water protection and the form this should take 
was the real crux of the problem. Under no cireum- 
stances should the protection aft be neglected, owing 
to the vital importance of the parts there for pro- 
pulsion and steering. As for the author’s extra high- 
speed battle-cruisers, these might perhaps be improved 
by adopting a lower speed and utilising the resulting 





saving in weight for above-water protection. Deal- 
ing with Signor Orlando’s paper, Engineer Bonfiglietti 
concurred in his very timely advice for increasing the 
horizontal protection of future ships; but he was not 
of opinion that it was advisable to adopt a protective 
continvity between the sides and decks by an armoured 
joint between the two, as it was preferable to have 
the upper deck a plane surface and the sides also plane 
surfaces and inclined. He agreed in ruling out auto- 
matic balancing. 

Naval Constructor G. Russo had grave doubts con- 
cerning the nautical qualities of the monitors, and 
believed that horizontal rudders and powerful means 
of balancing would be required. The comparatively 
small displacement was contrary to a satisfactory 
defence, the larger ship resisting subaqueous attack 
better. In Signor Orlando’s paper, the German battle- 
cruisers were stated to be superior to the British. 
This superiority was based upon calculations and upon 
the results of the Jutland battle. He (the speaker) did 
not think comparative value coefficients could be 
given, or that formule could exactly show the fighting 
value of a unit. The comparison should be made 
between the displacements. At the time of the battle 
the two squadrons were about equal in displacement, 
and the “dahting factors had to be considered also 
equivalent. The British squadron had 2 knots 

van over the German, and this advantage was 
utilised by the British commanding admiral to maintain 
the German squadron constantly under a given firing 
le, an angle of 52 deg. Why then was not the 
result of the battle favourable to the British squadron ? 
Various factors intervened. The German units, 
perhaps, had better armour and certainly the German 
projectiles were better than the British, but, above 
all, the German superiority was to be found in the 
organisation of firing in the first phases of the engage- 
ment. A notable element to be considered also was 
the spirit of the crews. It was necessary to increase 
the thickness of the armour but not to the detriment 
of speed. As for under-water petoetien. he advocated 
the adoption of transverse bulkheads, agreeing in this 
with Signor Orlando. He, also, disagreed with the 
use of automatic balancing devices. devices for 
transmitting orders, he added, were efficient in the 
first phases of a battle only, and independently of 
these, the ships should be so organised that they would 
be able to continue firing during the development of the 
whole action. The sea-going torpedo boat was not a 
ship of the past, but was developing as science pro- 

ressed 


A contribution to the discussion by Sir Eustace 
T. d’Eyncourt was then read. He said that to 
give any conclusive summary of the lessons 
learnt from the Battle of Jutland was rather a difficult 
matter, as the circumstances of the battle were such 
that two most important arms of the naval service on 
either side were practically absent entirely from the 
battle. Owing partly to the distance from the base 
of either combatant at which the battle was fought, 
and the speed at which the fleets were moving, no 
submarines took part in the actual fighting. Also, 
owing to the misty character of the weather, aircraft 
practically played no part in the battle. The absence 
of these two very important arms, which were likely 
to develop in the future more rapidly than any other 
form of naval armament, left the combatants with 
ordinary ships—battleships, battle-cruisers, cruisers 
and destroyers—as the only weapons to reckon with 
on either side. For though no doubt the fact that 
both sides were possessed of submarines and aircraft 
had to be taken into account, their absence certainly 
removed two very important factors, which would pro 
bably be present, or should, at any rate, be reckoned 
with, in any future naval combat. 

Taking the actual facts, as known, of the battle, 
although some of them were heavily engaged, no 
first-class modern battleship on either side was de- 
stroyed, or even put out of action. Perhaps the most 
heavily engaged ship of all was H.M.S. Warspite, 
which through a temporary breakdown of the steering- 
gear, circled round and was exposed to the heavy 
concentrated fire from the German capital ships. She 
was hit many times by big shell, but as soon as her 
steering-gear was repaired, she was in a condition to 
continue fighting in the line, as she had received no 
really serious damage. 

The chief losses, apart from those of destroyers, 
to which it is hardly necessary to draw special attention, 
as a percentage of these ships was bound to be lost in 
a heavy action when under fire—the principal losses 
were in the battle-cruisers on both sides. Although 
the British losses were greater, and the Germans only 
lost the Liitzow, one or two of their other battle- 
cruisers were most severely damaged and only just 
got home before sinking. 

The lesson to be learnt from these facts appeared to 
be that the heavier protection of the battleships was 
generally adequate against the heavy guns of the 
enemy, whereas the lighter protection of the battle- 





cruisers was not sufficient to make them safe against 


the heavier projectiles. That appeared to him to be not 
very surprising, as the protection of the battle-cruisers 
was never thought to be sufficient to render them 
secure against guns of heavier caJibres. It was, there- 
fore, pretty clear that although battle-cruisers might be 
required for certain strategical and tactical reasons, 
as long as surface actions were fought, the more heavily 
protected battleship must be adhered to as the principal 
arm on which to depend for final victory. 

Regarding the question of submarines replacing 
battleships, he might be permitted to repeat what 
he said at the meeting of the Institution of Naval 
Architects in London last spring:—“ A good deal 
had been written and talked of, lately, about the surface 
capital ship being dead and the necessity for sub- 
mersibles. But with our present knowledge it would 
be quite impossible to design a submersible ship which 
on the same displacement and cost had anything like 
the fighting qualities on the surface which were possessed 
by the Hood. Every ship was a compromise, and if, 
in addition to the ordinary qualities of a battleship she 
was required to submerge, or even partially submerge, 
a very considerable percentage of weight had to be 
added. to give her this additional capability of sub- 
mergence. She became still more of a compromise, 
and the added weight must detract from the fighting 
qualities of the ship when on the surface, so that 
whatever was done, other things being equal, the sub- 
mersible ship must be inferior to a surface ship in an 
ordinary action. There were many difficulties of details 
in the design of a submersible battleship which would 
take too long to go into fully now, and although there 
was no doubt that submarines were capable of great 
development, a little thought would make it clear to 
anybody that if naval warfare was to continue, the 
surface ship of the line must still hold the field as the 
principal fighting unit of any great navy. This view 
was apparently shared by other countries who were 
developing their navies, and both Japan and the 
United States were building large capital surface ships.” 

There was no doubt that improvement, both in sub- 
marines and in aircraft, would have its effect on future 
naval design, but the main principles and facts alluded 
to above must still hold good. 

Regarding the smaller ships, viz., light cruisers 
and destroyers, the Battle of Jutland showed that 
these were still both a necessary adjunct to any fleet. 
Had enemy submarines been present, the necessity 
for destroyers would have been still more apparent, 
and although in the future the development of aircraft 
might divert a good deal of reconnaissance work which 
was now carried out by light cruisers, to reconnaissance 
earried out by aircraft, still light cruisers would be 
necessary in the case of foggy or bad weather, as was 
actually shown by the Jutland battle. 

Although this was a very brief note of the general 
lessons Jearnt from the battle, he hoped that it might 
possibly be of use to those who gave their minds to the 
most important question of the development of naval 
design, as it seemed to him that the general principles 
were the important things to consider, and the details 
of the designs of the ships required must be considered 
by each navy according to its circumstances, which 
naturally differed for each country. 

Admiral Gerbino thought armour-plating could be 
reduced if this reduction were made in conjunction with 
an increase in gun-power. 

Signor Marchetti, who followed, referred more 
especially to the speed question. He did not find this 
element to be of such supreme importance, since it 
frequently happened that the fighting range was 
decided for the more rapid squadron by conditions 
which were outside’ the control of the commanding 
officer. j; 

Signor Soliani, in reply, said that there were those 
who, like himself, believed that for Italy, in place 
of a few big, rapid and very costly line-of-battle ships, 
it would be preferable to build a larger number of 
smaller ships, less costly and less speedy, but well 
protected and having a main armament not inferior 
in calibre, but superior in number to the armament 
of the enemy ships. In that lay the crux of the question. 
He would like to add: (1) In regard to subdivision 
into compartments one had to consider what it was 
possible to obtain with transverse bulkheads and 
watertight decks, in place of longitudinal bulkheads 
which might result in a dangerous list in the event 
of damage to the ship’s side. (2) The under-water 
protection of the hull should be the subject of studies 
and experiments to render it really efficient. He 
believed, however, that it was rather difficult to 
protect the propellers and rudder. (3) By exchanging 
the weight of the ballast for an increase in engine power 
and thicker side armour above the water line, they 
would secure ships of improved habitability, a higher 
speed and better nautical qualities, but considerably 
fewer in number for the same expenditure, 

Signor Orlando, who followed, said when he referred 
in his paper to whaleback decks he had no intention 
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of doing away entirely with plane surfaces for decks, 
but of joining the deck to the sides, Dealing with 
the general problents, he believed that there had not 
emanated from the course of naval events sufficient 
criteria to lead to the radical transformation of battle- 
ships, but to lead to improvement in details. All the 
expectations and calculations of naval architects had 
been confirmed by the Jutland battle and, in his 
opinion, speed still remained the dominating factor. 
He (the speaker) did not believe in the future of the 
ones or semi-submersible battleship. He also 
agreed that sea-going to boats were far from 
having come to an end of their development. 

On the motion of the acting-chairman, Signor de 
Marini, the authors were awarded the thanks of the 
meeting for their papers. 








INDUSTRIAL NOTES. 

Tue Secretary for Mines has announced that, in 
accordance with the terms of settlement of the recent 
coal strike, the advance in wages payable to colliery 
workers under that settlement will be increased for 
the period from January 3 to January 31, by the 
following amounts :— 

3s. 6d. per shift to persons of 18 years of age and 

over. 

1s. 9d, per shift to persons of 16 and 17 years of age. 

1s. 33d. per shift to persons under 16 years of age. 





The coal output for the week ending December 25 
was 4,541,600 tons; that for the week ending the 
Ist inst. was 3,263,100 tons. 


The British Commonwealth Union state that in 
18 trades for which figures are regularly published, 
the average weekly earnings of the employees in repre- 
sentative establishments during the week ending 
November 27 were 46s., as compared with 46s. 6d. 
a month earlier, 33s. 8d. just before the armistice, 
and 18s, 2d. in June, 1914. The November average 
was adversely affected by the coal strike. These 
averages relate to trades employing a very high pro- 
portion of young women and girls. 

Making some allowance for loss of time during 
holidays the increases this year are equivalent to an 
annual total increased wage bill of about 225,000,000. 
If statistics were available for all wage earners, the 
total would probably reach 350,000,000/. 





The Board of Trade announce that they have 
appointed Sir R. T. Glazebrook, K.C.B., F.R.S., to be 
Chief Gas Examiner under the Gas Regulation Act, 
1920; Mr. C. V. Boys, F.R.S., Mr. J. 8. Haldane, 
F.R.S., and Mr. W. J. Atkinson Butterfield, M.A., 
F.LC., F.C.S., have been appointed Gas Referees. 
They have also appointed Mr. H. C. Honey, Director 
of Gas Administration in the Power, Transport and 
Economic Department, Board of Trade. Further, 
under the same Act, they have appointed Sir William 
Pearce, M.P. (chairman), Dr. T Carnwath, D.S.O., 
M.B., Mr. William Doig Gibb, O.B.E., M.Inst.C.E., 
and Dr. T. Gray, D.Sc., Ph.D., to be a committee to 
inquire whether it is or desirable to prescribe 
any limitation of the proportion of CO which may be 
supplied in gas used for domestic purposes, and also 
Mr. James Hunter Gray, K.C. (chairman), Mr. W. J. 
Atkinson Butterfield, M.A., F.LC., F.C.S., and Dr. 
C. H, Lander, D.Sc., M.LM.E., A.M.LC.E., to inquire 
whether it is necessary or desirable to prescribe any 
limitations of the proportions of incombustible con- 
stituents which may be supplied in gas. 





The Chief Inspector of Factories has brought to the 
notice of employers changes which are effected by the 
Act of 1920 on the Employment of Women, Young 
Persons and Children. It states that the employ- 
ment of any child under 14 years is illegal on and 
after the Ist inst. unless the child was already so 
employed at that date. The Act also governs the 
employment of young persons and women in night work 
on processes which are continuous, and their employ- 
ment in shifts. 





In the course of a New Year’s message to the railway- 
men, Mr. J. H. Thomas says that the year 1921 finds 
the country face to face with a financial and economic 
crisis unparalleled in the country’s history. It will 
require great tact and statesmanship and the loyalty 
of every citizen to pull through without a calamity. 
A nation that went through the period from 1914 
“ 1918 with courage and determination is capable 
of surmounting every difficulty. Dealing icularl 
with the railway situation, Mr. Thomas added that 
whilst the success of the railways depended largely 
upon the efficiency and co-operation of the men 
employed, it must always be frankly recognised that 
the railways are not run merely for their benefit, but 
that the steady development and p rity of the 
country is entirely dependent upon an efficient railway 


system. It was because he felt that the men could 
contribute something to efficiency and good manage- 
ment that he was strongly advocating the giving to 
railwaymen of some share in the management. 





Messrs. Bibby’s Oil Cake Mills, Liverpool, have 
adopted a novel scheme for dealing with unemploy- 
ment, and the scheme has been accepted by their 
workpeople, each of whom will take three days off 
once every 15 weeks. By this means, the company 
will dismiss none of their hands, and will be able to 
provide work for about 60 unemployed. In order that 
the men during their holiday time shall not run short 
of funds, 6d. in the £ will be deducted from their wages 
each week, the amount accruing being paid them 
during their three days’ holiday. 





A meeting was held in Downing-street on the 5th 
inst., at which the Government’s scheme for dealing 
with unemployment was considered. The meeting was 
presided over by Mr. Bonar Law, and there were present 
Sir Robert Horne, Dr. Macnamara and Mr. Churchill. 
On the 6th inst. a meeting was held of the London 
members of the Parliamentary Committee of the 
Trades Union Congress and the National Executive 
of the Labour Party. At the close of this latter meeting 
the following statement was issued: A letter was read 
from the Minister of Labour with regard to the pro- 
posed Government Committee for dealing with the 
present unemployment, in which he expressed the 
earnest hope that the Labour and Trade Union move- 
ment would be prepared to take part in the inquiry. 
Dr. Macnamara also intimated that the Prime Minister 
proposed to set up another committee to inquire into 
the causes of trade depression. The meeting gave 
careful and prolonged consideration to the terms of 
reference for the Committee on Unemployment. In 
view of their limited nature and of the exclusion of any 
—— into the causes of the present unemploy- 
ment the joint meeting felt compelled to come to the 
conclusion that they could not nominate representatives 
to serve on the Government Committee. The secre- 
taries were instructed to communicate with Dr. 
Macnamara stating fully the grounds upon which their 
decision had been arrived at. Dr. Macnamara also 
urged the early acceptance of the Government's 
scheme in correspondence which he exchanged with 
Mr. Henderson, but without avail, the latter having 
replied that the Labour Conference had definitely de- 
cided not to take part in the said Government Com- 
mittee. 


On the other hand, the Parliamentary Committee 
of Trades Union Congress and the National Executive 
of the Labour Party have decide to formulate practi- 
cal schemes for securing immediate relief for the un- 
employed and definite proposals for dealing with the 
whole problem as one of national urgency. These 
schemes and proposals are to be submitted for con- 
sideration and endorsement to a special Joint National 
Conference of the trade unions and Labour Party on 
the 27th inst. 
that the Government had disregarded the warnings 
made by the Labour Party at different times, notably 
at the Joint Industrial Conference of 1919. They 
have also declared that short time as a universal policy 
was impracticable, and, as a partial measure, unsatis- 
factory owing to the absence of any provision for 
under-employment allowance. They have, finally, 
instructed a joint sub-committee to elaborate a definite 
programme and policy to be pressed upon the Govern- 
ment in the House of Commons. 





The ballot of members of the 
ing Union for or against a levy of 1s. per member per 
week for 13 weeks, to provide extra benefit for un- 
employed members has resulted in the levy being 
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carried by a considerable majority. The scheme will 
give 5s. per week extra to all single members on donation 


and sick benefit, and 10s. per week extra to all married 
members on donation and sick benefit. In addition, 
2s. 6d. per week will be paid for each child under 14 
years of age up to three children. 





A Court of Inquiry has been appointed by the 
Minister of Labour to = into the causes and circum- 
stances of the dispute between the employers’ repre- 
sentatives and those of the workpeople on National 
Joint Industrial Council for the Tramway Industry, 
and to report thereon to the Ministry of Labour. 
The chairman is Sir David Harrel, G.C.B. 





A grave deadlock has been reached in the: coal 
industry, as a consequence of which it is inevitable 
either that the cost of coal must shortly advance or 





the w: at collieries come down, says The Sheffield 
Daily One of the principal colliery owners 
in South Yorkshire, speaking with a representative of 


They, further, have expressed regret 





that journal, has stated that the plain fact was that 
the demand from abroad had suddenly and absolutely 
fallen off both for coal and coke. The explanation was 
partly the increased production on Continent 
and the largely increased tonnage of American coal 
brought across to Europe by reason of the high prices 
then ruling. The American supplies have stocked 
the Continent and have rendered it independent of 
Great Britain for the time being. The Government 
were told this would happen, but, as usual, the bureau- 
crats knew much more than the man who had spent 
a lifetime in the industry and refused to take any 
notice, but gave away the profit on the export coal 
to the miners and promised another advance. Now they 
find that the spring on which they were dependent 
to feed their pool is drying up. The premier industry 
of the country will be left entirely insolvent so far as 
its own resources are concerned, If the subsidy fails, 
leaving the industry insolvent in this way, one of two 
things, or part of each, must happen: Wages must 
fall enormously, or the price of coal to everybody in 
this country must be raised so as to place the industry 
on an economic basis, Nothing can be run at a loss 
for long, it does not matter who owns it ; the Govern- 
ment could not run the coal industry at a loss; if they 
took it over to-morrow it would not affect the position. 





This is confirmed by a statement recently made 
by Sir Robert Horne, to the effect that “ the financial 
position of the coal industry up to December 31 was 
quite satisfactory, but, as a result of the decline in 
the demand for export coal, both in volume and value 
it was admitted that the outlook of the industry 
financially was now gloomy.” Sir Robert said that 
on December 31 there was 18,000,000. in the pool ; 
it was estimated, however, that on the present cost 
of production, and given the existing level of selling 
values, there would be a financial loss of 2,000,0001. per 
week, Taking the working year at 50 weeks, thi 
would mean under the present method of control a 
charge upon the state of 100,000,000/. a year. 





Tue Crry anp Guiips or Lonpow Instrrore.—The 
report of the City and Guilds of London Institute, 
Department of Technology, for the session 1919-20, 
is the first dealing with work under the new scheme 
worked out by the Institute in conjunction with the 
Board of Education. In this year examinations in 
Grade I were discontinued except in the subjects of 
Telegraphy, Telephony and Flour Milling, the latter 
having been retained temporarily at the request of 
the tional A iation of British and Irish Millers, 
The Institute has extended the number of its Advisory 
Committees, having formed such a committee for the 
silk industry, and having under consideration two others, 
in co-operation with National Joint Industrial Councils. 
During the year the Institute commenced the entire 
revision of the scheme of examinations for the award 
of teachers’ certificates in hand work, in collaboration 
with Education Committees of various councils, &c. 
This work is not yet completed. Practical examinations 
in technological subjects, discontinued since 1916, have 
been reinstituted. The increase in candidates is remark - 
able, especially in such subjects as flour milling, tele- 

hy, telephony, mechanical and electrical engineer- 
ing, and t phy. For the first time examinations 
were held in naval architecture. Examinations were 
also successfully held in the usual centres in India and 
the Overseas Dominions. 








Supsipies ror Crvit Aviation.—The Air Ministry 
announces that the Cabinet has approved, subject to 
Parliamentary sanction, the grant of a sum for the direct 
assistance of civil aviation, During the financial year 
1921-22 payments under this grant will be limited to a 
maximum sum of 60,000/., and will be made to British 
pee ange operating on approved aerial routes. They 
will be cal ted (subject to the above limitation as to 
the total sum available within the year) on the basis 
of 25 per cent, of the total ascertained gross revenue of 
each company (exclusive of the Government grant) 
earned by the carriage of passengers, mails, and/or goods, 
on and after January 1, 1921. No differentiation will 
be made with to the class of load carried, and 
payments will be allotted on the return for each period 
of three months treated separately, provided that the 
company can show that on a minimum of 45 days in 
each period of three months (or such other factor of 
regularity as may be determined later by the Air Council) 
flights have been completed in both directions by air- 
craft of British manufacture fitted with British-made 
engines within a fixed maximum period of time allowed 
for each journey. The routes at present approved are 
London to Paris, London to Brussels, and London to 
Amsterdam. Extensions to these routes and additional 
routes, such as England-Scandinavia, on which the 
possibilities of a service pom ye | flying boats or 
amphibian machines, or a mixed service of sea and land 
aircraft, can be demonstrated, may be approved from 
time to time if satisfacto: propendia are received by the 
Air Council. Any Brit company intending to run 
on the routes notifying the Air Council of this in- 
tention, will become an “ approved’”’ oj i 
powcr g Mags conditions laid down, 5S notification 


Secretary (C.G. 
ee ee London, W.C. 2, to whom requests 
for further particulars in respect of the grant should be 
addressed. : 
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OPEN TYPE OF FEED-WATER HEATER FOR LOCOMOTIVES. 
CONSTRUCTED BY THE WORTHINGTON PUMP AND MACHINERY CORPORATION, ENGINEERS, EAST CAMBRIDGE, MASS., U.S.A. 
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In a¥ recent article on Locomotive Feed Water 
Heating* we quoted results which had been obtained 
on the Pennsylvania Railroad with a feed heater of 
the so-called open type. The open type of heater 
is one which is equivalent to the jet condenser, in 
which the steam and water come in actual contact 
with one another, as opposed to the closed type which 
corresponds with the surface condenser. The actual 
heater referred to as having thus given satisfactory 
results was a combined unit of feed water heater and 
boiler feed pump developed by Mr. T. C. McBride, 
and made by the Worthington Pump and Machinery 
Corporation of New York and East bridge, Mass. 
We now illustrate a 65-gallon heater, of which a 
number are being fitted to locomotives for several of 
our allies on the Continent. Of our illustrations, 
Figs. 1 and 2 show outside elevation and plan, Fig. 3 a 
vertical section through a heater, and Fig. 4 a detail 
referred to later. In order to complete our description 
Figs. 5 and 6 are added giving the lay-out of the 
installation, these figures showing a rather larger unit 
as fitted on the Pennsylvania Railroad locomotives. 
Fig. 7 is a view showing the heater applied to one of 
the locomotives on the same system. 

The whole unit consists of a single steam pump 
cylinder, double acting, driving in tandem directly 
below it the pistons in a hot-water, and in a cold- 
water, cylinder. The latter are in connection with the 
heater, which is placed vertically alongside the pump 
combination. Little need be said concerning the steam 
end of the pump, the action of which is familiar to 
all engineers. The cold water is drawn from the 
tender by the action of the plunger in the middle 
cylinder, through the passage A and the lower of the 
two valves at B, The water after being drawn into this 
pays on the return is forced through the upper of 
the two valves and into a passage C communicating 
with the top of the heater. Here, on ing through 
a spring-controlled spray valve, the cold water comes 
in contact with exhaust steam entering through 
the passage D. It becomes heated and, falling over 
cone-shaped baffles, finally down a into 
the receiver E. From here it is drawn off by the lower 
pump plunger, and is forced to the boiler, through 
the valves shown to the left of the bottom cylinder. 


(Mig. 3) 
action is so far quite simple and straightforward, 
and the hot water cylinder is made slightly larger than 


* See vol, ox, p. 215. 
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the cold one in order to take care to some extent 
of the additional water due to the presence of the 
condensed steam. This difference in capacity is, 
however, purposely made below that actualy required, 
with the object of keeping the hot water pump flooded. 
Relief for the excess which the hot water pump cannot 
handle is dealt with in the following manner. Within 
the heater is a bucket F mounted on a hollow stem, 
on which it is free to move up and down through a 
short As water accumulates by reason of the 
lower pump not being able to handle all the cold water 
and condensed steam combined, this bucket is floated. 
The water continues to rise until, passing over the top 
of the bucket, the latter is flooded. When this occurs 





the bucket sinks, and in doing so uncovers ports at 
the bottom of the hollow stem. The water passes 
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through these to the small suction valve shown in 
communication with the cold water cylinder. A 
certain amount of water is thus drawn from the heater 
by the cold water pump, and is passed through again, 
reducing for the moment the cold water drawn from 
the tender tank. When the water level in the bucket 
has been reduced in this manner, it floats again auto- 
matically and the by-pass ports are closed. Fig. 4 
shows a detail of the standard valves used, but does 
not show the inlet and outlet passages. The valves 
are each made up of three thin plates of bronze with 
springs and guards. The upper or discharge valve 


_| seating is slightly larger than that of the lower or 


suction valve for assembly pu 8. 

In the installation, as will be followed from 
Fig. 5, steam is led from a convenient point in the 
cylinder casting, in communication with the exhaust 
cavity, up to a screwdown stop valve, through a large- 
diameter pipe. Between the stop valve and the heater 
is interposed an oil separator for the purpose ot freeing 
the steam from the oil, before it mingles with the 
water in the heater. The oil separator is of the baffle 
type, and the report of the American Railroad Associa- 
tion Committee on Feed Water Heating states that 
it is thoroughly effective and that no oil is passed into the 
heater. The exhaust steam from the feed pump is 
turned into the main exhaust supply pipe to the heater 
and so is utilised and the water recovered. This, of 
course, reduces to some extent the quantity of steam 
taken away from the blast. The pump is operated 
by a single globe valve in the cab, which can be very 
easily regulated to give any desired delivery. An air 
vent prevents air accumulating in the heater. Plugs 
are provided in the heater through which sediment 
may be washed out, and also for draining. A safety 
valve is fitted on the heater to prevent any excessive 
rise of pressure due to failure and blocking on the 
discharge side. 


The unit is made in four sizes capable of delivering 
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40 gallons, 65 gallons, 90 gallons and 120 gallons per 
minute. In the smaller sizes the cold and hot pumps 
are single-acting. Additional valves are fitted in 
the larger units, and in these the pump is double-acting 
in all cylinders. In the 65-gallon unit illustrated 
in Figs. 1 to 4, the steam cylinder is 8 in. in diameter, 
the cold water cylinder 54 in., and the hot water one 
5,5, in. in diameter, the stroke being 5 in. 

We have dealt so fully on former occasions with 
the effects of feed heating on locomotive boiler and 
engine performance that it is hardly necessary to revert 
to this part of the subject again. The whole question 
has been very completely discussed in our columns, 
and no new points have been brought forward as to 








principles, in the last few years. The present example 
of heater has been tested thoroughly on the Penn- 
sylvania Railroad testing plant at Altoona, and also 
in service, and has given results fully in accord with 
what would be expected from a thorough consideration 
of the conditions. Temperatures of 215 deg. F. are 
easily maintained, while if the engine is working bard 
and the back pressure is high, figures over this are 
realised. With such temperatures economies in the 
order of 12 per cent. to 14 per cent. are obtainable. 
A heater of this type has an advantage over the closed 
heater, in getting away from tube troubles which under 
some conditions add materially to maintenance. The 
absence also of tubes and of the need of making good 
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joints in tube plates tends to reduce the cost of the 
heater. This type of heater has been adopted in 
modernising old engines, in order to increase their 
capacity, on the principle which we have several times 
caltene upon previously, It may be remarked that 
from 12 per cent. to 15 per cent. of the engine exhaust 
steam is condensed in the heater, thus reducing the 
demand on the tender to this amount. In some 
countries where water has to be treated or is scarce 
and has to be hauled to intermediate points, this in 
itself is no inconsiderable advantage. 

It may be mentioned that heaters of this type have 
been installed on the Belgian State Railways, and are 
now being supplied to railways in France, Italy and 
Spain. So far as is possible at present the results on 
the Continent confirm American experience with this 
heater. They are quite satisfactory, As the heater 
is of the open type it has advantages on many of these 
systems on which it is not the practice to treat the 
water before using it in the bvilers, and on which 
the tubular-type heater would probably involve con- 
siderable maintenance. This heater is also being 
adopted on the Southern Pacific, Norfolk and Western 
railways in America, and on the railways of the 
Philippine Islands, We may add that Messre. Worth- 
ington, Simpson, Limited, Queen’s House, Kingsway, 
W.C. 2, act as agents for this heater in this country, 
while on the Continent the matter is in the hands of 
the branch offices of the Worthington Pump and 
Machinery Corporation of New York. 





SQUARE HOLE DRILLING ATTACHMENT. 

Tue production of square holes is in general looked 
upon as a somewhat expensive, or difficult, process, 
and there is a consequent tendency to avoid their 
introduction in machinery design. Where they are 
necessary they may be, and are, produced very satis- 
eng | by broaching, but the process is an expensive 
one unless the holes are required in large numbers. 
For small quantities its cost is frequently prohibitive. 
Square holes may also in certain cases be made by 
slotting, while for many rs filing and hand work are 
still employed. None of these methods has the con- 
venience and adaptability which would be given by 
a method enabling square holes to be dril in a 
straightforward way just as round holes are drilled, 
and a realisation of this has resulted in various square 
hole drilling machines being produced. These do not in 
general appear to have made any great headway, 
but a pha way or rather a machine attachment, which 
is so singularly simple and of such robust construction 
that there is nothing to prevent it taking its place 
in the ordinary shop and in ordinary everyday work 
is being introduced by the Lanston Monotype Corpora- 
tion, Limited, of 43 and 43a Fetter-lane, London, 
E.C, 4. 

This device, which is illustrated in the figures given 
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on page 46, takes the form of a self-contained attach- 
ment, and is known as the “ Radbore Head.” It is 
arranged to be mounted on the front column of a 
milling machine, and can be put in place or removed 
in a few minutes, so that the device in no way ties 
up the machine, which may be used for its ordinary 
work when square hole drilling is not required. The 
Radbore head drills square holes from the solid exactly 
as an ordinary drilling machine drills round holes, the 
only difference in operation being that the feed is put 
on by traversing the work instead of traversing the 
drill. In jobs in which the hole is not carried right 
through the work it is left with a flat bottom and in 
all cases it is of good and accurate finish. In some 
operations in which extreme accuracy is required it 
would no doubt be desirable to finish the hole with a 
broach, but certainly for the majority of applications 
the hole may be left as finished by the drill. 

The device is shown in cross-section and front 
elevation in Fig. 1 and 2. As will be seen, it consists 
of a housing B, secured by three tap-bolts I to the 
tace A of the milling machine. The milling machine 
spindle is shown at D, and outside it there is mounted 
a ring C, which fits inside the housing B. This ring is 
introduced to facilitate the centring of the Radbore 
head when it is being mounted on the milling machine 
and does not form an essential part of the arrangement. 
The spindle nose of the milling machine carries a driver 
E, in the front end of which the drill is mounted. 
The connection between the drill and the driver E is 
a flexible one, and it is this flexibility combined with 
a control exercised on the drill shank by the square 
guide G, and combined also with the shape of the 
cutting end of the drill, which causes the device to drill 
square holes. The flexible connection between the 
drill and the driver is of a simple nature. The drill is 
screwed, or otherwise secured, into a dog F which 
consists of a ring with two sideway projections, one 
of which can be seen on the lower side of the ring in 
Fig. 1. These projections engage with inside pockets 
formed in the driver E, and the pockets allow sufficient 
clearance for the dog to move sideways in any direction. 
The end of the drill rests in a shallow depression on a 
distance-piece which lies behind the dog F, and which 
is shown in Fig. 1. This distance-piece, which takes 
the thrust, isformed with a spigot which rests in a hole 
in the driver E as shown. This spigot prevents the 
distance-piece from slipping down out of position, but 
the hole in which it rests is sufficiently large to allow 
the distance piece to follow the sideways movements 
of the dog F. The clearance between the spigot and 
the hole, shown in Fig. 1, indicates the extent of 
the sideways movement which the distance-piece, 
the dog and the drill make during the operation of 
drilling. 

The actual sideways movements of the drill are 
controlled entirely by the square guide G. The actual 
square shape of this guide is shown in the front view 
given in Fig. 2, The laminated arrangement, which 
ean be seen in Fig. 1, is introduced to allow of the size 
of the square hole being altered so that one drilling head 
can deal with various sizes of drills. The construction 
consists of a pair of interleaved laminated jaws of the 
type which will be familiar in connection with some 
makes of bar-cutting machine. The jaws are opened 
or closed by the handle J, shown in Fig. 2, and when 
they have been set to give the correct size of square 
hole for the drill which is to be used, they are clamped 
by means of the locking screws K. The drill, an 
example of which is shown in Fig. 3, is a single piece 
article, and has no parts having relative motions one 
with another. As will be seen, it has a bayonet clip 
at the back end for mounting in the dog F. A screwed 
end is sometimes used instead of the bayonet clip, as 
explained above. The body of the drill is of triangular 
section with rounded sides, as shown in the diagram- 
matic section given in Fig. 4. The point has three 
cutting edges and is backed off and fluted to give 
clearance and get the cuttings away. 

In the drill shown in Fig. 3, as will be very obvious, 
the cutting end is of smaller diameter than the triangu- 
lar body which works in the square jaws G, This is 
the type of drill which is used when it is required to 
drill a hole which is squared out right into the corners. 
When a type of hole is required with slightly rounded 
corners, which for reasons of strength is frequently 
the case in tice, a drill is used in which the cutting 
end is of the same diameter as the triangular body. 
The two types of drill are shown in end view in Figs. 
4 and 5. In describing the action of the drill it will 
perhaps be well to refer in the first instance to the 
type illustrated in Fig, 5, as the geometry of this case 
is somewhat the simpler of the two. In this figure the 

uare represents both the square hole D in the jaws 
of the drilling head and also the square hole H which 
is being drilled, as they are of similar size. The 
triangle with curved si similarly represents the 
outline, F of the shank of the drill, which is working 
in the square hole D of the jaw, and the outline E of 
the cutting end of the drill which is producing the 
square hole H in the work. 
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An examination of Fig. 5 will make it clear that 
at any time and in any position the drill shank will 
make contact with the square hole D of the jaws at 
four points. Taking the drill in the position shown 
in the figure it will be evident that as the drill rotates 
and as the side 2 rolls on the bottom of the square 
hole the point 4 will move along a straight horizontal 
line, so that the point of the drill will cut one side of 
the square hole. This follows since the curve 2 is 

rt of a circle struck from the centre 4. When, 

owever, the point 4 approaches close to the corner 
of the square it will not enter right into it, but will 
trace a small radius in the corner as shown in the 
figure. The reason for this will best be seen by con- 
sidering the point 1 and assuming that it is moving 
downwards towards the lower left hand corner of the 
square. It will be evident that when the drill has 
moved a few degrees beyond the position shown the 
circular controlling surface opposite the point 1 will 
begin to leave the side of the square guide hole, and 
the point 3 will begin to travel over it. The effect 
of this is to decrease the distance between the 
point 1 and the straight opposite face which was 
controlling its movement. The point 1 consequently 
travels inward and forms the small radius before passing 
on to or forming the lower flat side, which it begins to 
do as soon as the circular controlling surface opposite to 
it begins to roll along the top surface of the square 
guide hole. Although we have confined our description 
to the action of one point of the drill it will be obvious 
that the three are acting and cutting at the same time. 
It will be recognised by some of our readers that this 
square hole drilling arrangement is an ingenious 
application of an old mechanical motion which by 
means of a cam working in a rectangular slot gave 
a reciprocating motion with intervals of rest, the cam 
being of the same section as the drill section we are 
concerned with. 

A little consideration of Fig. 5 will show that by 
marking the cutting end of the drill of smaller diameter 
than the shank, a square hole with a smaller corner 
radius will be produced, while by making it larger 
a larger corner radius will result. By making the 
cutting end and shank of equal diameters, however 
a hole is produced which has a corner radius one-eighth 
the length of one side of the square hole, and as this 
is a suitable proportion for practical work nothing 
would be gained by departing from the simple parallel 
type of drill. This point suggests a method by which 
approximately square-cornered holes could be pro- 
duced, but it is not the whole of the method actually 
used, By a further very pretty modification of the 
geometry of the device an arrangement has been 
oy which gives an absolutely square-cornered 

ole. This is illustrated in Fig. 4. 

In this case, as we have already explained, the cutting 
end of the drill is smaller than the shank, as shown in 
Fig. 3. In Fig. 4, D represents the square hole in the 
jaws and F the shank, H is the hole being produced 
and E is the cutting end of the drill. general 
features of the met of producing a square hole 
are similar to those which apply in the case of Fig. 5, 
and there is no need to re-describe the general method 
of operation. In this case, however, it will be seen 
that the shank H has one of its edges formed as part 
of a circle of small radius. This is shown lying between 
the numbers 1 and 4 in the figure. This circle is struck 
from the centre O coincident with one of the cutting 
points of the drill, and it will be clear that as this 
circularedge works round the corner of the square guide 
the cutting » will travel right into the corner of the 
hole being drilled and will there rotate on its own axis, 
moving round from the position of cutting one flat 
side of the hole to the position for cutting the next 
flat side at right angles. One cutting corner only 
of the drill acts in pootneing, the square corners, the 
age two leaving them with a rounded fillet as in 

ig. 5. 

It will be very evident that if this square hole 
drilling arrangement is to operate satisfactorily 
accurate grinding of the drills is necessary, and to 
enable this to be attained a simple grinding attach- 
ment is made which can be applied to any ordinary 
grinding machine. The drills are ground on the end 
only and maintain their size until worn down too 
short to be of further use. The shank which controls 
the motion is not subjected to any important wear, 
but it is necessary when setting up to see that no 
binding is taking place in the square jaws. A 
working fit.is what is necessary. A lubricator is fitted 
on the housing of the attachment to supply grease 
to the jaws. The amount of work which can be got 
out of the drills is given by the curves in Fig. 6, which 
show drill sizes, revolutions and feeds for various 
materials. Samples of work produced by the Radbore 
head are illustrated in Fig. 7, while examples showing 
the appliance in operation, attached to milling machines, 
are given in Figs. 8 and 9. In Fig. 8 it will be seen 
that rectangular holes are being produced. These 
are, of course, obtained by traversing the work side- 
ways. The whole apparatus is quite stiff enough to 





allow of this class of job being tackled and, in fact 
the head will quite easily drill a half-hole in a shaft 
end or elsewhere, as, for instance, in keyway cutting. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The staple trades are slowly pe om | 
their normal swing. Furnaces which have been cl 
over five weeks have been put into {commission again. 
The amount of new business coming to hand is small, 
and is sufficient to keep departments running only from 
week to week. The mov t in cancellat of con- 
tracts ap to have received a check, though pessi- 
mists in the steel trade observe that this is because there 
is practically nothing left to cancel. Certain it is that 
for the most part order books are in a low state, and 
prospects are the reverse of rosy unless developments 
occur. The general undertone, however, is firm, and 
there seems to be a widening opinion that the period 
of depression will be more restricted than was formerly 
anticipated. The placing of a few substantial orders 
by Japan and other foreign powers has enabled the 
armament de ments, which have been running at 
a heavy loss for many months, to resume with normal 
staffs. Other contracts for armour plate and shells 
are rumoured to be pending. Taken as a whole, railway 
departments are moderately busy, mostly with con- 
tracts for Colonial buyers. Purchases of tramway steel 
by British Corporations are considerably below the usual 
tonnage for this period of the year. Rolling mills are 
finding difficulty in keeping staffs fully employed, but 
the heavy steel forges are engaged full time on arrears. 
One of the brightest departments of local industry is 
that concerned with the supply of joiners’ and mechanics’ 
tools. For the past six months record quantities of 
these products have been supplied for home and foreign 
consumption. Trade in steel billets is flat. Purchases 
of local material at 18/. to 20/. per ton are restricted, 
largely as a result of the importation of Belgian basic 
billets round about 121. 


South Yorkshire Coal Trade.—The most important 
development is the provisional decision of coke manu- 
facturers to reduce the price of blast furnace coke 
10s. 9d. per ton to 55s. per ton on rail at ovens. The 
export price will be 65s. per ton f.o.b. It is anticipated 
that this material reduction will react favourably on 
prices of pig-iron and steel, and will assist towards the 
stabilisation of trade. The diminution of activity 
throughout the staple industries is reflected on the coal 
market. Manufacturing purchases are lower, though 
there is an active demand for gas fuels of all descriptions 
owing to the reduction of reserves at works. Slacks 
are abundant, but maximum prices are maintained. 
A brisk business is being done in house coal, Quota- 
tions :—Best branch handpicked, 37s. 2d. to 38s. 2d. ; 
Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; Derbyshire 
best brights, 35s. 2d. to 36s. 2d. ; Derbyshire house coal, 
328. 8d. to 33s. 2d. ; Derbyshire best large nuts, 32s. 8d., 
to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. to 328. 8d. ; 
Yorkshire hards, 32s 8d. to 33s. 8d.; Derbyshire hards, 
328. 8d, to 33s. 8d.; rough slacks, 28s. 2d. to 29s. 2d. ; 
nutty, 278. 2d. to 28s. 2d. ; smalls, 23s. 2d. to 248. 2d. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The rather long-anticipated 
fall in pig-iron prices has occurred, but it has not brought 
in much business, The general feeling is that the drop 
is not sufficiently substantial and that further fall is 
essential in order to induce buying. There is no longer 
scarcity of Cleveland foundry pig. On the contrary, 
suppl me more than ‘ample ; whilst there is an 
abun of the inferior qualities of Cleveland iron. 
A few inquiries from abroad are reported, and odd 
sales to Scandinavia have been made, but traders declare 
that rt prices are still too high to admit of successful 
competition with ium, France and Germany for 
Continental trade. For home consumption, market 
rates now stand: No. 1, 225s.; silicious iron, 225s. ; 
No. 3 g.m.b., 2158. ; No. 4 foundry, 214s.; No. 4 forge, 
2128. 6d.; mottled, 212s. 6d.; and white, 210s. ; whilst 
export quotations are: No. 1, 245s.; siliceous, 245s. ; 
No. 3 g.m.b., 2358. ; No. 4 foundry, 229s. ; No. 4 forge, 
217s. 6d.; mottled, 217s. 6d.; and white, 215s. The 
restoration of differentiation of price as between No. 3 
and the lower qualities is gratifying as it may enable 
makers to red the stocks of these descriptions with 
which they are saddled. 

Hematite.—The drop in hematite iron is practically 
double the reduction made in Cleveland, but it is far 
from satisfying customers, many of whom claim that 
the position justifies a further fall of quite 20s. Sellers 
are = to book orders at the new rates, but they are 
meeting with very little success. For home purposes, 
Nos. 1, 2 and 3 East Coast brands are 240s., and No. 1 





good | is 242s. 6d., and for shipment abroad mixed Nos. are 


2458. and No. 1 is 247s. 6d. 


F Ore.—Business in foreign ore is stagnant, 
consumers holding off the market in anticipation of 
continued downward movement, but deliveries against 
old contracts are on a substantial scale. Reports from 
Spain are to the effect that the price of best rubio at the 
mines is firm, and likely to stiften, but the position here 
is certainly weaker, and the ex-ship Tees value of 50 per 
cent. quality is round about 45s. 


Manufactured Iron and Steel.—There is little or 
nothing passing in finished iron and steel, customers 
awaiting me ogy all-round revision of prices which 
is long overdue. Works are kept well employed on 
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contracts made some time ago. Ship rivets are down 
to 35/. 10s., and packing iron has dropped to 23l, for 
tapered and 19/. for parallel. Other quotations are 
nominally unchanged. 


Coke.—Coke prices are well upheld notwithstanding 
the plentiful supply and increasing stocks. Medium 
blast-furnace kind continues to command 62s. 9d. at the 
ovens, and quality low in phosphorus still realises 
658. 3d. at the ovens. 





NOTES FROM THE NORTH. «=. 
Grascow, Wednesday. 

Scottish Steel Trade.—The New Year holidays, which 
were of an extended period on this occasion, are not 
yet completely over, and several of the works will not 
restart until next week, while some are only} partly 
running this week. Fresh business has almost been 
at a standstill, and very little booking is reported'since 
operations ceased at the end of the year. New contracts 
are urgently required as those still to complete will soon 
be cleared off. With a view to bringing about%a more 
satisfactory state of affairs, and to enable« foreign 
competition to be met successfully, the Scottish Steel 
Makers’ Association has intimated a reduction in prices 
as from way | of this week. The amount, although 
not considered large enough from the buyers’ point of 
view, will enable consumers to ease their prices to a 
certain extent and further business may thus result. 
The reductions mentioned are 20s. per ton on ship 
plates, 10s. per ton on sections, and 30s. per ton on 
boiler plates—the latter did not participate in the fall 
last November—making the current quotations as 
follow: Ship plates, $ in. and up, 24/. 108. per ton ; 
sections, 24/. per ton; and boiler plates, 30/. per ton, 
all net, and subject to extras. It will be a little time 
before the effect of these easier quotations will be notice- 
able, and there is not the slightest doubt that a much 
bigger reduction was generally lodked for. The demand 
for sections has m so small for some time back that 
it is doubtful if the new price will stimulate buying. 
Export trade is extremely quiet, but the near future may 
witness a slight improvement. The black steel sheet 
trade is also very dull, and little new business is passing. 
Prices have been against the fixing-up of fresh contracts, 
and the members of the Scottish Black Sheet Makers’ 
Association having di d the position have reduced 
their prices by 2/. per ton. The new quotations, which 
come into force to-day, are as follows : in, to under 
} in., 262. 10s. ; in, to } in., 27l.; under } to 12 g., 
271. 5s.; under 12 to 16 g., 27s, 10s. ; under 16 to 20 g., 
271. 15s. ; under 20 to 24 g., 281. ; under 24 to 27 g., 301. 
These prices are all 
equal, and are subject to the usual extras, some of which 
have also been reduced. A new revised tist will be 
published shortly. 


Malleable Iron Trade.—Most of the malleable iron 
works in the West of Scotland made a start this week, 
but it was largely of a partial character. The amount of 
work on hand ensures steady running for the immediate 
present, but few places can see very far ahead. Perhaj 
an easing-off in quotations which is being looked for by 
consumers may be the means of filling up order books, 
but buyers are operating with great caution in the 
meantime, their argument being that at the present high 
prices they cannot do much business, as Belgian makers 
are quoting considerably under local producers. 


Scottish Pig-Iron Trade.—The position of the pig-iron 
trade of Scotland is somewhat obscure at the moment, 
as the furnaces are not yet in full blast. By next week 
operations will again be in full swing, but the outlook 
is not too promising, as there is an absence of demand. 
Buyers have onl m ordering on their most urgent 

uirements, and until the general trade of the country 
brightens up a dull period must be expected. On the 
export side there is only a limited inquiry, and until the 
jal position shows an improvement the foreign 
buyer cannot operate with any freedom. Scotch 
hematite iron has been reduced by 15s. per ton this 
week, and the new price is now 12/. 10s. per ton, net, 
delivered works in the Glasgow area. 











NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Cval Trade.—The trade is in a chaotic condition, 
and something like 30,000 miners are idle in consequence 
of the lack of orders. Important announcements have 
been made in the week in respect to the control 
of the industry. They have, however, come too late, 
and for the present at any rate do not affect the market, 
for there are practically no orders. The Sec for 
Mines has decided to give certain District Committees 
discretion to export coal in any quantity and quality, 
while the other restrictions regarding bunkers for ships 
going foreign have been suspended. These alterations 
are subject to inland requirements being fully met. 
The South Wales Committee have quickly acted on the 
new conferred on them, for they have decided 
to withdraw the practice of allocating to collieries the 
quantity which they might ship for export or bunkers 
in the four weeks commenci Monier next, and have 
also decided to withdraw the permit system under 
which shippers when epplying for releases were com- 
pelled to attach its for quantities which t! 
desired to ship. Collieries are now free to send as m 
coal abroad getnsgs as much as they like for bunker- 
ing purposes subject to inland requirements being met. 
The alteration, as already mentioned, has come too late, 
oe ee nee ee a eee eee wn 
pits are rendered idle by the lack of trade. Thousan 
of loaded wagons are held u 


as colliery salesmen are 
unable to secure buyers. 


The prospects of.any early 


per ton, net, delivered Gl IW OF | has 





improvement, too, appear rather remote, for it is learned 
that French consumers who in the t have taken the 
bulk of the coal sent from South Wales, contemplate 
lowering their maximum import prices by about 10s. per 
ton. In fact, it is stated that French consumers are not 
in need of coal for the next couple of months, as large 
stocks of American, German, elsh and native coal 
have been accumulated since the great coal strike. At 
the same time other foreign consumers are holding-off, 
while the inland demand has slackened appreciably, 
due to the fact that many works are on ey time, 
while a considerable number of steel and tin-plate works 
are shut down for the time being. This has thrown a 
large quantity of coal on the market. and prices are now 
at an unremunerative level. In fact, some collieries 
prefer to cease working rather than sell at a figure which 
will not pay the cost of production. Best large coal 

been sold at as low as 60s, per ton, while smalls are 
down to 30s. and through 40s., prices which are about 
half those commanded a couple of months ago. As 
the cost of production is close.on 50s. a ton, to which 
must be added about 10s. representing the average loss 
on every ton of coal wuealiel to home consumers, it is 
obvious that colliery companies cannot afford to reduce 
prices unless the cost of production is lowered by some 
means or other. Coke and patent fuel are practically 
unsaleable. In fact, in several cases coke ovens have 
been closed down and patent fuel works stopped. 
Indeed, the fuel makers intend asking the workers to 
reduce their wages by about 20 per cent., as it is 
a for them to manufacture and sell at a profit. 
Coke, which a few months ago commanded 250s., is 
difficult to dispose of at 


resent at 90s., while patent 
fuel commands no more t 


n 60s. compared with 135s. 
ago. Pitwood is also easier and plentiful. 
The demand has considerably diminished owi to 
colliery stop , and to-day requirements can be fully 
met at 40s., while some thousands of tons are banked. 


a few weeks 





German Borer Expiosions.—H.M. Commercial 
Secretary at —— has reported to the Department of 
Overseas Trade that German boiler engineers are said 
to be considering the modification of their rules on 
account of the large number of explosions which are 
stated to have taken place recently, 





Testinc Low-Tenstion Etzorric Drronators.— 
Attention is directed by the Mines Department to the 
practice of testing low-tension electric detonators by 
passing a small current of electricity through them in 
series with a galvanometer. Explosion of the detonator 
resulted in some cases in injury to the operator. 
All danger can be eliminated by placing the detonator 
to be tested in a strong iron pipe or other suitable recep- 
tacle before passing the current through it. By this 
simple precaution the danger from flying fragments 
of the metal tube of the detonator is entirely done awa 
vith, and it is desirable that all persons engaged in suc 
an operation should be warned of the attendant danger 
and the ready means by which it can be avoided. 





Free Cuay-Briok Trstinc.—The e iments on 
the p ity and volume c of clay bricks at furnace 
tem tures, conducted by rge A. Loomis on behalf 
of the United States Bureau of Standards (Technological 
Paper No. 159), were made with six{specimens each of 
61 clay bricks obtained from various firms. The briquette 
a were cut fromjthe brick with a broad chisel, 
the dimensions of the specimens being 2} in. by 1} in. 
by lj in. The initial porosity was deduced from deter- 
minations of the net weight in the dry state (specimen 
dried at 110 deg. C.) and of the we’ 
briquette after suspension in —s water for four 
hours at a reduced pressure (24 in. mercury); this 
soaking in water boiling at reduced pressure gave more 
consistent results than ordinary soaking. The porosity 
is given by the quotient: (wet weight — dry weight) 
over (wet weight — saturated weight). For the volume 
determination in a volumenometer of the Seger type the 
specimen was soaked in oil. The same ens 
were subsequently heated to various temperatures to 
study the changes in porosity and volume, and the 

under load. As the briquettes had been soaked 

in the first heating for four hours did not exceed 
300 deg. C. in order to give the oil time to evaporate 
without burning. The temperature was then raised 
800 deg., further rapidly to 1,200 deg., and finally 
of 50 deg., at the rate of 30 deg. per hour, to 

,500 . The greater number of bricks which failed 
load test—withstanding a of 40 Ib. 
we square inch at 1,350 deg.—showed marked changes 
volume and porosity when below 1,425 deg. When 
showed distinct over-burning by pronounced 
below 1,400 deg., they always failed in the 

In the c in volume and in 
of bi burnt at same temperature, 
1,350 deg. and 1,425 deg. could serve as a 
of their ability to pass the load test. The loss 

porosity should not exceed 5 per cent., the volume 
a ae or contraction) not exceed 3 cent. 
(or per cent. in linear dimensions). hen the 
low existing strength in the cold is due to a failure in 
the clay bond, the porosity and volume may be 
small, No definite relationship was f to exist 
between the softening point and the ability to bear 
loads at high temperatures; all the bricks, however, 
which softened below cone 28, failed 
load test. That t 
as the minimum for clay 
the bricks were siliceous, the silica contents exceeding 
65 per cent. ; but not all the bricks, the data of which 
were tabulated, were chemically analysed. 








NOTICES OF MEETINGS. 


Tue Royat Soorery or Anrs.—Monday, January 17, 
at 8 .' Howard Lecture, ‘“‘ Aero Engines,” by Mr. 
Alan E. L, Chorlton, C.B.E., M.Inst.C.E., M.I.Mech.E. 
(Lecture I), Wednesday, January 19, at 8 p.m.: 
Ordinary Meeting, “The Future of Industrial —r3 fl 
ment,” by Mr. F. M. Lawson, Assoc.M.Inst.C.E., 
A.M.I.Mech.E., author of “ Industrial Control.’’ Lord 
Askwith, K.C.B., K.C., D.C.L., Vice-President of the 
Society, will preside. Friday, January 21, at 4.30 p.m. : 
Indian Section, ‘‘ Indian Timbers,” by Mr. R. 8. Troup, 
M.A., C.1.E., Indian Forest Service, Professor of Forer*ry 
at the University of Oxford. Sir Claude H. A. Hill, 
K.C.8.I., C.I.E., m the chair. 


Tue Instrrurion oF AvuToMoBILE ENGINEERS.— 
Monday, January 17, at 7.30 p.m., Meeting of the Scottish 
Centre at the Royal Technical College, Glasgow, when 
Captain 8, Bramley-Moore will & paper entitled 
a Recent Developments in Transmission’’ ; chairman, 
Mr. D. Keachie. Wednesday, January 19, at 7.30 p.m., 
meeting of the Birmingham graduates in Room 65, 
Chamber of Commerce, New-street, Birmingham, at 
7.30 p.m., when Mr. T. R. Florance will @ paper 
entitled: “ Relative Advantages of Two-Stroke and 
Four-Stroke Engines"; chairman, Mr. J. E. Cooper. 
Thursday, January 20, at 8 p.m., meeting of the London 
graduates at 28, Victoria-street, London, 8.W. 1, when 
Mr. W. H. Wardall will read a paper entitled : ‘* Cylinder 
and Piston Wear’’; chairman, Mr. F. Leigh Martineau. 


Tue Instrrute or TRaANsPort.—Monday, January 17, 
at 5.30 p.m., at the Institution of Civil Engineers, Great 
George-street, Westminster, a paper will be read by 


Mr. M. Stevens, M.P., on “The Manchester Ship Canal 
as a Factor in Transport.” 


Tue Intuminatine Encineerine Socrery.—Tuesday, 
January 18, at 8 p.m., at the Royal Society of Arts, 
John-street, Adelphi, London, when a discussion on the 
“Use and Abuse of Light in Studios for Cinema Film 
Production,” illustrated by lantern slides and demon- 
strations, will be opened by Mr. J. C, Elvy. 


Tue SHEFFIELD ASSOCIATION OF METALLURGISTS AND 
METALLURGICAL CHEMISTS.—Tuesday, January 18, a 
paper by Mr. F. Rogers, B.A., M.Sc., on “The Magnetic 

roperties of Steel and Magnetic Testing,’’ will be read 
and discussed. 


Tue LrverPoot Enorngertne Society.—Wednesday, 
January 19, at 8 p.m., at the Royal Institution, Colquitt- 
street, “Impact Tests,’ by Professor William Mason, 
D.8c.(Manchester), Assoc.M.Inst.C.E., A.M.I.Mech.E. 


Tue Instirution or Civi, Enotngegers (YORKSHIRE 
AssociaTION oF StupENTs).—Wednesday, January 19, 
at 7.30 p.m., in the Library of the Philosophical Hall, 
Leeds. A paper by Mr. J.C. Cornock, Assoc.M.Inst.C.E., 
entitled “‘ Overtype Steam Wagons,” will be read. 


Tue Roya Agronavutican Socrery.—Thursday, 
January 20, at 5 p.m., at the Royal Society of Arts, 
John-street, Adelphi, London, W.C. 2. Lord Montagu 
of Beaulieu, C.8S.1., M.P., will read a pees entitled 
“The Cost of Air Ton-Miles compared with other Forms 
of Transport.” 

Tue InstiTruTION oF MINING AND MBTALLURGY.— 
Thursday, January 20, at 5.30 p.m.,, at the Rooms of the 
Geological Society, Burlington House, Piccadilly, W. 1. 
The following papers will submitted for discussion : 
“Some Observations on Mining gf the Opencast or 
Stripping Method,” by Mr. R. E. Palmer, Member 
(adj discussion); ‘The ‘Standardisation of 
Materials Employed in Mining and Milling Plant,” by 
Mr. E. A. Wraight, Member; ‘ Notes on the High- 
Level Diamond Deposits of Brazil,” by Mr. A. M. Pontie, 
Associate. 

Tue Royat Instirvtion or Great Barratn.—Friday, 
January 21, at 9 p.m., a discourse will be delivered by 
Sir Frank Benson, on “‘ Shakespeare and Democracy.” 
Afternoon Lectures at 3 p.m.: Tuesday, January 18, 
Colonel Sir Gerald P. Lenox-Conyngham, R.E., F.R.8., 
on “The Progress of Geodesy in India” (Lecture I) ; 
Thursday, January 20, Mr. Arthur Harden, D.Sc., F.R.8., 
on “ Biochemistry (Vitamins)’’ (Lecture I); Saturday, 
January 22, Mr. Perey C. Buck, M.A., Mus.Doc., on 
“The Madrigal—({1) Rhythm.” (With musical illus. 
trations by the English Singers.) 


Tae Junior Instrrution oF Enoineers,—Friday, 
January 21, at 8 p.m., at Caxton Hal). Lecturette on 
“Motor Yachts,’ by Mr. Basil H. Joy, M.I.Mech.E., 
M.L.A.E, 

Tae Iwstrrution or MecHANicaL ENGINEERS.— 


Friday, Jam 21, at 6 p.m., “The Mechanical Loading 
of Ships,” y Mr. H. J. Smith, of Shanghai, Member. 





Tue Port or Swanses.—An attractive booklet has 
been issued by the Swansea Harbour Trust calling the 
attention of merchants, manufacturers, shipowners and 
others to the facilities offered by the Port of Swansea, 
The port, it is pointed out, is situated in the heart of the 
anthracite areas of the South Wales coalfield, has a safe 
and commodious harbour with extensive docks for the 
accommodation of the largest vessels, excellent railway 
facilities and a plentiful supply of efficient labour. 
The booklet, which is fully illustrated, gives some par- 
ticulars of the trade of the port, with dimensions of 
docks and locks, particulars of crane equipment, dry 
dock accommodation, Se rates and c 
regulations, and other matters of interest to es 
users of the port. It can be obtained, together h any 
further information —— on application to the 
General Manager, Mr. P. W. Phillips, at the Swansea 
Harbour Trust Offices, Swansea, 
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SQUARE HOLE DRILLING ATTACHMENT. 
THE LANSTON MONOTYPE CORPORATION, LIMITED, LONDON. 
(For Description, see Page 43.) 
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Tue IMproveMeN, OF THE SPEEp oF 8.8. “ Onesa.” 

At the Barcelona Shipyard of the Astilleros del 
Mediterranee, now under the management of Messrs, 
John I, Thornycroft and Co., Limited, an interesting 
alteration has just been carried out on the s.s. Olesa, 
of 1,000 tons deadweight. ‘To increase the speed of this 
vessel Messrs. Thornycroft decided to increase the pro- 
peller diameter from 5 ft. 7in, to 9 ft. 8in., the pitch from 
7 ft. 2}in. to 7 ft. 10} in., and the surface from 16-7 sq. ft. 
to 20-3sq. ft. Tho original sternpost had to be cut away 
and a new piece scarphed on. This was a difficult opera- 
tion, as the finished job after riveting up required to be 
machine fitted and exactly to the gauge of the old 
sternpost, to allow of the lower‘rudder pintle working 
freely. ‘The vessel was dry-docked aid the whole opera- 
tion completed within a fortnight to the satisfaction 
of the owners and the approval of Bureau Veritas sur- 
veyor. The keel plate was extended below the normal 
line in order to strengthen the casting and protect the 
larger propeller in the event of the vessel grounding. 
The change resulted in the speed being ‘raised from 
5-2 knots to 8-6 knots, and at the same time the vibra- 
tion, which had been exceedingly bad with the small 
propeller, entirely disappeared. The effect on the 
voyage from Barcelona to Bilbao is that the steami 
days are reduced from 11 to 6-7, and the saving in coa 
for the round voyage is 40-2 tons, the equivalent cash 
saving being 8,040 pesetas. The above results are 
interesting as showing what an important influence the 
propeller has upon the economical working of a vessel. 
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AND FINANCE COMPANY, LIMITED, ENGINEERS, OLDBURY. 


PLATE IIl. 
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AN ASPECT OF UNEMPLOYMENT. 


AttrHoueH a slackening of demand in most 
industries has taken place in the last few months 
with consequent production of much unemployment, 
it appears to be commonly held that this movement 
cannot affect the building industry. This idea 
is generally assumed, even when it is not stated 
formally. As an example, it is reported, practically 
always without comment, that the Government 
in presenting their subsidy proposals to the building 
trades unions stated that there was no possibility, 
or probability, of unemployment in the building 
trades for at least ten years, while even Lord 
Weir in his most admirable address to the Junior 
Institution of Engineers* appeared to assume 
somewhat the same point of view. He said, “‘ under 
normal conditions of private enterprise inefficiency 
sooner or later brought about bankruptcy, cessation 
of demand and unemployment, but to-day’s con- 
ditions, wherein the housing situation is almost 
entirely a State or local authority enterprise, no 
insolvency-compelling balance sheet has to be faced. 
Consequently, housing proceeds under conditions 
of dangerously low efficiency—an inefficiency 
subsidised and paid for by the taxpayer.” 

This point of view about the building trades 
contains a serious fallacy. The trade does not, 
even now, differ essentially from any other trade, 
and inefficient production will sooner or later, as 
in other trades, lead to unemployment. In so far 
as the building trade is being subsidised it can dip 
into a deeper pocket than trades which depend on 
private enterprise, but the deeper pocket has a 
bottom and, recent agitation in connection with 
local rates and more important recent happenings 
in connection with projected building loans show 
that the bottom of that pocket is not very far away. 
If house building continues to be carried on as it is 
now carried on, there will be unemployment in the 
building trade for the same reason that there is 
now unemployment in the boot trade—because the 
cost of the product is greater than the prospective 
customer can afford. Matters may be carried on 
for a while longer by means of subsidy, but beyond 
a limit subsidy must stop, firstly because local 
authorities and Governments cannot afford to 
subsidise beyond a point, and secondly because if 
they do go far beyond that point they will not be 
able to get the money to subsidise with. 

It may be considered that to hold out this possi- 
bility of unemployment in the building trade is 
to support the attitude of the organised labour of 
that trade in opposing dilution. This, however, 
is far from being the case. If unemployment for 
builders’ workers comes it will not be because there 
are too many of them, but because their efficiency of 
production is too low. There is plenty of work 
for ten years, if it is carried out properly, and apart 
from the obvious justice and humanity of the 
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matter it is quite probable that an influx of a 
considerable number of new workmen into the 
industry would result in some decrease in the cost 
of the product of the trade, and this is the essential 
condition for an improvement in its prospects. 
The present restriction of output and restriction of 
the number of workpeople, can only ultimately 
have the opposite effect from what is intended and 
will bring unemployment sooner instead of later. 
Costs are now in many housing schemes being 
seriously raised by the shortage of union labour, 
quite apart from the individual output of the units 
of such labour as is available. 

This position in the building trades has, however, 
a further aspect which is of great importance for 
the future of trade union interests. Restriction of 
output and restriction of freedom of employment, 
even under safeguards, will and must ultimately 
result in the growing up of methods and organisa- 
tions tending to replace trade union labour alto- 
gether. There would be no serious practical 
difficulty now in carrying out a complete housing 
scheme without any so-called skilled labour at all, 
other than in the persons of a few foremen. Con- 
crete block machines, steel window frames and all 
other such aids as are available would naturally be 
employed, and such carpentry and plumbing work 
as are beyond a handy man could be undertaken by 
some of the large number of discharged soldiers 
who have had a vocational training. Not a great 
deal has been done in this way yet, but a start has 
been made with concrete block building. In this 
there is, and need be, no question of union breaking. 
The matter is one of simple necessity and if 
organised labour is not prepared to produce the 
things which are essential they must and will be 
produced by someone else. 

This question of skilled labour and the future is, 
however, not one applying peculiarly to the building 
trades. It has very close connection, for instance 
with the engineering industry. The address by Lord 
Weir, to which reference has already been made 
contained a diagram displaying a deplorable state of 
affairs in relation to the automobile industry. That 
diagram, which showed a value of automobile 
imports which entirely swamped our exports in 
locomotives, prime movers, machine tools, boilers, 
electrical and agricultural machinery, all added 
together, is not by any means to be attributed solely 
to our skilled unions. None-the-less it is certainly 
to an important extent to be explained by the 
reluctance of the Amalgamated Engineering Union 
to allow proper dilution in its trade. If it had 
been frankly admitted that unskilled work was 
unskilled work, a large part of the automobile 
manufacture which that diagram represents might 
have been carried out in this country, with conse- 
quently enormously greater total employment for 
union members than they have attained by their 
policy of restriction. 

The point specially in view at the moment, 
however, is that the unsound state of affairs dis- 
played by the diagram will sooner or later tend to 
rectify itself, without the help of the unions if it 
cannot do so with it. There is nothing impossible 
in building the ordinary type of motor car practically 
entirely by unskilled labour, and as in the building 
industry, if skilled labour will not carry out the 
work waiting to be done some other type of labour 
will. The skilled man has already practically lost 
the sewing machine and cycle industries, and his 
present attitude will sooner or later cause him to 
lose the motor car industry also. Much the same 
state of affairs prevails in the moulding trade, 
with the result that quite a large proportion of the 
repetition and smaller work has already passed 
out of the hands of the unions. Another cognate 
matter which may be mentioned in this connection 
is the promotion of a company entitled Atalanta, 
Limited, by the Women’s Engineering Society. 
This company has works at Loughborough and is 
to engage in ordinary engineering work to be carried 
out entirely by women. This matter is a small one 
in itself, but illustrates the growing tendency of 
engineering manufacture to loosen itself from the 
restrictions imposed by trade unionism. 

As already said there is no campaign of union 
breaking behind these movements. They are but 
the expression of necessities, and if organised labour 
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maintains its present attitude they will and must 
increase in extent. They merely represent. the 
attempts of the community to escape from an 
impossible situation. The number of factors 
entering into our unemployment problems of the 
moment is very considerable and the whole question 
is one of much complexity, but one of the factors— 
and a very important one—is of a very simple 
nature. Since 1914 wages have been very greatly 
increased and working hours have been reduced, 
but output has fallen, and the position now is that 
as the wages are not being earned unemployment 
is beginning to arise. The new standard of living 
which grew up during the war cannot be maintained 
unless enough work is done to maintain it. Enough 
work has not been done, unemployment has set in 
and the standard will fall. 

It may appear a paradox to claim that the way 
to meet unemployment in the skilled engineering 
trades is for the unions concerned to open their 
doors wider and admit unskilled labour, but the 
statement is true. Subject to their own interests 
being guarded, which the skilled unions are quite 
able to ensure, the turning over of all repetition and 
unskilled engineering work to unskilled operatives 
will bring enormously more employment to the union 
members than their present policy can ever do. 
By this means the country’s production might 
advance to such a point as to make the present 
standard of living permanently possible. Without 
it, or something equivalent to it, that standard 
cannot and will not Be maintained, nor will the 
present wage standards, Finally, if this country 
is to survive industrially that effect, or something 
equivalent to it, will of necessity come to pass with- 
out the skilled unions’ co-operation, if not with it. 








NOZZLE EFFICIENCIES. 

Ir has been usual to assume that the efficiency 
of a nozzle discharging steam or air is independent 
of the scale of the apparatus and of the velocity 
of flow. On this head theory gives us but little 
assistance, merely enabling us to affirm that the 
efficiency of two nozzles will be identical, when 
the nozzles are of the same form and material, 
and when the diameter of the nozzle, d, the velocity 
of flow, v, and the kinematic viscosity, y of the fluid 


are varied in such a way that the fraction zs 


remains constant.* Thus with constant viscosity if 
one nozzle has twice the diameter as another the 
efficiency will be the same if the velocity of flow is 
half as great as that from the smaller nozzle. 
The theory does not exclude the possibility that the 
efficiency of the two nozzles will be the same even 
if the velocity of flow is the same from each. 
In fact, as ‘Osborne Reynolds pointed out many 
years ago, at high velocities the frictional losses 
tend to become simply proportional to the kinetic 
energy of the flow, and the efficiency will then 
be independent of the absolute dimensions of a 
nozzle. 

So far'as steam is concerned the experimental 
results as interpreted by the old-established theory 
were by no means well in accord with the hypothesis 
that nozzles of the same form and material had the 
same efficiency whatever the velocity of efflux. 
Rateau’s experiments in particular, even after they 
had been adjusted in the attempt to bring them into 
agreement with the then accepted theory, showed 
that the coefficients of di from about 
0-94 at velocities of efflux in the neighbourhood of 
300 ft. a second up to unity or more, when the 
speed of issue was some 1,400 ft. per second to 
1,500 ft. per second. The observation that discharge 
coefficients were often in excess of what was 
considered possible theoretics lly has been confirmed 
by many careful mia. The question of 
whether it is permissible to treat nozzle efficiencies 
as constant has been brought forward again in a 
pores by Mr. A. A. Jude recently published by the 

itution of Mechanical Engineers, who draws 
attention anew to the wide discrepancy between 
the results of Hirn’s experiments with air and those 


of Rateau as interpreted by that experimenter 
himself. Hirn’s results—and Hirn was an ex- 
ceptionally able experimenter—show that with air 
the coefficient of discharge was nearly constant 
over a wide range, but that at low velocities the 
efficiency showed signs of increasing. These ob- 
servations are well in accord with what we should 
be led to expect from our present knowledge as 
to fluid friction, the laws of which were but im- 
perfectly known at the time Hirn made his experi- 
ments, and this agreement with theory as since 
developed, adds to our confidence in the reliability 
of Hirn’s results. At high speeds of flow we know 
that the fluid is in turbulent motion, and that the 
loss varies approximately as the square of the 
velocity, so that the efficiency should remain ap- 
proximately constant in spite of considerable 
changes in the velocity of efflux. At low velocities 
however, the flow has a stream line character, and 
the loss of head varies directly as the velocity 
instead of nearly as its square, so that the co- 
efficients of discharge may be expected to rise as 
the velocity falls, and moreover to do so irregularly, 
since the transition from the one type of flow to 
the other is discontinuous-in character, and repeat 
experiments at ‘“‘transition”’’ velocities give dis- 
crepant results. Ultimately, however, as the 
velocity falls still lower the conditions become 
steady again, and at the limit the coefficient of 
discharge for a well-formed nozzle must be unity. 

On the other hand, the regime of Rateau’s ex- 
periments as interpreted by himself, shows an en- 
tirely different state of affairs; the efficiency falls 
regularly as the velocity decreases, and shows no 
sign of increasing again to unity at the limit of 
zero velocity. The most remarkable feature in 
Mr. Jude’s paper is that he has entirely ignored the 
explanation of Rateau’s results given in Professor 
Callendar’s paper published by the Institution of 
Mechanical Engineers in 1915. It was there shown 
that on taking into account the fact that the steam 
was super-saturated as it expanded through the 
nozzle and not in thermal equilibrium as Rateau 
assumed, his figures came into close agreement 
with those of Hirn. Rateau, like many other 
experimenters who also observed an efflux greater 
than. they could account for on the older accepted 
theory, made certain corrections to his actual 
observations. In order to avoid discussion as to 
the legitimacy or otherwise of these corrections, 
Professor Callendar adopted the plan of comparing 
relative figures only. We can, as is well known, 
calculate in all cases the maximum possible dis- 
charge from a nozzle having a given throat area, 
and this can also be observed experimentally. 

At smaller ratios of expansion the discharge 
may be expressed as some fraction of this maxi- 
mum discharge, and Professor Callendar deduced 
accordingly the figures we reproduce below :— 
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From this table we find that if C,, be the co- 
efficient of discharge when the discharge is a maxi- 
mum, then at other pressure ratios the coefficient 
of discharge will be as follows :-— 








P 0-90 | 0-80 | 0-70 | 0-60 
Po 
Coefficient of discharge 
or air .|0°987 Cm |0-989 Cm|0-987 Cm|/0-986 Cm 





* It seems probable that the above statement is not 
quite complete, and that the efficiency may also depend 
upon the ratio of the specific heats of the issuing fluid 
if this bea gas, since the value of the reheat factor 
depends on the ratio. 
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panding in thermal 
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The maximum difference between the figures 
for air and steam expanding without condensation 
is, it will be seen, never as much as 1 per cent. 

We have said above that it is easy to calculate 
the maximum discharge from a nozzle, but it is 
certainly.open to question whether in actual practice 
such a maximum actually exists. For all practical 
purposes, no doubt, the view is correct that when 
the ratio of the pressure of discharge to that of the 
initial pressure falls below a certain limiting fraction, 
the discharge is constant, and according to the 
usual mathematical theory this is necessarily the 
case. In a mathematical theory, however, it is 
customary to include only such considerations as 
are deemed necessary for the immediate object 
in view. The physical theory of Osborne Reynolds, 
on the other hand, enables us to say with some 
confidence that extremely delicate and careful 
experiments might be expected to show some 
small increase in the discharge even after the 
pressure ratio falls below the ciitical limit as given 
by the ordinary mathematical theory. 

Osborne Reynold’s argument may be put in this 
form. Suppose a nozzle is discharging air into a 
vessel in which the pressure can be varied at any 
instant. Only as much air can leave the nozzle as 
enters it, and this flow of air to the nozzle from the 
reservoir has to be maintained by differences of 
pressure within the reservoir. In short, corre- 
sponding to any given discharge a series of equal 
pressure lines or surfaces must exist within the 
reservoir corresponding in every way to the equi- 
potential lines which determine the flow of electricity 
through a conducting sheet, from which the current 
is drawn off at some particular point. Should 
the pressure in the space into which the air flows 
be lowered, “‘ news ’’ of the change is “‘ telegraphed ”’ 
back through the issuing jet to the interior of the 
reservoir, and as a consequence the lines of flow 
there adjust themselves to suit the new conditions. 
If, however, the velocity of efflux exceeds that of 
the velocity of sound in the fluid, it is impossible 
for ‘‘ news ’’ of any change in the external conditions 
to reach the interior of the vessel since the speed 
with which any impulse is transmitted through a 
body is the speed of sound. Hence once the 
pressure ratio is such that the velocity of efflux 
is equal to the speed of sound, a further reduction 
of the external pressure cannot affect the supply 
of air to the nozzle because the interior of the 
reservoir cannot get “‘ to know ’’ what has happened 
outside. As no more air can leave the nozzle than 
enters it, the discharge must remain constant, 
no matter to what extent the external pressure is 
reduced. 

Experience shows that this conclusion is verified 
in practice, at least approximately ; but for Osborne 
Reynold’s reasoning to be absolutely valid it is 
essential that the speed of the jet shall in no part 
of its cross-section fall below the speed of sound. 
Actually this speed must (in the absence of slip) 
be zero at the nozzle wall, and hence along this wall 
there is in all cases a thin film of fluid which is 
moving with less than the speed of sound. A 
narrow channel of communication between the 
interior and the exterior of the reservoir thus 
persists even after the critical pressure ratio is 
exceeded, and along this some slight “ know- 
ledge’ of external changes may filter back to the 
fluid, approaching the nozzle, and small increases 
may accordingly occur in the weight discharged 
even after the so-called critical pressure-ratio be 


passed. 





INDUSTRIAL FATIGUE. 

THE paper on Industrial Fatigue read before the 
Royal Society of Arts on Wednesday, by Dr. C. 8. 
Myers, was more an account of the lines which 
research into this question had taken, than instruc- 
tion as to how the practical side of the workshop 
problems may be attacked. Dr. Myers stated that 
five different factors, designated fatigue, practice, 
incitement, settlement, and spurt, affected output. 
But when one comes to analyse these, several of 
them appear to be so capricious and contradictory 
that it is doubtful whether under ordinary circum - 
stances they can be brought within the control 


of any organisation. For practical purposes it 


_ | would often be of little value to know that spurts 











Jan. 14, 1921. ] 


ENGINEERING. 


ere #9 





which are frequently unaccountable, may or may 
not, affect a job. 

The psychological investigation may possibly 
with advantage be carried to considerable length, 

but there will always come in in practice, except 
under a few conditions, factors which make any- 
thing more than the application of general principles 
a matter of much difficulty. There is nowadays 
a widespread approval of welfare measures con- 
ducted on broad lines. We doubt if there is such 
approval for scientific management in its extreme 
form. After all the latter, tending as it does more 
and more to the elimination of all but the fewest 
possible movements, seems to run towards the very 
monotony which the fatigue investigators wish us 
to avoid. Everyone knows the relief which comes 
from a short change of method, and the system 
which makes a man follow the same movements 
without change throughout his working day 
certainly will not be gladly assented to by workers 
who every day are becoming better educated and 
more able to appreciate the fact that they have 
a soul and will of their own. There is thus, we 
believe, a distinction between welfare work and 
scientific management in its extreme interpretation, 
the former being of undoubted advantage to the 
worker and the employer. 

Dr. Myers showed some curves illustrating the 
effect of hours on workers, comparing the 8 and 
10-hour day, and stated in his paper that the 
reduction in hours increases almost invariably the 
hourly output. Although there are, and have been, 
undoubted instances where this has occurred, 
there is, in our opinion, need of much further data 
before this rule can be laid down. The lessons of 
the last two years certainly in many directions 
are in conflict with the contention. Hours have 
been reduced 20 per cent., but output has fallen 
by a good deal more, in spite of many efforts to make 
the conditions of the employee more pleasant while 
at his work, and to assist him in enjoying his 
leisure in a healthy way. There must obviously 
be a limit, and who shall say definitely when we 
have overstepped it ? After a few years of 8 hours 
we will be told probably that output will increase 
if we decrease the hours to six; a spell of that 
and then the demand will be for four, which some 
labour idealists are dreaming of now. From present 
indications it would appear that the maximum 
output is to be obtained with something over eight. 
Even Dr. Myers’ curves were by no means con- 
vineing on this point. In fact, when the classes 
of work were differentiated it seemed to us in the 
short time the curves were to be examined on the 
screen that in some processes the 10-hour day 
seemed the more productive. 

The attempt has often been made to compare 
accidents in shops with hours of working, with the 
idea of coupling them with fatigue. One of Dr. 
Myers’ curves was interesting in this connection. 
It referred to machine work, and the curve sloped 
up to start with, then ran practically level through- 
out the day, rising a good deal in the last hour. It 
seemed to us that this rise might quite easily be 
traced not to fatigue, but to the fact that the 
worker may be taking risks at the close of the 
working hours, either with a view to finishing a job 
in the time, or to cleaning his machine down, and 
these probably account for more than fatigue, 
which it is hardly conceivable would suddenly 
develop to so marked an extent. 








MOTOR-CYCLE -FRAME DESIGN. 

As we mentioned when dealing recently with 
the Motor-cycle Show, the motor-cycle is a machine 
which has developed almost entirely by trial and 
error, and has been affected very little by scientific 
calculation. While very good results can be obtained 
in this way, there is no doubt that still better results 
can be got by proper scientific calculation if pro- 
perly backed by trial and error, and therefore the 
paper on motor bicycle frame design read by Mr. 
Douglas Leechman at the Institute of Automobile 
Engineers on the 30th ult. is very welcome. The 
paper is of considerable length, and is illustrated by 
33 figures. The author traces the development 
of the ordinary push cycle frame from the very 
crude forms of the early safety bicycles to the 
“diamond frame’ which has been practically 





universal for many years. This frame is not really 

triangulated and therefore depends for its rigidity 
on the stiffness of the joints. While this is theoreti- 
cally wrong it remains a fact that triangulated frames 
have been repeatedly tried and have so far failed 
to displace the ordinary pattern. The author 
states that in practice the ordinary frame springs 
slightly on the road and that a really triangulated 
frame is less comfortable to ride, and it may be 
that in a push cycle there are practical advantages 
in having a frame which is not absolutely rigid, 
as the tyres provided are usually of very small 
diameter and the springing of the saddle only 
gives a very slight movement. 

The author traces the development of the motor 
cycle frame from that of the push cycle. An 
illustration of the conventional frame of the present 
day is given by him, and this we reproduce in 
Fig. 1 annexed. This frame is very severely, and 
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probably quite justifiably, criticised as having all 
the faults of the ordinary push cycle frame with the 
addition of others. 

Apart from the front forks this frame is more 
completely devoid of triangulation than that of 
the push cycle, for the chain stays are usually not 
straight. The top tube is also frequently bent as 
shown, while the middle tube does not run from 
point to point, but is attached to the bottom tube 
and seat tube part way along their length. The 
engine is generally used to form part of the frame, 
and the rigidity of the latter therefore depends 
on the fit of the bolts attaching the engine to the 
frame. The chain stays are often bent laterally to 
clear the driving pulley of the belt, which must 
very much weaken them. As it is desired to have 
a low top tube the ball races of the steering ce.:tres 
are very close together and the stresses on the 
head proportionately great. 

It is not surprising that in spite of being made of 
very considerable weight such frames have given a 
good ‘deal of trouble by breakage. This has been 
remedied by simply making the tubes thicker, 
with the result that motor-cycles have increased 
very greatly in weight. In many cases breakages 
have been remedied by increasing the length of the 
lugs. The result is that the modern motor-cycle 
frame is often not really tubes joined together by 
lugs, but large lugs joined together by short lengths 
of tube. This is particularly the case with regard 
to the chain stays, as a large casting is used to 
earry the gear-box and the bent part of the chain 
stay 1s often formed as part of this casting. The 





total result is that the sre is formed more of 
malleable castings than of tubes. The gear-box 
is usually so carried that its centre is some distance 
below the attachment to the chain stays, hence the 
pull of the driving chain puts a considerable bending 
stress on the stays and also a tensile stress on the 
bolts. 

The suggested remedy for these defects is a frame 
shown in a di which we reproduce in Fig. 2. 
In this the whole is triangulated while the gear-box 
is placed between two sets of chain stays and 
attached to both, so that there is no bending stress 
on them. This pattern frame may, as the author 
states, be impracticable where the engine has 
inside flywheels on account of the size of the crank- 
case, but it 1s a far more scientific arrangement 
than the usual one. 

Front forks are dealt with, and it is pointed out 
that these should be built up of straight round tubes 
as shown in Fig. 3, in preference to curved oval 
tubes as often used, Laterally front forks are 
usually of the type shown in Fig. 4 where the 
strength depends entirely on the stiffness of the 
tubes. It is pointed out that the types shown, 
Figs. 5 or 6, should give equal lateral strength with 
less weight. The question of torsional strength of 
the main frame is gone into, and it is pointed out 
that the torsional strength of a tube of a given 
weight increases very rapidly with its diameter. 

Mr. Leechman’s paper is so complete that there is 
little to comment on or criticise, but there are a few 
points not dealt with, possibly because the author 
considered they were beyond the scope of the 
subject. One point which has a great effect on the 
construction of the lower part of the frame is the 
practice of the ordinary maker of having a gear-box 
entirely separate from the engine and driven by an 
exposed chain, which therefore has to be adjusted. 
This construction appears to be radically bad, and 
a study of the paper will show that there would be 
very great advantages in making the engine and 
gear-box in one unit. This is being done by two 
of the principal American makers and also a few 
makers in this country. In this case the whole 
construction of the lower part of the frame can 
be very much simplified and lightened while there 
are many other practical advantages, notably 
the fact that adjusting the front chain, which is a 
very troublesome job, is done away with. 

Another point of great importance is the question 
of the best diameter for the tubing. The author 
remarks that in torsion the calculated strength 
of a tube of a given weight increases with its 
diameter and that therefore there is a temptation to 
increase the diameter and reduce the wall thickness, 
but that very thin tubes will fail in practice from 
local buckling long before they are stressed to the 
theoretical limits. This is no doubt true, but it 
does not follow that the present practice of small 
tubes of considerable thickness gives absolutely 
the best proportions. The author also suggests 
that when used as a strut the best diameter 
of a tube is from a twentieth to a twenty-fourth 
of ite length, but it is doubtful if any fixed 
proportion of length to diameter can be best 
regardless of the load to be carried and the thick- 
ness of the tube. It appears more reasonable 
to assume that there is some fairly constant ratio 
between the diameter and thickness, and in this 
case it would appear that the practice of making 
the tubing of a heavy motor-cycle about the same 
diameter as that of a push cycle of one-tenth the 
weight, must be wrong, and that better results 
would be got by increasing the diameter and 
reducing the thickness. Incidentally the author 
points out the unsuitability of pressed steel of 
channel section for motor-cycle frames, as the 
channel, whether in compression or torsion, is 
much weaker per unit of weight than the tube. 

The whole question of the design and construction 
of motor cycles now deserves a great deal more 
scientific study than it has had. It is too often 
thought that such small machines are hardly worth 
the attention of a really skilled engineer. Never- 
theless a motor-cycle maker making 100 cycles a 
week, of 5 h.p. each, is turning out 26,000 h.p. a 
year. No one would think of building an engine 
of 26,000 h.p. without going into every detail of the 
design in a thoroughly scientific manner, and there 
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is no particular reason why such an aggregate 
horse-power should receive less attention because it is 
distributed among a large number of small units. 

Mr. Leechman’s paper is therefore very valuable, 
and it is to be hoped that it will be followed by others 
dealing with the parts of the motor cycle in a 
scientific manner. 





THE SHIPBUILDING INDUSTRY. 
AvrnoucH the depression being experienced in 
the shipbuilding industry has,'as yet, had little 
effect upon statistics, evidence of its existence can 
be obtained from the fact that, for the first time 
since the termination of the war, the quarterly 
returns issued by Lloyd’s Register show the number 
and tonnage of vessels under construction to be less 
than those for the previous quarter. The difference, 
so far, is only about 22,000 tons, the vessels under 
construction in this country on December 31 
numbering 921 and having a total gross tonnage of 
3,708,916, as compared with 961 vessels and 
3,731,098 gross tons at the end of the September 
quarter. This is certainly only a trifling drop, 
but it may mark the commencement of a rapid 
decline which, if continued, will seriously enhance 
the existing difficulties of the industrial situation. 
In comparison with the statistics for the end of 
1919, the current figures show an increase in tonnage 
under construction of some 714,000 tons and of 
1,729,000 tons as compared with the end of 1918. 
They might therefore be regarded as indicating an 
almost unprecedented degree of prosperity in the 
shipbuilding industry, but this inaccurate impression 
will be corrected when it is pointed out that the 
work commenced during the quarter, viz., 148 ships, 
making an aggregate of 506,353 tons, was 139,000 
tons less than the average for the six previous 
quarters. It is this fact which indicates that the 
decline which has set in will not be arrested rapidly. 
Another factor of importance in the industry is 
that, although the amount of work in hand is 
very large, the rate at which it is completed is 
considerably less than was the case in pre-war 
times. In 1913, for instance, the average tonnage 
completed during a quarter was over 23 per cent. 
of the work in hand at the commencement of the 
quarter, whereas the corresponding figure for 1920 
is less than 13 per cent. It thus appears now to 
take nearly twice as long to build a ship as it did 
before the war—a feature which, unfortunately, 
is characteristic of most modern industries. 
Coming now to the distribution of the work in 
hand in the United Kingdom we find that, as usual, 
Glasgow takes first place among shipbuilding 
centres, having 198 ships, with an aggregate gross 
tonnage of 959,347 in hand, which is a record figure 
for the district and shows an increase of 1-6 per 
cent. in comparison with the figure for the Septem- 
ber quarter. At that time 199 ships totalling 
943,907 tons were building at Glasgow. At the 
other Clyde port of Greenock the work has fallen off 
to the extent of nearly 10 per cent. during the 
quarter, the work in hand now totalling 67 ships, 
making 345,841 tons as compared with 73 ships 
and 383,686 tons at the end of September. At 
Newcastle, which follows Glasgow in order of 
magnitude of work in hand, there are now building 
126 vessels, making 653,112 tons in all, the latter 
figure being only 2,614 tons less than that for the 
previous quarter. Belfast and Sunderland both 
show slight increases in the tonnages of ships under 
construction. At the former port the ships building 
number 50 and have an aggregate tonnage of 
361,620, as against 53 ships with a total tonnage 
of 352,730 at the end of September; the increase 
in in this case is 2-5 per cent. At Sunder- 
land the increase is about 1-5 per cent., the figures 
for December being 69 ships making 327,120 tons, 
and for September 68 making 322,098 tons. 
Middlesbrough, including Stockton and Whitby, 
has 60 ships in hand with an aggregate ton- 
nage of 281,031, which is greater by 9-2 per cent. 
than the figure for the previous quarter, when the 
tonnage building amounted to 256,503 (56 ships). 
The largest proportional increase has, however, 
occurred at Barrow, where 16 ships totalling 153,118 
gross tons are now under construction. The 
increase in this case amounts to nearly 15 per 
cent., the September tonnage being 133,389 for he 





same number of ships. Most other districts, on 
the other hand, show a material diminution in the 
amount of work in hand, that at Liverpool having 
fallen off to the extent of 14 per cent. The current 
figures for Liverpool are 61 ships making 124,437 
tons as compared with 70 ships making 144,840 
tons in September, while those for Hartlepool 
are now 20 ships (97,960 tons) as against 23 ships 
(107,640 tons) for the previous quarter; the 
reduction in tonnage at the latter port amounts to 
about 9 per cent. Hull also shows a noticeable 
falling off in the amount of shipbuilding work in 
hand, the tonnage building there in December 
being 71,605 (45 ships) while the corresponding 
figures at the end of September were 74,152 (56 
ships); the reduction here amounts to rather less 
than 3°5 per cent. The only other ports in the 
United Kingdom at which the shipbuilding work in 
hand amounts to more than 20,000 tons are 
Southampton, Leith, Londonderry and Newport 
(Mon.), the respective figures for these ports being 
60,746 tons (35 ships), 56,738 tons (24 ships), 
26,800 tons (4 ships), and 23,156 tons (7 ships). 

It is a somewhat noteworthy incident in the 
development of the internal-combustion engine for 
marine propulsion, that in the returns just issued by 
Lloyd’s Register it has been found desirable to give 
separate statistics for motor-propelled ships. From 
these it appears that of the vessels now building in 
this country 57, making 227,010 gross tons, will be 
propelled by oil engines. The tonnage, it is true, 
is only a little more than 6 per cent. of the total, 
but it has already far outstripped the sail tonnage 
building which now amounts to only 7,051 tons 
(35 ships). It may also be of interest to mention 
that of the vessels under construction in this 
country, rather more than a third (1,257,124 tons 
comprised in 284 ships, to be exact) are on order for 
British Dominion or foreign owners. Our largest 
customer is Norway, for whom we are building 101 
ships, making 350,287 tons, while 64 ships (319,328 
tons) are building for French owners and 27 ships 
(188,846 tons) for Dutch owners. As will be seen 
subsequently, both France and Holland have con- 
siderable tonnages of shipping under construction 
in their own yards, so that there must be a notable 
improvement in the maritime positions of both these 
countries in the near future. ; 

With regard to shipping under construction 
abroad, the most striking feature is the reduction 
which has taken place in the tonnage building in 
the yards of the United States. Two years ago the 
ships under construction in the United States 
numbered 997 and had an aggregate tonnage of 
3,645,919, but by the end of 1919 the figures had 
fallen to 647 ships, totalling 2,966,515 tons, a reduc- 
tion for the year of nearly 19 percent. At the end of 
last year the tonnage building was only 1,310,312, 
comprised in 235 ships, the reduction for that year 
amounting to about 56 per cent., while, over the 
two years, the percentage reduction is about 64, 
Most other foreign countries, on the other hand, 
show increased activity in shipbuilding, and the 
total tonnage building abroad, excluding the United 
States in both cases, is now between 13 per cent. 
and 14 per cent. more than at this time last year. 
The figures, however, do not include Germany, for 
which country statistics are not yet available. 
The total tonnage now building abroad, including 
the 1,310,312 tons building in the United States, 
is 3,470,862, so that the British tonnage under con- 
struction exceeds this figure by 238,104 tons, i.e., 
by nearly 7 per cent. After the United States the 
largest tonnage is building in Holland, there being 
174 vessels with a total gross tonnage of 450,964 
in hand in Dutch yards. France follows with 104 
ships, totalling 397,969 tons, in hand ; and the next 
place is taken by Italy (including Trieste), which 
country has 159 ships, making 363,784 tons, under 
construction at the present time. Japan is now 
building 59 vessels with a collective tonnage of 
248,513, and the British Dominions between them 
have in hand 74 ships, making 186,655 tons in all. 
Sweden and Denmark are the only other countries 
with more than 100,000 tons of shipping under con- 
struction at the moment, the figures for these 
countries being 122,578 tons (64 ships) and 121,279 
tons (57 ships), respectively. 

It may be of interest to add that of the vessels 





building abroad, 132 with an aggregate tonnage of 
227,492 are classed as motor vessels, the latter 
figure representing a slightly larger percentage of the 
total than that given above for the motor vessels 
building in this country. The total tonnage of 
vessels of this type building abroad, it will be 
noticed, is almost exactly the same as that building 
in this country, but the average size of the British 
motor vessels is evidently much greater since their 
number is considerably less than half that of the 
foreign-built motor ships. In conclusion, we may 
mention that 169 vessels, making 1,169,003 tons 
together, are now building for the carriage of oil 
in bulk, 64 of these ships, representing 422,553 tons, 
being under construction in this country, while 88 
of them, having an aggregate tonnage of 637,100, 
are building in the United States. 





NOTES. 
Tue Ark Ministry ComMPETITIONS. 

Somz information as to the lessons to be learned 
from the Air Ministry competitive trials of aero- 
planes and amphibians is now available in the form 
of a brief réswmé of the technical report of the 
Judges’ Committee which has been forwarded to all 
the competitors. The main object of the trials, 
which were held in August and September last, 
was to ascertain the best type of machine, in each 
class, for safe, comfortable and economical air 
travel, and data as to the results obtained were 
published on pages 343 and 508 of our last volume. 
The rules of the trials, it is pointed out, were such 
as to encourage the provision of an ample reserve 
of power, and to obtain this with the minimum 
sacrifice of useful load would lead to the use of 
relatively light engines which would be run nor- 
mally at well below their maximum powers. There 
can, of course, be no two opinions as to the advantage 
of having a reserve of power to enable a machine 
to rise from a confined space, but, in our view, it 
by no means follows that the lightest engine is the 
most desirable for general use, although it may 
prove highly successful in competitions. Fuel 
economy and reliability in regular service are of the 
utmost importance in aero engines for commercial 
work and are well worth some sacrifice in the matter 
of engine weight. With regard to landing in a 
confined space, the committee consider that designers 
do not attach enough importance to the matters of 
controllability and the pilots’ view, and, if this be 
true, careful attention should certainly be paid to 
this criticism. Some promising desigus of wheel 
brakes for reducing the run on the ground after 
landing were, it is stated, included on the com- 
peting machines. We have often urged the im- 
portance, which must indeed be obvious to all, of 
taking every reasonable precaution to avoid the 
possibility of fire in the air and of reducing by all 
available means the risk of fire in the event of a 
crash. From this cause, as has recently been made 
evident, a comparatively trifling mishap may 
develop into an accident of a most distressing 
character. We are therefore glad to notice that 
the committee are satisfied that due attention has 
been given to the matter, and to learn that ideas 
of definite value were embodied in the competing 
machines, though the nature of these ideas is not 
indicated. Steps should certainly be taken to bring 
any useful improvement in this respect to the 
notice of all designers. Little need be said here as 
to the advantages of amphibian machines referred to 
in the publication, since these are at once apparent. 
Their use, however, necessitates a slight sacrifice 
in speed in comparison with a machine designed to 
alight on land only, but this can often be more than 
compensated for by the fact that an amphibian 
machine can safely fly on a more direct route than a 
land machine. Other features which seem to have 
been amply demonstrated by the trials are that a 
twin-engine machine can safely fly on one engine, 
and that a very fair standard of comfort can be 
attained in machines specially designed for pas- 
senger carrying. With regard to the latter question, 
it is thought, however, that there is still room for 
improvement in the matter of silencing the engine. 
A very satisfactory feature of the trials, which may 
be referred to in conclusion, is that although the 
rules permitted the use of foreign-made accessories, 
or secondary equipment, the competitors found it 
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practically unnecessary to avail themselves of this 
facility. The magnetos used were in all cases of 
British design and construction, and the. very few 
foreign accessories employed were mainly petrol 
gauges. It is rather surprising to note, in this 
connection, that the committee found no really 
suitable gauge for showing the quantity of petrol 
in the tanks fitted on any competing machine. 
The problem is certainly not quite so simple as 
appears at first sight, but the difficulties of designing 
such a device seem trifling in comparison with many 
of the problems already encountered and solved in 
the conquest of the air. 








Patent APPLICATIONS IN 1920. 

For some years we have examined and commented 
on the uniform rate at which pavent applications 
are filed during the year and have shown that 
generally speaking the rate increases from year to 
year. Only changes of great moment appear 
materially to affect the regularity of filing, such 
as the beginning of the war in 1914. The year 1920 
has been a remarkable year from the aspect of filing 
patent applications for two reasons; first, there 
was an unexpected break with sudden rise in the 
number of applications filed in July, and second, the 
total number of applications has been very largely 
in excess of any previous year. One suspected that 
under the Peace Treaty many applications would 
have been lodged, but as a fact, although a large 
number were filed during the early part of the year, 
it was not until the approaching termination of the 
period permitted that the great influx took place. 
By the end of June 18,000 applications had been 
lodged, whereas by the end of July the figure had 
risen approximately to 23,000, and the termination 
of August shows 25,000. The rate of filing applica- 
tions proceeded substantially regularly after this 
period until November, when there was again an 
unexpected, but comparatively small, rise. The 
total number of applications filed in 1920 in Great 
Britain, is 36,680. This compares with the previous 
years as follows :— 


1913 30,102 
1914 24,847 
1915 18,225 
1916 18.686 
1917 19,358 
1918 21,933 
1919 32,892 


Such a large number of ‘specifications i in the hands 
of the examiners has made it extremely difficult 
for them to cope with the work, with the result that 
what is believed to be the unprecedented action 
has been taken of publishing in the Official Patents 
Journal a statement that there is a serious congestion 
of work which has caused considerable difficulty in 
dealing with the applications as promptly as might 
be wished. The Comptroller has also exercised his 
powers under the Temporary War Measures to 
extend the time for accepting all complete specifica- 
tions filed on or before January 10, 1921, in respect 
of applications filed on or before October 10, 1919, 
until July 10,41921.“This is a most important 
provision in view of the fact that without it all 
matters which should have been dealt with by the 
Temporary War Measures would have been unable to 
have been proceeded with further after January 10. 


Untrep States Aviation Poricy. 


Ir is evident from the sixth annual report of the 
National Advisory Committee for Aeronautics of 
the United States that that country fully realises 
the “need for developing civil aviation, both as a 
useful means of transport and as a factor in national 
defence. The only*alternative to this, the Com- 
mittee considers, is the creation and maintenance 
of a military air service of sufficient strength to be 
self-reliant in time of war, and the advantages to be 
gained in peace time from the expenditure that 
would be incurred in this policy are rightly regarded 
as in no way comparable with those to 'be derived 
from the support of civil aviation. These views are 
remarkably “similar to those expressed in these 
columns “and "elsewhere in this country, so that we 
may hope that they will give additional weight to 
the arguments put forward here. One point which 
the Committee regards as most essential, is that the 
appropriations for the naval and air services 
should be not only adequate for the development 
of these services, but should also be on such a scale 
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as to allow of sufficient orders being placed for the 
maintenance of the nucleus of an aircraft industry, 
which could be expanded to meet any emergency; 
in this respect also, a similar provision is certainly 
necessary in this country, With regard to some of 
the Committee’s recommendations, however, we 
are already ahead of the United States. For 
instance, it is recommended that legislation be 
enacted to provide for .Government regulation of 
commercial air navigation, and the licensing of 
pilots, aircraft, landing grounds, &c. This has, of 
course, already been given, effect to in this country, 
as also has the Committee’s further suggestion that 
aeroplane competitions should be organised for the 
purpose of developing new and improved types of 
aircraft. Successful machines, it is recommended, 


should be purchased by the Government and used | j 


in the aerial mail services. The latter have already 
been developed considerably in the United States, 
which it must be admitted, offers more scope for 
such services than this country does. The services 
have, however, been handicapped by difficulty in 
obtaining suitable machines for the work, and this 
difficulty, it is thought, can only be overcome by 
Government encouragement of the aircraft industry 
by adopting a comprehensive constructive policy. 
Other points which may be mentioned are the re- 
commendations that naval aeronautics should be 
centralised under a naval bureau of aeronautics in 
charge of a director of naval aviation, and that a 
comprehensive programme of scientific research in 
aeronautics should be approved. It is pointed out, 
in conclusion, that the development of all-metal 
construction for aeroplanes will necessitate large 
increases in the work of the Langley Memorial 
Aeronautical Laboratory, at Langley Field, Va. 


LITERATURE. 


—— 

Fuel Production and Utilisation. 
D.Se., Assistant Professor of 
Princeton University, U.S.A. London: Balliére, 
Tindall and Cox. [Price 10s. 6d. net.] 


Tas volume is one of a series of manuals, surveying 
the present condition of chemical industry and 
designed to encourage the industrial output by 
spreading technical information concerning the 
raw materials of commerce. It is thought that the 
aim will be best promoted by occupying an engineer- 
ing rather than a chemical standpoint, and in giving 
prominence to the industrial aspect rather than 
that of the laboratory. The scheme is excellent, 
and we hope it may prove as successful as it 
deserves. The reputation of the several authors 
and of the general editor (Dr. S. Rideal) is a 
guarantee that the information will be accurate, the 
treatment informing, and the technology as recent 
and precise as an ever-changing and widening 
subject permits. The intention is to make the 
series useful to the man of affairs having no special 
technical knowledge, to the advanced student whose 
education has made him better acquainted with 
the theory of manufacture than with the current 
industrial conditions, and also to those actually 
engaged in industry, who having specialised within 
narrow limits are anxious to broaden their outlook 
by @ comprehensive survey of the factors that 
assist, or delay, progressive development. Such 
a scheme is ambitious and a particular difficulty 
seems to arise in this special instance from the 
limitations imposed by the moderate dimensions 
of the book. For example, Dr. Taylor treats of 
fuel production and its utilisation. If we conjure 
up a mental picture of the various of coal 
combustion and distillation, including the utilisation 
of coke and gas products, the opportunities for 
lignite, the future of peat, and the possibilities 
wood offers in the form of charcoal or alcohol, 
we perceive the materials not for one treatise, but 
for many. All such topics the author touches 
illuminatingly, however, and the selection of some 
and the exclusion of others must have occasioned 
him some pains and anxiety. 

Dr. Taylor has the advantage that his subject 
concerns us all. British supremacy in the t 
has depended essentially upon a cheap and abun 
coal supply, and its safety and welfare now, and in 
the future, rests upon that supply being maintained 
in sufficient amount to support industrial require- 
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menta, and at « lower cost than competing nations 
can produce it. The coal measures are our one great 
asset in raw materials, and under the present 
conditions of the coal-mining industry, the, nation 
in the future must rely less upon the simple ex- 
ploitation of this store of national wealth, and more 
upon the resources which scientific skill and 
improved technology place at its disposal. All 
attempts to make this obvious truth better appre- 
ciated and more observed are welcome, the 
author’s familiarity with American methods of 
fuel preparation, only known to most by the various 
bulletins issued by the United States Geological 
Survey, especially qualifies him for the position 
of a guide through the troublous times ahead. 

The change in the fuel problem due to the rise 
in the of coal and diminished output is hardly 
oleelt te those outside the industry, but when 
it is recalled that 25 cwt. of coke is used in the 
production of a ton of pig-iron, it is easy to conceive 
the altered condition under which smelting opera- 
tions are conducted, and by inference the need to 
use every pound of coal most economically, giving 
to every heat unit its utmost value. The emphasis 
placed on the limited sources of fuel generally, 
whether raw or derived products, and the degree 
of adaptability of each to the purposes of,industry 
should bring home the serious position in which 
the nation is involved, and the precise character 
of the difficulties with which it is faced, difficulties 
that are inherent in the problem and are not to be 
charmed away by the cheerful forecasts of irre- 
sponsible authorities. The author essays the 
harder, but more practical, task of indicating 
processes that will relieve the fuel situation by 
reducing waste, and turning to better account 
sources that have been neglected in the careless 
days of plenty when exhaustion seemed impossible 
and dangerous competition far off. It may be 
serviceable to direct attention to some of these 
schemes, hitherto little regarded, but which now 
have every prospect of wide extension. 

A simple form of utilising waste is that of coal 
briquetting or the production from coal slack and 
disintegrated material, compact and robust masses 
of coal rendered coherent by the use of a binder. 
The process has long been practised, and the 
technology well understood, but only about one-half 
of 1 per cent. of the coal] mined has hitherto been 
utilised in this country. Even this small quantity 
is mainly exported, while the more economica! 
German in the day of his prosperity briquetted 
10 per cent. of the coal output. A well-made 
briquette, capable of withstanding exposure to 
weather with little disintegration, dense and porous, 
should ignite readily and burn with a free flame 
without odour or smoke, maintaining its shape 
when burning, and not fall to small dust prema- 
turely. The percentage of ash should be, and 
can be, kept low, not exceeding 6 per cent. As 
regards the calorific value, the briquette should at 
least equal that of the coal from which it was 
formed, and where organic binders are employed the 
briquetted product may exceed that of the coal. 
On the Continent, where the manufacture has long 
been practised, the briquettes are used advan- 
tageously in locomotive firing, in central heating, 
and in other ways are consumed by process of 
direct The evaporative power is equal to 
that of the coal utilised, and tests on railways in 
the United States show advantage over the run of 
mine coal in “ the ease of the manipulation of the 
locomotive and in the possibility of increase in 
rate of steam production, which may, with the 
same draught, amount to 25 per cent. to 50 per 
cent. of the rate with ordinary coal.” 

The use of fine coal dust is another form of direct 
firing that permits the introduction of great econo- 
mies by utilising slack. Low-grade bituminous 
coals, anthracite, lignites and¥even coke‘ breeze, 
can all be fed into the pulveriser;with "useful results. 
Of the fuel 95 per cent. should pass through 
100-mesh sieve, and more than 83 per cent. through 
a 200-mesh sieve. Evidently slack coal is pre- 
ferable to other forms. It costs less, requires 





t | less power for pulverising, and materially increases 


the capacity of the pulveriser. The od, which 
is capable of the fullest possible utilisation of the 
thermal energy of the fuel, is simple. The fuel 
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in this fine state of subdivision is carried forward 
in a stream of air to a combustion furnace, and 
the combustion is effected with complete prevention 
of smoke and with only a very slight excess of 
air over that required for theoretical combustion. 
In the United States, it appeared from a recent 
return, that the annual consumption of coal in 
this powdered form amounted to 10,000,000 tons, 
and is rapidly increasing. Puddling furnaces for 
heating iron piles and steel billets are satisfactorily 
operated with this fuel, and its use is increasing 
in the roasting and smelting of copper ore, and 
in the zine, gold, silver and léad industries. The 
fuel can be used for steam raising in locomotives, 
and Dr. Taylor mentions that the Great Central 
Railway have experimented with a locomotive, 
using powdered fuel, with gratifying results. 
Further, in a recent report from the Fuel Research 
Board, it is stated that the Government are con- 
templating experiments and have even erected a 
small experimental plant at East Greenwich for 
testing the capacity of this kind of fuel. To 
promote this object, a special inquiry has been 
made by Mr. Leonard Harvey in America, and a 
report has been published embodying the ex- 
perience and views of the leading consumers of 
pulverised coal in that country. Naturally the 
advantage of securing perfect combustion has to 
be weighed against the cost of producing and 
handling the coal dust. The prospect of using 
much of the small coal that goes back into the goaf 
is however alluring. A further step, suggested 
many years ago, is to employ the explosive force 
of a mixture of pulverised coal and air in some 
form of combustion engine. The practical difficul- 
ties in the way of successful application are very 
great, but it is claimed that if such a process 
could be perfected the whole of the mechanical 
energy developed by the coal combustion would 
be utilised. How far we are from a solution 
that would remove the necessity of gasifying the 
coal cannot be known, but regarding the possible 
future of pulverised coal, Dr. Taylor is well 
advised in directing attention to its growing use 
and importance. 

The relative merits of high and low-temperature 
carbonisation of coal has become a subject of rather 
acute controversy among gas engineers, and is 
handled here rather too briefly. The production 
of low-temperature coke and the utilisation of the 
oils and very rich gas produced, present some 
important problems that still await investigation. 
Low-temperature carbonisation is on its trial, and 
the gas engineer has not regarded this question 
impartially, whilst the advocates of the process 
have in general been over optimistic. The com- 
mercial success depends in some measure on the 
continually changing market values of the several 
products. The subject is one for study rather 
than decision, for each method has its disadvantages, 
and when a balance is struck it is hard for the 
partisans of either view to claim a complete 
success. The author does not attempt to draw 
any conclusion, but places the views of independent 
authorities before the reader by means of extracts 
from original papers. This method of selection, 
often entailing long quotations, has its advantages, 
but in this special case, to those who have not seen 
the whole of the literature, it would have been 
convenient if the author had occupied the place 
of a guide, giving a summary of the entire position 
and drawing such inferences as the evidence per- 
mits. If further information is needed, however, 
reference should be made to the excellent biblio- 
graphies which accompany each section, and 
sufficiently indicate to those having access to 
libraries, where special information is to be found. 

The author's treatment of the utilisation of the 
minor sources of fuel as peat, lignite and charcoal, 
is very satisfactory. Such materials have not 
received the attention to which they are entitled, 
but when industries are hampered by the scarcity 
and high prices of coal, attention is naturally 
directed to the sources that promise relief to a 
serious situation. The ground covered is so 
and varied that it is impossible to refer to the 
many types discussed. The gasification of coal 
for the generation of producer gas and water gas, 
the utilisation of tar and other residuals as fuel, 


the increasing use of creosote and anthracene oils, 
must be passed over, but these and other problems 
that will exercise a momentous influence on our 
future industrial development are adequately 
discussed here. Lignites and peat deposits, of 
which latter the United Kingdom has a large supply 


parts of Scotland considerable progress has been 
made with the wet carbonising process, that 
promises success in some directions, but the 
economical removal of excess of moisture, which 
may be as much as 90 per cent., presents special 
difficulties. Air drying of peat, limited to the 
summer months, is the only commercially successful 
process employed to-day. Dr. Taylor describes 
methods of artificial drying, but it is clear that 
he views such processes as of doubtful utility. 
He quotes Dr. Haanel’s Canadian experience to 
the effect, that the net yield of dry peat, from any 
quantity of peat containing 86 per cent. of moisture 
is zero, and with somewhat lower moisture content, 
the yield rises but slowly. One stubborn fact 
unfortunately remains, and operates adversely 
to the interests of Ireland, that 10 tons of raw 
material have to be excavated and handled in 
order to obtain 1 ton of dry peat. Indirectly, 
advantages may follow from the removal of bog, 
and by improved drainage increase the food- 
producing capacity of the country. In the Scottish 
scheme just mentioned, the by-product recovery 
of ammonia is a main feature though the nitrogen 
content is as low as 1 per cent. In the fen areas 
of Norfolk, the nitrogen is as high as 2-4 per cent., 
and ammonia recovery is a distinctly promising 
proposition. But it is to Ireland that we must 
look for any wide development, and that country 
would be benefited by an extension of industries.} 

The final sections on the utilisation of wood and 
the preparation of synthetic fuels are of great 
scientific interest. The remarks on the synthesis 
of liquid hydrocarbons from coal might have been 
treated more fully, for in this country where the 
natural supply of liquid fuels is so small as to be 
negligible, the prospect of a synthetic fuel from 
coal and hydrogen is attractive. This shortage 
of liquid hydrocarbon fuels naturally turns atten- 
tion to synthetic alcohol, and as the price of petrol 
rises, the demand for this substitute will be met 
with difficulty. Fortunately, the manufacture of 
acetaldehyde, the first step on the production of 
alcohol, has been stimulated by the demand for 
acetic acid and acetone in the explosive and 
aeroplane industries, and this part of the process 
presents little difficulty. In the general process, 
aldehyde is formed by absorption in acids, usually 
in presence of mercury salts, and the reduction of 
the aldehyde to alcohol is accomplished by 
Sabatiers’ method, with hydrogen in the presence 
of nickel, as a catalyst. 


interesting. He is fortunate in having a subject 
that is attracting acute attention,"and one on which 
everyone should desire accurate information. An 
intelligent perusal will remove many prevalent 
errors and give a fair insight into the fundamental 
question of fuel utilisation—a question that lies 
at the root of our industrial progress. 





The Manufacturing Output Series. The Output Problem. 
By J. E. Powett. London: The Library Press, 
Limited. [Price 6s. net.] 


Ow all matters relating to output, such as efficiency 
of organisation, payment by results, costing systems 
and scientific management, a flood of text books has 
recently been published. The great majority of 
these reach us from the United States of America, 
and are written by efficiency experts who are in 
some cases probably so self-styled. The mere fact 
of the launching of this extensive efficiency cam- 
paign, gives evidence of an existing desire to improve 
industrial conditions towards the achievement of 
greater productivity. The latest book to come to our 
hands dealing with this subject—‘‘ The Output Prob- 
lem " —differs materially from most former volumes 
of which we have knowledge in that it is based 


large | very largely, if not exclusively, on actual workshop 


experience within British factories. However sound 
may be the teachings of efficiency experts and 
authorities on industrial economics, without full 
practical and workshop experience, the attention 








have an important place as coal substitutes. In; 





which they can command is limited by the know- 
ledge or suspicion that practical considerations have 
not been the underlying motive. Mr. Powell’s book, 
however, is closely interspersed with actual narra- 
tives of shop occurrences bearing a close relation 
to the subject matter under discussion. In the 
various chapters the many factors that contribute 
to the output problem are concisely discussed in 
a practical way. The third chapter, dealing 
with a measure of output, gives a fair place to 
Dr. F. W. Taylor’s work in the United States of 
America in regard to motion study. On the other 
hand, the opinion of this author will now very 
generally be commended, whereby motion study 
is recommended wherever motions take up the 
greater portion of the total time spent on an opera- 
tion, becoming more useful as that percentage 
increases, and vice versa, the smaller the percentage 
of the total time so spent the less is its relative 
value. The whole of the possibilities are affected 
by the total number of times the operation is to be 
repeated. 

Recommendations are given in regard to the 
bases upon which output can be satisfactorily 
measured. The choice and efficient use of plant 
holds undoubtedly a controlling position in the 
economy of production, and a number of practical 
points in this connection are detailed. Instances 
are given from actual shops where the driving 
equipment of the machines was such as to preclude 
their operation at anything like 100 per cent. 
efficiency. For instance, a light 10-in. centre 
lathe used on general work and designed for a two- 
speed countershaft, was used for upwards of ten 
years, with one speed only, so that the existing 
speeds in gear were 10, 17, 27; out of gear 141, 230 
and 378, no speeds being available between 27 and 
141 revolutions. Where repetition work is concerned, 
the necessity for the balance between charges 
for wear and tear of the machine and tools, and 
high wages cost per unit of production, must be 
obtained, and an interesting example is given where 
increasing the speed of the machines would give such 
profit in reduced wages per piece, as to serve to 
pay the first cost of the machines in a few months, 
is given. 

On various occasions we have dealt with the 
important part played by the foremen in our in- 
dustrial organisation, and the question has been 
raised as to the number of directions in which 
efficiency can reasonably be expected from one 
individual. If practice be any guide, machine 
design, tool design, production estimating, fixing 
job rates, designing tools and controlling workmen 
are all supposed in many cases to lie within the 
power of one man. This work calls for a sub- 
division, certainly for removing from the foremen 
the duties of the fixing of piece prices or bonus 
times and giving them to specialists under a separate 


The author has succeeded in making his book | head 


That sequencing or progressing of work has 
gained considerable ground within recent years will 
not be gainsaid, and the improvements in this 
direction by assisting towards anticipating possible 
shortages which may give rise to slackness and 
disorganisation cannot be over estimated. On the 
other hand, a note of warning has to be issued, that 
such departments will only serve a fraction of their 
possible utility if they be content to be historians 
rather than prophets. . 

On the tool question in Chapter VI, very trite 
examples are given of the waste which may occur, 
particularly in machine shops, where the tool service 
is not adequate to the demands, or organised to 
prevent delays. A broader aspect is also con- 
sidered in regard to the purchase of the most suit- 
able tool steel for the duty in view, and the insistence 
by the management that the tool steel shall be 
utilised so far as is possible up to its limiting and 
carefully assessed capacity. That a thorough 
inspection department is essential with systems 
of payment by results is generally admitted. To 
state conversely that with time work no such 
similar course is required is quite illogical. When 
time workers are put on to payment by results 
they will complain of irregularities in the quality 
of work being served up to them, from prior opera- 
tions, and the necessity will rapidly be apparent 
that to obviate the giving generally of increased 
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THE LATE MR. WALTER PITT. 


Avrrsr ‘an illness extending over the last four years, 
which took a serious turn about three weeks , Mr. 
Walter Pitt died at his residence Southstoke House, 
Southstoke, near Bath, on Monday last. The news diff 
will, we know, be received with regret by a large number | that relating to draught. In view of 


of friends in the aa profession. 
Born in 1853, 


known as Messrs. Stothert and Pitt, Limited, of Bath. 
After his early education Walter Pitt became a pupil 
of the firm in June, 1869, passing through the shops 
and drawing office, and being engaged during part of 
his time in superintending the erection of a railway 
bridge over the Avon. His pupilage terminated in 
1871, and in the autumn of that year he went over to 
Zurich, to the Federal Polytechnic School of Engineer- 
ing, where he continued studying till 1875. In that 
autumn he returned to England and entered the firm 
of Messrs. Cambridge, Parham and Co. ,of Bristol, where 
he was occupied in the drawing office till February, 
1876. This position he relinquished to take up an 
appointment as chief draughtsman with Messrs. G. K. 
Stothert and Co., marine engineers and shipbuilders, 
Bristol, being with them for rather more than one year 
when, in 1877, he entered the employ of Messrs. Easton 
and Anderson, of Erith. After his return to Bath he 
was first a partner with Mr. J. Lum Stothert, and, when 
the firm was made into a company in 1883, was made a 
director. Subsequently he became chairman in 1891. 
Mr. Walter Pitt was one of the leading authorities 
on harbour construction plant, and under his super- 
intendence the Bath firm made a speciality of such plant 
and introduced many important improvements. 
Mr. Pitt himself was of a very inventive turn of mind 
and did a great deal of personal work in this connection. 
He was elected an Associate Member of the Institution 
of Civil Engineers in 1877, and was transferred to 
full membership in 1885. In March, 1893, he read a 
paper before the Institution on “ Plant for Harbours 
and Sea Works,” which gave rise to an interesting 
discussion. It dealt largely with improvements in 
the Goliath and Titan block setting types of crane. 
It was published in the proceedings, and he was 
awarded a Telford Premium for it. ‘He joined the 
Institution of Mechanice! Engineers in 1883, and served 
on the Council of that body from 1907 till 1917 when 
he resigned. He was chairman of the Institution’s Re- 
search Committee on Wire Ropes, from January, 1914, 
till January, 1918, when he resigned owing to ill-health. 
Mr. Pitt took an active part in the affairs of his town ; 
he was appointed a Justice of the Peace in 1908, and 
served as a charity trustee for some twenty years 
He was a governor of Bath College, and of King 


Edward VI School. . He was also an original member | Te¢@rd 


of the Bath Chamber of Commerce founded in 1902, 
and its first chairman, holding that office for three 
years. Subsequently he was elected vice-president. 
Mr. Pitt had the pleasure of seeing the firm over which 
he presided grow from a very small one to one of the 
most important of its kind in the country. He was 
popular with his employees, in whom he always took 
a keen interest, the relations between them being 
extremely good. He was very quiet and retiring, and 
in his younger days seemed to be disposed rather 
towards study and mathematical investigations than 
commerce. is attractiveness and personal influence 
will long be remembered by his many friends in 
professional and other circles, as well as among those 
who had the good fortune to work under him. 





Suction Gas Power tn Souts Arrica.—An order has 
recently been placed by the Lonely Mine Company of 
Rhodesia, South Africa, with Messrs. Crossley Brothers, 
Limited, for a large gas power installation comprisi 
four Crossley waste wood suction gas plants with a tota 
output of 1,400 brake horse-power. The fuel will be 
wood logs of up to 2 ft. ——_ 12 in. diameter, and the 
ge obtained will be util to drive four horizontal 

remier gas engines. Three of these engines will be of 
the ani Phe, aren! type, each with a working load of 
350 brake horse-power at 200 r.p.m., and direct-coupled 
to an alternating-current generator. The fourth engine 
will be a three-cylinder engine with a normal working 
load of 275 brake horse-power at 200 r.p.m., direct- 
coupled to a tandem air compressor. 








PeRsonaL.—We are pees to record that the Viceroy 
of India has been authorised by His Majesty to confer 
the honour of Knight Bachelor on Mr. William M. 
Aoworth, the well-known authority on railway economics, 
who is at present in India in connection with the work 
of a Commission investigating the railway conditions in 
that country.—We are informed that the United Brass. 
founders oT i —, me anv oe & private 
company in 1910, having gone into volun’ iquidation, 
cngi ( ) Limi management remaining 
as ee mespie dy Wallis-Jones and Dent, consulting 
engineers, have removed to their new office at Adams 
House, 23, Old Queen-street, Westminster, London, 
8.W.1. Telephone, Victoria 8070. Telegrams, “‘ Altera- 
tion, Vic., London.” 


STEAM BOILER PLANTS. 


To rae Eprror or ENGINEERING. 


section is open to such wide 


or operation of 


will have rendered that branch of engineering a 


installations (i ive of *ype) will be more efficient. 
jae, in Table III, that 
correct (and I 


erence 
to be reversed, consi 


second. 


at the fan inlet. 


raising plant. 


accept. 
I am, yours truly. 
8. Urrine, M.I.Mech.E., A.M.1.E.E. 
82, Victoria-street, Westminster, S.W. 1. 
[We forwarded a proof of Mr. Utting’s letter to Mr 
Brownlie, and we subjoin his reply.—Eb. E.]} 


stated, about 0-50 in. W.G. 
Tam, yours truly, 
D. Browntre. 





** LUBRICATION.” 


To THe Eprror or ENGINEERING. 


ing to the rt Mr. Deeley’s experiments have 


towards the Michell blocks, I should be glad if you 
that a lubricating film can form ween parallel sur- 
faces ; but I did not say that such a film gave “ satis- 
factory” lubrication. The tilting device greatly 
improves matters, and that I have held this view for 
many years, will be seen by referring to “ Lubrication 
and Lubricants,” third edition, page 474 (Messrs. Charles 


Griffin and Co.). 
Yours very ‘ef 
R. M. DEe.ey. 


Tintagil, Kew Gardens-road, Kew, Surrey, 
January 11, 1921. 

(Our comment was based on the following paragraph 
on page 15 of the report, where Mr. Deeley’s oil-testing 
apparatus is described: ‘A consideration of the latest 
results obtained with this machine suggests there is a 
possibility of obtaining satisfactory lubrication between 
plane parallel surfaces without the use of tilting devices as 
in the Micheil blocks. Further research on this problem 
is therefore recommended.”” We are glad to note that 
Mr. Deeley is at one with us in believing the prospect 








here held out to be illusory. This opinion is just what 





oe ae ae 
design steam power ts 
will receive a shock on reading lines 19 and 20, Table II, 
referring to water-tube boiler plants. If they do, he 


* lines 19 and 20 are types of 
than many iit naaotey it asaierane te Table Ir pf Ne arp ee i Be eee Ree Mi 
(representing 85 per cent. of the ta at work in Great | 2°67 Parts of mixed aggregate, to | part of coment with 
Britain) the difter in W.G., before and after the 


The latter can only be described as an absurd reading 
prs af of a smears am ote reliable test log. It is of the hull structure. 
par y @ figure and can made practically anything beashe 
without affecting the effective draught one millimetre. Be . 
It is useless for comparison with any other similar steam- tension ; (2) the comparative value of round bars and 


Srr,—In reply to the letter of your correspondent, 
Mr. Utting, I quite agree that the question of draught 
is of primary importance in the efficient working of 
steam boiler plant, and that the general ignorance with 
to this point is very great. I certainly think 
the figures given in Table II are correct, representing as 
they do water-tube boiler plants, and showing that the fy 
average figures for 85 per cent. of plants only indicate 
a difference of 0-15 in. W.G. before and after the econo- 
misers, that is, 0-50 in. W.G. in the chimney base or 
main flue before the fan and 0-35 in. W.G. between the 
economiser and the boiler outlet. Most plants are 
being worked with insufficient draught for the proper 
furnace temperature to give complete combustion of 
the coal, and the figures for a plant worked on efficient 
lines show a much greater range of draught. When I 
give a draught reading as “‘ fan inlet,’’ this means as a 
rule some point in the main flue between the actual eye 
of the fan and the end of the economiser, and the average 
figure for 85 per cent. of water-tube plants is, as already 


Srr,—In your leading article on “ Lubrication” 
(ENGINEERING, December 31, 1920) you write “‘ Accord- 


the possibilit f obtaining satisfactory lubrication - : 
between plain | bathed camina without ina tee of tilting | "®SS of the concrete, together with the grading of the 
devices as in the Michell blocks and further research 
isrecommended.” As this does not rg oy my attitude 


would allow me to explain. My experiments prove 


EXACT DATA ON THE PERFORMANCE OF we should have expected from one with Mr. Deeley’s 


insight and experience. These two qualities, we have 
reason to believe, had a large share in aiding the com- 
mittee to repel strenuously-urged proposals that they 


Srr,—In the whole of the data given by Mr. Brownlie | should embark on certain costly and hopelessly inept 
in your issue of December 17, page 797, I doubt if any | and uninformative experiments.—Eb. E.] 

i i ce of opinion as 

Mr. Brownlie’s 


ide i ’ + take his fi seriously, NFORCE 
r. Walter Pits wan'tho. con. of| ond I am eortein that many, engines soup aan » See aes VOR Cale 


Mr. Robert Pitt, whom he followed in the firm now | the 





CONSTRUCTION.* 
By Professor Toomas BerTRAND ABELL, O.B.E., M.Eng. 
Tue paper places on record particulars of tests on 


grest | and the general experience gained wi 

- ye So . gained with concrete and 
qavruee. tee many ee Moan ant reinforced concrete used in the construction of concrete 
question recet consideration in mos sea-going vessels designed and built under the direction, 
steam ag Be plant a ~ Mr. ueen 

figures on this point are studied, the cause of many 
existing failures will be better understood, and future troller Generel of 


first of the Admiralty and, subsequently, of the Con- 
erchant Shipbuilding during the 
years 1917 and 1918. 

Crushing tests carried out on the concrete with various 
te are summarised. The concrete was 


3-66 parts of mixed aggregate. The aggregate con- 


omisers, should be only 0-15in. or less than half that sisted lama «agg tally ig or mage passing through 
in those plants represented as working under scientific | S,oy — wide variation in stren 

am gth. It became clear 
supervision. One stioie tin + tg ingen gr there was no disadvantage in using a well-rounded, 
volume of flue gases is more than double that in the smooth beach gravel as aggregate. Better results were 


#-in. square or 4-in. round holes. The crushing tests 


obtained with such an a, te than with an angular 


I note that the W.G. values are given at the chimney aggregate. Good grading of the aggregate, by serv 
base or, I suppose, in the case of fan suction draught, 

its equivalent, i.e., a point in the main flue. This is found advantageous. 
pen py tg _- og ty ere lly eee since the weight of the ship without cargo is an important 
and a reading taken, in the case of mechanical draught, 


with extra fine grinding of the cement, were always 


Density of concrete is important for ship construction, 
factor in determining the dimensions of the ship. The 
extreme variation in weight per cubie foot amounted to 
10 lb., involving nearly 7 per cent. variation in the weight 


Bending tests were conducted on reinforced-concrete 
to determine (1) The value of concrete under 


different types of wire rope for reinforcement ; (3) the 


ox tile phanned i regret to see in paragraph 4, on behaviour of concrete under alternating stress: (a) At 
Tee pee nein, ee keabel ei; |ension (0) ata stem renter than that corresponding 
W.G., I prefer to regard this as a clerical error. Should 

anyone, not, ory, conversant with the subject, decide | defection and load ate given 
= as os cen inna aie Ny rae, Se Be hollow cantilevers of rectangular cross-section erected 


a stress less than that corresponding to rupture under 


Particulars of the beams used and the curves of 
ms for the alternating tests consisted of 


vertically. Their lower ends were fixed in the ground, 
and the upper ends were subjected to an alternating 
force having a frequency of 4 to 7 (complete reversals) 
= minute. The calculated stresses in the concrete 

uring the experiments were 180 Ib. and 360 Ib. per 


- |square inch. The cantilevers were filled with water so 


that evidence would be forthcoming directly the concrete 
on the tension side was completely fractured. Cracks 
were produced after a time with the tensile stress as 
low as 180 lb. per square inch. 

The noteworthy feature about the tests was the 
eventual sealing of cracks through which water had been 
rcolating. Whether the sealing was due to further 
ydration of the cement after grinding under the alternate 
opening and closing of the crack was not determined, 
but the cracks remained tight and were only reopened 
on increasing the load. The total number of reversals 
was 200,000 on one beam and 100,000 on a second. 
Further tests were made to determine whether con- 
crete could be placed on a practical scale in thin slabs 
so as to act as a container for heavy oil fuel of high 
flash-point, and also for petrol. There was no difficulty 
in regard to the heavy oil, and though with extreme care 
concrete containers might have been made to retain 
petrol, it was decided that the risk would be far too great 
to enable petrol to be carried in bulk in a ship. . 
The remaining tests relate to experiments carried 
out to determine the permeability of concrete, the means 
of protecting reinforced concrete from the corrosive 
action of salt water and from the disintegrating effect 
of vegetable lubricating oils on the interiors of the 
self-propelled vessels. 

It was found that without any surface treatment 
2-in. slabs of concrete, cast with their faces vertically, 
would frequently resist water pressure of 200 Ib. per 
square inch. It was concluded that it was unnecessary 
to use any waterproofing compound, and that the rich- 


aggregate, were sufficient to guarantee watertightness. 
The paper contained several diagrams and an appendix 
giving particulars of the tests. 





Inpustriat Inpra.—A new publication has recently 
appeared under the title of I rial India, published 
by the Tata Publicity Corporation, Limited, Bombay, 
whose London Office is King’s House, Kingsway, W.C. 2. 
The sample copy we have received is very well printed 
and attractively produced, and contains many articles 
of interest. At a time when India is just beginning to 
realise what she might do in an industrial way, if she 
really set about the work seriously, there ought to be a 
considerable section of the public which would like to 
keep in touch with developments in that country. As 
time goes on too the amount of material of a suitable 
nature to include in such a publication should grow 
very considerably, and it is to be hoped that this new- 
comer will be able successfully to fill the field it has 
assigned to itself, which certainly is not covered at 
present by any other journal to our knowledge. 





* Abstract of a read before the Institution 
of Civil Engineers on Tuesday, January 11, 1921. 
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ELECTRICALLY-WELDED STEEL FRAME BUILDING, | ™°TC4ULY.WELDED STEEL FRAME 


THE advance of electric welding as an engineering 
THE DOUBLE-ARC ELECTRIC WELDERS, LIMITED, ENGINEERS, GLASGOW. constructional method is — best illustrated by 


the fact that it has to be as merely 
Pe ad 


Pig 2 PART INSIL @ convenience in ir work, has, in many 
£m | directions, been frankly adopted as a main 
* oa : ' for joining parts together in new work. 
Fig 7 - ar pains tera welding is now used to a fair extent in commercial 
hig y ‘LPurtin with 24: oh vehicle building, &c., while its emplo t in con- 


P 
-— 


electric welding would appear to offer wee points 
of advantage and in which it obtaining a sound footing. 
This is in replacing riveting for joining the various 
members together in steel ing construction. Most 
of the joints which have to be employed in this class 
of work are of types which lend themselves con- 
veniently to welding methods. They are very straight- 
forward and by employing a series of simple jigs it is 
possible to build up the various angles, strips, c Is; 
&c., into roof principals, or other parts, very rapidly. 
One of the largest steel frame buildings which has 
been constructed by welding methods in Great Britain 
is illustrated in the figures on this . _ This con- 
stitutes the new workshops of Messrs. Double Arc 
Electric Welders, Limited, 
Cross, Glasgow. The buildi 
street, and the steelwork throughout was welded by 
the company on their m. It should perha 
be said that the name af £ is firm is derived from 
special flux with which they coat their welding elee- 
trodes. This flux is conducting, and it is claimed that 
an independent arc is formed between the flux and 
the work as well as the arc between the electrode and 
the work. This gives the double arc. The building 
consists of a bay of the cross-section shown in 
Fig. 1. It will be clear from this and from the other 
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Double Arc Electric Welders themselves. The 
was designed by Messrs, William Bain and Co., 
of Coatbridge, 

The building is 27 ft. wide by 50 ft. long and the ends 
are closed by brick walls forming of other struc- 
tures which were in existence w it was erected. 
At the sides there are gorse Be about 5 ft. high, 
which were in existence when building was erected. 
: ~— These carry copings, as can be seen in Fig. 1, and they 
Ses * bbe 7S | have been connected up by galvanised flashing to the 

[supporting & i corrugated sheets which close the sides o: 
I ; There are five roof principals of the type shown in 
Fig. 1. They are spaced 11 ft. 6 in. apart and are 
carried on columns, which consist of 10-in. 5-in. 
joists with welded-on bases, As shown in Fi 
and 4, the base of each column sits on a 
i » to which it is welded. Gusset 
in. thick, are then welded between the outer 
the flanges of the joist and the baseplate. As will be 
clear, this makes ap easily assem and stiff con- 
struction. The baseplate is anchored to the foundation 
block by four 1j-in. by 1}-in. angles set vertically 
in the block, the arrangement being indicated in Figs. 
1 and 4. A special form of base employed where 
space was restricted is shown in Fig. 3. A single 
gusset plate, 12 in. by 9 in., in this case replaces two 
of the gussets in the standard construction. The 
arrangement will be clear from the figure. 
wht roof princi are -_ up of two eye Ager 
-in, angles, forming the main rafters, w are | 
connected at the bottom by a 4-in. by 2-in. channel. 
These two members are welded to webs of the 
columns, as can be seen in Fig. 2. An struts, 
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_Fig. 5. ELEVATION OF DOOR. 
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3 in. by 2 in. and 2 in. by 2 in., connect the horizontal 
. ye ae . member with the rafters. They sit on and are welded 
Guicle (2) 2° 1% xk 16 & (1) 4°x.2°%7-96 lbs. £ each 134g.» \ 42% 7-96 Ube to the top flange of the horizontal channel. 





horizontal tie will be seen in the figures. The 
main trusses are tied her by a 2}-in. by 2}-in. 
angle welded to the top of the main horizontal 
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: 73% members. The roof is of corrugated galvanised sheets, 
= jganaaensaeaeoeeens SS ————_ with a row of Tights along the centre of each slope. 

= a 6 purlins are of 3-in. by 3-in, angle welded to 
zs a e — _| rafters, Angle brackets cro in tata welded to’ the 
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: are shown in Fig. 1. 
Pig. 8 . DETAIL SECTION OF ONE LEAF SHOWING WICKET. Access is obtained to the building by a pen dewey 
at one end. This also is built up entirely by ¢ ic 
welding and forms an interesting example of the type 
of work which may readily be carried out on 
system. It is illustrated in Figs. 5 to 8. As will be 
seen, the door consists of two leaves, each built up 
on a frame consisting of 2}-in. by 2}-in. by }-in. angles, 
~ with gussets welded at each corner. right-hand 
a leaf is stiffened with a 2-in. by 1}-in. angle across the 
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centre of the panel, one of which is welded flat 
against the s of ree at each end. The 
left-hand leaf is furnished with a wicket gate and a 
simple framework is built up inside the main panel 
to carry it.The t is clearly shown in 
Fig. 5. The method of carrying ary: ing door does 
not differ from ordinary practice. It is illustrated in 
Figs. 5 to 7... A horizontal cross-section through the 
left-hand leaf of the sliding door is given in Fig. 8, This 
shows the ment of the wicket and indicates 
that the welding system lends itself to a neat and 
workmanlike arrangement, The frame of the wicket 
gate itself is built up of 2-in. by 1}-in. by }-in. angles, 
The joints are butt-welded at the corners and no 
gusset plates are used. 





TECHNICAL RESULTS OF THE BATTLE 
OF JUTLAND. 


By SatvaTorE ORLANDO.* 


In the first period of the battle of Jutland six British 
ships fought, These were subsequently reduced to four, 
against five German vessels. The ships were the battle 
cruisers Lion, Princess Royal, Queen ey 6 Tiger, New 
Zealand, and Indefatigable, and the Lutzow, Der- 
fflinger, Seydlitz, Van der Tann, and Moltke. The 
other battle cruisers Invincible, Indomitable and In- 
flexible, joined Admiral Beatty’s squadron after the logs 
of the Indefatigable and Queen Mary. On both sides 
the t were the very best and newest produced by the 
naval technics and the national industry of the two 
sountries in the matter of battle cruisers. 

The oldest British units were the Invincible, In- 
domitable and Inflexible, launched in the spring of 1907, 
and the German Van der Tann launched in March, 1909 ; 
whilst the latest were on the British side, the Tiger, 
launched in the autumn of 1913, and the German 
Lutzow, launched on November 29 of the same year. 
It has been said that the battle of Jutland was mainly 
albig ship fight, and, in point of fact, the action of the 
light cruisers, destroyers and torpedo boats, which was 
lively during the fight and the foll night, did not 
and could not have important results. I shall therefore 
limit my considerations to the battle cruisers the names of 
which I have stated above. The battle was fought by 
cruisers each sagelnd by Parson’s turbines, with the 
exception of the iger which carried, for the ee rer 
side Brown-Curtiss turbines. Steam was supplied, in the 
British ships, by Yarrow and Babcock. Wileox boilers, 
and by Schulz boilers in the German units. None of the 
cruisers considered was fitted with reduction gear, this 
gear Roving madeie pearance in connection with the 
cruising turbine of the Queen Elizabeth only. 

Oil fuel firing was largely used in the British fleet and 
in the German destroyers, but only to a very limited 
extent in the large units of the latter nation. For this 
reason the German cruisers were not in a position to 
push steam production to the maximum allowed ty 
the boilers and tubes. If it be taken as an extreme 
limit that 300 kg. of coal per square metre of grate area 
ean be burnt in one hour, giving an evaporation of 
2,400 kg. on replacing this by oil fuel, at a normal con- 
sumption of 7kg. per square metre of heating surface and 
reckoning upon a heating surface 50 times greater than 
the ‘grate area, with an eva) tion of 11 kg. per kilo’ of 
oil burnt, the same boiler will yield 3,850 kg. of steam as 

ainst the 2,400 kg., or about one and a times more. 
This explains why the British were able in the action 
to exceed with their ships the speeds secured at the speed 
trials, whilst the Germans remained below the results 
one, see claimed, although the Schulz boiler, which 
is, substance, a boiler adapted to torpedo boats and 
light ships, lends itself rather Better to high combustions 
than the boilers in the British ships. 

The maximum squadron speeds run at Jutland by the 
British cruisers were 28 knots, and 28-5 knots at the 
Dogger Bank, whilst those of the German cruisers never 
excseded 26 knots. There was, therefore, a difference 
of at least 2 knots between the speeds of the two squadrons 
which had to develop their maximum speed in various 
phases of the action. It is difficult, not to say impos- 
sible, to indicate with technical exact the y 

to machinery which occurred in the fight, it can 
however be said that in neither of the two i 
the sustained effort cause any, and that the squadron 
formations could be maiatained, with the exception of 
those ships which were badly hit by artillery or 
tor " eavy to machinery makes it 
for the ship to be to ; following 

upon the Jutland battle only one cruiser was towed. 

Under the heading “‘ Damage caused by Artillery’ the 
peper also deals more especially with the action in 
which the six British and five nm cruisers above 
referred to took part, since it offers an easy comparative 
study. This action, which commenced at 3.48 (English 
time) on May 31, 1916, produced three minutes later its 
first artillery effects, when the 1 ion‘and the Princess Royal 








were struck. At 4o’clock the ships were fully on 
both sides; at 6 minutes past 4 the Indef: le, 
yr eee hr me . The six British | 
ships accounted for a total initial energy of 889,856 
metre tons, the five German ships having 645,276 metre | 
ity in favour of the British | 
- the rapidity of fire of 


ships were also inferior to the British 
as regards speed, bm Sates 
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deductions, is of primary, if not of vital importance, 
one is’ justified in taking as a criterion in this matter} 
the square of the two speeds for purposes of comparison. 
this giving— Paci 

8- 


Dee 


But the German ships, as some compensation for the 
deficiency in offensive power of their heavy artillery and 
in cet, were provided with a system of armour pro- 
tection superior to that of their opponents. It will 
suffice to mention that the maximum thickness at the 
sheerstrake was 305 mm. in the German and 
228 mm. in the British, to say nothing of the superiority 
in quality and resistance of the steels used in the German 
fleet (Jellicoe, ‘The Grand Fleet ’”’). 
protection also, that is to say the measures taken to 
prevent the penetration of the decks by the projectiles 
of high angle fire and to keep the flames from explodi 
shells from spreading rapidly through the elevators 
other means of communication, was also of marked 
superiority in the German cruisers. In the German 
ships, the lateral longitudinal bulkheads were protected 
by nickel steel armour running over a great part of the 
ship’s length, whilst in the British ships the maximum 
protection was limited to those parts adjoining the 
munitions magazines. 

An approximate measure of comparison for the pro- 
tection of both squadrons may be arrived at by placing 
side by side the resistance to oration of the maxi- 
mum thickness of the verti armour, and — 
that the same proportion obtains in the horizon 
armour of the two squadrons, and neglecting the difference 
in the steel quality. Since it is generally admitted that 
resistance to perforation of steel plates is proportional 
to the square of their thickness, it follows that the ratio 
between the squares of the average thickness of the 
main armour covering of the opposing squadrons will 
give the comparative value of the protection, hence 


Value of the British defensive system iz 2112 
Value of the German defensive system 286-82 


A very similar result is arrived at if instead of the 
maximum thickness of the armour the total weight of 
armour and protection is taken in the case of those ships 
for which these data are known. 

There would, of course, be other elements to take into 
account to arrive at an exact relative value of the two 
squadrons. In the first place there are the available 
means for underwater offensive. But there could appear 
to be no necessity for taking this into account, for only 
the effeets.of gun fire between cruisers fighting always at 
a distance greater than the ible range of torpedoes 
is now being considered. the same way, the con- 
sideration of the various conditions affecting the work 
of the crews, questions of habitability, of the spirit of 
decision on the part of the commanding officers, and of 
various other tactical features and fortuitous occurrences, 
do not enter into the technical study forming the object 
of the paper. \ 

From an exclusively technical point of view an 
interesting comparison can be obtained by multiplying 
together the three factors given above, This gives as 
the technical value of the British squadron 1-37 x 1-20 
x 0:54 = 0-887 of the German squadron. That is to 
say, the six British cruisers in the artallery encounter 
represented a technical war value of about nine-tenths 
that of the five German ones. This is a rough valuation, 
but it is not contradicted by the facts and appears to 
be shared by British public opinion which extols the 
valour of Admiral Beatty in having engaged the German 
cruisers with the intention of allowing the ships of the 
line to come into action though aware that he was 
running risks with his own ships. This com- 
parison is also justified by the fact that three British 
cruisers le, Queen and Invincible 
were sunk by the an cruisers though the latter had 
up till that point suffered no loss, and that this was 
accomplished notwithstanding the manner in which 
the action was conducted by Admiral Beatty, which is 
considered by experts to have been most able. Further, 
at the close of the day, the five German ships found 
themselves unable to continue the fight, but this was due 
especially to the 381 mm. projectiles fired by the squadron 
of four fast battleships which acted in support of the 


= 1-20:1 





= 0°54 





id | cruisers, and to the projectiles of the Jellicoe squadron, 


In the particular action dealt with between the two 
cruiser squadrons, the torpedo did not, for various 
reasons, pees any decisive nor any een part, 
notwithstanding the very large number of to oes 
1 hed. It appears that no torpedo launched from a 
battle cruiser struck an enemy cruiser. This, besides 
the distance which was maintained between the adver- 
saries, was due to the impossibility of directing with 
any degree of accuracy torpedoes launched by trans- 
verse underwater tubes from ships steaming at a speed 
of 25 knots or 26 knots. 
sai estat Sema the See ea 

ect in attac y and in driving back the 
enemy’s flotilla of submarines. In this, secondary, 
action which has been vividly described by Captain van 
Hase a very large number of to’ oes were launched 
and two German, ships, the Seydlitz and the Lutzow 
were struck and damaged, for, as Captain van Hase 
states, the British submarines to get “* diaboli- 
eally near” the Promen! cruisers, notwithstanding the 





active firing of armament of the pre 
and of the It is evident that the - 
marines found it most advantageous to attack the bows 
of enemy ships, since the effect of the combination of 


submarine to a from distances 
normal range ©) torpedoes, 
also being less exposed to gun 


and the Lutzow were struck in the bows. But still 
more effective and more décitive was the night oe 
of the sub especially on the part of British. 


The scope of the present paper is, however, confined to 
the action between the cruisers and this/is not the time 


at all events, that the secondary armament carried by 
the ships was also effective in keeping submarines at a 


summing up the losses and damages on both sides 
with regard to the battle cruiser action, and including 
in the figures those for the lighter cruisers and the 
bai which ‘came into contact with the battle 
cruisers ing the mt, the losses covering the 
British Indelahigable, Ques. Mary, Invincible, Defence, 
Warrior, Black Prince, Nomad, Nestor ‘and Shark, a 
total of 107,435 tons, and the German Lutzow, Wies- 
baden, and three » md 5 @ total of 35,800 tons, 

as follows :— 
































these losses may be 
British. German. Total. 
— Dis- Dis- Dis- 

No.} place- | No.| place- | No.| place- 

ment. ment. ment. 

By gunfire .. 7 950 3 2,800 | 10 | 95,570 

By torpedoes 2) 14,485 2 | 33,000 4 | 47,485 
There was, as will be seen, a great preponderance 
of losses by fire over those by torpedoes, a difference 
which is sti o when it is considered that the Black 
Prince and Wiesbaden were placed hors de combat 


and completely disabled before being to In the 
day engagement, only a single action, that against the 
Marlborough was decidedly in favour of submarine 
offensive. The great distance between the units, the 


Cifficulty of underwater launching and the high squadron 

have already been mentioned in to ) 
attack. The to; oes which reached their may 
all be taken as having been launched by light ships, 


and in this oy ae the British squadron showed itself 
superior to the German. 
" in or to the ships above referred pe Ae § > 4 
gun and to oes to other: ships which, at the 
p A, of theday, suula be taken as disabled, were included, 
there would come in on the one side the nage 
and, on the other, the Seydlitz and the Desingrs. the 
two latter having been disabled and their guns silenced ; 
to include these might, however, give rise to uncertainties 
and they have therefore been omitted, The proportion 
between the ships lost by torpedoes and by gun fire 
would again vary, the German losses by torpedoes increas- 
ing, if account were taken of the vessels sunk during the 
night which followed the battle. In this case there 
would have to be reckoned Germany’s loss of the old 
battleship Pommern of 13,000 tons, torpedoed and 
exploded early in the morning of June 1; of the light 
cruiser Rostock of 4,800 tons, also to’ joed ; of the 
Frauenlob, 2,600 tons, sunk by gun fire ; of the Elbing, 
another light cruiser sunk in action Britis 
destroyers, and other five destroyers. In the same night, 
the British squadron lost the Sparrowhawk, Tipperary, 
and Turbulent, the former by an accidental ision, 
the other.two sunk by German ships, and also the 
Fortune and Ardent, of 900-tons, sunk by gun fire. 

Examination of the night losses, however, does not 
help to establish any comparison between the effects of 
gun fire and of the torpedo, the actions ha been 
intermittent and the occurrences rqoenaty accidental. 
It is evident that in the Jutland battle, as is now 
generally admitted, the heavy armament on both sides 
came chiefly into play, the to taking but a very 
minor part in the action. Aerial craft, played no —_ 
beyond reconnoitring carried out by a British aeroplane 
and by a German dirigible. 

The ent proves the great utility of adequate 
armour protection, this requisite having enabled the 
Germans to inflict damages far in excess of those they 
suffered. In this connection it may be said that a com- 
parative study of the quality of the steels used by the 
two fleets both for armour and projectiles will throw 
much light upon the great event which has signalised 
the end of the German naval power. Admiral Jellicoe 
and, in general British technical men admit the superiority 
of the German materials, specially the high explosive 
gee at long ranges, the armour piercing shells 

tted with a fuze with delay action at short es. 
It cannot be denied that a careful preparation relying 
not upon naval traditions but upon unw on 
the part of technical men had at the Jutland battles the 
foreseen consequences. 

The effectiveness of the means of defence 
submarine explosions has to be placed to the 
the naval architects of the two nations. The most 
efficient means of defence was that of the transverse 
watertight bulkhead, since all the torpedoed German 
ships which could make were able to do so because 
one transverse b at least resisted the : water 


pressure of the thrust upon it due to the "of the 
ship. The battleship Audacious which @ mine in 
Cesta. 1914, off the coast of Ireland and had a hole 10 m. 
0 


blown in her hull only sunk close to port and then 
owing to the bad weather prevailing at the time. 
borough retired from the line five hours after 


The 

being torpedoed, the i bulkhead. which kept 
her afloat unable to wi the heavy pressure 
upon it caused by her of 17 knots.which was that 
required to? tain in the line. The Seydlitz 
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ulkheads , 
It is therefore particularly upon the transverse bulk- 
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heads, their distribution, and height, that, the 
studies of naval architecture will have to bear in future, 
end this with all the greater, reason because the sub- 
marine peril remains @ most serious one. Jo the commas: 
ment under review the British Navy lost only two 

by submarine action, whilst during the whole war of a 
@ total of 213 units lost, 93 were sunk by submarine 
explosi If we consider the case of Italy fighting in 
the Adriatic, a sea of no great,depth, in which mines can 
easily be laid aon where the meee by pis dar agg ed 
torpedoes is easy owing to the proximity o e 
hhaae wwe have te.gnerd aguineh Amare tn this direction 
with the greatest. care. During the war, our losses by 
torpedo or mine amounted to about 52 per cent. of the 
total, For the same reason, all the important losses 
mp by Italy upon Austria were due to mines or 


In the future, the transverse section of the armoured 
dack will hove op bemsadiGied. with sha qnleus of devepaing 
the volume of the lateral, flooded compartments 
facilitating the dispersion outside the ship of the gases 
from explosions which now reach the inside. At Jutland 
the armoured deck answered its purpose in regard to 
qeveecting the engines, boilers and i . It was 
perforated in the case of two German ships and probably 
in that of a British one, but Suey neers it re- 
or og weterionn De much cannot soit boa 
to protection 0! ships’ i whic! shape 
of the cross section was intended jog Salon The ships 
sunk both at Jutland and at the D Bank either 
blew up owing to fire in the or ca A 
Almost in every case, the central line of the armoured 
deck, when the ships were cleared for action, was level 
with the plane of flotation or below it, this rendering 
the trapezoidal section useless with regard to stability. 

Given the probability of great developments in the 
future of aerial attacks with projectiles falling at angles 
of 45 deg., with the same incidence both on the sides 
and on the deck, it will be in future unreasonable for the 
naval architect to design ships so that a ‘target 30 m. 
wide is presented by the deck, and otaget of galy 5m. 
in width, by the sides, both to same danger 
but the first being protected by a 25 mm. thickness of 
steel, whilst the o' is by a thickness of 
300 mm. This was the state of matters at Jutland and 
it had its fatal consequences. The whale-backed shape 
appears to be ‘the solution, the deck armour being 
continued to the sides, "The lem of deck armour, 
which is difficult for reasons of t and stability, 
will probably tend to the production of ships having 
fewer guns, and. comparativély ‘low in the water, with a 
small ratio of | to breadth, the latter feature enabling 
them to be Yy manceuvred against torpedo attack. 
The extreme lateral positi of the main installa- 
tions was found at the Jutland battle to involve ve 
danger. The same may be said of the location of the 
munitions magazines in centre of the ship between 
the stokeholds; this must be done away with as also 
side underwater torpedo launching tubes, since these 
Waa to be useless at the high speeds which pre- 
val ° 

In De to boilers, those having small tubes and 
using oil fuel showed their . ‘The necessity 
was also demonstrated of k 
low down so as to prevent what pened to the Lion 
at the Do; The oil fuel reserves have to be 
kept low down also so as to decrease fire risks. Radical 
reforms will also have to be made in connection with 
all stores containing combustible material and exposed 
to shell fire, as also in the means of communications 
between magazines and . 

There is no evidence that there were present at the 
Jutland battle any ships provided with automatic 
stabilising devices, but it is known that especially in 
the German navy there was in this connection very 
efficient organisation. ing the enormous volumes 
of water which entered the ships struck by torpedo, 
automatic systems would appear to be impossible, 
The operation of stabilising would have to very 
prompt and quick in action, for this is essential to the 
oe of a ship, but the effect will have to be secured 
by valves operated at will.. The introduction of anti- 
rolling tanks seems to be excluded also. The course of 
the two squadrons, especially that of Captain von Hase, 
involved many and evolutions, and in such 
conditions the anti-rolling tanks would be the source of 
grave danger in a h sea. 

Concluding this review, made exclusively from 
the naval architect’s point of view, it may be said that 
whilst from a consideration of the J battle alone, 
speed, gun fire, and armour protection to be 
pre-eminent in importance cbeve all r. factors, 
such views must be modified to suit the various con- 
ditions of different seas where future naval engagements 
may take place ; the future development of aerial craft 
bm Ferland becdle fie ater armed, Neovily 
t attle, vil 
armoured, of high speed and of very high cost would 
be suggested. Wh:6r the thie Shad duc locks'et the 


torpedo, the submarine and the ts, 
the smallest classes, have actually played a much 
greater part. 





Stxry-Ton Horrze Gram Canrs.—The Canadian 
Pacific Railway has recently introduced a type of hopper 


with steel framing, the hopper giving & cen 
—provided wi hinged Ze pt a abe gh 

is with a cover, which is rai 

blocks the side door of the car when used for grain. When 

used for ordinary freight this cover is let down and 

completes the flooring of the car. The hopper is pro- 

vided with the necessary outlet doors, of course, below. 





SOME POSSIBLE LINES OF DEVELOPMENT 
IN AIRCRAFT ENGINES.*+ 
By H. R. Ricarpo. 
(Concluded from page 30.) 

Influence of Mixture Strength.—In the earlier part of 
this Paper the writer has shown that because of the 
losses to dissociation, ch of specific heat and direct 
heat losses, the limiting efficiency obtainable under the 
best. coneeivable conditions is only about 70 per cent. 
of the air cycle. Now each of these sources of loss is a 
direct function of the maximum temperature, which in 
turn is dependent upon the mixture strength. When 
the mixture is so proportioned that the whole of the 
available oxygen is just combined, the maximum tem- 
perature rises fo yigpvengpe A 2,500 deg. oy aad the 
mixture strength is then approximately 47, ft.-lb. per 
cubic inch, As the mixgie le webkenad the pees any 
temperature is, of course, reduced, at first only very 
slightly, but so long as a homogeneous mixture is em- 
sloped it is not possible to reduce the mixture to below 
about 40 ft.-lb. per cubic inch, without serious loss 
of efficiency due to incomplete combustion, B cctar. ed 
the limited range of burning of all volatile hy n 
fuels. The writer has carried out on behalf of the 
Asiatic Petroleum Company Limited, a very 
number of tests on about 40 different fuels in order to 
ascertain the relation between mixture strength, power 
and economy. Except for insignificant variations, 
the characteristic ci and power obtained by 

alcohol, which 


a sapere | weakening the mixture is the same for 
u 
on account of its greater latent heat and its large increase 





els and at all compressions, excep 


IME.P. 


(Lbs. per Sq.Inch) 


The mal Efficiency 4 
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Strength 


in specific volume gives increasing power as the mixture 
is enriched for a long period after the point of complete 


com! . 

The oatve (Fie. 8) shows the relation between thermal 
efficiency mixture strength expressed in terms of 
mean . The example shown is taken with 
benzol at a compression ratio of 6:1 and, with but 
infinitesimal variations, it may be taken as*applying to 
any fuel except alcohol, It will be observed that maxi- 
mum effici is obtained when the mixture 
is such that the mean effective pressure is about 3 per 
cent. below the maximum. Any further weakening 
of the mixture results merely in loss of efficiency due to 
incomplete combustion. Now were it ible to control 
the power output by mixture alone, and still 
obtain complete combustion, it is‘ clear that the maximum 
temperature would then be ah ph gar to the load 
and would diminish as the is reduced. As the 
So eee es ny ee Se, eat ee 
to Sey, Genes, <i Aneeine, hited, Sod Sicoet 
heat loss diminish until at the point of no load and, there- 
fore, of no heat 


ly, they would di entirely 

AN coats eee 
x accom, curve ( a 

shows Bent; inter thine eoostithaee, tee esting snetanel 

efficiency would vary with the load. In this diagram 





Deseaber 16, icon on Cup: 

t We regret that, owing to  printer’s error, the 
omer th sidan of oY the first : 

was eo 

of this paper read by Mr. H. R. Ricardo before the Royal 
Ae Y, reprinted on page 28, of our- last 
week’s issue. The formula, which in line 27 
of the first column of the page, id, of course, be 


E = 1 — (i/r)’ ~ * | instead of as given. 


‘the 








horizontal line denotes the air meng 4 
which, since it takes no account of losses, &c., 

constant for all loads, the gear Rye denotes the 
theoretical limiting efficiency over from no 
load to full load, the third line represents the limi 

efficiency with minimum heat losses, and the fourt 
the actual test results obtained over the range of mixture 


strength available with a homogeneous charge. While 
it is not le to weaken the mixture strength so long 
as the is homogeneous, it is possible to do so 


by means of stratification, that is to say, b i 
the cylinder with a relatively small charge of Mts st 
mixture and admitting separately a large charge of air, 
keeping the two separate until after tion. To do 
this it is necessary to reconcile two conflicting conditions 
—the Mp ae vse of the charge must be prevented from 
ome oy Be after ignition, and at the same time there 
must be sufficient turbulence in the combustible charge 
to ensure rapid combustion. These two conditions 
are not irreconcilable, and the writer has succeeded 
experimentally on two engines in obtaining the whole 
range from dead light to full load by controlling the 
fuel alone. Under these circumstances not only is 
the honey on reduced loads far higher than could 
be obtained by any other means, but the heat loss is so 
low that a water-cooled ine can be run at reduced 
loads for any length of time without cooling water. 
The accompanying curve (Fig. 10) shows the efficiency 
actually obtained in one experimental © with a 
compression ratio of only 5:1. It will observed 
that it mses to no less than 37 per cent, at about one- 
third full load corresponding to a fuel consumption 
of just uncer 0-36 t of benzol per indicated horse- 
power-hour. It will be seen that the curve of efficiency 





(ss30 Mixture Strength Ft.Lbs.per QuInch. 
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actually obtained follows the theoretical curve with a 
reasonable of approximation, 
shown a typical indicator 
the two engines with a Ho m optical indicator. 
It should be noted that when working on this system 
distribution troubles disappear. In any phe soe 
multi-cylinder engine it is necessary so to proportion 
the mixture that the weakest cylinder receives a charge 
of a certain minimum strength to ensure regular ; 
this means that other cylinders are receiving a sligh 
richer charge than. is absolutely necessary’ end. their 
efficiency is therefore reduced. On the other 
Takaitin te heotek: 
o oyli t solely u 
of fuel admitted to it. so that any cyli 
ceives a richer mixture than others will develop corre- 
sp more Lage a and the econom i 
at & maximum, that is assuming, 0 
the mixt is at all times below 


¥ 


be simpler, for (so long as the oxygen in the cylinder 
is not co. ) constant power can be maintained 
over any reasonable range of density by merely supplying 
a constant fuel feed, ¢.g., by f sighs 1 or if a carburettor 
is used in its crudest form, variation in power with 
altitude will correspond with the natural characteristic 
of the carburettor and will, therefore, vary as the square 
root of the density. 


with this system, one of the two gas engines supplying 


power to the writer’s laboratory was, about nine months 
ago, converted to run with and control 
on the fuel alone. Since that date it has run con- 
tinuously under fluctuating loads and has 
Sosnion®é., 20. neaone of any kind. It is running in 
7 Eee. Gneeieer ogee iseaslanh very Seapes 
ut working on ordinary cycle. In the case of the 
latter engine it is necessary to remove the cylinder head 
every two months for and grinding in 
oils ae at ceclhed chaninger ante knee saat 
w on e rs) 

once, when it was found to be y clean, while 
the valve ap to almost as cool as 
the inlet valve in the other . As govern- 
ing and ty of running is to choose 
between two each of which can develop 


@ maximum of 24 Ca 


horse-power at 750 r.p.m. 
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it all the troubles due high temperatures which 
directly or indirectly are the root cause of most mechanical 
failures, Since the rate of heat flow to the cylinder 
walls varies roughly as the cube of temperature, and 
the power output practically directly as the temperature, 
it follows that quite a small reduction in power will 
reduce the heat losses to an extent that must render 
air-cooling quite a simple problem. 

The possibilities of working with a short compression 
and long expansion stroke deserve careful consideration. 
In _ effect this can be accomplished by the simple ex- 
pedient of closing the inlet valve late, so that compression 
does not start until well up the compression stroke ; 
this method has both direct and indirect advantages. 
The direct advantages are that while the compression 
pressure is controlled by the nature of the fuel, the 
expansion ratio can be extended to any degree and very 
high efficiencies can be obtained, though, of course, 
at the expense of the er developed per unit of cylinder 
volume. For example, suppose that a fuel of toluene 
value 0 is used, then while the compression ratio is 
limited to 4-85:1 on the ground, the expansion ratio 
may be say 8:1. The limiting efficiency for 4-85: 1 
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expansion is 32-7 per cent., and for 8: 1, 40-6 per cent. 
The power output under these conditions will therefore 
be 4:85/8 = 60 per cent. of that obtainable with an 
8:1 compression, assuming that such a compression 
could be employed, or 73 per cent. of that obtainable 
if both compression and expansion ratio were 4-85: 1. 
By varying the time of closing of the inlet valve the 
compression could be increased as the machine ascended, 
until at about 15,000 ft. the full compression could 
be used and full power developed ; thus the indicated 
thermal efficiency could be maintained at a maximum. 
and the power nearly constant over this range of altitude 

The indirect advantages are :— 

(1) That with such a valve costing the engine has a 
rising torque curve which is a desirable characteristic. 

(2) In the event of one cylinder dropping out and the 
speed falling in consequence, the compression in the 
remaining cylinders is reduced, and the shocks due to 
the irregular turning moment are also reduced. When 
controlled by throttling, the reverse is the case; if one 
cylinder drops out the others, owing to the in speed, 
take in a heavier charge, resulting in severe ks and 
increased liability to detonation and pre-ignition. 

(3) When working with a late-closing inlet valve the 
whole charge enters the cylinder and a portion is re- 
jected. The rejected portion, which returns to the 
manifold, has picked up a considerable amount of heat 
from the inlet valves, cylinder walls and residual ex- 
haust , some of which heat it imparts to the inlet 
manifold with the result that, as the load is reduced, 
so is the temperature of the manifold increased, which 
is a desirable characteristic. ’ 

Some years ago the writer carried out a series of 
e ments with a patent variable inlet cam (shown 
in Figs. 12, 13 and 14) fitsed to a small engine having 
am expansion ratio of 5-35:1. A number of very 
careful comparative power and consumption tests were 
made, the power output of the engine being controlled 
in the one case by varying the time of closing of the 
inlet valve, and in the other by using a normal valve 
setting and throttling the charge. The results obtained 
in these experiments are shown in Fig. 15, from which 
it will be observed that the gain in efficiency in the 
former case, though perhaps not so large, is none the 
leas quite appreciable. It should be noted that in these 
experiments the same expansion ratio was used in both 
cases, so that the advantage due to prolonged expansion 
was not obtained, and the gain in economy recorded is 
that due to indirect advantages alone. 

In aircraft ines when one is working over a large 
range of atmospheric density the question always arises 
—at what density the be di to give 
its best performance or at to develop its full power. 
Until comparatively Noes yas engines were so designed 
that they could develop full power at ground level, 
without pre-ignition, without overheating, and without 


overst: the . During the war, however, it 
Decale evitbent dnt this was unnecessary and un- 


desirable, and manufacturers were to design 
their engines on the assum a vans’ dihey och ie 
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~ fine, It i,, ew 4 consider what 
» dt ever, satoreeting to 
went be done in this direction. We will begin with 
the assumption that modern aviation spirit has a toluene 
value of 10, which is about the’average value of American 
aviation spirit. At 10,000 ft. the air density is 0-72, 
and at this density a compression ratio of 7-0: 1 could 
be used with such a fuel, giving a theoretical limi 
thermal efficiency of 38-8 per cent. and a theoretica 
of approximately 165 Ib. per 
square inch oned at ground level or 119 tb. 
square inch at 10,000 ft. Under these conditions 
us now consider what er the engine could develop 
at ground level, just free from detonation, 
If controlled 1 rym bd eet ag indicated 
mean pressure wi appro 95 Ib. per square 
inch. If controlled by varying the Pasa of closing of 
the inlet valve it would be considerably higher, because 
for various: reasons the efficiency obtainable under these 
conditions is ter and would be very nearly in the 
ratio of 5-25:7-0 x 165 (5-25 being the limiting 
d level compression ratio for a fuel of toluene 

value 10) or say about 122 Ib. square inch. If 
controlled by the addition of cooled exhaust gas the 
mean effective pressure as, shown previously, would 
be very nearly equal to the full available M.E.P. with 
@ compression ratio of 5-25: 1 or 140 Ib. per square inch. 

Tn all cases let us assume that the mechanical losses 
of the engine are equivalent to an M.E.P. of 15 Ib. (a 
fair average figure). Then the theoretical limiting 
brake mean pressure in the three cases would be :— 

(1) 80 Ib, per square inch, 7 

(2) 107 Ib, per square inch. 
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(3) 115 lb. per square inch, while at 10,000 ft. the brake 
M.E.P. will be 104 Ib. in all cases. 

In all three cases the ne pressure would be 
substantially the same, and little or po higher than at 
10,000 ft.—that is about 450 Ib. to lb. per square 
inch. In the latter case it will probably be actually 
lower, because the principal effect of the exhaust 
is to slow down the rate o titling gud ep found off the 
peak of the diagram. A 
torque varies as the square of the and direct] 
as the density, then, if the engine is designed to run all 
out at 10,000 ft. at 1,500 r.p.m., its maximum speeds 
at ground level will be approximately 1,100 r.p.m., 
1270 r.p.m., and 1,320 r.p.m., prs ta che In the 
former case such an engine would probably fail to leave 
the ground. From these considerations it seems clear 
that the principle of designing a very high compression 
engine for use at high altitudes and throttling it on or 
near the ground is not the right one. Of the three 
methods considered, the use of exhaust products appears 
to be the most hopeful as a means of permitting a very 
high compression engine to operate satisfactorily at 
low altitudes, and still have sufficient power to get 
rapidly off the ground. The alternative method of 
dealing with the problem of varying atmospheric pres- 
sure is to maintain artificially ground level density 
in the cylinder at high altitudes by supercharging. 
From the point of view of ine weight there can 
lees tanec ees cage ae 

wei many parts 
may be proportional to the ity in the cylinder, 
there still pt me @ very ote ene whose 
weight is altogether independent pressure in 
the cylinder, so that the weight of the engine, as a 
whole, can only vary as the density plis a very large 
constant. 


There are at least two possible ways of dealing with 
lem, one by merely forcing more 





be opened full out below 10, ft. So far as the writer 


fuel and air into cylinder by means of a pump or 








ssuming that the propeller Le 
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engines for tanks. T results obtained were, 
however, so that further tests should 
made. from ‘the obvious increase in power at 


i le increase 
in economy, the consumption falling from 0-49» Ib. 
per brake horse-power-hour when running normally 
to 0-455 Ib. when superc ing. 
Limiting Size of Oyli .—Designers of aircraft 
have, i the writer’s a, shown aoe. 
necessary timidity in regard to the power output in- 
able from individual cylinders, go. far as the writer 
is aware no one has had the co to construct 
an aero with cylinders developing more than 
50 h.p. each. Some two and a half years ago, as a result 
of experience with large cylinders on tank engines, 
the writer was requested or rather challenged by the 
Air Board to design an engine for aireraft to devel 
h.p. per cylinder. A ee design was p: 
and much delay a single cylinder unit was built 
at Hopman. having a bore of 204 mm. and a stroke 
of 280 mm. longitudinal section (Fig. 16) anda 
crdss-section (Fig. 17) are shown on the opposite page of 
the complete six-cylinder 600 h.p. engine. This unit has 
been ing on and off for overa year. Apart from a 
mysterious Riture of the valve gear at first which has 


= 








& 


(653.0) at 1200 


never"been quite explained, it has given very little 
trouble, po trouble at all which can be attributed 
to its large size. In view of the fact that its com- 
pression ratio is only 4-84: 1, the results obtained are 
rather extraordinary and constitute, the writer believes, 
quite a record for so low a compression. From the 
accompanying curves, Fig. 18 (for permission to publish 
which the writer is indebted to the Superintendent 
of the Royal Aircraft, Establishment), it will be observed 
that this eingle-cylinder unit develops 120 brake horse- 
power when at 1,350 r.p.m, with a consumption 
of only 0-493 Ib. per brake horse-power-hour at its 
Sameel: Guat of 1,250 r.p.m., corresponding to an 
indicated thermal efficiency of 31-2 per cent., or within 
4 per cent. of the limiting value for this compression 
and an indicated homes aare ng of 150 lb. per square 
inch. These results will, the writer popes, help to 
dispose of the myth that very large cylinders can only 
operate with relatively low mean pressures and Jat a 
low efficiency. 





Loxnpon ComMeroran Motor Parape.—We are 
informed that the fifteenth annual of commercial 
motor vehicles organised by the Commercial Motor 
Users’ Association with the object of encouraging drivers 
to take a interest in the driving and the con- 
dition of eeterdent tee take place tHe baat on 
Saturday, A 2, the patronage is jesty 

tf Phe silver cup will be awarded to 
“team’’ is in the best condition, 
having regard to the class of work on which the vehicles 
are employed, the ages of the machines and the total 
distance run. Cash prizes and medals will also be 
awarded to drivers. Full iculars of the arrangements 
may be obtained from Mr. F. G. Bristow, the ty 
secretary of the association, at its offices, 50, Pall Mall, 
London, 8.W. 1. 





Ratuway CaRRIAGE AND Wacon Works, Norrine- 


for the Government a large factory at Notti for 
the manufacture of 9-2-in. and 6-in, shells, works 
were , under the firm’s management, not only 
for production, but also for the manufacture of 
18-pdr. and 6-in. Mk. XIX , and for the repair of 
9-2 in. howitzers. Messrs. ell Laird, we under- 
stand, have since purchased these works from the 
Government, and have now equipped them for the 
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IN AIRCRAFT ENGINES. 


DEVELOPMENTS 





(For Description, see opposite Page.) 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on Friday, December 10, 1920, Professor Sir W. H. 
Bragg, president, in the chair, a P oy > entitled “ The 
Current Density in the Crater of Carbon Arc,” was 
read by Mr.N.A. Allen. Inthis work the Y- it 
of carbons due to Forrest was used. This facilitated 
accurate measurement of crater area. The carbons used 
were solid special electra of diameter 6mm. For currents 


up to 10 amperes the crater area was directly proportional | disap) 


to total current, thus maintaining a constant current 
density. This was 0-746 ampere per square millimetre, 

Discussion.—Professor Morris read a portion of 4 
letter from Mrs. Ayrton, who considered the paper of 
great importance, and that the results were what she 
would have expected from accurate determinations. 

The speaker mentioned that the carbons used were 
very pure. The effect of quality of carbon on current 
density had to be investigated. 

The late Mr. Forrest, of whose work this was @ con- 
tinuation, showed that the candle-power per square 
millimetre was 172 to 174. Combining this result with 
that of the present paper, we find that the candle-power 
ee ampere is 232, ee weeps, therefore, that the 

type of arc gives of light, requiring only an 
ammeter and good quality carbons, constant to at baat 
1 cent. 

rofessor Rankine asked if the result was unaffected by 
the mass of carbon carrying off the heat. Professor 
Morris said the result was certainly true from 6 amperes 
to 10 amperes. 

Dr. Bryan asked how the result was affected by the 

ce of areas of special brightness or darkness, He 


me ac noticed such areas, 

Mr, F. J. W. Whipple asked if Professor Morris could 
ive an idea of the physics of the constancy of current 
nsity. 

Dr. D. Owen said he was going to refer to the same 
question. The crater was stated to be perfectly circular, 
and the edge was very sharp, judging from the photo- 
graph shown on the screen. This was surprising. One 
would have expected some sort of penumbral region. A 
comparison of the ionic conditions in the arc with those 
in a conducting liquid was of interest. neu = constant, 
where n is the number of — —_ per unit 
volume, ¢ the charge on each, and u their velocity. In 
the arc, as the current increases the voltage diminishes, 
and therefore the velocity u decreases. Co uently 
nm must increase, In the case of electrolytic conduction 
n is constant. 

The author replied briefly to the points raised in the 
discussion. He would give his attention to the variation 
of any of the results with the quality of the carbons. 

A r on “A Sodium Vapour Llectric Discharge 
Tube” was read by F. H. Newman. This paper des- 
cribed a simple method of es a bright source 
of sodium radiation. An electric discharge tube of 

uartz, having a pool of ger tag alloy as one 
electrode, ont an iron rod as the other electrode, is 
utilised. The sodium — is produced by gently 
heating the lower part of the tube, ——= alloy, 
over @ ring burner concentric with the tube. When 
an electric di is passed, a bright yellow light is 
emitted. This light consists almost entirely o 
D lines. Any gases present in the tube are absorbed by 
the alloy while the discharge is passing. No continuous 
pumping is rane. aoe keep the tube exhausted, and the 
experiment works tt when the temperature of the 

jum vapour is 250 deg. C. 

Discussion.—Dr. Bryan commented on the ae 
of the silica tap in the author’s apparatus, which had 
evidently remained at a high vacuum for a considerable 
time. Mr. Newman said the tap had probably been 
manufactured by luck, as some previous ones he had had 
were very bad. The grease he used was made of bees- 
wax and vaseline. 

A paper on “ The crag of Gases in the Electric 
Discharge Tube’? was read by Mr. F. H. Newman. This 
paper stated that various elements were ited in a 
pure condition on the cathode in an electric disc 
tube. To obtain a clean surface of the element, the 
latter was distilled in vacuum. An electric di 
was passed through nitrogen gas contained in the tube. 
Measurements were made to compare the amount of 
absorbed by the element in the tube with the quantity 
of Sey pone in the circuit. Potassium, sodium, 
mercury, jum, anvimony, ium, calcium, 
zine, tin, phosphorus, sulphur and iodine were tested in 
this way. The rates o ~ 5 were very great 
with the last three elements. Hydrogen was also 
used in the tube, and absorption occ with phos- 

horus, sulphur and iodine, The absorption of the 
is due psipaly to chemical action, and is attributed to 
the nitrogen and hydrogen assuming active modifications 
on the passage of an electric discharge, the gases being at 
low pressure. 

Discussion.—Dr. Goucher that work bearing 
closely upon i ry yh e a te 

o ic discharge been 
Gaied on lately in the Laboratory of the 
General Electric Company. Some of it already 
been published (Phil, Mag. X1.., 685, November, 1920). 
It had led to conclusions precisely opposite to those 
of Mr. Newman. It did not appear to him that Mr. 
Newman had brought any dire:t eviden:e in favour of 
absorption being due to chemical action; the only 
direct evidence of that view would be the establishment 
of the “ law of constant proportions,”’ and of a constant 
ratio between the amount of gas disappearing and that 
of something else diseppearing at the same time. The 
absorption of gas in the presence of phosphorus had been 
studied with especial care, and it had found that 
there was no simple relation between the amount of gas 
disappearing and the amount of phosphorus used. 


gases | friars Glass Works, are hence introducing a system of 


i ts on the dis-| of the 





Undoubtedly chemical action plays some pagt in the 
disappearance. For instance, the discharge through 
CO converts the gas into CO, and the relation between 
the current and the amount of gas transformed obeys 
accurately Faraday’s law in suitable conditions. If, as 
in the discharge tubes which Mr. Newman used, ionisa- 
tion is accompanied by recombination, it is not to be 
expected that Faraday’s law should be obeyed. But 
even in such a case where a chemical action takes place, 
that action is not usually directly responsible for the 
i of the gas. Chemical action will not 
cause complete a unless the products of the 
reactions are solid. Such compounds might be formed 
nitrogen and the metal of the electrodes, but 
there is no evidence whatever that they can be formed 
between nitrogen and phompberss orsulphur. The main 
cause of absorption of gas is, in the t majority of 
cases, adhesion to the walls of the vessel. This adhesion 
is greatly favoured by the deposition over the i 
gas of a solid layer of some other substance. The soli 
may be metal spluttered from the cathode or it may be, 
in the case of phosphorus, red phosphorus produced by 
the di Som pronneres vapour, All the work to 
which he referred indicated that actions of this kind were 
the main cause of the di of gas in the electric 
except, possibly, when very active metals 
were used as cathodes. 
Dr. H. Borns inquired whether formation of hydrides 
had been observed. If the alkali metals absorbed 


CATALOGUES. 


Motor Cars.—A small moderately-priced car with 
horizontal opposed cylinder engine, placed at the back 
end, and having friction change- gear with chain 
drive, is described in a catalogue received from Rotary 
Units, Limited, Woodburn Green, Bucks. 

Foundry Equipment.—The American Foundry Equip- 
ment Company, 366, Madison-avenue, New York City 
U.8.A., send y as catalogues showing some interesting 
foundry equipment, includ ing flasks, hand operated- 
moulding machines, &¢., which will interest British 
foundrymen. 

Hydraulic Presses.—Hydraulic presses for fixing, 
removing, stretching and shrinking solid rubber tyres 
on motor vehicle w with all necessary accessories, 
are described in ca: received from Messrs. Hollings 
& Guest, Limited, Thimble Mill-lane, Birmingham. 
Instructions for the guidance of garage owners as to the 
foundations for and the erection of the presses are given 
in one of the catalogues. , 


Turbine Reduction Gear—The Metropolitan Vickers 
Electrical Com , Limited, 20, Brazennose-street, 
Manchester, send some excellent illustrations of a double 
oe eee made by them for a marine turbine of 
5,000 t horse-power. The turbine speed is of 
pi r.p.m,, and the speed of the propeller shaft 

r.p.m, 





oy a also, as he understood the author to say, 
alkali hydrides might be formed, which were crystalline 
compounds like common salt, not in the least resembli 
metals. Quite recently Nernst and K. Moers (Zeits. f. | 
Elektrochem, August 1, 1920) had electrolysed fused | 
lithium hydride to see whether the hydrogen would really 
go to the anode in this case, as the metallic lithium would 
go to the cathode. Quantitatively the difficult experi- 
ments had not been conclusive, but there was evidence | 
of hydrogen at the anode and hence experimental 
evidence confirming the possibility of the existence of 
both positive and negative ions. 

The author, in reply to Dr. Goucher, said he did not 
think the results he mentioned were conclusive against 
chemical action, Lord Rayleigh had also attributed the 
effect to chemical action. In reply to Dr. Borns, he 
could not say whether hydrides were formed or not. 

A ea! on “‘ Some Slide Rule Im ements” was 
read by Mr. J. St. Vincent Pletts. In this paper the 
relation existing between the log log scale and the log 
scale in slide rules at present on the market is dealt with, 
and it is shown that if this relation is made that of the | 
common logarithm the properties of characteristics and 
mantisse enable the range of the non-recurring log log 
scale to be indefinitely extended. In addition an equally 
divided scale is arranged to give a e* and log, a x, where | 
@ is a number on the log scale, and scales for all the 
circular and > pongo functions are arranged on the 
back of the slide so as to read on the log scale. All such 
functions as e sin x and log n cosh 2 are, therefore, 
obtained with a single setting of the slide and cursor. | 
Other minor modifications are made, and « cursor for 
mageliying ond subdividing the divisions is described. | 

} ion.—Mr. F. J. W. Whipple expressed his | 
copneeten of the paper. He pointed out to the author 
that there was a slide rule issued by the Meteorological 
Office in which the degrees were divided decimally. | 
Could a little more information be given of the significance 
of the figures. The paper as it stood, was a little difficult 
to follow. 

Dr. Vincent suggested a modification of the cross- 
section of the rule so that four of the scales could be 
readily marked off on paper for graphical purposes. 
This was the principal use that many workers had for 
these scales, and on the ordinary rule none was easily 
transferable. Dr. Eccles asked how the accuracy o 
the new log log scale compared with the ordinary folded 
one, 


The author said he was interested to hear of the 
Meteorological Office rule. He had not, however, said 
he had not seen a rule with the degrees divided decimally. | 
What he had not seen was a rule with a log log scale to 
the base 10. Dr. Vincent’s es could probably be | 
better carried out on a special rule for the purpose he 
mentioned, 








INTENSIVE TRAINING In Guass Works.—The present 
educational system keeps the boys at school up to an 
oge at which they are not easily persuaded to go through 

e years of training required to produce skilled workers. 
With the assistance of the educational authorities, 
Messrs. James Powell & Sons, Limited, of the White- 


intensive training. The scheme is due to Mr. J. H. 
Gardiner, who after the death of Sir William Crookes, 
whose assistant he had been for many years, became 
panied by Mis. Aunett, divisional organising offces 
i . we tt, divisio: organising officer 

x Educational Council, Mr. Gardiner 

Yast week addressed the senior boys of the Greenhill 
and the Harrow Weald Council ls, to suggest 
to them the fine bilities of good employment in the 
glass works now erected at Wealdstone. The boys 
were invited to at the evening continuation classes 
to receive a thorough unding in lish, arithmetic, 
the metric svstem, physical manipulation, freehand 
drawing and elementary physics and chemistry. A 


selection will afterwards be made of promising boys | sell 


who will attend a special course of lectures on glass, 
its chemistry and properties. They will then be drafted 
into the works where a special laboratory is being fitted 
up for their further training, while they are also worki 
other departments of the works. During this peri 


Small. Buildings, Heating Apparatus, &c.—Messrs. 


|T. Bath and Co., Limited, 18, Savoy-street, Strand, 


.W.C, 2, have sent us a catalogue relating to a variety 
of goods which they have for Siesteal. he articles in 
question comprise small frame buildings, bungalows, 
greenhouses, heating and cooking stoves, geysers, gas 
radiators, oil stoves, &c., wire netting, and so on. 


Milling Cutters.—A useful little pamphlet, stating the 
names and giving typical illustrations and descriptions 
of H.S. standard cutters as defined by the British En- 

a Association, has been issued by the 

irming’ Tool and Gauge Company, Grove-street, 
Winson-green, Birmingham, who state that they are 
now prepared to deliver all standard sizes of cutters and 
reamers. 


Safety Device for Cooling Water Systems.—A device 

for sounding an alarm whistle or electric bell when 

the flow in a circuit of cooling water, oil, &c., is inter- 

rupted is described in a catalogue received from Messrs. 

Bilbie, Hobson and Co., 106, Queen Victoria-street, 

London, E.C. 4, who are agents for the maker and 
atentee. Mr. C. L. Stokoe, 114, Central Buildings, 
allsend-on-Tyne, 


Motor Vehicles.—Messrs, John I. Thornycroft & Co. 
Limited, 10, Grosvenor-place, London, 8.W. 1, send a 
copy of a new catalogue of their motor vehicles, describ - 
ing the mechanical parts in full detail and also dealing 
with 15 standard bodies, including lorry, van and pas- 
senger types. The engines are four-cylinder pewel. 
but paraffin may be used with a vaporiser if preferred. 
Tilting bodies and lifting appliances are fitted when 
required. 

Ball-Bearing Grease.—We have received from Messrs. 
Sterns, Limited, Royal London House, Finsbury-square, 
E.C. 2, particulars of a test made recently by the Sheffield 
Testing Works, Limited, Black-street, Sheffield, on a 
new ball- i grease they have introduced. The 
Sheffield Testing Works state that the Sternol ball- 
bearing grease is free from acid, either organic or mineral, 
and is practically free from moisture, and does not con- 
tain any mineral loading material, or anything likely 
to have a deleterious itect on ball bearings. They 
consider it of first-class quality as a lubricant. Messrs. 
Stern further inform us that the grease has a high 
melting-point, so that it would, we imagine, prove useful 
under conditions in which many of the usual lubricants 
are liable to become only partially effective. 


Machine Tools.—A large catalogue, dealing specially 
with “factored” machine tools, comes from the Asso- 
ciated British Machine Tool Makers, Limited, 17, 
Grosvenor Gardens, London, 8.W. 1. It is a strongly- 
bound volume of over 250 quarto pages, fully covered 
with illustrations, tables of sizes and other particulars 
of machines. Nine firms present their special pro- 
ductions, viz. ; Messrs. James Bennie and Sons; Clifton 
and Baird, Limited ; Smith Brothers and Co., Limited ; 
and Hurd Company, Limited—all of Glasgow ; Roberts 
Brothers, John Hetherington and Sons and the Lanca- 
shire dynamo Company, Limited, of Manchester ; 
Thomas White and Sons, Limited, Pai , and J. H. 
Humphreys and Sons, Oldham. The machines are, for 
the most part, for heavy work, such as sawing, cutting- 
off, punching, bending and plate work, but ‘ial lathes 
for wheels, tyres, les, &c.; grinding machines; and 
wood-working machines are also included. In each case 
@ great variety of designs and sizes are shown, and as there 
is very little overlapping, the a forms a con- 
tinuous list of machines chiefly for shipbuilding, loco- 
motive and a construction and general 
be, ae work. machine is carefully described, 
and technical and commercial iculars stated, so 
that the volume will be of especial use for export trade. 
The “A iated ”’ h leaves each — full 
responsibility and credit for his own special uctions, 
while the benefits of association a oem ed to the 
ing and general commercial branch of the work. 
Comment on individual machine is impossible, on 
account of the large number of them, but a careful 
examination of the catalogue indicates that the latest 
improvements of design have been embodied in each 
ease. Practically all are well-proved t of British 
manufacture. Many of them were to be seen at the 








in 
of bation they receive a nominal wage, subsequently 
to be engaged in the works proper at union wages. 


recent Machinery Exhibition at Olympia, 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


149,115. Q. B. McLennan, Stirling. Carburettors. 
(1 Fig.) December 16, 1919.—The invention ‘relates to car- 
burettors for internal-combustion engines of hin co! prising 
an inlet pipe, a connecting pipe or branch by- ng said pipe, 
and a fuel jet fitted in the connecting pipe and throt' 
ar 
and t! jet. 
carburettor wherein the inlet pi 
tubes 2, 3, spaced @ rt and joined b 
may itself be fiti with a choke tube and in which is located 
a fuel jet 5. Conveniently, the inlet pipe is of L form, there 
being a choke tube in each limb of L. Disposed in the 
inlet pipe 1 between the choke tubes is a throttle 6 which serves 
to control the flow of air which is to by-pass the jet 5 and in the 


y a co! 
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eg 


pipe 4 between the jet 5 and the choke tube 3 is fitted a throttle 
valve 7, which controls the flow of air over the jet 5. When 
the throttle 7 is open and the throttle 6 is closed, all the air 
flowing to the ine passes through the connecting pipe 4. 
When oth throttles 6, 7, are open, the Lg gee. ‘ou: 
the choke tube 3 creates a suction in the connecting pipe 4, w! 
the air passing through the choke tube 2 tends to prevent air from 
— the ee aes: The of air through 
connecting pipe 4 will refore be determined by the relative 
sizes and suction effects of these choke tubes. As 
of air passing the fuel jet 5 will be regu- 
resistance at the choke tube 2, which will 
d suction at the choke tube 8. (Sealed.) 


"3149,050. W. J. Reynolds, East Ham, and W. Wyatt, 
Le Internal-combustion Engines. 


yton. (3, Figs.) May 2, 
1919.—The invention relates to internal-combustion engines 


of the type in which the cylinder, the crank-case, bearings for 


increases, the quantit: 
lated by the incre: 
teract the i 





a countershaft, and a case Bee. gracias. between said counter- | road 


shaft and the crankshaft are integral with one another. 
The novel feature consists in a supporting platform for a magneto 
and a bearing for. the drive spindle of said magneto cast 
or made integral with the several parts mentioned above. The 
cylinder a, crank-case b, reducing gear-case c, bearing d for the 
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countershaft, platform f for the magneto, bearing ! for the drive 
spindle of the latter, said bearing being formed on case ¢, 
and brackets 61 for securing bolts, are all cast in one piece with 
the exception of the bottom or one side of the crank-case and 
one side of the reducing gear-case. To said bottom of the crank- 
case 6, and to the side of the reducing gear-case c, are fitted 
removable cover plates secured by screw bolts, said plates and 
they are adapted to cover being only of 
ble c , the crank j, the reducing 


rankshaft 
Said) other internal parts of the engine to be assembled. 


' MACHINE AND OTHER TOOLS, SHAFTING, &c. 


149,030. A. Smith, Keighley. Friction Clutches. (2 Figs.) 
October 6, 1919.—The invention relates to friction clutches of 
the type used in connection with machine tools, and which are 
of the class wherein a gripping or friction ring is forced into 


the | thus by the attendant removing t' 





ee, tee ee ee 
The novel ee 
rate same, of forma- 
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zg 


one to the other, but allows a radial move- 
the ring 2 from the ring 3, which radial move- 
the springing of the two parts of the ring 2 


Vfhis 7 


o-- 
BSS 


slotted openings 2w made radially therein, 
2 to be forced into e ment with a con- 
The surfaces 


3 the outer diameter of 
S Sie wees es Stee ae 
r upon ving y or p 
to which it has to be coupled or with which it has to 
- o be enabled to transmit its motion to it. The fri 
ing 2 is 


H 


actuated by le levers 7 and 7a, operated by a sliding 
sleeve 8. The le levers 7 and 7a have their outer ends 
arranged to act within openings within adjustable screws 


mounted 

within screwed openings formed in the ends of the ring 2. 

Through the o ings of the lateral flange 5 openings 11, 11a, 

are formed so that when the ring 5 is turned into position, the 

screwed openings therein within which the screws are mounted, 

may be brought opposite said openings 11, lla, res vely, 

aS x ing —— er 12, 12a, he 

may insert a wrench openings 1 lla to engage 
with the screws to odintt hom. (Sealed,) 


MOTOR ROAD VEHICLES. 


148 . «=. B. . - Rubber Band Tyres. 
(4 Figs.) May 5, 1919.—The invention relates to a type of 
solid rubber band tyre which has abnormal 





of:load, by the rubber in the tyre being hinged or bent back 


about the tyre’s central line as the tread 1 comes into road 
cont " tyre must be constructed of such a shape that 
when its supple apex 3 comes into road contact, the rubber 4 
in the tyre within the apex is bent back into a continuous air 
chamber 5 formed on the outer metal bed circumference 6 
of the wheel, thereby enabling a great circumferential contact 
or flat to be obtained in this type of rubber band tyre under both 
light and heavy loads. The right and left base parts of the 
tyre 7 and 8 are clamped and keyed in correct position to the 
metal bed circumference of the wheel by bringing the right and 
left stampings of the divisible wheel together back to back and 
then bolting them securely together, having an air-t flexible 
band, 9, lying between the metal stampings to enable chamber 
5 between the tyre and its wheel to orator airtight. Airtight 
joints are formed at 10 and 11 between the base of the tyre and 
the bed circumference of the wheel. The gable like tread 1 has 
endless grooves 12, 13, 14, 15, and a row of holes 22 with a depth 
of about 2 in. on the centre line of the tyre. (Sealed.) 


RAILWAYS AND TRAMWAYS. 





dis cross- 

of the track. According the invention aforesaid 
two U-shaped plates, referred to as saddle plates, are 
so that when secured in position their upper faces are 

i dly or towards each other so the vertical 

centre lines the rails converge upwardly. The lower 
ends of the in channel plates are curved inwardly and 











thus forming a sleeper. The lower member 8, which is dis 

laterally of the track, is of channel section, and of a le of 
appro mately 8 ft., and is adapted to carry the saddle 
plates 1, 2, secured to the lower channel-shaped member 3 at 
a suitable distance apart, such distance corres: 


mding to the | 

rticular gauge of the railway track in which sleepers! are 
ntended to be The channel plates are of inverted channel 
section, each ha an \ agoee a rail which 
is secured thereto 10 and clips 11 ends 12, 18 
of the sides of each saddle are to orm 
to the curve of the aod ag the base part of the lower 
member to the sides the . The sad plates shaped so 


idle are 
that their upper surfaces are at a suitable angle to the horizontal, 
the inclination being approximately in the proportion of 1 to 20. 
77 that om rails are inclined inwardly or toward each other, 
(Sealed. 


SHIPS AND NAUTICAL APPLIANCES. 


constructed with on ivedinal fram 
flange any 
to the flange of the bulb 


n 
rae 
the bulk-head, the heel of 


over-riding the heel of 
tne bulb <> about half an inch, thus obviating the possi- 
bility of the wing plate being shorn or cracked through, 
which in practice has been found to have happened, where 

heel of the angle lug and the heel of the bulb angle were in the 
same straight line. a is the bulkhead, b the angle lug, and ¢ 
the bulb angle stiffener; d,d are brackets. The heel ¢ of the 
angle lug b over-rides the heel f of the bulb angle stiffener by 
about half an inch. The rivets only pass through two thick- 


angle | 
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nesses, and those attach 
be hydraulically riveted 
bulb angle stiffener is 
which are not hyd 
caulking side of 


need one df 

are placed one directly o 
the angle, and consequently the tendency to 
the heel of the angle lug is greatly reduced. (8S 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


149,071. J.D. Troup, London. Packing. (1 Fig.) 
May 7, 1919.—The invention relates to packing for use in con- 
nection with the pistons or other sliding or mo parts of fluid 





pressure engines. According to the invention, the packi 
comprises one or more annular meta! chambers or hollow meta 
rings which constitute enclosures for the lubricant which is 
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supplied to ths interior thereof under pressure, and the said 
chambers or rings have metal li adapted 
surface with which it is 


ble 
as an enclosure for lubricant under pressure ogee by shaded 
lines), and the outer wall d of the said chamber, which engages 
(Pee pee rh wih. is P veined . — 2 manner not 
only Soee abrican roug’ sufficient quantity 
to effect lubrication, bat the ressure of the enclosed lubricant 
tends to force the wall d ually against the ys be wall 
and #0 prevent leakage of the operating fluid, To end, the 
engaging wall of the hollow n ring is provided with an annular 
opening ¢ whereby when the parts are assembled, the cylinder 
wall itself virtually constitutes part of the outer wall of the hollow 
piston ring. The remainder of the outer wall of the said ring 
consists of two lips f of metal which are preased firmly — 
the cylinder wall by the pressure of the lubricant. (5 .) 


149,082. CC. Johnson, and W. T. Hunt, Manchester. 
Steam Separators. (6 Figs.) May 13, 1919.—The invention 
relates to steam separators for boilers of the type wherein the 
steam generated is caused to flow radially inwards 


tortuous passages formed by vertically arranged bent plate or 
gutter baffies to a centrally-dis; steam outlet, whereby 
molsture and scum are interce , and refers in particular 


to such separators located within the boiler itself. According to 
the invention, the steam separator comprises a top and bottom 
fitting separated by side walls composed of rows of tubes, one 
behind the other and formed by corrugated sheet metal of the 
required width a back to back and secured together to 
castitute batteries of tubes which are clamped between the end 
plates. The side walls of the corrugations are perforated or 
slotted so that the steam is forced to pass from a tube in one 
row sideways to a tube in the next row, and so from the exterior to 
the interior of the fitting. If desired, two or more tubular walled 
members may be arranged leading to a common outlet. 
A top plate @ formed octagonal in plan, is provided with 
a central tubular aperture 6 for attachment the steam 
outlet of the boiler. A bottom plate ¢c, similar in outline to 


Fig.7. 4 
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the to te, but of inverted cone shape, is provided with a 
cent. ube @ extending below the level of the water of the 
boiler. The centre portion of the hollow cone is covered by the 
plate ¢ leaving a space around the edges over which the 
ends of a battery f of perforated tubes vertically ar and 
clamped between the top and pastom siete by nuts bolts. 
Each battery of tubes f is of a b: th equal to one of the 
edges of the top and bottom plates and usually about 
three or four rows deep, t.¢., from front to back. Said 

of tubes is formed by cor-ugated sheet metal of the requi 
width arranged back to back and soldered together. A convenient 
shape for the corrugations is one having a castellated appearance 
on , the longitudinal portions of adjacent strips abutting 
each other so as to produce a series of tubes, the side walls 
which are slotted so that the steam is forced to pass from a 
tube in one row sideways, to a tube in the next row, and so from 
the exterior to the interior of the fitting, whence the steam is 
free to pass to the boiler outlet, Any moisture or impurities 
trapped by the tubes, drains down the inside of the conical 
botto ™ fitting ¢ back to the boiler outlet. (Accepted August 18, 


148,002. The Westin; ¢ Brake Company, Limited, 
London, and T. Barty, Teac. Steam Traps. (2 Figs.) 
April 4, 1919.—The invention relates to steam traps adapted 
to be employed in connection with steam-heating ems. 
According to the invention, a thermostatically-cont valve 
is located between the live steam pipe and the outlet for the 
condensed water, being arranged when closed to perrent access 
of the steam to the thermostatic element, the outlet portion for 
the condensed water being located in a portion of the steam trap 
forming a separate it that containi 
the rmostatic element. The latter is thus only influen 
as regards the pong Ce to which it is subjected by the live 
steam issuing from valve ss with the steam 


by means of an usting screw 4 passing th 

the other end 5 of the element be! 4 
to the stem 6 of a valve 7 

the steam pipe and an outlet port 8. The head of the valve 7 


pe 4 and those of 


Asbestos packing © reduoss the 
pipe. Doors 6 are losoted seateal 


i 


fe radiation of heat tro the 
Shell 3 not in contact with 
cn Abele. janee “ths 


element 8 may be form of 
lotic urrent Inpaased, oF Beating 


R. S. McColl, Glasgow, T..N. McColl, 


w. Boiling Pans. (2 j 
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—. e invention feates to polling ‘pans fo 








the steam pipe by the valve 7 is permitted to flow directly away 
the ment 9 containing the valve 7, 

ugh ber 10 containing the thermo- 

static element 1, the steam trap is rendered more efficient in 
action as the thermostatic element 1 can only be 
perature to close the valve 7 by the steam esca; 
steam pipe and is substantially unaffected by the heat contain i 
in the released water of condensation. 


through the port 8 
without ng thro 
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TEXTILE MACHINERY, 
149,162. Walter Gledhill & Sons, Limited, Holmfirth, 
and olmfirth 


| 














2. 





























a horizontal position. 
picker spindle is supported, is 

















the striking face of the picker, when it is checked 
right angles to the shuttle 
across the shed, whilst wear and tear of the surface surround 
the spindle opening is reduced to a minimum, and the life of 
Toa) thereby considerably extended. (Accepted 
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concentric shells within the inner of w 
is located. Acco: 
in contact with the inner shell, and is ins 
Covers are provided at the ends of 


sel 
shell by a non-conductor. 


ich is cut a groove 3. 
he socket. E is the 
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upon it a lump FI. 
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or projection similar to on the nut, and 
in the Interior of the socket to receive this 
C is the socket having ‘ta long from it a threaded 


ie BE iat 






















D is a rubber ring lying in the interior 
spigot having pro; y 
from it a threaded stem El, on which can work a nut F having 
The front of the spigot is ““ V ” shaped, so 
that it will form a tight joint with the ring D, and it has upon 
it a lump E2, similar to the lump F1. a groove C4 being cut 
in the interior of the socket ©. tween the nut and the en- 

formed that 
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THE PROPERTIES OF STEAM. 


°*By the publication of his new treatise on the 
properties of steam* Professor H. L. Callendar 
has made accessible to engineers in general the 
results of the revolutionary improvements, in the 
thermodynamic treatment of vapours in general 
and steam in particular, which were described in 
papers contributed to the Royal Society some twenty 
years ago and, as regards most practical purposes, 
decently buried in the Transactions of that learned 
corporation. These papers undoubtedly constitute 
the most illuminating and reliable work on the pro- 
perties of steam accomplished by any engineer or 
physicist since the pioneering labours of Regnault, 
Rankine and Kelvin. The discoveries of the two in- 
vestigators last mentioned have quite commonly 
been attributed to Clausius in consequence of their 
neglect to do the hodman’s work of developing their 
original and fundamental concepts to the point 
where they could be readily comprehended and 
applied by ordinary men. It is gratifying to note 
that though we have had to wait some twenty 
years for Professor Callendar’s treatise, we have at 
last got it in a fully developed form from the dis- 
coverer himself and have not had, as in the cases 
instanced above, to receive back from the indus- 
trious Teuton the discoveries of our own pioneers. 

In place of writing a formal review of Professor 
Oallendar’s treatise, it will, we think, be more 
serviceable to many of our readers if we give as 
clearly and as simply as our capacity permits some 
account of modern ideas as to the constitution of 
vapours and how these have been utilised by 
Professor Oallendar in developing his most illu- 
minative and fertile investigations. 

The perfect gas is a continuous fluid, the pro- 
perties of which can be expressed by the well-known 
relation PV = RT. All actual gases, however, are 
not continuums, but consist of innumerable discrete 
molecules or atoms, each having a certain individual 
volume, and this atomic volume is quite unaffected 
by changes of temperature and pressure. The 
volume occupied by any actual gas could not 
therefore ‘be diminished to nothing even were it 
practicable to attain to the absolute zero of tempera- 
ture or to produce infinitely high pressures. This 
circumstance can be taken into account by modifying 
the equation for a perfect gas so as to read 

PEYJ~) =|RT ¢ () 

This may perhaps be called the equation for 
an ideal gas which differs from the perfect gas in 
that it has a molecular constitution. It is found 
by experience that this equation agrees satisfac- 
torily over a very considerable range of pressure 
and temperature with the observed behaviour of 
many gases, and it affords a simple explanation of 
the fact observed by Thomson and Joule that when 
hydrogen was expanded through a porous plug there 
was @ slight heating effect. In short, in order to 
deliver the compressed gas to the plug work must 
be done equal to P, V,, whilst the work that the gas 
does in going away from the plug, in pushing aside 
the atmosphere, for example, is similarly equal 
to P, V,. If there were no change of temperature, 
we should by equation (1) have the relation 


Pg (V2 — b) = Py (Vi — 5), 
P, V2 = Py Vi — (Pi — Pa) 6, 


so that the work done by the gas in leaving the plug 
is less than that done in delivering the gas to the 
plug. It is this excess that goes to heat the hydro- 
gen. The behaviour of hydrogen is, however, 
exceptional. In general, when a gas is forced 
through a porous plug a cooling effect is observed 
and equation (1) affords no explanation of the 
anomaly. For this we have to turn to the kinetic 
theory of gases. According to this the molecules 
of @ gas are continually colliding with each other 
and separating again. The duration of the contact 
depends, however, on the nature of the molecules. 
If these have but a small attraction for each other 
the energy expended in the collision is mainly 
that due to the kinetic energy of the particles. 


whence 





* « Properties of Steam and Thermodynamic Theory 
of Turbines,”” by Professor H. L. Callendar, M.A., LL.D., 
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The collision is in this case nearly perfectly elastic, 
and the kinetic energy at impact is in this 
case stored up as potential energy in the interior 
of the molecules, and is, during the subsequent 
separation, reconverted into kinetic energy as the 
particles fly away from each other. In such a case 
there is apparently very little loss of energy 
from the pair whilst in contact, and this contact 
is of very short duration. If on the other hand 
the colliding molecules have a high attraction 
for each other the energy expended in the collision 
includes the work due to these attractions. The 
attraction is due to electrical forces, and in this 
case the collision involves a vigorous disturbance 
of the exterior electrons of the colliding system 
and a consequent large loss of energy by radiation. 
The particles accordingly will not on separating 
again have the same kinetic energy as before impact 
occurred, and in some cases at any rate it seems 
probable that they would remain permanentl 
united did they not receive a supply of from 
their neighbours. If the views recently put forward 
by Professor Perrin be accepted, it would seem, 
moreover, that this supply of energy must be 
received in the radiant form. Professor Perrin 
has in fact been led to the conclusion that the 
dissociation of a gas is never produced directly by 
the mutual impact of the molecules, but solely by 
the receipt of radiant energy, which unlocks the 
electric bonds holding the molecule together. 

On this view the duration of a contact will 
depend little upon the number of collisions which a 
pair of partners may endure from other molecules. 
The latter, it should be observed, will have little 
attraction for the pair already united, since the 
“ residual affinities * of the two partners are already 
largely satisfied. Hence the collision of the 
partners with other molecules will approximate in 
character to that of a collision of tly elastio 
bodies. On the other hand, since a partnership 
can only be formed when a collision occurs the 
number of partnerships will be greater the more 


closely the molecules are packed, that is to say the | 
higher the pressure. If, therefore, the pressure of | 


the gas be reduced there will be fewer collisions per 
second and the number of partnerships formed will 
be correspondingly reduced. The average rate at 
which such partnerships are dissolved (by the 
loops of electric force of which radiation is con- 
stituted) is, however, unchanged if the temperature 
be unchanged, and it follows accordingly that by 
an expansion at constant temperature the number 
of molecules in partnership is reduced. To make 
the matter perfectly definite, suppose that of each 
hundred partnerships existing at any instant fifty 
are dissolved in unit time. If fifty new partner- 
ships are formed in the same time the average 
number existing in the vapour remains constant, 
but if by change of pressure only forty new ones 
are formed in this time there will be a period of 
adjustment during which more partnerships are 
dissolved than new ones formed until a new 
balance is struck. A reduction in the number of 
partnerships will involve an absorption of energy and 
& consequent cooling of the gas. Here then is to 
be found the physical explanation of the cooling 
which is found to occur with{most gases when 
expanded through a porous plug. 
According to the kinetic theory the number of 
molecules in one cubic foot of a gas or vapour at a 
given temperature and pressure is exactly the same 
as that in a cubic foot of any other gas at the same 
temperature gnd . At 100 deg. O. and at 
atmospheric pressure the number of molecules in one 
cubic ft. of any gas or vapour is about 5-6 x 102, 
As one molecule of H,O weighs about 6:54 x 10-* Ib, 
the weight of one cubic foot of saturated steam at 
100 deg. O. should be about 0-037 Ib., or in other 
words its specific volume should be about 27-2 
cub. ft. per lb. Actual experiment shows it to be 
about 26-8 cub. ft. per lb. The defect, which it 
will be seen amounts to about 0-4 cub. ft. represents 
the loss of volume due to the fact that some, at any 
rate, of the partnerships formed in collisions 
endure for an appreciable time. Whilst the 
nership laste, the combination, from the view point 
of the kinetic theory, constitutes a single molecule 
only, and thus less space is occupied than if no such 
partnerships were formed. Taking these considera- 


tions into account, we get, as the complete equation 

Gh Wake Ser Gi'y quit te venir this Gaaiallie 
RT 

V~b= = »- ® 
where ¢ is known as the “ co-aggregation ” volume 
and represents the diminution of volume due to 
the pairing of the molecules as described above. 
The term 6 is known as the “co-volume” and 
expresses the fact that by no conceivable change of 
temperature or pressure can the volume of a vapour 

or of a gas be reduced to absolute nothingness. 
The problem of determining how this “ co- 
aggregation’’ volume ¢ varies with temperature, 
pressure, and volume of a gas has occupied 
hysicists for years. It must be expressible as a 
Satstion of any two of these three variables, and 
may be a function of one only. Inspired by a 
suggestion of James Thomson, Van der Waals, in 
1873, made the highly ingenious supposition that 


-c. 


Y | the equation of a state could be written in the form 


V-)(p+5) =RT. 


In this equation a was taken to be « constant. It 
leads, it will be seen, to a very complicated expres- 
sion forc. Whilst at the time of its proposal this 
equation marked a great step in advance, every 
attemipt to fit it to actual observation has 
failed. It expresses the relation between the tem- 
perature, pressure and volume of a gas qualitatively 
only. Even as complicated by Clausius it proved 
wholly inadequate to represent the behaviour of CO,. 
It would hardly be going too far to assert that of 
late years Van der Waals equation has been a 
hindrance rather than a help. It has tempted 
investigators to endeavour to include in one 
formula all the properties of a body whether in 
liquid or the gaseous state, right up to the critical 
point. This feat has not been accomplished for any 
single body, and the attempt to do so in the case of 
steam where reliable data near the critical point 
were wholly lacking has been ill advised at the best. 
This has been emphasised recently by a new and 
accurate determination of the critical tem 
| which turns out to be some 9 deg. O. higher than 
the value adopted by the German and American 
computers who have published elaborate tables on 
the properties of steam. 

When Callendar commenced his researches some 
ee eee 
almost universally as adequately estab- 
lished by Regnault, who was indeed a prince of 
experimenters, and attained a standard of 
which considering the circumstances was little short 
of marvellous, but many of his results are now 
known to be merely somewhat rough approximations 
to the truth. Engineers had for some three 

i Regnault’s conclusion that the total 
heat of steam was represented by a formula which 
may be expressed in Fahrenheit units as— 

_ H = 10017 + 0-306 (¢ — 32). 
Based on this formula, Professor Peabody devised 
his most ingenious and very simple “ throttling 
calorimeter” for estimating the quality of steam 
supplied to engines under test. however, 
this instrument was used in the laboratories of the 
MoGill University, the wetness of the steam supplied 
by the boilers as calculated from Regnault’s 
formula persisted in coming out In other 
words the calorimeter declared the steam 
supply to be superheated, which it certainly was 
not. Somewhat similar discrepancies had been 
noted elsewhere, without leading, nevertheless, 
to any question as to the accuracy of Regnault’s 
formula. At the MoGill University, however, an 
exhaustive investigation was commenced by Pro- 
fessor Callendar and showed conclusively that the 
formula was wrong. The question then arose as 
to what formula was to replace it. Of course it 
is a very easy matter to find an empirical formula 
which shall represent as accurately as we please 
any given set of observations, and this course was 
in fact followed by German investigators at a later 
date both in respect to their observations on the 
ce tinasated 90° tee “te ee teneooee ate 
They neglected to bear in however, (and 
their bad example was followed by the American 
computers who uncritically their results) 
that thermodynamic principles establish a close 
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connection between the thermal properties of steam 
and ite specific volume. For example, the work 
done in a given cycle should be the same whether 
it be measured on the temperature entropy chart 
or on the indicator diagram. The elaborate tables 
compiled in America on the basis of the German 
experiments and formulas fail to satisfy this test 
as was shown in an article published in our issue 
of June 9, 1916. Moreover, thermodynamic prin- 
ciples provide us with two methods of determining 
the specific heat of steam at constant pressure. If 
the tables and formulas are correct the values 
calculated by the two methods should be identical. 
In the case of the German formulas and experi- 
ments accepted by the American computers this is 
far from being the case, the discrepancy being as 
much as 20 per cent. 

Callendar, on the other hand, attacked the 
problem in a rational manner. He devised new 
and extremely accurate methods of determining 
total and specific heats, and of determining with 
precision the law for the adiabatic expansion of 
steam, and in devising formula to represent the 
properties of steam, laid down for the first time 
the principle that these formulas must be con- 
sistent with each other. The results were given 
in @ paper published by the Royal Society 
in 1900, but unfortunately the Transactions of 
that Society make, in general, little appeal to 
the engineer, and the extreme importance of the 
work accomplished failed to attract the attention it 
deserved, while, as we have pointed out above, it 
was entirely neglected by the American computers 
whose tables were so widely adopted by British 
engineers. Any formula for the total heat of 
steam must be consistent with equation (2) ante, 
and with the experimentally demonstrated fact than 
the adiabatic expansion of steam is represented by 
the equation— 

- 
PT *% =constant, 

The adiabatic expansion of an ideal gas satisfying 
the equation P (V—b) = RT can also be repre- 
sented by a formula of this kind. The more usual 
formula in this case is P(V—»d)’= constant, but on 
substituting for V—d, this takes the form— 


Y 
P T!—Y = constant.! 


Any adiabatic expansion is effected at the expense 
of E, the internal energy of the body. In the case 
of the ideal gas it is well known that this internal 
energy (expressed in ft. lb.) can be represented 
by the formula— 


E=_!_ pyv-»), 
y¥-1 


where y is the index in the usual formula for 
the adiabatic expansion of such a gas. The 
above expression represents, in fact, the work 
which can be done by the gas when expanded 
adiabatically down to zero pressure. Now so 
far as the internal energy of steam is due to the 
molecular velocities and spins it must be capable 
of being represented in the same way. Hence in 
the case of steam we may write— 


gE=—!_ pw-—04B 
y¥-1 


= DPW) +B, 





The work done in an adiabatic expansion is equal 
to the change in the internal energy and if B be 
constant this change of internal energy will be 
exactly the same as it would be in the case of an 
ideal gas having the same value of y as steam has, 
and it is perhaps fairly obvious that the law for 
adiabatic expansion will then be expressed by the 
same formula. 

Whether B is or is not constant is a matter for 
experiment. Since we cannot conveniently measure 
directly the internal energy of steam, these experi- 
ments are best made by determining the total heat 
H which is defined nowadays by the relation— 

H=E+PV. 


This differs from Regnault’s definition in that 
Regnault took no account of the energy required 
to drive his feed pump. In this equation all 
quantities of energy must, of course, be ex: 

in ft.-Ib. units, 


As Regnault’s results prove, there is greater 
difficulty in determining directly and accurately 
the total heat of steam than might perhaps 
be anticipated. At high and tempera- 
tures. there are likely to be serious systematic 
errors due to losses of heat by conduction. 
Losses of this kind in fact vitiated some of 
the most elaborate experiments on the specific 
heats of gases made at the Reichsanstalt. As 
Callendar pointed out, however, many years ago, 
a very simple and accurate method is to compare 
the total heat of high pressure steam with that 
of superheated steam at atmospheric pressure. | 
With care the latter can be determined with con- 
siderable precision, In making an experiment, the 
high pressure steam is wiredrawn down to atmo- 
spheric pressure through the equivalent of a porous 
plug and its temperature noted after passing this 
plug. In an operation of this kind the steam 
retains after its expansion its original total heat, 
and as the total heat of superheated steam at atmo- 
spheric pressure is known from the preliminary 
experiments made, we have thus a very simple 
method of finding that of steam at higher pressures. 
Much of the earlier chapters of Professor Callendar’s | 
new treatise is devoted to a critical discussion of 
all the available experimental data on the total heat 
of steam. It is not a little astonishing that some 
German experimenters have thought it safe to 
extrapolate their actual observations by purely 
empirical methods, and to found conclusions on 
these extrapolations, which, however, are wholly 
unreliable and, as already mentioned, have been 
shown to be inconsistent with the known behaviour 
of vapours and gases. 

The simple and precise methods of determining 
total and specific heats of steam devised by 
Callendar at the McGill University concur, however, | 
quite well with the unextrapolated figures published 
by the German investigators and with direct | 
determinations of specific heats made by Professor | 
Carl Thomas. These observations show that | 
within the experimental range B may be taken 
as constant and Callendar thus obtained the follow- 
ing formula for the total heat of superheated, dry 
saturated, or super-saturated steam expressed in | 
British thermal units— 

_ 13 p 0-01602 ; 
¥= 37778 T77-— ? + 885? | 
In this formula the pressures are taken in Ib. per | 

square inch. In the metric system with pressures | 
in kilograms per sq. cm. and volumes in cub. meters | 
the formula reads— 





| 
| 
| 
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| 
.(V — 001602) + 





0-001 

3 0°04267 0-04267 

With this expression for the total heat the 

observed law of the adiabatic expansion of steam 

is satisfied, but it is also necessary that the 
equation of state, viz.— 


v-6b 


shall also be satisfied. 

We can thus obtain a clue as to how the co- 
aggregation volume varies with the pressure and 
the temperature. To determine this we can no 
longer rely wholly on physical induction, but 
must have resource to mathematics. We know, 
in the case of superheated or dry saturated 
steam, that at any given temperature and 
pressure the total heat H is a perfectly definite 
quantity. If we change from one temperature 
and pressure to another, the total heat is aug- 
mented or decreased by an amofint which is 
absolutely fixed by the values of the new temperature 
and the new pressure. Mathematically expressed, H 
is a function of PT, or say H=f (PT). If we 
expand ; (PT) by Taylor’s theorem we get— 


= sPT) AT +2 sD AP 
AH api! yA +f ) 


P + 464 





Bt. 


4 


c 


plus other terms which vanish at the limit. Here, 
of course, when f (PT) is differentiated with regard 
to T, P is treated as constant and similarly when 
f{ (PT) is differentiated with respect to P, T is 
treated as constant. 

Since H = f (PT) we may write the above equation 
in the form— 

AH= 0H ar 428 p. 
oT oP 





The quantity of heat Q which is required to bring 
a body from say a temperature T,, and pressure P,, to 
a temperature T, and pressure P, is not a definite 
quantity such as H is, but varies with the conditions 
in which the heat is added.. We might, for example, 
add the heat, whilst the gas is expanding isother- 
mally, and then expand the gas adiabatically to the 
final temperature and pressure. As an alternative 
we might add heat at constant volume and then 
expand it again adiabatically to the final conditions. 
The quantity of heat will in general be different 
in the two alternatives. As an analogy, it may be 
noted that whilst the level of any point of a land- 
scape is perfectly definite so that if a pedestrian 
proceeds to a certain latitude and longitude his 
Jevel is absolutely fixed, the length of his journey 
is quite indefinite and depends upon the route 
chosen. 

Similarly, since Q varies with the conditions in 
which a body is heated we cannot express Q as a 
function of P and T merely. Hence we cannot 
write 

— 02 

AQ= aT AT 
but must find some other formula for A Q. 
This may be derived from the principle of the con- 
servation of energy which teaches us that heat 
added = increase of internal energy + external 
work done. Expressed mathematically this gives 
us— 


aQ 
+23 aAaP 
oP 


AQ=AE+PAV - (5) 
The total heat of a body has already been defined 
by the relation 
H=E+PV 
so that 
SH=AE+PAV+VAP 
and substituting for A E in (5) we get 
AQ=AH-VAP 
_ oH oH _ 
=SSAT+ (= v) AP 
Proceeding to the limit when 4 Q, A T, and A P 
become infinitely small we get 


s-+(S-\E . © 
dT oT @P dT 
The expression ~ denotes always a specific heat, 


as is easily seen by considering say the specific heat 
at constant pressure which we will represent Sp. 
Thus, if A Q be the heat added at constant pressure 
and A T the consequent rise of temperature 


AQ=SpAT 
AQ = 8p 
AT _jp 


Here the suffix P is added to indicate that the heat 
has been added at constant pressure. Similarly, if 
the heat be added at constant volume, the correspon- 
ding specific heat Sy is given by 

By = 28 
Vv aT _" 

Taking the pressure as constant in equation (6) 

we get 


sp — 29] — 3H 
a@TJ\p OT’ 
and taking the volume as constant we get 
oH oH dP 
Sv = 2 -v)5 ’ 
“oF + (5 at ly 


where the suffix V denotes that P is to be differen- 
tiated with V taken as constant. From these two 
equations we get 


Sp —8Sy = (v-25 


dP 

33) os, 

By making use of the concept of entropy we can 
put the right hand side of this equation into another 
form which will enable us to get a differential 
equation for c the co-aggregation volume. Just 
as is the case with the total heat, sc is the entropy 
of superheated or dry saturated steam a definite 
function of its temperature and pressure. We may 
thus write 


(7) 


=O aT iO ap. : 8 
Ag=ifaT+<e a (8) 


But by its definition 
Ag = 


Q 


T 











the increase of entropy when heat is added to a 
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a body being equal to the quantity of heat added 
divided by the absolute temperature. _ Hence 











AQ_10H8 1/oH 
Ae= — norm OF wien ~VIAP 
, T ToT os r (35 ) 
If we compare this with (8) we see that 
oe a Eee . @) 
on Vie 
and ‘ 
o¢ — = (23 -v) . (10) 
oP T \oP 
From (9) we get 
eo _1 @H 
oPdT ToPoT 
whilst (10) gives us 
oToP 12 \oP TOPoT TdoOTJp 


where the suffix P is added as a reminder that in 
the differentiation of V, P has been treated as 
constant. Equating these two expressions for 





oe 

OPoT 
we get 
1 @H --L(@#-v)+} eH _ wie 
T OPoT Te\oP oPot TdT |p 
whence 


Se a aie 
oe 7 °~ "Sr, 


Substituting this value in (7) we get 


Sr - 8v=T 54 |, x Fl, 





Now if 
H = -7_ P(V-b) +B 
y-1 
we get 
aH 1. 2 ow tb oe 
Se = St |p = yi ate -)= 5 77 |, 
and similarly since 
E= —| Piv-d)+B 
we get 3 
ak a ae ¢ vat | 
w= Ely Yor EY = bats 
Hence 
1, *y*".8¥ v6 
—8v= -4 ao Jay at 
Se — Ov ™ Sig REPS, za! rr], 
But as has been <hown above S, - S, is also 
equal to 
7? dP 
aT jp * aT jy 


Whence on equating these two expressions we get 


aT 1 dT 
= pt —— V-b — (11) 
7 y-1 @P y¥-1 av 
The equation of tates can be written in the form 
_e¢P , P(V—») 
A. Phagy Hi sopra 


In this equation since c is perfectly fixed when 
the temperature and pressure are given, it can be! 
expressed as a function of P and T only. Hence 
we get 





dT ec ,P/dc, de OT V-—b 
qeh7 RYE (Sp tor seh) ta 
and 
aT) _?P oe hte 
Vie R oT G@Vije R 
Rearranging terms, gives us 
aT P de\¢ P oc ,V—6b 
Teh (Oe Se) RR SBT oe 
and 
a? is Be) ae 
avi ( ROT) BR 


On substituting these values in (7) we get 





(-E-)-sanlataee 
- oy (Vb =. 
ED 4 a, Flex 3 
Patt (eet) 
Whence 4 93 
On Seton tse 
Ome tt oh inks PEE 


One way of solving this equation is to assume that 
¢=AT*Py. Then 


TOS = ATHPr a, 
5 
1 
y-V 
=A Ts Py x sy 
> ape 


— = AT: Pv» 

y-1 

yt P a] c 

‘y-1 oP 

Adding and dividing by A, we get— 


“ee. 
7-1 








c 


oc 
7-1 


oP 
x gi x = 
Tz Py (2+ — 1+") 
Hence any values of x and y which satisfy the | 
equation 


pet 


je + the re & y=O0O 
me. Yt - 
—-— 
will satisfy our differential , equation. 
Here y is perfectly arbitrary. Whatever value 
we choose for it we can find a corresponding value | 





of x which will solve the equation. If we take | 
y = 0 we get 
e = Ao — Ao 
— = 
ry-1 73" 
If y= 1 we get 
A; P 1 
c= =z ( 7) 
T y-1 T y-1 
or generally if y = m 
Am m 





Whence generally 


P \e 
{0 +A: — + Ae ( : ) + ae. 
Ty A Ty-1 


Alternative expressions for c mathematically 
| possible can of course be found by choosing values 
\of y and finding the corresponding values of z. 


(T'o be continued.) 
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|THE EMPLOYMENT MANAGER IN AN 
ENGINEERING WORKS. 
Most factory managers now realise that the 
| policy of choosing their employees, or allowing 
| their employees to be chosen for them in a hap- 
hazard way is just as foolish and as likely to lead 
to disastrous results as sending the firm’s buyer 
into the market to order the first material he sets 
eyes on. 


| pick men from a crowd outside the gates waiting for | 


| 
| 
| 
| 


jobs. Now, however, most managers appreciate | 


| the fact that production is only attained by the 
|application of labour to materials and that it is 
just as necessary to have well selected and well 
tenined labour as it is to buy reliable materials. 

Such being the case an employment bureau, as a 
definite department with a trained head in a large 
factory, or a definite office under the manager or 
other high executive official in the small works, is just 
as essential to the welfare and progress of the firm 
as is a trained and competent buying agent. In the 
old-fashioned factory in most cases the personal 
touch between the employer and his men was 
easily maintained ; everybody in the factory knew 
everybody else, and a manager was thus easily 
able to judge his workers’ capacities and find jobs 
to fit them. With the growth of large. industrial 
concerns, however, this personal touch is no longer 
possible, and the maintenance of labour records is 
more and more important. 

It is hardly an exaggeration to say that greater 
care must be exercised in the choice of an employ- 
ment manager than in the selection of any other 
official. If a high executive official of a factory is 
not suited to his job, this fact very soon makes 
itself evident, notably in decreased production and 
inefficient working of a department or depart- 
ments, With the employment manager it is often 
otherwise. The men engaged by this officer never 
really come into contact with the manager or 
superintendent, save under exceptional circum- 
stances, and so it is difficult for the latter to 
discern the harm done by a careless or inconsiderate 





Not long ago foremen were allowed to 


employment manager, unless by pure accident, or, 
alternatively, it has become so bad as 'to fhe |the 
cause of a general upheaval. 

The employment manager in a large works is 
virtually the employer. The real employer, if he 
| be a single individual, loses his personality and his 
fundamental functions as an employer when he 
| appoints a number of department heads to contro! 
| the various components of the productive machine, 
| Thus it is that the men who enter the factory for 
| the first time see the employment manager and judge 
| the type of management by what they see in the 
| official they have interviewed. It is obvious then, 
| for this reason, that this official should be a man 
| at the very top of his profession. First of all, of 
| course, he must be of acceptable manners, he must 
| be extremely tactful, courteous (the roughest 
‘labourer appreciates courtesy), entirely impartial, 
| just and firm. Experience is valuable, especially 
| actual workshop experience. If the employment 
manager has such qualifications he is a man} to 
pay well, for, after all, the handler of labour is 
born with genius—he cannot be taught. 

The employment manager’s first duty is to engage 
the workers. For this he must have a thorough 
knowledge of the type of man that is required for 
a definite job. He must also have a knowledge 
of the work. If he lacks the technical knowledge 
required he should then consult the head of the 
department in which the job is being undertaken. 

In order to be able to carry out the engagement 
of employees the closest possible touch must be 
kept with every head of department. The employ- 
ment officer should know just what is going on in 
each department, what staff there is at present, and 
what staff is likely to be required im the future, 
for he is primarily responsible for over or under- 
staffing, though, of course, the department heads 
may be really to blame since they are the source of 
the information on which he will act. 

Many an employment manager omits to inform 
newly engaged workers of all the conditions of their 
prospective employment. He may tell them, for 
instance, that they are engaged for certain jobs at 
such a rate, that the hours are so-and-so, and who 
their foreman will be. But more information than 
this is due to the new man; he should know what 
holidays he will get, what arrangements are made 
for sick benefit, conditions of overtime, rules of 
timekeeping and so forth. Most of the larger works 
now issue books of rules to newly engaged men for 
them to study at leisure, for information at first or 
second interviews is often very soon forgotten: It 
is the practice now in some American factories to 
publish these books of rules, and, instead of printing 
crudely on the cover, say, ‘John W. Smith Com- 
pany, Rules and Regulations,” the laws of the 
factory are presented thus, “The Book of the 
John W. Smith Company.” It must be admitted 
that the latter has the more pleasant flavour. 

It is a good plan to make the employment 
waiting room as interesting and as attractive as 
possible. The portraits of the chicf officials of the 
various athletic teams run by the firm, with views 
of the recreation grounds arouse interest. Some 
firms even have their athletic and other trophies 
on view in this room. Others have examples of 
their products mounted on platforms, or mounted 
photographs of them or illustrated by photographs 
the course of their product from the raw material 
to the finished article, with @ view to enlisting the 
interest of waiting applicants and helping to 
establish the foundations of the spirit of co-opera- 
tion and esprit de corps which are so essential in a 
factory of any size. 

The employment manager must of course know 
the application of the Factory Act to his works 
and the laws governing insurance and employers’ 
liability. He should also be well known to, and 
on good terms with, the local Trades Union officials 
whose unions are represented by the workers in the 
factory. He will have a position on the Works 
Committee or Council and will do all within his 
power to promote the various schemes ‘in force in 
his works for getting representatives of the em- 
ployers and employees to the “ round table.” To 
succeed in all this he must needs be 
of an excellent temper, for he will meet with 
| Tebuffs and suspicion from both sides: He will 
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probably be called privily by the superintendent 
and his satellites ‘ ‘a revolutionary,” and by the 
workers a plausible fellow who is endeavouring 
to entice them into the parlour of the capitalist 
spider. In fact he will be profoundly distrusted by 
all until his goodwill has been established by his 
own unaided efforts. 

If he happens to be the first to hold the 
position in the firm the difficulties will be 
doubled. Before his arrival, of course, the fore- 
men and departmental heads will have been in 
the habit of engaging their own labour after their 
own fashion, and they will not be willing readily to 
depart from this procedure. In fact, the new) 
official will probably inspire profound jealousy, | 
which may be fatal to him if he is not good-| 
tempered and tactful. 

Again, he will need to be strong enough to arrive | 
at a decision quickly and to abide by it after- | 
wards. If he understands human nature he 
will be able to do this. On the other hand if 
he does not understand the human factor he) 
will have to call upon the er or the super- | 
intendent to uphold his authority, which is fatal. 
All these qualifications of the employment official 
are necessary to enable him most efficiently to | 
engage his manager’s labour. His duties, how- | 
ever, will not end here; he will certainly be called | 
upon to promote the welfare and social interests of 
the employees after their engagement. 

What does the term “ welfare” embrace? It 
has at least two aspects, internal welfare and ex- 
ternal welfare. Internal welfare includes the work- 
ing conditions of the factory; external welfare 
means the home conditions of the worker. Welfare 
within the factory walls, then, covers all those 
adjuncts to human effort which will promote 
maximum production with the minimum sacrifice 
on the part of the employee. Such considerations 
as the prevention of accidents, surgical and first aid 
work, general well-being of the worker and the, 
elimination of unnecessary fatigue all fall within | 
the scope of the employment manager within the 
works. This official should be responsible for seeing 
that all possible steps are taken effectively to guard 

us machinery, this both in the interests of 
the employers'and employees. 

He'can also; take 'the necessary steps to ensure 
that accident preventatives shall be put to their 
right use by 'the workers. In one case, for in- | 
stance, some foundrymen could not be induced to 
wear goggles ; they complained of the discomfort | 
involved. The employment manager investigated 
and found, after consulting the men, that the 
addition of a small sweat pad made the goggles | 
comfortable. Now the men always wear them. | 
If the men can be got to realise that the manager | 
does not spend money on safety equipment for | 
his own amusement ;a good deal will have, been | 
gained. 

Then, again, there is the question of first aid and | 
surgical work. The provision of first aid cabinets 
and the medical training of the chosen employees 
who are to deal with first aid cases should all come 
under the supervision of the employment manager. 
The surgery should lie within his scope of opera- 
tions with, of course, a qualified doctor in attend- 
ance at specified times; the maintenance of the 
surgery and first aid poets should be under his 
control ; requisitions for surgical appliances should 
pass through his hands. 

As far as external welfare is concerned the 
extent to which the employment manager can do 
good is limited by his relations with the employees. 
Within the factory, of course, he can assert his 
authority, but without the factory his labours for 
the employees’ good is bounded by goodwill. When 
an employee is ill at home it will be appreciated if 
the employment manager makes inquiries as to his 
progress and a nurse is sent to see that he is pro- 
vided with all the comforts and medical necessities 
which will facilitate a speedy recovery. The em- 
ployment manager should also interest himself in 
the promotion of social gatherings and recreations, 
and here he will usually be aided by representatives 
of the employees themselves. It should not be 
inferred that he should personally make himself 
responsible actually for all these duties; he can 
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assistants. But they should all lie within his scope 
of supervision as he is the head of what might be 
called the “‘ Industrial Relations Department.” 

His duties are arduous, it is true, but if he be 
in love with the work, as he should be, before 
undertaking it, he will be likely to succeed. Really 
good employment managers are rare, and, such 
being the case, their value is correspondingly high. 





RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. XVIII. 
By JoszrpH Horner. 

In contrast with the older type of horizontal 
boring machine is the example illustrated in this 
article—a recent model by the Dickinson Machine 
Tool Company, Limited, of Keighley. The diameter 
of the spindle is 2} in. Another machine built on 
the same model has a 3}-in. spindle. These are 
general utility machines, capable of boring, drilling, 
tapping and milling. The inclusion of these funo- 
tions is justified, because they avoid the transference 
of the articles being tooled between different 
machines. 

The general outlines of the machine (see 
Fig. 345 above, and the drawings, Figs. 346 and 
347 on Plate IV) are those common to most of 
this great group. A bed carries the column at 
the left, the outer stay at the right, while the work- 
table occupies the intermediate space. But nearly 
all the details here, which are patented, differ from 
those in ordinary designs. 

The first fact to notice is, that the spindle saddle 
is not fitted to the front face of the column as is 
usual, with overhang, but is carried centrally 
within it, thus eliminating cantilever stresses, 
tending to bend or distort the column and saddle 
fittings under heavy cutting. This is seen in several 
of the drawings, but is shown on an enlarged scale 
in Figs. 348 to 351, where the column is seen in 
horizontal section in Fig. 349, with its internal 
ribbings, and the saddle sliding on its inner and 
outer faces, being gibbed to the latter with strips 
behind the shears, and having a clamp plate at the 
rear which is the flange by which the feed arm is 
attached. A later improvement has been made, 
which is indicated on Fig. 349. The taper strip 
shown at the front is now fitted to the rear slide, 
at a, and the machined inside of the face b provides 
@ narrow guide to the saddle. The addition of the 


the column, and of undue friction when the quick 
power motion is in use. The weight of the saddle 
and its parts is counterbalanced with the two 
chains anchored at front and rear, and i 
over pulleys seen in Figs. 346, 352 and 353, to the 
weight seen suspended at the rear of the column, 
Figs. 352 and 353. A graduated scale is fixed to 
the column, Fig. 346, to indicate by a pointer, 
the exact vertical position of the spindle. 

The bed sections are shown best by Figs. 346, 
347, 354 and 355. The bed is deep, eliminating all 
risk of flexure under heavy loading. It is ribbed 
and braced, and tied at the top with the trough-like 
connection which receives the feed rods and screw, 
and has holes through which the cuttings fall, 
to be cleared out through openings at the rear. 
A waste oil trough is cast round the base. 

The outer stay of the smaller machine, Figs. 
346 and 347, is made in one piece, and easily 
removable. In the larger machine it is in two, 
the lower portion being adjustable along the bed 
by hand, the upper portion being tongued, and 
bolted to the lower. The advantage is, that the 
upper part can be removed to make the way clear 
for long pieces of work. The stay is gibbed, with 
the taper gib seen in the plan view above, and is 
moved along by hand through the pinion and rack, 
seen in Figs. 346 and 347, and is clamped by the 
lever in front. 

The support for the boring bars is adjustable 
vertically in the stay in unison with the saddle 
of the spindle. The connection is made with mitre 
gears, the one on the horizontal shaft sliding with 
two splines. The crown mitre driven from this, 
rotates the vertical adjusting screw in a nut that 
is bolted to the supporting bearing. The method 
by which the motion is put in will be noticed 
presently. 

The fitting of the work-table is seen in Figs. 
346 and 355. A saddle moves on the bed, with 
square ways, and a narrow guide at the front, 
Fig. 355, with clearance on the edge of the back 
shear. The wear is taken up with a taper gib 
at the front. The movement along the bed is with 
a screw, through bevel gears, by power and by 
hand. A table carried on the surface of the saddle 
fits with vee’d edges, and has cross-movements by 
hand and power. Tee grooves are provided for 
fixing work. To this is fitted the top table, square 
in plan, and removable, also with tee grooves, 
and having a rotary motion, so that four sides 








well entrust their actual performance to reliable 


narrow guide eliminates all risk of distortion of 
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resetting. The clamp plates shown, fix the table) of large diameter, which is revolved in bearings 
firmly in any required position. of hard gun-metal. The front bearing is coned, 

The fitting of the 24-in. spindle in the saddle- | to provide for readjustments. The spindle is driven 
piece is seen in Fig. 348. It does not revolve in| by the revolving socket through two long splined 
its bearings, but slides through a cast-iron socket, | keys, which are of special design (Fig. 356), let 


Fig. 365. 


7894 





ome 


into the socket, and which engage in key grooves 
in the spindle. The spindle is made of high carbon 
steel, is ground, and bored to a Morse taper (Fig. 
356). From this general account we may pass to 
the consideration of the ways in which the various 
movements are accomplished. 

All the speeds, 18 in number, are derived from 
a single pulley A, seen in Fig. 346, and at the 
left hand end of the speed gear-box, Fig. 368, on 
the present page. It is 14 in. in diameter, takes a 
3-in. belt, and makes 360r.p.m. The gears actuated 
by this pulley are outlined with dotted circles in 
their true relationship in the general arrangement, 
Fig. 352, but laid out flat in the conventional 
view in Fig. 368. 

The pulley shaft B carries a Johnson friction 
clutch, Fig. 368, the lever for which is seen in the 
middle position in the photograph, Fig. 345. This 
drives the train of speed gears in each direction, 
forward and reverse. Keyed on the same shaft B 
is the first gear, always in mesh with an equal gear 
on the second motion shaft C, which carries a triple 
gear, sliding on a double spline, one of which meshes 
with its fellow keyed on the third shaft D, so giving 
a choice of three speeds, Sliding gears on a fourth 
shaft E, double splined, engage with those on the 
third shaft D, affording a choice of three speeds 
for each one first transmitted, nine in all. These 
are doubled by the throwing in of gears on a fifth 
shaft F, actuated by the sliding pinions seen, thence 
driving to the mitre wheels G, which actuate the 
vertical speed-shaft H, Figs. 346 and 348, entering 
the saddle as shown in Fig. 348. The 18 speeds, 
ranging from 8 r.p.m. to 250 r.p.m., are 8, 10+9, 
12-4, 15-6, 17+2, 18-7, 22+4, 29, 37-2, 54, 73, 85, 
100, 114, 124, 149, 194, 250 r.p.m. 

The vertical shaft H, 1} in. diameter, coming up 
from the mitre gear drive in the speed-box, transmits 
its rates through a pair of 16-toothed spiral gears J, 
Fig. 348, to the first motion shaft K, in the spindle 
saddle. This shaft causes the rotation of the 
encircling spindle sleeve, before mentioned, L, 





through the double helical spur gears seen, of 26, 
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driving 60 teeth. As seen in Fig. 351, the spiral 
of the vertical shaft H fits with two spline keys 


for the purpose of making vertical adjustments, | 


and balanced driving. Both it and the mating 
spiral on the horizontal shaft are enclosed in a box 
bolted to the saddle, forming a portion of the feed 
arm. A cover on the box is removable for the 
insertion of the gears, and a smaller round cover 
closes a hole for inspection, The thrust of each 
spiral is taken against “Skefko” ball bearings. 
The overhanging feed arm extending to the left, 
is tapered, and lightened, but well ribbed, to 
maintain ample stiffness. 

The feeds start from the 44-toothed wheel on 
the right-hand end of the last speed shaft in Fig. 
368, of the driving gear-box. The transmission is 
shown in Figs. 357 and 358, through two large- 
speed reductions, of gears 44 to 110 teeth, and 26 to 
52 teeth, Figs. 354 and 357 to the feed gear-box, 
Fig. 358, in which sets of gears arranged on three 
shafts D, © and E, and a cone friction clutch, 
ferodo lined, for the purpose of quick power motion 
to the spindle, spindle saddle, longitudinal and 
cross-traverse of the table on bed, are provided. 
Only two levers are required to produce the nine 
changes of feed, in addition to one which reverses 
any feed that may be engaged, effected through the 
sliding clutch, and the 30-toothed, 8 p. mitres 
seen, The feeds are available for all the motions, 
and are given in inches per revolution of the spindle, 
being derived directly from the speed-box changes, 
Fig. 368. They are 0-115, 0-079, 0-048, 0-033, 
0-030, 0-025, 0-017, 0-012, 0-006. 

Figs. 359 to 361 give external views of the feed- 
box, which may be compared with the photograph, 
Fig. 345. Fig. 362 is a section on the plane A—B 
of Fig. 360, and Fig. 358 shows the gears laid out 
flat. The feed change wheels do not slide, but are 
put into action in turn with a dive key, Fig. 358, 
moved by a pinion and rack, two of these sets 
being provided on adjacent shafts, D and E, and 
transmitted to the third C, parallel with them. 
Thence the vertical feed shaft is driven through the 
set of reversible mitre gears with centre clutch. 

The feed-box transmissions are as follows: 
The 52-toothed wheel on centre “D” is driven 
as stated by the train of gears from the driving 
gear-box. The motion is transmitted through the 
three selective feed wheels to centre “ E,” and again 
through a further change of gearing back to centre 
“D.” A 24-toothed wheel then transmits the feed 
to a 66-toothed wheel on centre “CO,” which has 
clutch teeth cut on its boss. It will be noted that a 
sliding clutch is keyed on the centre “CO” shaft, 
to the other end of which is also keyed the ferodo- 
lined friction clutch. By moving the lever o, 
Fig. 361, to the left, the clutch on the 66-toothed 
wheel is engaged by the sliding clutch, which 
revolves the shaft that imparts the motion to the 
double clutch marked d in Fig. 358. This clutch 
controls the direction of the feed. By moving the 
sliding clutch to the right, the clutch on the 66- 
toothed wheel is disengaged, and by a further 
movement to the right, the friction clutch operates, 
and the quick power motion is then engaged. 
The quick power motion clutch is driven by a 
Hans Renold’s silent chain, from the first motion 
shaft in the driving gear-box, the sprocket 
for which is seen in Fig. 357. 

Two of the valuable features of this quick power 
motion are: The speed of the motion is always 
constant, since it is not affected by the various 
speed and feed changes. And, the motion is, in 
all cases, in a direction opposite to that of the feed. 

The vertical shaft M, 1} in. diameter, is seen 
coming up from the feed-box in the photograph, 
Fig. 345, in the general arrangement, Fig. 346, and 
in Figs. 349 and 352, and entering the feed arm in 
Fig. 348, whence the movements can be traced to the 
saddle. 

In the conventional view, Fig. 358, the gears in 
the upper part of the figure are turned quarter 
round, from their real positién, which is behind the 
top shaft. In this view the safety spring clutch 
is seen. Their actual relations are shown in Fig. 
361. Comparing these views with Fig. 352, it is 
seen that a 30-toothed spur gear of 10 p. drives 
one of 40 teeth, the shaft of which carries another 
40-toothed gear on its inner end. This drives a 
30-toothed wheel on a horizontal shaft, which 
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drives through mitres T, the vertical feed shaft M, | 
and also, through a pair of bevels, of 24 and 30 teeth, 
U, at its further end, the vertical adjusting and feed- | 
ing screw N, to the saddle, 

Taking the first-named, the connection between 
the vertical feed shaft M, and the horizontal feed 
shaft O, is made through bevel gears, Fig. 348, 
which also can be turned with the hand wheel for 
effecting adjustments. The horizontal shaft O 
feeds the boring bar along through a worm P, 
driving to a large worm wheel Q, on the shaft of 
which a 12-toothed pinion R—compare with 
Fig. 351—drives a rack cut on the feed bar 8, which 
is bolted up to the bottom of the feed arm. The 
feed to the rack in the feed arm, Fig. 351, is trans- 
mitted from shaft O, as follows: This shaft trans- 
mits the feed to the worm wheel Q through the 
worm P. Wheel Q revolves on the rack pinion 
shaft R. The friction cone is keyed upon the rack 
pinion shaft, as is also a large star wheel with four 
handles. This wheel is used for making the quick 
hand adjustment to the spindle through the revo- 
lution of the rack pinion shaft. The friction cone 
at the outer end is threaded, and the small hand 
wheel is screwed upon it. When this is in position, 
lock nuts are placed at the end of the rack pinion 
shaft. By revolving this hand wheel, the friction 
cone is moved along the rack pinion shaft, engaging 
with the worm wheel. The object of fitting the 
leather washer shown is to prevent the faces of the 
large and small star wheels from coming into contact, 
since the firm’s experience has been that if they make 
contact they are liable to become locked, thus 
preventing the friction feed from. being operated. 
An qil tray beneath the boring bar catches drippings. 

The nine rates and quick power motion of feed 
are reversible, and are available in the longitudinal 
motion of the spindle, and also for the vertical 
movement of the spindle saddle, for the outer 
support for the boring bars, for the table saddle, 
and for the longitudinal and the transverse traverse 
of the table. How these are severally transmitted 
remains to be seen. 

In the plan view, Fig. 354, the disposition of 
horizontal shafts in the bed is seen. These are for 





the various feeds, controlled from the feed control 
box (enlarged in Figs. 363 to 367) from equal pinions, 
put in with sliding clutches, and various levers. 

Referring first to Fig. 364, a very simple method 
is illustrated of interlocking the feed control levers 
in the control box lid. This is a very essential 
feature, since it reduces the possibility of damage 
to the machine in consequence of careless manipu- 
lation. 

Dimple holes are drilled in the two outer control 
shafts, and the centre control shaft has also two 
dimple holes drilled together, with a small hole 
right through. Three distance pieces, marked 
e, f, g, are fitted as shown, and sufficient movement 
is allowed, equivalent to the depth of one dimple 
hole. By referring to the illustrations it will be 
seen that if the lever to the left is in the “In” 
position, Fig. 365 it is impossible to move the 
other two levers, owing to the distance pieces 
being engaged with the dimple holes, and that, 
before either of these two levers can be moved, the 
lever on the left must be put into the “ Out” 
position. 

The bevels U, of 30 and 24 teeth, Fig. 354 put the 
vertical feed screw to the saddle into action. Another 
24-toothed bevel, Figs. 354 and 363, meshing with 
the 30-toothed crown bevel, puts the 1}-in. splined 
shaft V, Fig. 354, into action for effecting the 
elevation of the bearing block in the outer stay 
Fig. 347, uniform with the moving of the saddle 
of the boring head. An ‘“ Acme” vertical screw, 
similar to that in the column, is turned through the 
medium of 24 and 30 bevels, seen in both Figs. 
346 and 347. The outer screwed shaft W, with an 
Acme thread, seen in Figs. 354, 363, is driven by 
bevels of 24 and 30 teeth, for the longitudinal 
feed of the table saddle. 24-toothed mitres drive 
the middle 1}-in. splined shaft, and thence the 
cross-feed of the table, through a pair of bevels 
below, and a pair of mitres above. Compare 
Figs. 346, 354, 355 and 363. The movements are 
put in and out through the feed-control box, 
Figs. 364 to 366. It will be observed that each 
shaft receives its motion through a spur gear of 
30 teeth, clutched by its lever in Fig. 365, seen also 
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in the general views, and the photograph. In 
addition to the feeds, a rapid power movement is 
available for all feed-controlled elements. This is 
taken from the sprocket wheel in Fig. 368, on the 
pulley shaft, and runs therefore at constant speed. 
The power movement cannot be used when any 
feed is engaged, nor can any feed be put in when 
the power movement is in operation. All operating 
hand wheels and levers are brought within easy 
reach of the attendant. All traversing screws are 
fitted with graduated collars, reading to thousandths 
of an inch, thus allowing holes to be bored, and 
surfaces milled at exact distances apart, without 
the use of expensive jigs to deal with small 
numbers of pieces. 

The shafts in the driving gear box, Fig. 368, have 
ring oiling bearings shown in the group Fig. 369. 
A to G, the others are similar. The gears in this box 
run in oil. They are machine-cut. The feed-box is 
lubricated with wick feeds and distributing pipes 
supplied from an oil box at the rear of the machine. 
All exposed slides on column, bed, saddle and table 
have oil pads, and wipers fitted. Skefko ball bear- 
ings are used freely. As the cages of these swivel 
in their housings, they possess the property of self- 
alignment. Since they take a moderate amount 
of end thrust, their use avoids the fitting of separate 
races for radial and end pressures. 

The machine is a striking example of present-day 
high-class design and manufacture. It includes 
hundreds of separate pieces, all of which must be 
made of durable materials, and correctly fitted. 
Even when the fullest advantage is taken of labour 
saving methods in its production, the assembling 
of the parts is a big task, and the cost is necessarily 
greater than that of “cheap” goods. One cannot 
avoid the expression of admiration both for the 
men who design, and those who execute this piece 
of mechanism, characterised by many related 
movements, yet so simple in operation that only a 
shred of responsibility remains with the attendant. 








CALIBRATION BAR FOR EXTENSOMETERS. 
By E. Rawson. 


In the ordinary laboratory tests of the strength and 
elasticity of materials the accuracy of the extenso- 
meter is usually assumed. The actual degree of error 
and the calibration constants may be readily deter- 
mined for any extensometer by means of the simple 
sliding bar shown in Fig. 1, on page 68. The bar 
a carefully-fitted spigot and socket joint, and when 
completely closed the face of the spigot collar A aye 
against the face of the socket B. In order that the 
joint shall be a good sliding fit without shake the hole 
should be reamed and the spigot ground to size ; the 
hole is drilled considerably y ae than the length of 
the spigot to allow for the taper of the reamer and a 
yYs-in. vent hole provided. 

The extensometer gauge length L, usually 2 in. or 





8 in., is marked out by placing the closed calibration 


Fie. 4. 


It is necessary to have the joint clean and the collar 
faces free from oil. To eliminate any error that may 
be caused by the rotation of the upper of the bar, 
when testing instruments of the g’s type, an 
axial line is scribed on the bar across the joint, and this 
is set to register for each observation. 

The results of the tests of three typical extensometers 
are given in the tables subjoined. 
Calibration of a Goodman's Ezxtensometer, 8-in. Gauge 

Length, Fig. 2. 
Nore.—1 mil, — 0-001 in. 


1. Actual extension mils 56-8 | 11-9 80-2 60-5 


3-0 
2. Extensometer } 
reading ay 8-1 5-8 | 11-8 20-7 | 50-0 
3. Difference (2-1).. ,, |+0-1 0-0 |-—0-'1 —0°5 |-0-5 


In the Ewing’s extensometer the microscope eye- 


piece contains a scale of 140 divisions, and five divisions 
are nominally equal to a gauge le extension of 
1 mil, The eyepiece scale may also be calibrated by 


means of the micro-screw fixed to the extensometer, 
at the top of the rear post, Fig. 4; this calibration 
gave the following results :— 









11, Micro - screw 


reading oe 0 10 | 20-0) 30-0) 40-0) 50-0 

12. Eyepiece scale 
ing (up) .. 3 28 | 52-0) 77-0)102-0)127-0 

13. Eye scale 
ing (down) 3 28 | 53-0) 77-0/102-0/127-0 
14. Mean g.. mils 0 10 | 19-8) 20-6) 30-6) 40-6 
15. Difference (14—11),, 0 0 |—0-2|)—0-4|)—0-4/—0-6 





CaLreration or 4 Micro-Sornew Extensometer, 2-In. Gauce Lenorn. Fria, 3, 












































4. Actual exte: . mils} 2-1 3-2 4-0 6°3 7-9 | 10-0 | 12-2 | 15-0 | 25-0 
5. Extensometer reading ob 1-65 | 2-95 | 3-6 585 | 7-4 9°45] 11-6 | 145 | 24-4 
6. Difference (5-4) —0-45 | —0-25 | —0-4 | —0-45 | —0-5 | —0-55 | —0- —0-5 | -0-6 
CaLmmmarton oF Ewro's Exrensometer, 8-In, Gavor Lavom. Fis. 4. 
7. Actual extension.. mils} 0-0 | 2-2/ 0-0 | 4-4| 0-0 | 8-0] 0-0 | 10-4] 0-0 | 11-9) 0-0| 15-8] 0-0| 22-8) 0-0 | 25-7 
8. Eyepiece scale reading ,, | 3-0 | 14-0] 3-5 | 24-5) 8-0 | 42-5) 3-5 | 55-0] 4-0 | 61-0] 3-0| 79-5) 8-0 |112-0| 2-5 |188-0 
9. Extensometer reading ,, | 0-0 | 2-2)— | 4-21— | 7-9} — | 10-3} — | 11-4) — | 15-8] — | 21-8) — | 26-1 
10. Difference (9-7) .. ..| — | 0-0} — |—0-2]— |-0-1]— |—0-1] — |—0-5) — | 0-0) — |-0-5)— |+0-4 
bar in the bench clamp, shown in the foreground of | The outline diagrams given in 5, 6 and 7 
Fig. 2, and using the ee centre punches which are | will clearly illustrate the working principles of the 
to slide freely in appropriate vee-groove ag per ge iii tis ie 
guides. A light punch-pop, not exceeding yy in. an gauge len limit elastic 
, ae Apa, ll enough for securing the instrument | extension of common mate is usually about 
to the cali m. bar. 10 mils, thus, to obtain reliable values of the modulus 
To calibrate the extensometer the bar is of elasticity, it is desirable that the actual extension 


upright and the enlarged end gripped firmly in a 

vice. ely ngpeder we gr sag Leng ony oly ae. ween 
is measured by opening sliding t rting 
between ee oe known thickness. 
The actual thickness of the feeler is measured correct 





to one-tenth mil. with an ordinary Vernier micrometer. 


should not exceed one-tenth mil. The use of this 


of accuracy readily possible, It is recommended 

the calibration po Bn were may be introduced as a 
regular feature in the materials testing course in the 
numerous engineering Jaboratories. 
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130-B.H.P. BOLNES MARINE OIL ENGINE. 


CONSTRUCTED BY THE N. V. MACHINEFABRIEK 





The drawings jand pho reproduced on the 
present and opposite pages illustrate an interesting 
type of marine oil e which has been developed 
the N.V. Machinefabriek “ Bolnes,” of Bolnes, H 
but has been introduced into this country by Mr. 
Arthur R. Brown, A.M. Inst.C.E., 54, New Broad-street, 
London, ‘As will be gathered from the illustrations, 
the engine is ot the two-cycle, hot-bulb (or ogee 


be at once apparent, especially from the half-tone 
prep 7, on page 70, is the resemblance 
of the general arrangement to that of a steam marine 


jiston, it will] be seen, is] fitted with a 
a crosshead working in a slipper guide 
is provided and cou 


engine.§ yet 
piston rod, 
of ordinary marine 
to the crankshaft by a forked connecting rod. 
moving parts are thus not only of a design familiar 
to all marine engineers, bu 
accessible for examination 
arrangement has been rendered 
the scavenging air in the ho 
which support the cylinders on one side, instead of in 
the crankcase, as is usual in this t 
The Bolnes oil engines are m 


€ are also open and easily 
adjustment. This 
ible by compressing 
w cast-iron columns 








in several sizes 


“ BOLNES,” ENGINEERS, BOLNES, HOLLAND. 


with one, two, four or six cylinders, coher J from 
10 h.p. to 600 h.p., the example illustrated having 
two cylinders giving about 130 brake horse-power at 
240r.p.m. The cylinders, as previously mentioned, are 
supported on one side by two hollow cast-iron columns, 
which form the reservoirs for the aareneine air, and are 
bolted on the the bedplate as shown in Fig. 4.. On the 
other side, the cylinders are carried by three turned- 
steel raking columns. The cylinders themselves are 
400 mm. (15} in.) in diameter, and the piston stroke 
is also 400 mm. Sections of one of the cylinders and 
pistons are given in Figs. 1 and 4, and from these the 
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construction of both will be clearly understood. It will 


be noticed that the piston is provided with six _ 
rings and two oil scraper rings. Figs. 1 and 4 a 
show the design of the cylinder head and hot-bulb, 
the former being in communication with the water- 
jacket space of the cylinder, as can best be seen in 
Fig. 1. The hot-bulb is heated by a paraffin blow lamp, 
as usual, in starting up the engine. While referring 
to this part of the engine it will be convenient to call 
attention to the method of fuel injection. The fuel 
jet, as shown on the right of Fig. 4, is inclined upwards, 
and the stream of oil from it impinges on a small 
knife-edge of special alloy steel screwed into the 
cylinder head, the effect of the knife-edge being to 
break up the stream into a fine spray and so facilitate 
combustion. 

The a ments for the supply of scavenging air 
need but little explanation since they can easily be 
followed from the drawings reproduced in Figs. 1 and 4. 
From these it will be seen that the lower open end 
of the cylinder is bolted on to a cast-iron chamber 
communicating with the hollow columns, the piston 
rod passing through a stuffing-box in the lower wall 
of the chamber. A passage from this chamber com- 
municates with the scavenging port in the cylinder 
wall, as shown in Fig. 4. On the upstroke of the 
piston, air is drawn into the chamber through the valves 
shown on the right of Fig. 1, and the air is compressed 
on the downstroke of the piston until the latter un- 
covers the scavenging port, when the air enters the 
cylinder and passes out through the opposite exhaust 

rt, taking with it the residual exhaust gases. A 
Lead-opeemial valve is provided in the passage leading 
to the scavenging port to enable the scavenging air 
to be cut off when the engine is running light for a long 
period. This prevents the hot-bulb from being 
cooled by excess of scavenging air, so that its tempera- 
ture remains sufficiently high to ensure effective 
ignition. The exhaust port is connected to a large 
horizontal cylindrical silencer, shown in most of our 
illustrations, and from this, two exhaust pipes carry the 
gases off to the uptake. 

The main moving parts of the engine, as already 
mentioned, follow standard marine practice and there- 
fore call for but little comment. The crosshead pin is 
of steel, hardened and ground, and the shoe and guides 
are both adjustable for wear. Adjustable brasses are 
provided at the upper ends of the connecting rods, 
and the big-end brasses are lined with white metal. 
The crankshaft, which is of special steel with cast-iron 
balance weights bolted on, runs in cast-iron bearings in 
the bedplate. The bearings are lined with white metal 
and are removable and adjustable. The circulating 
pumps for the cooling water, the compressor for 
the air used in starting, and the bilge pump, are all 
driven from the crosshead of the after cylinder by 
means of a pair of links and rocking levers, most clearly 
shown in Fig. 3. This figure also illustrates the 
method of operating the fuel pumps, one of which 
is shown to a larger scale in Fig. 6, on the same page. 
Referring to Fig. 3, it will’be seen that the two pumps 
are mounted side by side above a small auxiliary 
rocking lever connected to the main rocking lever by 
means of a link. The movement of the auxiliary 
rocking lever raises the pump plungers alternately, 
and the plungers are returned by the springs shown in 
Fig. 6. To regulate the stroke of the p plungers, 
and so adjust the fuel supply in accordance with the 
load, the lower end of fee 2 Enc is provided with a 
quadrant-shaped cam, the contour,of which is an arc 
of a circle struck from a centre which does not coincide 
with the centre of the pin on which the cam is pivoted. 
The cams are pivotally mounted on the plungers and 
are connected, as shown in Fig. 3, to a centrifugal 
governor, driven from the crankshaft, which adjusts 
their positions and so varies the effective lengths of 
the plungers. The pump lungers can also be raised 
clear of the rocking lever, for purpose of stopping 
the engine, by means of a hand lever, the arrangement 
of which will be readily understood from an inspection 
of Figs. 3 and 6. The speed of the engine is controlled 
by the hand lever shown on the right of Fig. 3. This 
lever, by raising or vatgpene dhe er ngs tte baer gg 
the fuel supply by the mec already explained. 

The — are lubricated by two mechanical 
pumps wn in 3, which sapply oil to the 
cylinders through connections ough ata, seen just 

1 


on 

below the top of the piston in . 1. All other 
important are supplied ales Be thro 
drip sight s, oil being delivered to receiver by 


another pump which draws its supply from the bed- 
plate sumps ; a filter is provided in the receiver to 
purify the oil. Water in is used at full load, 
the water being supplied 


a p and entering the 
cylinder though 4 goodie’ valve in the alr poregs 
leading to the sca rt. Starting is effected 
by compressed air con by hand-operated valves 


and supplied from a small auxiliary reservoir. This 
reservoir is filled from the main reservoir, which is 
normally kept charged by the compressor on the 








engine, but a hand compressor is provided for charging 
the auxiliary reservoir in an emergency. The object 
of the latter is to prevent the accidental loss of the 
whole supply of air when starting up. ; 
Having completed our description of the engine, 
we may now explain the reversing gear which forms 
a of each installation, since the engine itself is 
not reversible. A side elevation and plan of the gear 
are given in Figs. 1 and 2, respectively, while an end 
elevation is reproduced in Fig. 5. The gear is also 
shown in the half-tone engraving, Fig. 7. From these 
illustrations it will be seen that the gear comprises 
three shafts—the main shaft in line with the crank- 
shaft and two side shafts parallel with this. The main 
shaft is divided near the left-hand bearing in Fig. 1, 
and the two parts are connected through a friction 
clutch. When the latter is in engagement the side 
shafts are idle and the propeller is driven in the same 
direction as the engine. e main shaft also carries 
a gear wheel near the right-hand bearing, the wheel 
being normally loose on the shaft, but it can be driven 
by the shaft through a second friction clutch when 
it is desired to reverse the propeller. This gear wheel 
engages with another wheel on one of the side shafts 
(the upper shaft in Fig. 2) and a third gear wheel on 
the other end of this shaft engages with what we may 
call ths reversing wheel on the second side shaft. This 
latter wheel also gears with a wheel on the propeller 
shaft, as is most clearly shown in Fig. 5, and so 
the propeller in the opposite direction to that in which 
the engine is running. The two clutches are operated 
by a hand wheel and screw mechanism clearly shown 
in Fig. 1, and it will be obvious that in the mid position, 
both clutches are out of engagement and the engine is 
free. It will also be noticed that what we have called 
the reversing wheel may be moved out of engagement 
with the wheel on the propeller shaft, and this is done 
when the vessel is running ahead for any length of 
time, although for manceuvring into or out of a harbour 
it can be left in engagement. When this is done the 
two side shafts are driven from the propeller shaft, 
and the first-mentioned gear wheel on the main shaft 
is, of course, driven in the opposite direction to that 
shaft. It is to avoid the unnecessary wear and tear 
which would result from this motion, if long continued, 
that provision is made for sliding the reversing wheel out 
of gear. For fishing vessels and tugs, a reducing gear 
is also incorporated in the reversing gear to reduce the 
propeller revolutions to one-half the engine revolutions. 
fuel consumption of the engine illustrated is 
given as 0-55 lb. per brake horse-power hour at full load 
with Anglo-American gas oil, “Ito” brand. This 
oil, we are informed, has a specific gravity of 0-866 
at 59 deg. F., and contains 0-25 per cent. of asphalt. 
Its flash-point is 174-2 deg. F., and its calorific value 
18,900 British thermal units per pound. Fitted on a 
steel-built tug measuring 62 ft. 4 in. overall and 
55 ft. @ in. between . with a beam of 
14 ft. 9 in. and a depth of 7 ft., the total consumption 
of the above-mentioned fuel oil was 55 gallons over 
a period of 12 hours, towing a load of 1,200 tons, 
up the River Maas from Rotterdam to Hertogenbosch, 
a distance of about 50 miles. The engine would, 
however, be working at considerably below the full 
ated on this run, and as the power developed is not 
own, it is not possible to calculate the fuel con- 
sumption per brake horse-power hour from the figures 
available. They are, however, of interest as an indica- 
tion of what may be accomplished under ordinary 
working conditions. We understand that negotiations 
are now being entered into for the manufacture of the 
Bolnes engine in this country. 





Conorete Roaps In PENNSYLVANIA.—The State of 
Pennsylvania constructed approximately 410 miles of 
18-ft. concrete roadway in 1920, the State of Illinois 
having laid down 339. Pennsylvania has about 350 
miles of concrete roads under construction, and plans 
have been approved for another 350 miles: During 
1921 it is hoped to complete about 600 miles. 





Tue IsHzrwoop System or Sur Construction.— 
Some figures which have reached us from Mr. J. W. 
Isherwood, 4, Lloyd’s-avenue, London, E.C. 3, show 
that since the Isherwood system of ship construction 
was introduced in 1907 a total of 1,395 vessels with an 
aggregate deadweight-carrying capacity of 11,962,400 
tons have been completed, or are now wu construction, 
or on order, to Isherwood desi Of these ships, 646, 
with a total deadweight carrying capacity of 6,172,180 
tons, are oil-tank gee 635 (5,731,070 tons) are 

cargo vessels, colliers, ore carriers, passenger 
ships, or vessels for BT carriage on the Great Lakes, 
while the remaining 114 vessels are barges, dredgers or 
trawlers, with a total carrying capacity of 59,150 tons. 
During 1919, 135 vessels were added to the total, and the 
total tonnage was increased by 1,367,700. Most of 
these vessels were oil tankers, for which type of vessel 
the Isherwood system of construction is now almost 
universally adopted, but that its advantages are by no 
means confined to tank steamers can be inferred hem 
the figures given above, which indicate that, of the total 
number of Isherwood vessels constructed, considerably 
more than half have heen of other classes. 








INDUSTRIAL NOTES. 


Spzaxine last week at Yardley-road School, and 
dealing with unemployment in this country, Alderman 
A. R. Jephcot, M.P. for the Yardley Division of 
Birmingham, said that the Government was giving 
financial assistance to municipalities to inaugurate 
schemes for carrying out useful public work. The 
Ministry of Transport were devoting a large portion 
of their time to the question of road improvement 
throughout the kingdom. Some people argued that 
the Government should provide more work at Wool- 
wich and other arsenals, but the fact was lost sight of 
that whilst there was a general shortage of work, any 
move in that direction would simply mean that the 
Government would be taking away work from private 
employers; no advantage to the community would 
accrue from a scheme of that sort. The Labour Party 
had declined the Government’s proposals and were 
totally against short time. He (the speaker) was in 
favour of short time, if only for the purpose of tiding 
over the present difficulty. It gave workpeople the 
opportunity of getting something to keep their house- 
holds going also helped to maintain the sense of 
independence. A system of wholesale discharges, 
leaving only a few m2n on full time, was going to do a 
great deal of damage. The Labour Party wanted full 
time and the unemployed to be maintained by the 
State ; but the figures they had themselves put forward 
showed that such large sums would be absorbed that 
no Government could take the responsibility of 
insuring the unemployed for a sum practically equal 
to what they earned whilst employed. 





Dr. Macnamara, Minister of Labour, referred in a 
speech he made at the Scottish Liberal Club, Edin- 
burgh, last week, to the refusal of Labour to serve on 
the Government’s Committee on employment, as stated 
in our last week’s issue. He profoundly regretted 
their decision. The Labour Conference had said that 
the only proposal which had yet emanated from the 
Government in the employment crisis was one for the 
universal extension of short time ; such a statement 
as that was not worthy of the Parliamentary Committee 
of the Trades Union Congress nor of the Executive of 
the Labour Party. 





A private meeting was held, last week also, by the 
Executive Council of the National Union of Railway- 
men to consider the question of unemployment and 
the Government’s short-time scheme. At the close 
of the meeting the following statement was issued : 
** The Executive have considered the question of dis- 
missals and the alternative of working short time, 
and have decided that short time would result in placing 
a large number of members of the union below the 
poverty line and operate unequally between the various 
grades in the railway service. We have therefore 
resolved to advise our members to adhere to the 
guaranteed week. Further, the Executive have decided 
to take up with the Standing Committee of Railway 
Managers the question of completely abolishing over- 
time, as well as the tonnage bonus system.” It was 
stated also that under the tonnage bonus system re- 
ferred to in the resolution the rapid clearance of goods 
is encouraged by extra pay; it is claimed that its 
abolition would lead to the employment of a larger 
pum ber of workers. 

_ After a later meeting of the National Union of 
Railwaymen, the Associated Society of Locomotive 
Engineers and Firemen, and the Railway Clerks’ 
Association, to consider the question of the men 
obtaining a share in the management of the railways, 
the following statement was issued: “The Joint 
Executives reaffirm their belief that the only means 
whereby an efficient and economical transport m 
can exist is by a co-ordinated system under State 
control. We regret that the White Paper issued by the 
Ministry of Transport shows a clear departure from 
the Prime Minister’s statement in favour of railway 
nationalisation, and also the declaration made by the 
Secretary of*State for War at Dundee during the 
General Election. “ Notwithstanding the opposition 
to railwaymen sharing in‘ the :management and 
control of the railway undertakings, of which 
they have practical] knowledge —as distinct from 
those who are elected ;because of their titles or 
financial interests — we idesire \to :make '-it clear 
to the?Government that the repeated declarations of 
the railwaymen for a share in°management and control 
was the considered judgment of men who desire their 
knowledge"and experience to be utilised for the public 
good, and we are'taking the necessary steps to inform 
the Ministry of Transport of our determination to 
obtain this essential change in the workers’ conditions.” 





In the course of a speech which he made to his 
constituents on}Thursday, the 13th inst., Mr. Neville 
Chamberlain, M.P. for Ladywood, Birmi » said 
he believed the country would pull through the present 
unemployment crisis, The position, he added, bad 
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as it was, should not be exaggerated, and a narrow 
view of it should not be taken. That the Government 
had been sharply criticised for their scheme was the 
result of misunderstanding. Nobody ever suggested 
that short time should be made compulsory in every 
industry. That would be absurd. But in a crisis like 
the present one, we had to avail ourselves of any 
palliative or remedy which would deal with even a 
portion of those who were out of work. He much 
regretted the Labour decision not to take part in the 
Government inquiry into the problem, because if we 
could have got Labour and Capital sitting round the 
same table trying to thresh out the problem, there 
would have been a better chance of working out a 
practical scheme which would have been acceptable to 
everybody. The action of Labour seemed to him 
to betoken less a desire to help in the country’s need, 
than to make political capital out of a situation from 
which they thought they could derive something to 
their own advan A new unemployment dole was 
a course which no Labour Government would advocate 
if it were in power. 

Mr. N. Chamberlain also stated that ‘“ Labour’s 
other great nostrum was to reopen trade with Russia.” 
According to the following note, however, no trade is 
likely to be possible with that country for many a 
long day. 


. The Bulletin de la Société de V' Industrie Minérale, 
published at St. Etienne, the centre of a large French 
colliery district, contains an article on the Russian 
situation by Mr. H. Pasquet, vice-chairman of the 
Berestoff-Krinka Collieries. From personal contact 


with the Russian elements, he is in a position to state | ® 


that the Soviets, followed by the dictators, had in 
view the reorganisation of the economics of the country 
by the working classes themselves. Industry and 
commerce, however, not only have deteriorated and 
been destroyed, but everything has retrograded. For 
example, at the end of the first half of 1920 there was, 
as compared with the pre-war figures, a fuel output 
of 12 per cent. at the utmost; a production of 7 per 
cent, in industry generally; railway carriage was 
20 per cent. and water transport 5 per cent. to 6 per 
cent. of the pre-war figures. Commerce with foreign 
nations was practically nil, and the stocks in the 
country did not suffice to meet the first needs of its 
inhabitants. The fact is that the men have no liking 
for their trades, being tied down to the mine, the 
works, or the factory by forced labour; they are fed, 
lodged and more or less badly clothed by means of 
monthly vouchers; they are without wages and 
without any personal interest in anything, forming 
as they do simply a nameless cog in the general 
mechanism, under the superintendence of the Red forces 
which are mostly recruited from amongst the laziest 
members of the community, the most daring, or under 
that of brutal Chinese forces. The hard labour now 
served is worse than that under the Tzarist régime. 
The forces above referred to, adds the author of the 
article, are under the high command of German 
superior officers. 





At a meeting held last week of the Council of the 
Federation of Master Printers, a resolution was ado 
expressing the desire of the Council to do everything 
in its power to mitigate the suffering caused by un- 
employment. The Council, however, finds it difficult 
to press its members to adopt the s stions of the 
Ministry of Labour until it is assu that they are 
being observed in the Government printing works 
under the control of the Stationery Office, and it 
regrets that during November and December a number 
of contracts were withdrawn from the trade and 
placed at the Government Office, although unemploy- 
ment was then on the increase. 

This confirms the above statement by Mr. Jephcot. 





As h was made in Newcastle last Friday by 
Lord Askwith, who said the Labour Party were going 
to institute an inquiry as to the causes of unemploy- 
ment. But the real cause, he added, was not far to 
seek; it was that this country was poor and other 
countries poorer still, so that, although there might be 
a producer willing to sell, his goods might have been 
produced at so high a price that the buyer was incapable 
of buying. ‘It was not over-production that had 
caused the existing glut of high-priced goods which 
could only be sold at less than the cost of production, 
for the production per head of the population in most 
industries was less than it was before the war. The 
fact was that instead of it being over-production, 
the real word might be wunder-consumption. No 
large demand could come until our export trade was 
put upon a better basis, with more purchasers, and 
until we got a better demand at home. 

Lord Askwith added that he had changed his opinion 
about the Labour Exchanges. They had tended to 
cause a disunion between employer and employed. 
Further, the system’of doles did infinite harm as tending 


to demoralise the workpeople; it did not, either, 
produce any permanent improvement. He trusted 
that in the ideas that may be established for dealing 
with the question of epee ment. the giving of doles 
without any return might be one that the Government 
would iresist, the people backing them up in that 
resistance. 





The most hopeful thing in the business situation 
to-day, says The Iron Age, New York, is that the 
people of the United States are again on the road 
to prosperity. There is encouragement in the general 
recognition that war prices, war profits and war 
wages are an unhealthy combination that ought not 
to last. Their most dangerous effect was the creation 
of an appetite which could only be satisfied by more 
of the same vicious diet. How far high prices involve 
blame that can be placed has been a good deal dis- 
cussed, but there is little profit in such discussion 
now. The responsibility, apart from what can be laid 
to the war, is so well distributed that one part of the 
community has little warrant for accusing another. 
What is more to the point now is that employers, 
employees, producers, consumers, kers, borrowers, 
manufacturers, jobbers, retailers, see not only their 
separate and individual interest, but the obligation 
to lessen the hardships the readjustment may bring 
to those with whom they deal. One of the gains to be 
expected from the discipline of the readjustment that 
is now in process and will continue through 1921, 
adds our American contemporary, is a better appre- 
ciation of the need of pulling together. It has been 
demonstrated over and over that there can be no 
rosperity for one fraction of the nation or for one 
section of the country at the expense”of another, and 
the sooner all the people learn that lesson again the 
sooner will the ground be covered that separates them 
from rea] prosperity. 





A statement, dated New York, January 17, in Pref 


The Times, London, for last Wednesday, is to the effect 
that “ with over 2,000,000 men out of work or tem- 
porarily paid off, American industry is restarting work 
this week on a reduced wage scale. The most notable 
reductions are those effected in the textile industries, 
where wages have been cut 22} per cent. : 
Even with the reductions of 22$ per cent., wages, 
according to the employers, will still be 100 per cent. 
higher than before the war. In the trades where wage 
cuts are most pronounced the public is already beginning 
to benefit by the consequent reduction in prices. 
‘ Manufacturers profess gratification at the 
improved output of their reduced working forces, as 
during the period of contraction they eliminated much 
of the “‘ driftwood ” in the labour world, retaining only 
the best men, and being careful to pick and choose 
among the applicants for re-employment.” 





Mipptessrover Pic-Irnon Sxrements. — Messrs. 
William Jacks and Co., 5, East India-avenue, E.C., 
state that the shipments of ese from Middlesbrough 
and Skinni ve in Decem last were 8,230 tons 
coastwise and 9,133 tons foreign, a total of 17,363 tons, 
as compared with 35,572 tons in December, 1919, and 
28,513 tons in December, 1918. The total for 1920 was 
426,588 tons, as against 258,951 tons in 1919, and 
1,246,884 tons in 1913. 





Suresuinpinec YARD ON THE RuInE—ERRATUM.— 
In our issue of December 17 last, page 822, we mentioned 
that a shipbuilding yard had been laid out at Kaiser 
A , near Basle. It was also stated that a dle tug 

been launched from this yard without dies as the 
dock was not wide enough to permit of them being fitted 
in it. We have now received a communication from 
Mr. F. A. Von Moos, Lucerne, Switzerland, stating that 
the dock in question will take vessels 17 m. wide, but 
that in the weir across the Rhine just below it, the lock 
has a width of only 12 m. It was this latter fact which 
made it necessary to launch the boat in question without 
paddles, and not the limiting size of the shipbuilding 
yard dock. 





A Hies Grape Cxurome Deposit in Sours Arrica.— 
Speaking at the Transvaal and Rhodesian Estates meet- 
ing, Mr. F. H. Hamilton said, with reference to the 
company’s latest discovery: ‘“‘The chrome deposit 
appears to be unique, both in size and probably in grade. 
A cabled summary of the result of Mr. Denny’s and Mr. 
Ackerman’s investigations, recently to hand, states that 
the d it conforms to the most favourable type known 
both for yield and permanence. Each seam has been 
traced for miles, thereby establishing the correctness of 
the view that there are at least four seams of chromite 
at different levels, each succeeding di seam being 
more extensive than the upper one. There can be no 
question, these gentlemen say, of the existence of the 
seam at depth, as the outcrop can be traced con- 
tinuously for a depth of 1,500 ft. The prospective 
tonnage covers an enormous area, and is of uniform 
high grade. It revolutionises, they add, all previous 
experience in chromite deposit. Working facilities are 
favourable. That is a remarkable summary, from which 





it is fair to conclude that this deposit has very great 
possibilities of remunerative development.” 





ROYAL METEOROLOGICAL SOCIETY. 


THE annual general meeting of this society was held 
on Wednesday, the 19th inst., in the Rooms of the Royal 
Astronomical Society, Burlington House, W. Mr. R. H. 
Hooker, M.A., F.8.8., president, in the chair. The 
report of the council for 1920 was read and adopted, 
and the council for 1921 duly elected. An important 
feature of the meeting was the submitting of by-laws and 
resolutions to bring about the in ration of the 
Scottish Meteorological Society with the Royal Meteoro- 
logical Society. he President (Mr. R. H. Hooker) 
delivered an address on “ Forecasting the Crops from 
the Weather,”’ of which the following is an abstract :— 

Mr. Hooker remarked that forecasts of the harvest 
fell into two main groups, viz., those which predicted 
the recurrence of good and bad crops in cycles, and those 
which computed the actual amount by which the yield 
was improved or damaged by the weather during or 
shortly before the growing period. A good deal had 
been written concerning periodicity in the weather, 
and the resultant cycles in agricultural production, but 
it would seem that insufficient p had yet been 
made to allow of prophecies being made by this method 
that could be re’! upon for any particular season ; 
and indeed few s who had discovered such cycles 
had based actual predictions them, 

Turning to the possibility of measuring the in 
or loss directly caused by given variations of rainfall or 
tem ture, Mr. Hooker outlined the evolution of the 
methods of ascertaining relationships between the 
weather at different seasons of the year and the subse- 
quent harvest. Originally, writers such as Gilbert 
and Lawes could only examine the meteorological con- 
ditions in years of exceptional abundance or scarcity. 
A advance was made when Sir Rawson Rawson 
and, later, Sir Napier Shaw, from the study of an entire 
sequence of crops and previous weather conditions, 

formula from which the crop might be calcu- 
lated ; while still wider possibilities were opened by 
the methods of correlation. Mr. Hooker then reviewed 
briefly the successive advances made by Jacob, Kincer, 
Okada, Walter, Wallen and others, These authors had 
established relationships, which could be utilised to 
forecasts of the yield in their respective 
countries within quite narrow limits, from the weather 
at certain critical periods. 

Mr. Hooker emphasised the necessity of taking the 
past weather into account in predicting the harvest, 
as it was abundantly clear, from comparison with actual 
forecasts in India and elsewhere, that the weather 
was responsible for developments in the plant which 
were not visible to an observer surveying the young 
crops in the fields; and although rte work still 
remained to be done, the time was ripe for using such 
statistics to confirm or modify the results of direct 
observation of the growing plants. 

He also urged the extreme importance to the welfare 
of the country and of the whole world, of a knowledge 
of the out-turn of the crops, enabling us to provide in 
good time against scarcity, or to arrange for the dis- 
tribution of a surplus. Whereas twenty-five years ago 
England held the place of honour in such research, 
this was no longer the case, and we now occupied a very 
inferior position to the United States and several of our 
Colonies. The subject of agricultural meteorology was 
now being taken up by the International Agricultural 
Institute, and he a led to scientific men in this 
country to devote themselves to the investigation of 
this vital problem. 
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ConoretIne Tratn.—In connection with its electrifiea- 
tion and elevation work in the Chicago district, the 
Chicago, Milwaukee and St. Paul Railroad has three 
concreting trains in use, composed of a mixer car and 
four or hee | — of stone, — and cement. oi train 
is equip with a 200-ft. cable-way o ting a 1}-yard 
drag-line bucket between a collapsible tower on the 
mixer car and one at the rear of the train, operated by a 
hoisting engine. 





Tae Beteran STANDARDISATION AssocIATION.— 
The Commercial Secretary to H.M. Embassy a* Brussels 
has forwarded a translation of an article which ap 

in the des Travauz Publics. The article says 

that the Association Belge de Standardisation wae 

formed in April, 1919, in order to study the question of 

standardisation from the commercial and _ technical 

points of view in all branches of industry. It consists 

of important industrial and technical associations in 

Belgium. A eral committee has been chosen to 

direct the activities of the association, to examine any 

proposals presented and to keep in touch with similar 

organisations in foreign countries, in order that the 

members of the association may profit from results 

obtained elsewhere, or may, if uired, assist in the 

establishment of international sation. In each 

case where the committee decides to atternpt standardisa- 

tion, it will appoint a “‘ Technical Committee '’ of experts, 

who will report, and if consult individual 

producers and consumers. The article adds that the 

work of the association should be of interest to all 

Belgian manufacturers who aim at simplification and 

maximum production. The society has published its 

first report comprising rules for construction and 

standardisation of metal frameworks, metal reservoirs, 

walls and roofs of galvanised ted iron, trans- 

mission shafting and metal bridges, bolts and* 
rivets. It has under consi tion the establishment of 
principles for the measurement and construction of 
reinforced concrete buildings and for the standardisation 

of a tus for the distribution” of water. It is also 
stud: questions affecting the’mining and electrical 
industries with a view to standardisation. 
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THE CLAYDEN AUTOMATIC GRAB FOR LOADING REFUSE. 


CONSTRUCTED BY MESSRS. ARTHUR CLAYDEN AND CO., ENGINEERS, RICHMOND. 























At the recent Smithfield Club Show in the Agri- 
cultural Hall, Messrs. Arthur Clayden & Co., of Rich- 
mond, Surrey, exhibited a portable automatic loading 
device of considerable utility. It was primarily de- | 
signed for the expeditious loading of farmyard manure 
into carts, but besides being admirably adapted for 
this purpose, it should also have a large field of useful- 
ness in the handling of any material of a fibrous nature. 
The complete machine consisted of a steel frame plat- 
form mounted on travelling wheels and carrying a 
light pillar crane oomes by an oil-engine and winch 
mounted on the platform, A structure of this kind, 
manufactured by the same firm, and equipped for 
handling sacks of grain, was illustrated in our issue of | 
July 16 last, so that we need not again particularly | 
describe it. To adapt the portable crane for the 
purpose of handling farmyard manure or similar | 
material, it is fitted with a special type of automatic 
grab, illustrated in Figs, 1 to 4, on this page. The | 
construction and operation of this grab will be clear | 
from the illustrations. It consists of a framework 
of bar iron carrying a pair of sets of tines which are | 
opened and closed by a suitable system of levers and 
linkwork. When the tines are in the vertical position | 
as shown by the full lines in Fig. 1, the grab is lowered | 
down rapidly into the refuse. As soon as it comes 
to rest, the continued lowering of the wire rope, allows 
the weight to which its end is attached to slide down 
between the guides, until the whole apparatus is in 
the condition shown in Fig. 3. The automatic hook | 
then comes into action, so that the winding up of the | 
rope not only raises the grab, but simultaneously | 
exerts a closing force on the tines, so that the gra 
emerges with a load of refuse as shown in Fig. 4. In 
this view the boy is seen holding a band line by pulling 
at which he can either raise or lower the grab or stop 
it in any position. How this is accomplished will be 
clear from Fig. 5, in which the other end of the hand- 
line is shown attached to a lever which operates both 
a clutch on the engine shaft and a drum brake on the 
winding drum. To discharge the load when it has been 
lifted to a sufficient height and swung over the required 
spot, a second handline, shown in Fig. 4, is pulled. 
This permits the tines to open out and drop their 
charge. 

The grab will take about half a cubic vard of refuse 
per lift, and can be operated very rapidly and easily 
by any unskilled labour. Power is furnished by a 
small, totally enclosed, oil or petrol engine, which can 
be seen in Fig. 5. The portability and ease of manipu- 
lation of the whole machine, as well as the speed with 
which it accomplished what is generally a slow and 
unpleasant job, should render it widely useful to those 
who require much work to be done of the kind indicated. 


CommerciAL AND InpvusTrRIAL VEHICLES IN THE 
Unirep Sratres.—A recent issue of the Motor Truck 
Association of America’s official magazine places the 
number of motor trucks in use in the United States at 
the end of 1919 at 953,303, compared with about 700,000 
at the end of 1918. 
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BALANCING TURBINE ROTORS. 
To Tae Eprror or ENGINEERING. 

Sir,—Having been interested in balancing problems 
for some time, I noticed, with great interest, in your 
issue of December 31], the excellent description and 
illustrations given by your correspondent, Mr. Martin, 
of an apparatus he has devised for the purpose of 
balancing turbine rotors. 

I was greatly pleased to note that, in designing this 
apparatus, his aim has largely been to obtain greater 
accuracy and increased sensitiveness for the static 
method of balancing. It has always seemed to me that 
the method so often employed for the p se of balancing 
heavy rotary bodies, namely, that of rolling them on two 

rallel knife-edge ways, left very much to be desired 
in determining the effect of unbalance caused by minute 
differences of weight. It is only necessary to consider 
that the contact between the shaft upon which the body 
to be balanced is mounted, and the parallel knife-edges 
upon which it rests, is in the nature of a point, to realise 
that, with a body weighing 10 tons, as instanced by your 
correspondent, the knife-edge must of necessity slightly 
deform under the load, and so produce that sluggishness 
which makes it quite impossible to detect small out-of- 
balance errors by this method. 

Much as may be granted as to the necessity for dynamic 


| balancing, I do not think that the last word has been 
|said for balancing by the static method, providing 
| that very small errors can be detected. 

| ‘The probability is that many of the running troubles 
which have been attributed to imperfect dynamic 
balance could have been greatly minimised had the test 
for the static balance been made with an apparatus of 
extreme sensitiveness, 

By adopting in his design an apparatus based on the 
“‘weighing machine” principle, I think Mr. Martin 
has gone a long way along the road towards this end, 
and it is certain that it would not have heen possible 
to have obtained the same fineness of reading which he 
gives in his table of results, had he used the parallel 
knife-edge method of balancing. 

I would like, however, to ask Mr. Martin if he feels 
sure that the results he gives are entirely due to un- 
balance in the rotor. As far as can be judged from his 
diagram, in Fig. 1, the turbine shaft is situated at right 
angles to the steelyard, and rests in a vee notch cut in the 
left arm of the steelyard blade. This notch, I gather, 
is situated some distance behind the fulcrum knife-edge 
of the steelyard. In consequence of this, the vibrating 
movement of the steelyard must cause the shaft, at this 
end, to move bodily through a small arc, the centre of 
which, of course, must be the fulcrum itself. As the 
other end of the shaft is apparently carried in ball 
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hearings: suspended from a universal motion overhead, 
it would appear that the oscillation of the steelyard must 
be restrained by the friction of the ball bearings, and also 
by the overhead suspension. 

Further, should the axis of the shaft not be in the 
same horizontal plane as the axis of the steelyard, the 
weight of the rotor is traversed slightly by the steel- 
yard movement in the direction of the length of the steel- 
yard, and the small poise shown in the diagram may, in 
point of fact, be counterbalancing this effect, instead 





diameters of ‘shafts, so that, whatever size of shaft is 
being used, the axis of it is always in line with the knife- 


n the machine shown, the errors in balance are 
registered automatically upon a graduated quadrant 
the pendulum weight in the middle giving the necessar ; 
resistance. In the case of excessively heavy, —™ 
this pendulum action is supplemented by a sliding 
poise weight, after the manner of Mr. Martin’s design 
Extreme sensitiveness is obtained by this apparatus, 
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At the end of a given length of bearing, with these 
parallel surfaces, the film of lubricant would be squeezed 
out, and therefore it becomes necessary to introduce a 
means of drawing in¥a*fresh supply or film of lubricant 
into the parallel bearing surfaces. "This I have provided 
for in my patent No. 150,378, copy of which I enclose 
for your guidance, in which you will see that a series of 
concentric bearing surfaces (which for the purposes of 
this argument may be considered as parallel) are pro- 
vided, and alternating between these series of surfaces, 
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of balancing errors in the rotor itself, which is its prime 


urpose, 
I would also like to ask Mr. Martin if his —— 
is used for more than one diameter of shaft. larger 
or smaller shafts are carried in the same notch, obviously 
the axis of the shaft is situated at different heights 
relative to the fulcrum knife-edge, with the consequent 
ossibility of the weight of the body producing a pendu- 
um effect, which again may be incorrectly recorded as 
out-of-balance error. 

A further possibility of error is in the raising of the 
rotor shaft out of the notch of the steelyard, for the 
purpose of rotating it. Unless t care be exercised 
in lowering the shaft in exactly the same position in the 
notch, it would seem to me that there is — possibility 
of varying the distribution of the weight of the rotor 
between the two supports, namely, the ball bearings at 
the one end and the steelyard at the other. 

I think Mr. Martin would have obtained much more 
accurate results, had he arranged his a us in such 
@ manner that the axis of the rotor t+ was identical 
with the knife- at the fulcrum of the steelyard, 
and, at the same time, eliminated the friction caused by 
the use of a ball bearing. 

In order better to demonstrate my meaning, I have 
shown in Fig. 1 an apparatus designed and patented by 
Messrs. Avery, of ontesten. for the se of 
statically balancing rotating bodies. It will be noticed 
that this ap tus consists of a cradle, which receives 
the body to be balanced, and which is fitted with knife- 

at each end, each of which is exactly coincident 
with the axis of the crankshaft, which for the moment 
is the body being balanced. 

The crank is allowed to rest in vee blocks upon 
the cradle, and these can be changed to suit different 
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and it is quite certain that the results given are those of 

errors of unbalance only. In the case of it being required 

to test bodies of large size, the cradle and frame can be, 

by a slight modification, divided into two separate 

units, which will permit of their being set apart, at any 
uired distance. 

— on the same principle was largely used 
during the war, by the Government, for the purpose of 
testing the accuracy of balance of aero propellers. It is 
shown in Fig. 2, and it will be seen that the axis of the 
Jey qaned is again exactly in line with the knife-edge 
of the weigh beam, by which it is being tested. 

In Figs. 3, 4 and 5, is shown a smaller machine of 
similar type to that shown in Fig. 1. This machine is 
for the purpose of detecting small errors of unbalance in 
the armatures of motors. It is easily sensible to such 
small differences in weight as 0-25 in.-drams. It 
would be quite impossible to detect such a small error in 
any other manner. 

. Martin will, I hope, ee my criticism of his 
interesting apparatus, and [ trust that the foregoing, 
along with the examples I have given, will enable him 
to follow my ar, ent. Hoping that I have not 
trespassed too much upon your space, 

Iam, yours faithfully, 
H. 


January 11, 1921. N. Cox. 





LUBRICATION. 
To Tae Eprror or ENGINEERING. 

Srr,—I have read with very much interest Mr. R. M. 
Deeley’s letter in your current issue, which apparently 
contradicts a previous statement to which you refer, 
stating that there is a possibility of obtaining satis- 
factory lubrication between plain parallel surfaces 
without the use of tilting devices, as in the Michell 
bloeks. 

My own opinion is that this statement, which Mr. 
Deeley rather traverses in his letter, is true up to a point, 
that is to say, given two parallel surfaces, you can obtain 
efficient lubrication between them for a certain distance, 
the length of which would depend, of course, upon 
circumstances, such as the weight upon the surfaces, 
speed and composition of lubricant. 
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are tapered incline planes, which are kept supplied with 
lubricant,f{and along which a,film of lubricant can be 
drawn in to the next adjacent parallel bearing surface. 

This arrangement seems to efficiently get over {the 
difficulty of using parallel bearing surfaces, and in 
practice appears to give me good results, 

ours truly, 
J. Watwyn Warts. 

Widnes, Lancashire, January 17, 1921. 





BELGIAN CHAMBER oF COMMERCE IN LONDON.—We 
have much pleasure in welcoming the first issue, for the 
current month, of the new series of the bulletin published 
by the Belgian Chamber of Commerce in London. 
Tt contains an excellent portrait of H.M. the King of 
Pelgium, and gives interesting information on Belgian 
industry, commerce and finance, together with general 
information. It is very clearly printed. We may 
remind our readers that the offices of the Chamber are 
24, St. Dunstan’s Buildings, St. Dunstan's Hill, E.C. 

Towrne Launcnes witra Kironen Rvuppers,— 
An interesting installation showing the progress being 
made with the Kitchen rudder is Selag carried out by 
Kitehen’s Reversing Rudder Company, Limited, of 
711, Royal Liver Building, Liverpool. Some time ago 
Messrs. Elder Dempster and Co, placed an order for a 
Kitchen rudder for one of their towing launches serving 
on the West Coast of Africa, and as a result of experience 
with this boat 12 further sets of similar gear have now 
been ordered, The launches, which are built of steel, 
are subject to very rough usage. As they are in native 
hands the advantage of the Kitchen rudder is obvious 
since no engine adjustments or variation of engine speed, 
or direction, is at any time necessary in service. The 
engine may be set for the best speed and allowed always 
to run at that speed, all reversing and variations in boat 
speed being obtained from the rudder. Some of the 
launches are used for logging on the rivers, and consider- 
able trouble has been experienced in the past owing to 
logs striking the propellers. It is anticipated that the 
protection afforded by the Kitchen rudders will show 
considerable improvement in this matter, 
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ELECTRIC WIRE HARDENING AND 
TEMPERING PLANT. 


ExzcrricaL heating methods lend themselves 
admirably to many industrial purposes, but it is 
doubtful if another application could be found in 
which its peculiar qualifications fit in so admirably as 
in the wire hardening and tempering plant which is 
illustrated in the figures on page 78. plant is a con- 
tinuous one, untreated wire from the spools at the left- 
hand end passing continuously through the apparatus 
and being coiled in the form of treated wire on the 
spools at the right-hand end. The machine can treat 
steel wire, or strip, and the material is electrically heated 
and quenched in oil tanks. Two processes are in- 
corporated in the plant, a first heating and quenching 
to harden the wire and a reheating and second quench- 
ing to give the required temper. The plant, which has 
been given the trade name of “ Lecfur,” is manufactured 
by Messrs. The Leeds Electrical Construction Company, 
Limited, of Charmouth-street, Leeds. It is patented 
in this country and abroad. 

The wire is heated by using it as a conductor to carry 
the heating current. This very simple method has 
many advantages. The whole of the heating agent 
used is employed in heating the wire, and no auxi- 
liary parts are heated up wastefully, as must be the 
case when any ordinary type of furnace is used. 
Similarly, radiation losses may be cut down to a small 
point and the temperature the wire is 
under immediate and accurate control. The con- 
venience of this method of heating is further taken 
advantage of by ——-e that the heating of the wire 
shall take place inside tubes of small diameter, so 
that a practically non-oxidising atmosphere 1s secured 
and scaling and corrosion are eliminated. The method 
also has the advantage that little heat is produced 
exterior to the plant, so that the temperature of the 
room in which the work is being carried out is not 
urduly raised. At the same time no fumes are given 
off. 

The lay-out or the plant will be followed from the 
general view given in Fig. 1, and the elevation, end 
view and plan given in Figs. 2 to 4. As will be clear 
from Fig. 4, the plant is a double one dealing with 
two wires at a time, 
through the heating and quenching arrangements may 
be followed from Figs. 2 and 4. The wire is drawn 
through the plant owing to the rotation of the spool 6, 
on which it is coiled after treatment. This spool is 
driven by worm gearing from the motor which can be 
seen at the right-hand end of the bench. Imme- 
diately behind the spool there is a tension pulley which 
ensures the maintenance of a suitable tension for the 
coiling of the wire. The spool c, on which the un- 
treated wire is brought to the machine, has no driving 
arrangement and is simply pulled round by the pull 
of the wire. 

In front of each spool c there is a guide to lead the 
wire fairly into the first contact pillar d. wire 
slides through a flexible contact on this pillar and 
through a similar contact on the pillare. These pillars 
are connected to the electrical circuit so that a current 
passes through the piece of wire which is lying between 
them and it is heated up. The non-metallic tube in 
which the heating takes place, and which ensures the 
non-oxidising atmosphere already referred to, is clearly 
shown in the figures. Leaving the contact e, the wire 
enters the quenching tank h. The wire maintairs 
its horizontal — when in the tank, and it is brought 
in contact with the oil owing to the circulating system 
which is operated by the pump m, to be seen below 
the bench to the right hand end of Fig. 2. This ie 
driven from the motor already referred to. This pump 
maintains a continuous oil circulation, the oil entering 
the quenching tank, which is closed, by the overhead 
pipe which is perhaps best to be seen in Fig. 3. The 
stream of oil issuing from this pipe drowns the heated 
wire and instantly cools it. This oil-circulating 
arrangement incidentally has the advantage that a 
large body of oil is in circulation, and consequently 
it is not heated up as would be the case were the only 
oil available that contained in the quenching tank h. 
The oil reservoir below the bench and the piping 
arrangements may be seen in the various figures. 

After leaving the hardening tink the wire again 
passes through contacts f and g, and is re-heated for 
tempering before enteri the second quenching 
tank #, The details of the arrangements for the 
second heating and quenching are similar to those 
already described for the first and need not be entered 
into. The current for heating the wire is supplied 
from a transformer, and as tension is low there 
are no insulation difficulties. Alternating current 
is considered the most suitable, as there is no possi- 
bility of electrolytic action, and the step-down trans- 
former allows of very simple regulation. The circuit 
formed is almost non-inductive and a power factor 
of 0-93 is said to be obtained under normal working 


The course of one of the wires a | 
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conditions. It will be obvious that this electric 
heating allows of close control of the temperature 
reac by the wire, and by means of the 
and ammeters incorporated in the plant a very accurate 
ion may easily be obtained. An indicator 
is fitted marked in wire gauge and speed of travel, 
and all that the operator has to do is to turn the control 
wheel until the pointer indicates the gauge of wire 
under treatment. This renders the plant quite 
suitable for use by unskilled labour. 

This control arrangement by itself is, of course, 
only suitable for unskilled use if wire of the same 
ay steel is always dealt with, but the plant is also 

tted with a patent m tic detector which denotes the 

nce point of steel and enables the operator 
to obtain with accuracy the correct temperature to 
which the particular steel being treated should be 
heated prior to quenching. Although it is not, of 
course, the real purpose of the plant it is of interest 
to note that the indicator acts as a check on the 
correct drawing of the wire being treated. If it is not 
uniformly drawn the fact is brought out in the electric 
heating, and the wire = a before the 
expense of hardening and tempering it has been 
entailed. The plant is economical to operate, and 
12 lb. of No. 26 S.W.G. steel wire may be hardened 
and tempered for 5d., taking current at 2d. per Board 
of Trade unit. This charge compares very favourably 
with the best that is likely to be done with gas. As 
we have said the plant is patented, and one of its main 
claims is that it enables wire and strip_to be hardened 
and tempered, free from all scale and discolouration, 
and a bright finish to be obtained without polishing or 
subsequent treatment. 





INDUSTRIAL AND COMMERCIAL EXHIBITIONS IN THE 
NeTHERLANDS East Inpres.—Those of our readers who 
may be desirous of developing trade with the Netherlands 
East Indies will be inte in the announcement that 
the second Netherlands East Indies Fair is to be held 
at Bandoeng, Java, from September 19 to October 9 
next. The exhibition will be international in character 
and will enable manufacturers to exhibit goods of all 
kinds to numerous tential customers in the East. 
Simultaneously with the fair a Motor Vehicle and Tractor 
Exhibition will be held in the same town. Further 
particulars of both exhibitions may be obtained from 
the British Chamber of Commerce for the Netherlands 
East Indies, the address of which is 38, Dover-street, 
London, W.1. 








Natat Coat.—The output from Natal collieries 
| for October was 242,249 tons, as compared with 247,693 
| tons for September, says The South African Mining and 
Engineering Journal, ‘The tonnage shipped in September 
j}and October respectively was as follows: Bunkered, 
| 84,836 tons and 86,317 tons ; exported, 47,047 tons and 
| 38,375 tons ; totals, 131,883 tons and 124,692 tons. The 
| Standard Bank official report says: ‘‘The great demand 
for shipment coal still continues, but there is practically 
no increase in supplies available, as the Railway Adminis- 
tration is not yet able to place at the disposal of the 
collieries the rolling-stock. Inquiries for 
supplies for 1921 are numerous and for large quantities, 
some inquirers being willing to enter into contracts for 
more than one year ahead in order to control ogee 
of coal for export. The buyers of export coal are 
offering substantial increases in price for 1921 over the 
price obtainable for 1920, which will result in an increase 
in price for the supplies of coal for the bunkering of 
steamers.” 








AMALGAMATION oF GERMAN ELECTRICITY Works.— 
| The British Commercial at Cologne has for- 
warded to the Department of Overseas Trade, the follow- 
ing translated extract from the Deutsche Bergwerks 
| Zeitung of December 2 :—“ Ten of the largest electricity 
| works supplying the Westphalian industrial and neigh- 
| bouring rict have united in the Kommunalen Elec- 
| trizitatswerkverband (K.E.V.) Westphalia, which has 
| its seat at Hagen. The following electricity works belo: 
|to this union: Kommunales Electrizitatswerk Mark 
|A.G., Hagen; Lenne-Electrizitéts-und Industriewerke 
| A.G., Werdohl; Stadtisches Electrizititswerk, Dort- 
|mund; Westfalisches Verbands-Electrizitatswerk A.G., 
Kruckel; Electrizitaétswerk Si land G. m. b. H., 
Siegen ; Kreis-Electrizitatewerk ersbach, Diering- 
hausen; Electrizitatswerk Westfalen A.G., Bochum ; 
Stadtisches Electrizitatswerk, Barmen ; Gemeinschafts- 
werk Hattingen (Stadt Barmen und E.W.), Westfalen ; 
Bergische Electrizitats-Versorgungs-G.m.b.H., Elberfeld 
The chief work of the company is the technical co- 
r) tion of the power stations at present existing in 
Union, the joint building and oo ae | of new water 
and steam power works on the basis the cheapest 
fuel, and the ensuring of a good and sufficient supply of 
electricity in the future. Besides considering the 
extension of suitable water power stations, the Associa- 
tion also has a plan for the construction of a large power 
station using its own coal. i these 


Negotia 

ibilities have been o 
Bergwericgeeellachaft Lothri Gerthen 
has joi the K.E.V. in order that the latter may be in 
the position of having its own collieries. The Ruhrtal- 
aperevenen will also probably join the Association for 

purpose of co- ing in the commencement of a 
large water power station.” 
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NOTES ‘FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 


Iron and Steel.—Though a rather more hopeful feeling 
prevails with to the future, business throughout 


the heavy t continues flat. Manufacturers are 
compelled to restrict oes a to prevent works 
becoming overloaded with stocks. ‘The partial reduction 


of steel prices augurs better times for the manufacturing 
sections, in that lower rates will enable them to quote 
more favourably for export orders in competition with 
foreign makers. At the same time no noticeable 
improvement has resulted in purchases of materials. 
Producers incline to the view that the price cut having 
commenced, users are holding off the market (except 
for day-to-day needs) until values touch bottom, before 
placing heavy contracts. Whether or not this be the 
ease, the fact remains that current purchases are on a 
very restricted level, with the result that many open- 
hearth furnaces in the South Yorkshire district are idle. - 
Following the cut (recorded last week) of 10s. 9d. per 


ton in blast-furnace coke for inland use, pig-iron prices 
have been reduced 10s. to 15s. per ton. Bright drawn 
steel bars have been marked down a further 5/. per ton, 


and rolling-mill proprietors announce a fall of 74 per cent. 
in rates. There is a widespread feeling that prices 
of basic steel must come down if new business is to be 
attracted, but no announcement to this effect is yet 
forthcoming, with the result that Belgian steel, now 
further reduced, is as much as 9/. 10s. per ton below 
similar qualities of Sheffield material. Quotations of 
better class steels are also unaltered. Here, however, 
depression is due only in a very small measure to foreign 
competition. Rather is the cause the apparent in- 
ability of the bulk of those who formerly were Sheffield’s 
best customers to pay current prices for materials of 
which they are really badly in need. Sheffield’s current 
output of steel of all descriptions is round about 12,000 
tons a week. Conditions show little alteration in the 

facturi ti Railway spring de ents 

— 4 rey = 

are reported to be amongst the busiest in the district, 
but scarcely a new order is being booked, and the com- 
pletion of contracts will herald a flat time if no develop- 
ment occurs in the interim. The tonnage of agricultural 
machinery parts and steel for such machinery leaving 
Sheffield is greatly below the city’s capacity for output. 
South Africa and India are taking a moderate share of 
local engineering products, but business with South 
America is exceptionally flat. 


South Yorkshire Coal Trade.—Evidence of the slump 
in manufacturing operations is to be found in the big 
tonnage of fuel on offer on the open market. Collieries 
have reached the ition when there is no longer any 
useful purpose to be served by appealing for increased 
output. In fact, output is already considerably in excess 
of requirements, and the steady accumulation of stocks 
has in some instances compelled short time working. 
Some congestion of traffic is evident at colliery sidings. 
Export business is flat, even at reduced rates. Sales 
are most frequent in the best qualities. Slacks and 
small fuel are depressed. House coal merchants have 
more orders than they can handle for prompt delivery. 
Quotations :—Best branch handpicked, 37s. 2d. to 
38s. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 33s. 2d.; Derbyshire best large 
nuts, 328, 8d. to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. 
to 32s. 8d.; Yorkshire hards, 32s. 8d. to 33s. 8d. ; 
Derbyshire hards, 32s. 8d. to 33s. 8d.; rough slacks, 
288. 2d. to 298. 2d.; nutty, 278. 2d. to 28s. 2d. ; smalls, 
238. 2d. to 248. 2d. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The most interesting 
point in connection with the Cleveland pig-iron trade is 
the decision of producers to insert a fluctuating clause 
in all contracts which gives customers the benefit of any 
rise or fall in market quotations. This is what buyers 
have been clamouring for, and now that the concession 
has been granted, expansion of transactions should 
follow. Recent reduction in quotations did not stimulate 
demand, and something was certainly needed to give a 
fillip to trade. It would be difficult to find a course 
more likely to prove successful than the one that has 
been adopted. As yet, however, sales on both home 
and foreign account are few and small. For home, 
purposes, No. 1 and siliceous iron are each 225s., No. 3 
g.m.b. is 215s , No. 4 foundry 214s., No. 4 forge 212s. 6d.; 
mottled, 212s. 6d.; and white 210s. ; whilst forjshipment 
abroad No. 1 and siliceous iron are each 245s., No. 3 
g.m.b. is 235s., No. 4 foundry 229s., No. 4 forge 217s. 6d., 
mottled 217s. 6d., and white 214s. 


Hematite.—In the hematite department, makers with 
@ view to restoring overseas trade, have abolished the 
export premium of 5s. per ton, and it is now possible to 
buy at the same figures as for home consumption. This 
concession has already resulted in a little foreign business. 
Sellers are very keen to book orders, but they are not 
meeting with much success, Nos. 1, 2 and 3 East Coast 
brands are 240s. and No. 1 is 242s. 6d. for home purposes 
and for export. 


Foreign Ore.—Values of foreign ore continue to fall, 
43s, now being the outside ex-ship Tees price of best 
rubio, as the recognised market quotation is 48s. on the 
17s, ity freight Bilbao—Middlesbro 
ings from the Spanish ore port are sai 
at 12s. and even less. 

Coke.—Local consumers of coke look for cheaper 
supply as stocks are rather rapidly accumulating, but 


h, and charter- 
to be possible 
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up to the present sellers adhere to 62s. 9d. at the ovens” 
for average blast-furnace quality, and 65s. 3d. at the 
ovens for low phosphorus sort. 


Manufactured Iron and S: —Business in finished iron 
and steel is stagnant. Iron bar makers have met 
this week and agreed to make no change in prices for 
the present. Steel quotations may be lowered at any 
time. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—No improvement can yet be 
reported in the Scottish steel trade, and inquiries are 
of a very limited nature. All plant is not yet fully 
running, and there is little incentive to start up owing 
to the scarcity of orders, and buyers are v slow to 
place new business, and even the recent reductions have 
not induced much in the way of ordering. Trade 
generally is quiet and there is consequently not nearly 
so much material of any kind being requisitioned, but 
there are signs of a better feeling in some quarters, 
although the steel industry may not benefit yet awhile. 
Shipbuilders have quite a lot of work on hand still, and 
there exists a fair demand for plates, but sections are 
as dull as ever. The black sheet makers, having worked 
off the larger contracts, are not too well p for the 
present and the more immediate future, but it is hoped 
that the last reduction in prices will shortly bring out 
@ satisfactory amount of new business. Some improve- 
ment in inquiry is reported from the Far East, but 
things there are still rather unstable. 


Malleable Iron Trade.—The West of Scotland bar 
iron makers are not too well placed as business 
at present, and the outlook is far from bright. Contracts 
on hand amounting to a fair tonnage are keeping the 
wheels moving, but optimism is not general when the 
future is being discussed. Buyers are most certainly 
continuing to hold back in view of the cheap prices from 
the Continental makers, and as Belgian bars are being 
found suitable for certain purposes the much lower price 
is a big ind t to s here to use these in 
preference to the much higher-priced home article. 
Local makers have the tter under consideration at 
the present time and a cut in quotations would not come 
as a surprise, and in fact ic not unexpected. 


Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
shows little change over the week, and as the output is 
not large there is not much difficulty experienced in 
getting rid of the most of it, although there is usually 
something left over. Fresh orders are without doubt 
very scarce, both on home and on export account, and 
unless some improvement takes place soon a general 
slowing-down of production is inevitable. Inquiries 
from abroad are very poor, but the financial position has 
much to do with that. Prices are not officially altered, 
but a much softer tendency prevails. 











Prrsonat.—In order to cope effectively with their 
ever-growing export trade, Messrs. Alfred Herbert, 
Limited, Coventry, have instituted a ial export 
department at their London office, 64, Victoria-street, 
8.W. 1. This department is under the direction of 
Mr. A. B. Wearing.—Mr. P. R. Allen, Linden Lodge, 
Runcorn, informs us that he has retired from the engineer- 
ing management of Messrs. Castner-Kellner Alkali 
Company, Limited, Weston Point, but remains con- 
sulting engineer to the company, and intends practising 
as & juling engineer in connection with gas and steam 
power plant, electricity in mining work, &c. 





Tre Institution oF ELectricaL ENGINEERS.— 
It is pro , if a sufficient number of candidates make 
application, to hold in London in April next an examina- 
tion for associate membership of this Institution. 

ments will also be made for the examination 
to be held at local centres in the United Kingdom and 
abroad. Applicants desiring to sit for the examination 
should send their entry forms and examination fees in 
time to reach the Secretary of the Institution, 1, Albe- 
marle-street, London, W. 1, not later than March 1, 
1921. Entry forms and copies of the examination 
regulations may be obtained on application to the 
secretary. 





Wueet-Burnr Rais.—There is prolific source of 
injury to rails, says The Iron Age, New York, which 
has attracted little attention considering its general 
prevalence; that is, wheel-burnt rails, so called. The 
slipping of wheels causes abrasion of the metal at the 
runpi surface of the railhead, attended commonly 
with the generation of intense heat by the frictional 
resistence involved. The term ‘“snow-burnt” is 
employed in some localities, having the same meaning 
as wheel-burnt, due to the fact that slipping of the 
wheels occurs during attacks on snowdrifts. The heat 
generated on these occasions exerts a pronounced effect 
on the metal along the top of the rail. A thin layer of 
metal raised to e scintillating temperature, rapidly 
cooled by conductivity, renders the steel excessively 
hard. Less id cooling anneals the steel. Deep 
abrasion of the surface affords opportunity for the 
inception of a line of rupture. The large number of 
wheel-burnt rails and the small number of accidents 
which result from them indicate that ordinary injuries 
are not serious, but none can be regarded with in- 
difference. This branch of the rail question is far more 
ow this mien k te Bureau of Satety ot 
progress upon thi by the o! oO! 
the Interstate Commerce Conmiutan, in connection 

ion of accidents which have resulted 


with the investi 
from this class of damage to rails. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Conditions in the coal trade have 
one from bad to worse. True a few inquiries are circu- 
ting from markets, which for some years past have 
been unable to secure the Welsh coals in consequence of 
the control exercised by the Coal Mines Department 
of the Board of Trade, but these are not sufficient to 
compensate for the loss of the French and Italian markets. 
Indeed, buying orders are extremely few, and colliery 
salesmen are experiencing much difficulty in disposing 
of outputs, notwithstanding the fact that temporary 
stoppages have become general, as a result of wagon 
shortages caused by the inability of salesmen to secure 


In view of the small volume of business prices are 
difficult to as wy fy entirely a matter of bar- 
pa ‘ aentens individual circumstances of 

ayer and seller. Indeed it is only buyers in a definite 
—. to do business that can obtain an idea of values. 

i is in circulation is, in the majority of cases, 
for the —,, coals, and the maximum price 
obtainable for large is 60s., with best steam smalls 
difficult to dispose of at 30s. These figures are about 
a third of those commanded a few months ago. The 
inferior qualities are practically unwanted. Buyers 
with orders can obtain supplies on almost their own 
terms. 

Dry duff smalls have been sold at as low as l0s, 
> clear , thousands of Nap ony held up under 

. Foreign exports in t week were 
further reduced. Ai only 202,571 tons were 
sent abroad, of which 63,000 tons went to France, 41,500 
tons to Italy, 18,700 tons to Spain, 31,000 tons to British 
coaling stations and 39,000 tons to other countries. 
Coke and fuel were virtually unsaleable and prices 
were more or less nominal. A number of the fuel 
works are on stop, and it is likely that the production 
of coke will also be materially reduced. 

Tron and Steel Trades.—The question of establishing 
a central selling agency for the South Wales tin-plate 
industry has again cropped up and a scheme has been 
——— to form a company under the title of ** The 
Welsh Tin-plate Firms, Limited,” with a capital of 
2,000/., in 1, shares, of which 1,000/. is to be paid up 
at once. There is, it is stated, no intention to fix a 
selling price, but rather to eliminate the merchant 
ae or dictate the extent of the percentage of 
profit. The market shows no improvement. The 
wry is very small and the present comparatively low 
values have apparently not attracted buyers. ,The 
basis box is round 33s., though odd parcels have n 
sold at ls. less. Some works are asking 38s. and 39s., 
but at these figures cannot secure business, 








TECHNICAL REsULTs OF THE BaTTLe oF JuTLAND— 
Erratom.—lIn our abstract on page 56 of our last issue, 
of Signor Salvatore Orlando’s paper, in the seventeenth 
line from the bottom of the second column, the word 
* submarines ”’ occurs instead of ‘‘ to 0-boats,’”’ and 
the paragraph should read: “The action of numerous 
torpedo-boats had . . .” 





Water Jorntine Crr.—Messrs. Brown Brothers, 
Limited, Brown’s Building, Great Eastern-street, E.C. 2, 
have recently introduced a very simple clip or nipple 
for making a watertight connection between metal piping 
and rubber hose, such as the circulation water connec- 
tion on a motor car, &c. The nipple is a light circular 
cone of brass, threaded on the inside and knurled on 
the outside. It is slipped over the metal pipe first, the 
rubber pipe being then run over the metal pipe, after 
which the nipple is screwed up on to the ru . The 
conical shape, as it is screwed on to the latter, forces 
the hose into close contact with the metal pipe. The 
whole job can be done in a few seconds, it being quite 
sufficient to screw the cone up hand-tight. The joint is 
known as the “ Boyce Conno,” and various sizes are made 
to suit pipes from 1 in. to 4 in, in diameter. 





Tue Lypustriat Leacus anp Counorm.—The lectures 
under the auspices of the Industrial League will continue 
to be held ly each Wednesday evening at Caxton 
Hall, until ch 30, and among the subjects to be 
dealt with are: Some Factors in Present-Day Industry,” 
by Professor A. W. Kirkaldy, M.A. ; rs ent by 
Results,”” by Mr. E. J. P. Benn, C.B.E. ; lontrol of 
Industry,” Mr. H. H. Elvin; Health in Industry,” 
Dr. E. Halford Ross; ‘ Scientific ma ment as a 
Factor in Production,” Mr. A. Robert Stelling; “ The 
Ex-Service Man and His Reinstatement in Industry,” 
Mr. C. Latham, A.L.A.A.; Some Obligations of In- 
dustry to Labour,” Mr. T. W. Casey, M.P.; “ Works 
Committees and their Functions,” Mr. Robert Young, 
M.P.; ‘“ Industry and its Relation to Finance,” Mr. 
H. G. Williams, M.Sc., M.Eng., A.M. Inst, C.E. 


British Propuction or Pie-I[ron anp Sreen.— 
The production of pig-iron which, owing to the coal 
strike, fell from 741,000 tons in September to 533,200 
tons in October, and 403,200 tons in November, rose in 
December to 675,300 tons, making the total production 
for. the year 8,000,700 tons, compared with 7,398,000 
tons for 1919. The production of steel ingots and 
castings which fell from 884,700 tons in September to 
544,300 tons in October and 505,100 tons in November, 
rose to 745,400 tons in December, a total for the year 
7 to 9,055,600 tons, compared with 7,894,000 tons in 
1919. The pig-iron production for D ber included 








237,100 tons hematite, 199,400 tons of basic, 147,700 | Ward, 





tons of foundry, and 58,600 tons of forge iron. 





NOTICES OF MERTINGS. 


Tue Srarrorpsuire Iron anv Sree. Instrrvre.— 
Saturday, Jan 22, at the Education Offices, St. 
James’-road,¢Dudley, when a will be read by 
Mr. W. J. Rees, F.L.C., of shemeld University, on 
“ Refractories for the Iron and Steel Industries,” Chair 
to be taken at 6.45 p.m. 


Tue Braprorp EnGinserine Soctery.—Monday, 
January a 7 p.m., meeting in the Hall of the Brad- 


ford T Mr. J. Eccles, of Leeds, 
“ Uses and Care of ing.”’ -_ 


Tue Roya Soorery or Arrs.—Monday, January 24. 
at 8 p.m.: Howard Lecture, “ Aero i ” by Mr. 
Alan E. L. Chorlton, C.B.E., M.Inst.C.E., M.I.Mech.E. 


ustrial 

Abbott, M.A., Assistant Secretary of the t. 

. W. Greenwood, M.P., Vice-President, Bri Cotton 
Industry Research Association, will 

Tue LInstrrvrion or Crvm Enoiverrs.—Tuesday, 
a 25, at 5.30 p.m. The discussion on the Faper, 
" ‘oreed Concrete for Ship Construction,’ by 
Professor Thomas Bertrand Abell, O.B.E., M.Eng., 
will be resumed and, time permitting, the following 
papers will be read with a view to discussion : “ Cannon- 


street Bridge oe ea Ml oar Ellison, 
O.B.E., M.Inst.C.E., and “ ion of a Viaduct,”’ 
by oA ye ey oem Ser pee eomnae 
, January at .m, secon 

FS 
ui) ~ . F. en’ ilds, 
ison, Mr. C. R. 8. Kirkpatrick, M.Inst.C.E., 
chair. Members of all classes are invited 

to attend these lectures. 

Tue SHErFIEtD AssociATION OF METALLURGISTS AND 
METALLURGICAL CHEMISTS. —Tuesday, Jan 25, 
paper will be read by Mr. J. F. Kayser, on “‘ The Wear 
of High-Speed Cutting Edges.” 


Tue Instrrution or AvTomosme ENGINEERS.— 
Tuesday, January 25, at 7.45 p.m., meeting of the 
Coventry Graduates at the Foremen’s Institute, 7, The 
Quadrant, Coventry, when Mr. J. T. Hacking will read 
& paper on “ Accessibility.”” The chair will be taken by 
Major B. W. Shilson. Members of other grades and 
visitors will be admitted. Wednesday, January 26, at 
7.30 p.m., annual dinner of the Institution at the Royal 
Autom bile Club. 


Tue Inpustrias Leagus anp Councri.—Wednesday, 
January 26, at the fourth lecture, “‘ Unemployment— 
The Best Means of Dealing With It,” will be the subject 
of an address by Mr. E. W. Petter, and the gathering 
will be presided over by Mr. Robert Tootill, O.B.E., M.P. 


Tue Instirution or Exeorrica, ENGINEERS.— 
Thursday, January 27, at 6 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
“Temperature Limits of Large Alternators,’ by Mr. 
G. A. Juhlin, Member. 


Tae Newcomen Socrery.—Thursday, January 27, 
at 5 p.m., in the Rooms of the Iron and Steel Institute, 
28, ictoria-street, 8.W. 1. Paper to be read and 
discussed : “ Rise and Fall of the Iron Manufacture in 
Sussex,”” by Mr. Rhys Jenkins, M.I.Mech.E. 


Tae Royat Sanrrary Instrrutre.—Friday, January 
28, at 4.30 p.m., in the Guildhall, Exeter, a Sessional 
Meeting will be held, jointly with the West of England 
Branch of the Society of the Medical Officers of Health, 
when a discussion will take place on ‘“ The Sanatorium 
Question,” to be opened by Mr. E. Ward, M.D., F.R.C.8. 
(Tuberculosis Officer, Devon County Council). The chair 
will be taken at 4.30 a by Professor H. R. Kenwood, 
C.M.G., M.B., F.R.S.E. (Chairman of the Council). 


Tue Royat Instrrution ov Great Brirarn.—Friday, 
January 28, at 9 p.m., a discourse will be delivered by 
Sir James Dewar, LL.D., D.8c., F.R.S., M.R.I., Fullerian 
Professor of Chemistry. The subject is ‘‘ Cloudland 
Studies.”” Afternoon tures at 3 p.m.: Tuesday, 
Jan 25, Colonel Sir Gerald P. Lenox-Conyngham, 
R.E., F.R.8., on “The of Geodesy in India” 
(Lecture II) ; Thursday, January 27, Mr. Arthur Harden, 
D.S8e., F.R.8., on “ Biochemistry (Vitamins)” (Lecture 
Tl); Saturday, January 29, Mr. Percy C. Buck, M.A., 
Mus.Doc., on “‘ The Madrigal—{II) Key’’ (with musical 
illustrations by the English Singers). 


Tue Jownton Instirution or Enotneers.—Friday, 
January 28, at 8 p.m., at the Institution Rooms, 39, Vic- 
toria-street, Westminster. Lecturette, ‘‘ Manufacture of 
Portland Cement,” by Mr. J. W. Wardell, Member. 

Tue Norts-East Coast Inerirution or ENGINEERS 
anp Sxrrsurpers.—Friday, January 28, at 7.30 p.m., 
at the Rooms of the Literary and Philosophical Society, 
Newcastle-upon-Tyne ; a paper by Mr. W. A. White, on 
** Buel Oil.” 

Tue Inerirore or Merats (Suerrretp Merrine).— 
Friday, January 28, at 7.30 p.m., at the ee St. 
a gee = Sheffield; a paper by Professor CO. H. 
Des~h, on “60 : 40 Brass.” 








Universtry Cottece Enorvesrtne Socrery.—The 
Engineering Society of University College, London, will 
hold its annual dinner of bell we resent engineering 
students at the Connaught 1s on Friday, Jan’ 28, 
at7p.m. Particulars may be obtained from Mr. H. R. H. 


ing Society, University College, Gower- 
street, W.C. 1. 








78 


ENGINEERING. 





[ JAN. 21, 1921. 








“LECFUR” HARDENING AND TEMPERING PLANT FOR STEEL WIRE AND STRIP. 


CONSTRUCTED BY THE LEEDS ELECTRICAL CONSTRUCTION COMPANY, LIMITED, ENGINEERS, "LEEDS. 


(For Description, see Page 76.) 
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Boarp or rape Emprre Corron-Growine Com- 


MITTEE.—In the outline of the future organisation of 
the work of the committee, special stress was laid upon 
the importance of maintaining close touch with the 
Governments of those Colonies in which cotton growing 
might profitably be developed and o obtaining accurate 
information as to local conditions. In furtherance of 
this policy the committee announce that they have 
appointed Sir Hector Duff, K.BLE., C.M.G., to undertake 
® mission to Nigeria and Major H. Hastings Horne, 
O.B.E., to undertake similar work in Tanganyika 
Territory, formerly German East Africa. Major Horne 
has had seventeen years’ experience in the service of the 
Government of British East Africa, in the course of which 
he had a large share in the creation of the native cotton- 
growing industry in the Nyanza Province. Interesting 
and important communications have already been 
received from him, and are receiving the consideration 
of the committee. In Nigeria much extremely valuable 
work has already been done under the auspices of the 
British Cotton-Growing Association. The committee 
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are of opinion that Nigeria offers great possibilities as a 
cotton-growing area, and have asked Sir Hector Duff 
to report as to the means by which the industry in the 
country can be most successfully developed. 

Drarres, &c.—The Electrical Engineers’ Diary, for 
the current year is the thirteenth dnnual edition. Like 
the preceding issues, it measures 11} in. by 8} in., and 
contains a large amount of information on the generation 
of current, the selection and installation of cables, the 
ee eee of electricity for power and lighting purposes, 
electric motor control, the installation of telephones and 
bells, &c., carefully indexed. It deals, in a word, with 
every application of electric current, and reference to 
the subject-matter is facilitated by its being printed 
on differently tinted paper. The present edition, more- 
over, contains about 100 pages of information more than 
the last one. The diary portion of the book, four days 

r page, is at the end. It is edited by Mr. J. H. 
Johnson, M.I.B.E., Assoc.A.I.E.E., and is published 
at the price of 11s. 6d, post free (12s. 6d. for abroad), by 





atin ’ 
Messrs. 8. Davis:and'Co., .30 [and 
$1, St. Swithin’s-lane, E.C. 4.—We 
have received from the Clay Cross 
Company, Limited, Clay Cross, 
Chesterfield, one of their pocket 
diaries, giving illustrated informa- 
tion on their properties, works and 
specialities ; these latter include 
cast-iron pipes of all sizes, cast-iron 
reservoirs of any capacity, tubbing 
for pit shafts and wells, surface 
boxes, manholes, &c. The diary also 
gives tabular data on the above, and 
calculations in connection there- 
with.—A pocket diary has also come 
to hand from Messrs. Edward Wood 
and Co., Limited, constructional 
engineers, Ocean Tramworks, Man- 
chester, whose specialities are engi- 
neering workshops, steel - framed 
buildings, bridges and roofing. It 
contains a large number of tables on rolled sections, 
British standards, riveted girders, tables of weights, load 
figures, mensuration tables, &c.—We have, further, re- 
ceived a daily tear-off calendar from the Milner Hurd’s 
Patents Company, Limited, 4, Paradise-square, Sheffield. 
INstrTUTE OF INDUSTRIAL ADMINISTRATION.—We have 
received from this Institute, whose address is 110, 
Victoria-street, Westminster, S.W. 1, the first issue of 
their journal, to be published monthly, at the price of 
ls. 6d. It is entitled “‘The Journal of Industrial 
Administration,” and is edited by Mr. Edward T. 
Elbourne. It gives the names of the officers of the 
Institute, a list of meetings, an abstract of an address 
by Viscount Haldane, on “‘ The Industrial Question,” at 
the inaugural meeting of the Institute ; an abstract of a 
paper and discussion on “ The Influence of Exposed 
Reeords on Output,’”” by Mr. F. M. Lawson, also of a 
paper and discussion on ‘‘ Road Transport,” by Mr. R. 
Twelvetrees ; followed by notes and particulars on the 
Tnstitute’s instructional courses. 
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RECENT MACHINE TOOL DEVELOPMENTS; 23-IN. HORIZON 
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PLATE IV. 





YRIZONTAL BORING, DRILLING AND MILLING MACHINE. 


E TooL COMPANY, LIMITED, ENGINEERS, KEIGHLEY. 


criptios, see Page 66.) 
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NOTICE. 


A tew months ago the Proprietors of “ENGI- 
NEERING” were compelled to advance the price 
of this Journal to is. per copy, owing to the 





postal rates have been again increased, the price 
of single copies sent by inland post is now Is. 2)d. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage ef Supplics, Newsagents will not 
have copies for chance customers; therefore readers 
who wish to be sure of obtaining “ ENGINEERING” 
each week should place an order for the Journal 
with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 77. 
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NAVAL EXPERIMENTS. 


In view of the very great and general interest 
being taken at the moment in naval matters, we 
think it well to refer again to a topic which is 
absorbing the minds of naval architects, engineers 
and others in most of the important countries of 
the world. Popular attention has been stimulated 
as much by the sharp differences of opinion 
that have been forcibly expressed as by the financial 
issues involved. The naval lessons of the Great 
War were of very considerable magnitude, but it 
must definitely be remembered that these lessons 
were very far from being so complete as to give 
rigid solutions to questions concerning the future 
results of combats between all the probable com- 
binations of fighting forces at sea. 

In order clearly to gain a perspective view into 
the future, not only should the lessons of recent 
naval actions be considered, but, due attention 
must be paid to the present position of the seience 
and art of naval warfare, which is considerably in 
advance of that exemplified by the fighting machines 
involved in the Battle of Jutland. Subsequent 
construction has benefited by the experience there 
gained. 

If, then, the present actual position be taken, the 
answer is probably correct that a battleship can be 
constructed which, when finished, will be able to 
withstand, with reasonable chances of successful 
issue, any attack that could be made upon it on 
the sea, from under the water or from the air, using 
the known and proved methods of offence and 
defence available to-day. But what are the future 
potentialities of the battleship, of submarines and 
of air craft? The first is highly developed and 
the increase of offensive and defensive powers 
which it can hope to attain in the near future, 
even in the forecasts of the most expert minds, is 
somewhat limited, whereas, with under-water and 
aircraft the potentialities are undoubtedly much 
greater. Progress through evolution and invention 
must in the natural order of things be relatively 








er | rapid in these new fields of engineering endeavour, 


which are only as yet in their earliest infancy. 

The problems, therefore, now before the Committee 
of Defence appointed by the Government resolve 
themselves into firstly, a study of the international 
situation to ascertain whether machinery for naval 
defence in addition to, or in advance of, our present 
forces is called for, and if so, secondly to determine 
what steps should be taken towards such improve- 
ment or augmentation, and to formulate the extent 
of the additional provisions of defence deemed 
necessary. It may, of course, be assumed that some 
scheme will be formulated, but it is hoped that it 
will not be found necessary to initiate such measures 
as would be burdensome to the country in its 
present financial position. 

There are, then, defensive and offensive weapons 
to be considered. The whole history to date of 
naval warfare and the development of its machinery 


resolves itself primarily into a continuous struggle 
between the striking power of the shell and the 
resisting power of armour, with the balance some- 
times in favour of the one and sometimes showing 
the other to advantage. To-day the contending 
forces are many times multiplied in number and are 
of a diverse character. The advances in the power 
of explosives have been rapid, and the limiting 
conditions have changed. It is submitted that 
whilst the records of the war are complete and are 
most informative, they require substantial con 
firmation and further expansion by a series of 
carefully-conducted experiments and trials on a 
scale sufficiently large to ensure definite results, 
whether positive or negative. 

Many torpedoes in the war missed their mark, 
because of having insufficient speed to prevent the 
enemy from manoeuvring out of the line of attack. 
To what extent can this speed be increased and the 
striking power of the torpedo intensified ? What is 
the accuracy of fire with aerial torpedoes from the 
air? If it is of a high order, how can battleships 
or purély surface ships be adequately protected 
against damage to the vital organs through the easy 
access by way of funnels and uptakes ? Must not 
the design of the means of emitting the waste 
gases from large surface fighting ships be entirely 
re-designed in view of the possibility of successful 
surprise attack from the air ? 

Aircraft as a defence against air attack form a 
known quantity. Can means be devised whereby a 
capital ship can use them, as a weapon, so that they 
can return to their floating base and land there 
without necessitating the stopping of the ship to 
pick them up from the water. 

There is no type of war vessel so limited in power 
and size as the submarine. This statement is made 
quite apart from considerations of the necessity for 
certain types to operate in shallow water. High 
surface speed can be gained at the expense of 
submerged power, and conversely. In the case of 
the famous British ‘“‘ K ” boats a surface speed equal 
to that of the battle fleet they were accompanying, 
was achieved, but when the battle ground is reached 
such craft require to submerge for safety, being much 
slower than destroyers and more vulnerable in 
consequence. The time for accomplishing the 
diving operation is to some extent proportional to 
the displacement and surface speed, and so con- 
stitutes a weakness in the case of these large and 
fast craft. The submerged speed is only a fraction 
of that of the fleet, and therefore such submarines 
would in practice probably be constrained to fall 
out of the main action. Moreover, the depth 
charge is a very powerful weapon against sub- 
marines. This difficulty of the low submerged 
speed of submarines having a high speed on the 
surface would, if surmounted, give to this type of 
craft a very much greater importance than it has 
to-day, and resolves itself again into the necessity 
for research in the great field of prime movers. 

Unquestionably the Diesel engine possesses many 
great advantages in principle when considered for 
the propulsion of war craft. These have been, if 
anything, over emphasised in the past, yet, progress 
is steadily being made, and the latest news that 
successful trials on shore have been carried out 
abroad, with a six-cylinder submarine engine 
developing some 400 brake horse-power per cylinder 
on a total weight of 44 lb. per brake horse-power, 
marks an advance on the best results in the past. The 
large German engines, it will be remembered, only 
developed 300 brake horse-power per cylinder as a 
maximum on a considerably greater weight than that 
just quoted. The longed-for internal-combustion 
turbine may possibly appear on the horizon. News 
from Germany shows that this type of machine is 
being investigated there. The very nature of this 
problem, however, suggests that its solution will 
come in two stages, the first by way of the enuncia- 
tion of some new principle of heat utilisation and 
the second, by the invention of means and tke 
discovery of materials which will enable the 
principle to be put into successful ope®tion. 
There may be much lapse of time betr®en the 
accomplishment of these two suppositi+°US stages, 
yet, this issue cannot be overloo’®@ In any 
case these reports emphasise t’ Necessity for 





considering seriously the map Problems which 
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arise, bearing in mind the rapidity with which we 
are moving in these mew fields of ‘engineering 
development. 

Considering even the type of marine machinery 
best suited at present for high power production 
on a limited weight there are still many links in 
the chain, from fuel combustion to power output 
at the propeller, upon which little improvement 
has been made for some years. Are these incapable 
of advancement if subjected to the searching and 
analytical light of modern scientific methods ? 

The Navy in the past has relied chiefly upon 
private enterprise to carry out the necessary 
experiments in prime movers, and this system has 
worked well. It must, however, be supplemented 
to-day by Admiralty-conducted experiments. The 
reasons calling for a change in procedure are the 
altered conditions which operate at the present 
time, as has been pointed out by Sir George G. 
Goodwin in the chapter contributed by. him to the 
last issue of Brassey’s Naval Shipping Annual. 

It must be recorded that a certain amount of 
work has been done in this direction in the past, 
and is still being pursued, notably at the Admiralty 
Engineering Laboratory. Much more, in our opinion, 
is, however, required. Firstly, to give a more definite 
aim to such work, in the light of all the advances 
in science made to date, and secondly, to enable 
the lines of work indicated to be more swiftly 
and rigorously pursued. 

Many such advances as would no doubt be made, 
in the direction of the expansion of knowledge of 
scientific facts, or in the happy event of invention 
and discovery crowning such research, would have a 
bearing, remote may be in some cases, on the trend 
of commercial operations. This has been so often 
the case in the past, as, for instance, with water- 
tube boilers, mechanical gearing, thrust blocks, &c., 
that it is quite unlikely that naval engineering will 
now branch off into an entirely different channel 
from the paths which mercantile marine engineering 
must follow. Thus the added advantage of com- 
mercial gain may legitimately be put forward as 
an additional and strong plea for a generous 
consideration of the proposed line of action 0 
naval experiment. and research. ; 








THE CAUSES AND REMEDY FOR 
UNEMPLOYMENT. 

In our issue of April 23, 1920 (page 533), some 
remarks were made on the subject of profits in 
industries and unemployment. At that time orders 
were plentiful, profits good, and there was plenty 
of opportunity for the employment of labour. 
Advantage of this was taken by the Labour leaders 
to constantly demand higher wages, shorter hours, 
&e., while the Chancellor of the Exchequer appeared 
to think that industry could provide unlimited 
money in the form of taxes. We pointed out then 
that the prosperity of our industries was entirely 
dependent on additional capital being continually 
invested, and that this additional capital, moreover, 
can only come out of the profits of the various 
industries. Thus if these profits become small, 
either through high wages costs or excessive taxation 
or both, there will be very little money available for 
investment, and what there is will not be invested 
in industry. Hence trade will get slack and there 
will be a great deal of unemployment. Unfor- 
tunately the anticipations expressed in the article 
referred to have been realised in a very acute form, 
and unemployment has increased to a very serious 
extent. The causes are simple. Owing to the 
rises of wages the prices of various articles rose 
till people ceased to buy, actual orders in hand being 
in many cases cancelled. As all industries are inter- 
dependent on each other this naturally caused a 
slump all round. A few figures will show the reason 
for the tremendous trade boom after the armistice 
and the subsequent slump. During the years before 
the war a great part of the capital which was formed 
by the savings of various people out of their income 
W&s yot invested in this country, but abroad. It is 
obvio™ that as long as this was the case there 
could belittle rise in wages, as such a rise would 
have c@US the few investors who did still invest 
their capital this country to invest it abroad, 
and unemployt.,t would have resulted. The 
position is well ill\trated by the capital issues for 
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1913, i.e., the year before the war. In that year 
the total capital offered for public subscription was 
199,628,000/., or practically 200,000,000/. Of this, 
40,707,0001. was for home purposes and 158,921,0001. 
for other countries. That is to say that only one- 
fifth of the capital issued was for use in this country. 

During the year ending October, 1920, capital 
issues amounting to 422,611,000/. were offered for 
public subscription, of which no less than 
366,213,000/. were for home purposes, or nine times 
as much as in 1913. No doubt a part of this did 
not represent really additional capital, but was 
issued to pay off overdrafts at banks or to capitalise 
reserves. Public issues also do not represent the 
whole of the capital invested either at home or 
abroad as a great déal is invested privately. Making 
every allowance for these points, however, there 
can be little doubt that since the armistice the 
amount of capital invested in industry at home has 
been enormously greater than it was before the war, 
and that a very much smaller proportion of the total 
investments has been sent abroad. The natural 
result has been that all the concerns making plant 
of any kind have been extremely busy, prices have 
been high and profits and wages proportionately 
high. Had the Labour leaders and the Government 
been content to exploit this position only to a 
reasonable extent, there is little doubt that a great 
deal of this prosperity might have continued for a 
considerable time. Unfortunately, however, the 
demands of both have been excessive, with the 
result that prices have become excessive also. 

As a result capitalists have largely ceased to 
invest fresh capital, and others who spend money 
have curtailed their expenditure. All the various 
manufacturing trades are so interdependent on each 
other that a slackness of work in one of them has 
an effect on others, and this rapidly becomes 
cumulative. It is therefore no wonder that there 
is now very serious unemployment. The fact is 
that both the labour leaders and the Government 
have assumed that whatever the prices charged 
for goods, people would have to pay it, and that 
therefore prices could go up for ever without 
damaging trade. This is not so in any branch of 
industry. In the first place there is the fact that 
there are other countries which will produce goods 
cheaper. Even if these put up their prices too, 
however, high prices would prevent people from 
giving orders. It is obvious that no one would save 
money to invest as capital unless there was a 
reasonable hope that a good return on it would be 
obtained. Hence if the price of ships, let us say, 
gets so high that they will not pay, no ships will be 
ordered. This is true of all capital investments, 
and a very great part of the-industries of the 
country is dependent on such investments. With 
regard to articles in daily use the same reasoning 
applies. A very large part of the industry of the 
country consists of making articles which were 
unknown even a hundred years ago, and as people 
did without them then, they can do so now, and if 
prices get too high people will so act. In an 
ordinary way a very large part of the purchases 
made depend on the cheapness of the article. If 
articles are cheap, new ones are purchased on very 
small provocation, while if they are dear the old 
ones are made to do or the articles are dispensed with 
altogether. Very often therefore a rise in price 
means smaller total receipts and therefore less 
money to pay in wages. 

Granting the seriousness of unemployment at the 
present moment, what are the possible remedies ? 
Labour leaders, &c., are calling for unemployment 
grants, &c., and it may be wise to do something in 
this direction as a temporary measure to prevent 
actual starvation, but all such remedies are likely 
to aggravate the disease. It is sometimes forgotten 
that the money taken to make these grants must 
come from somewhere, and that this of itself causes 
unemployment. It sounds very simple to say that 
a rich man must contribute to the maintenance of 
the unemployed, but what actually happens ? 
He has to curtail his expenditure in some way, 
and throws men out of employment by doing so. 
He may, for instance, provide for the maintenance 
of one of the unemployed and sack one of his 
gardeners to enable him to so act. What good 
is this? For every 100/l. distributed among the 





unemployed something over 1OO/. has to be saved 
somewhere by curtailing employment, as there must 
be officfals to manage the collection and distribution 
of the funds raised, and the payment of these means 
that less is distributed to the unemployed than is 
collected from the public. 

In the case of establishing taxation of industries 
to provide for unemployment the case is far worse, 
as a relatively small sum means the difference 
between work being profitable and the reverse. 
Hence the collection of what is needful for the 
maintenance of a small number of unemployed may 
often throw a large number of other men out of 
employment. 

Emigration also is no remedy, for a reduction in 
the numbers in the country means an increase in 
the taxation per head, and this would of course 
again increase costs and throw a proportion of those 
left out of employment. The fact is that there is 
only one remedy, and that is for the cost of pro- 
duction to be reduced. It must be recognised that 
the real employer is always the purchaser of goods. 
Thus the real employer of shipyard hands is the 
man who buys ships, and the firm-who builds them 
simply acts as an agent between the workmen 
and the buyer for a small—often very small—per- 
centage on the turnover. 

It is obvious that, as we have already stated, no 
one can be expected to invest money in ships unless 
they are built at such a price that they will pay, 
and this is true of all capital investment. In fact, 
no one can be expected to buy anything at all 
unless they think it worth while to do so, and this is 
mainly a matter of price. The only real remedy for 
unemployment is, therefore, cheap production. This 
can at the present time be accomplished in two ways, 
namely, either by a reduction in wages or a greater 
output perman. Reduction of taxation on industry 
weuld, of course, also have a material effect. 

It will be observed that we have said nothing 
about the “cost of living.” The fact is that the 
cost of living has nothing directly to do with what 
rate of wages can be given. There appears to be 
an idea in some people’s mind that there is some 
abstract standard of living which is “fair” and 
that the labouring man is entitled to this and no 
more. This is not the case, on the contrary, he is 
entitled to the full value his labour is worth in the 
market at any particular time, just as anyone is 
entitled to the full price of the goods he sells, and 
this varies from time to time. If wages were 
dependent on the cost of living they would have 
gone down during the whole of the last century, 
whereas they very rightly went up owing to the 
greater output per man from the use of machinery. 
The fact is that in main outlines the sale of labour 
follows the sale of any other marketable commodity. 
If large quantities of goods are unsold it is because 
the price asked is too high. To what extent it is 
wise to put up with unsold goods in order to main- 
tain high prices is entirely a matter for those con- 
cerned to settle, but no one having fixed a price for 
what they want to sell higher than the purchaser 
will give is entitled to ask assistance from the 
Government or anyone else in keeping this price up. 





THE ELECTRICITY (No. 2) BILL, 1920. 

Tue Electricity (Supply) Bill, 1919, which was 
introduced in the House of Commons in April, 1920, 
having been dropped, the Government have brought 
forward a new measure to take its place. 

It is manifest that the promoters of the original 
measure have some reason to doubt that it could 
ever become law in its then form, because some 
very important provisions have now disap . 
For example, it was proposed to establish electricity 
boards for various districts, and to confer upon 
those boards the powers of joint authorities. This 
proposal has been abandoned. Again, the first 
Bill made provision for the vesting of generating 
stations and main transmission lines in the district 
boards subject to payment of a standard price. 
These provisions are not contained in the Bill before 
the House. Finally, by Clause 15 (1) of the former 
Bill the Commissioners were empowered to lend a 
sum not exceeding 25,000,000/. to electricity boards, 
joint authorities and authorised undertakers. To 
raise this sum the Commissioners were empowered 
to issue stock, the interest on which might be 
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guaranteed := the .———— “These nese financial 
provisions have totally disappeared. 

Let us now see what the new Bill does do. In 
effect, ite main object appears to be to enable joint 
authorities established under the Act of 1919 to 
get to work. That Act prescribed the duties and 
liabilities of these bodies, but made no provision 
for their expenses. The new Bill purports to do 
this. 

By Clause 1 a joint authority may, subject to 
rules made by the Minister of Transport and the 
consent of the Electricity Commissioners, borrow 
money for (a) buying any generating station or 
main transmission line acquired by them under the 
Act of 1919, or any undertaking or part of an under- 
taking acquired by them under that Act; (6) the 
purpose of any other payment or of any permanent 
work or other thing which the authority are 
authorised to execute or do, the cost of which ought 
to be spread over a term of years. 

Clause 2 empowers the Commissioners to authorise 
a joint authority to issue stock bearing interest at 
such rate as the authority, with the consent of the 
Commissioners, may determine. This stock is to 
be charged upon the undertaking and the revenues 
of the authority. Power is also conferred upon any 
“‘ authorised undertakers ’’ within the area of joint 
authority (including any local authority and any 
local authority, company, or person receiving or 
intending to receive a supply from the joint authority 
to lend money to the authority. Where a local 
authority so lends money the amount lent is not 
to be regarded as part of the total debt of the 
council for the purpose of any limitation on borrow- 
ing under the enactments relating to borrowing 
by the council. 

These, then, are the financial provisions of the 
new Bill. They are intended to enable, and do in 
fact enable, a joint authority to borrow money ; 
but there is nothing in the Bill to permit the 
Government to advance money or even to guarantee 
the interest on such loans as may be secured. 
The question whether any joint authority will be 
able to raise any money on any terms is matter for 
conjecture. The prospect is not very bright having 
regard to the stringency which now prevails 
everywhere. 

There is another clause in the Bill[which will 
certainly not do much to assist a joint authority 
to raise money. It is Clause 13—that which limits 
the prices to be charged for electricity. It enacts 
that the prices to be charged shall be so fixed that 
over a term of years to be approved by the Com- 
missioners their receipts on income account shall 
be sufficient to cover their expenditure on account 
with such margin to cover deficiencies as the 
Commissioners may allow. Moreover, the Com- 
missioners may make such modifications in the 
prices charged by the undertakers as they may 
think necessary to secure that the benefit of any 
reduction in the cost of production shall ensure to 
consumers. In other words, a joint authority 
is not to be a profit-making concern ! 

Clause 5 of the Bill makes further provision for 
the expenses of the Commissioners, which, it should 
be noted, are made a charge upon the industry. 
Each undertaker in the country has to pay his 
quota according to the number of units supplied 
by him, and if he fails to make such return as will 
enable the Commissioners to make a precise calcu- 
lation, the Commissioners may make an estimate of 
their own. 

There is one clause in the new Bill which under- 
takers may regard with some apprehension. It is 
that which sets forth the powers exercisable when 
authorised undertakers are said to be unable or 
unwilling to give facilities. 

No one is likely to have much sympathy with 
those empowered to supply a commodity useful to 
the public who are unwilling, for insufficient reason, 
to perform their statutory duties; but when the 
plea is “inability,” the causes of that inability 
must be inquired into. 

The Bill provides (by Clause 8) that the Com- 
missioners may on the application of any joint 
authority, after hearing the parties interested, by 
order require any authorised undertakers to give 
such reasonable facilities for the supply of electricity 
within their area of supply as may be specified in the 
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onion: If the eaietabens ane: are “unable or un- 
willing” to comply with this requirement the 
Minister of Transport may either order that their 
undertaking shall be sold to the joint authority 
on compulsory purchase terms or else that the joint 
electricity authorities shall have power to supply 
electricity within the area of supply of such under- 
takers. 

This clause, if it becomes law, will seriously 
affect the rights and privileges reserved to under- 
takers by the Act of 1919. By that Act the Com- 
missioners were not given power to allow a joint 
authority to supply electricity in the area of an 
authorised distributor or power company without 
the consent of these bodies, It is true that consent 
could not be unreasonably withheld; but it is 
difficult to see how any body of persons having been 
solemnly vested by Parliament with a sort of 
limited monopoly to supply in a particular area 
can be said to be “ unreasonable ’’ if they object 
to a rival entering the field. So far as one can see 
by reading the proposed clause the Commissioners, 
in deciding whether a refusal is reasonable or not 
are entirely unhampered. As regards compulsory 
purchase objections cannot be urged with the same 
force. It is an eventuality against which the pro- 
prietors of many electrical undertakings have had to 
provide. 

There is one clause in the new Bill which is sure 
to commend itself to those who supply electricity. 
The legislature proposes to materially shorten the 
period within which application must be made for a 
revision of‘maximum prices. The events of the last 
five years have shown that the production of 
electricity like the production of every other product, 
has been seriously affected by the rise in price 
of commodities and the great demands of labour. 
By an Act passed in 1899 maximum prices or 
methods of charges might be altered every seven 
years. Seven years was found to be too long a 
period even before the war ; and in 1909 the period 
was reduced to five years. Now the exigencies of 
the times having proved that even five years is too 
long, it is proposed (by Clause 14 of the Bill) to 
alter it to three. It is also important to note 
that whereas under the existing Acts the power to 
alter the price only exists where electricity is 
supplied by undertakers who are not a local 
authority, it is now proposed to enable a local 
authority to apply for power to alter its charges. 
The application is to be made not to the Electricity 
Commissioners. but to the Minister of Transport ; 
but having regard to section 39 (2) of the Act of 
1919, it is probable that the duty of deciding 
whether an increase shall be made and its amount, 
would be transferred by the Minister to the Com- 
missioners. 





THE DEVELOPMENT OF THE AERO 
ENGINE. 

ALTHOUGH it must be admitted that man 
succeeded in flying by means of gliders before the 
advent of a practical aero engine, few people will 
dispute the statement that the development of 
aerial locomotion has been, and still is, mainly 
dependent upon the production of the most suitable 
form of prime mover. In view of the importance 
of the matter it is therefore fitting that aero engines 
should form the subject of the Howard Lectures 
of the Royal Society of Arts, the first of which was 
delivered on Monday last by Mr. Alan E. L. 
Chorlton, C.B.E. 

Even as far back as 1809, Mr. Chorlton pointed 
out, it was realised by Sir George Cayley that 
practical flying was dependent upon the production 
of a prime mover capable of exerting more power 
in proportion to its weight than an animal system 
of muscles. Sir George seems also to have realised 
the possibilities of the internal-combustion engine 
in this connection, since he called attention to the 
advantage of using “the expansion of air by the 
sudden combustion of inflammable powders or 
flints.”” Actually an internal-combustion engine, 
due to Robert Street, had been previously described 
in this country, as far back as 1794 in fact, but 
Sir George Cayley seems to have been unaware of 





this. His suggestion that an engine might be pro- 


| duced by “a gas-light apparatus and by firing the 


inflammable air generated with a due proportion 





of common air — a , piston ” is interesting since 
ittrepresents the modern aero engine more or less 
exactly. 

We do not propose to follow Mr. Chorlton’s 
account of the development of the internal-com- 
bustion engine and steam turbine, which he regards 
as the only prime movers at present worth con- 
sideration for aviation work, since the main facts 
brought forward are probably familiar to most of 
our readers. The main reason for considering the 
steam turbine at all is on account of its greater 
reliability. From the points of View both of weight 
per horse-power and thermal efficiency the turbine, 
even considering its most recent developments, 
may be said to be hopeless in comparison with the 
internal-combustion engine. Using Mr. Chorlton’s 
figures, however, it may be interesting to note the 
improvements made in the thermal efficiencies of 
steam engines and heavy-oil engines during the last 
thirty or forty years. A compound reciprocating 
steam engine tested in 1884 had a brake thermal 
efficiency of 9-7 per cent., while the corresponding 
figure for a condensing turbine tested in 1914 was 
16-6 per cent. With heavy oil engines, however, 
the improvement in brake thermal efficiency has 
been from 10°5 per cent. in 1890 to 35-1 per cent. 
at the present time. These efficiencies were 
certainly obtained with stationary engines in which 
the question of weight was of secondary importance, 
but they serve to indicate that the internal- 
combustion engine is capable of producing more 
than twice as much power, for a given expenditure 
of fuel, as a steam turbine. Before leaving the 
subject of steam for aerial propulsion a brief 
reference should be made to the steam plant pro- 
duced by Sir Hiram Maxim in 1894 for propelling 
his aeroplane. This plant, which was illustrated 
and described on page 158, of our fifty-eighth 
volume, comprised a high-pressure compound re- 
ciprocating engine and a water-tube boiler of the 
Thornycroft type fired with petrol and generating 
steam at a pressure of 320 lb. per square inch. 
The total weight of the plant, which was capable of 
developing 350 h.p., was 2,000 lb., so that the 
weight per horse-power works out at 5-7 lb. This 
was certainly a remarkable achievement, and it 
is doubtful if it could be improved upon materially 
at the present time. 

After explaining the constant-pressure, constant- 
volume and Atkinson cycles for internal-combustion 
engines, the lecturer dealt with the development of 
engines of this type for purely aeronautical pur- 
poses. As the first really successful engine used 
for flight he instanced that of the Wright Brothers 
used about 1903. This engine was of the constant- 
volume type, having four vertical cylinders, each 
4} in. in diameter by 4 in. stroke, and it developed 
24 brake horse-power at 1,200 r.p.m. The weight 
of the engine was 210 lb. or 8°75 lb. per brake 
horse-power, and the petrol consumption amounted 
to 0°825 lb. per brake horse-power hour, giving a 
brake thermal efficiency of 15:5 per cent. Another 
early aero engine used in France was the Antoin- 
ette. This was a eight-cylinder, vee-type engine 
giving 49 brake horse-power at 1,100 r.p.m., and 
weighing 265 lb., or 5:4 lb. per brake horse- 
power. Considerable historical interest attaches to 
another early French aero engine, viz., the Anzani 
engine, since this was used by Blériot in the 
first cross-Channel flight in July, 1909. The 
Anzani engine was of the three-cylinder radial 
air-cooled type and it developed 25 brake horse- 
power at 1,400 r.p.m. Its weight per brake horse- 
power was slightly higher than that of the Antoinette 
viz., 5°6 Ib., but the petrol consumption was com- 
paratively low, amounting to only 0-6 Ib. per 
brake horse-power hour; the brake thermal effi- 
ciency would thus be 21-2 per cent. 

The development of aviation in the early days 
is, however, largely due to the Gnome engine 
designed in France by M, Seguin, and this engine 
was the forerunner of the radial air-cooled rotary 
type which is still extensively employed at the 
present time. The earliest design had five cylinders, 
3°94 in. in bore, with a piston stroke equal in length 
to the diameter, and this engine was followed by 
the well-known seven-c er 50-h.p. model. 
These were considerably lighter than any 
of their contemporaries and were very widely used, 
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their success, in Mr. Chorlton’s opinion, being partly 
due to their accessibility and to the ease with which 
they could be mounted in and removed from the 
machine. The fuel and oil consumptions were, 
however, distinctly high in comparison with 
stationary engines of the time. 

In addition to those above-mentioned the follow- 
ing aero engines were in use before 1910: The 
Green, Wolseley, Pipe, Aster, Renault and Panhard, 
most of which have been illustrated and described 
in these columns, The weights per brake horse- 
power of these engines were 3°94 lb., 5-6 lb., 5-3 Ib., 
4°75 lb., 7°4 lb., and 7°5 lb., respectively. These 
figures, it may be mentioned, are all higher than 
that for the Gnome engine, which was 3°8 lb. per 
brake horse-power. Since this time aero engine 
development has been rapid, and numerous different 
mechanical types have been produced. At the 
German aero-engine trials in 1913 seventeen engines 
were tested including the Benz, Mercedes-Daimler, 
Argus, N.A.G., Mulag, Schroter, Bayerischen, and 
Gyro engines. Most of these were of the vertical 
type, but the two last-mentioned were rotary 
engines. It is interesting to note that these two 
rotary engines had the largest weight per horse- 
power of any in the trials, the figures for the total 
power plant being 9°10 lb. and 9-07 lb. per brake 
herse-power, respectively. The lightest engine was 
the Benz, the corresponding figure for which was 
4°48 lb., but it should be mentioned that this engine 
developed 101°2 brake horse-power, as compared 
with 37:4 brake horse-power and 38-7 brake horse- 
power, respectively, for the rotary engines. The 
Benz engine obtained the first prize in the German 
trials, and gave the remarkably low fuel consump- 
tion of 0°47 lb. per brake horse-power hour. 

In the British War Office trials held in 1914, 
the vertical type engines competing were the 
Argyll, Beardmore, Austro-Daimler, and Green, 
while vee-engines were represented by the Sunbeam 
and the Wolseley F 2 and Wolseley Renault engines. 
The only rotary engine was the British Gnome 
Monosoupape, but four radial engines were tested, 
viz., the British Anzani and three Salmson Canton- 
Unné engines, with seven, nine and fourteen 
cylinders respectively. The fourteen-cylinder 
Salmson engine developed 185 brake horse-power, 
and was the most powerful engine entered, but 
the lowest fuel consumption was reached by the 
Sunbeam engine, which consumed 0:53 Ib. per 
brake horse-power hour. The speed of this engine, 
it may be pointed out, was 2,046 r.p.m., whereas 
most of the others ran at between 1,200 r.p.m. 
and 1,300 r.p.m. The Gnome Monosoupape gave 
the lowest weight of power plant per brake horse- 
power, the figure for this engine being 6-60 lb. 
This weight, however, was only slightly exceeded 
by the Sunbeam,’ fourteen-cylinder Salmson and 
Beardmore engines, the corresponding figures for 
these engines being 6°84 Ib., 6°95 lb. and 6°96 lb., 
respectively. Fuel consumptions in these trials 
ranged from the figure given above for the Sunbeam 
engine to 0°95 lb. per brake horse-power hour in 
the case of the Anzani engine, while that of the 
Gnome was about 0:7 lb. per brake horse-power 
hour. 

Mr. Chorlton finally considered the relative 
importance of engine weight and fuel eeonomy in 
connection with commercial aviation, choosing for 
the purpose a service such as that between London 
and Paris, involving regular flights of 24 hours’ 
duration. He assumed power units of 500 brake 
horse-power weighing 1-5 Ib., 2-5 lb., and 3-5 Ib. 
per brake horse-power, and having fuel and oil 
consumptions of 0-6 Ib., 0:5 Ib. and 0-45 Ib. per 
brake horse-power hour, respectively. The weights 
of the power unit, fuel and oi] in these three cases 
would be 1,500 Ib., 1,875 Ib. and 2,312 lb., respec- 
tively, so that the saving in weight between the 
lightest and heaviest engines, would be 812 lb., which 
is about equivalent to the weight of five passengers. 
The difference in weight between the medium and 
lightest engines is 437 lb., which is equal to the 
weight of three passengers. The machine with the 
lightest engine could carry 10 passengers, while 
the other two machines would carry eight passengers 
and five passengers each, so that with a 10-guinea 
fare, the earning powers of the three machines would 
be 5,250, 4,2001. and 2,625/, respectively, in 





50 flights. The cost of fuel at 4s. per gallon for the 
50 flights comes out at 1,0001., 8331. 6s. and 750I., and 
as the earning powers are so large in comparison 
with the fuel costs, it would certainly appear that 
the lightest engine is the best commercial pro- 
position. Even making an allowance for the more 
frequent overhauls likely to be required by the light- 
engined machine, the net earning powers given by 
the lecturer for the three machines were 4,1251. 
3,3041. 3s. 4d. and 1,833/. 7s. In arriving at these 
figures no allowance was made for the difference in 
first cost of the engines or for working costs other 
than fuel and overhauls, but the other operating 
costs would probably be much the same for each 
machine, and it is hardly likely that they would 
alter the main conclusion that the weight of the 
engine is of primary importance for the class of 
service considered. It also by no means follows 
that the difference in fuel consumption would so 
greatly favour the heavy engine, and, if the con- 
sumptions were more nearly equal, the advantage 
of the lightest engine would be still more marked. 

The second lecture of the course will be delivered 
on Monday next at 8 p.m. and will deal with aero- 
engine developments during the war. 





CARBONISATION 
OILS IN 
ENGINES. 


Tue lubrication of internal-combustion engines 
offers problems which little affect the steam engine, 
even when the steam is superheated. Temperatures 
will locally rise to heights far above the averages ; 
speeds are exceptionally high ; in addition to partial 
oil distillation and oil leakages there is a possibility 
of oil cracking and of dilution of the lubricant by the 
fuel oil, as well as of contamination of the fuel by 
the lubricant; as a final consequence more or less 
charred particles will clog the machinery. The latter 
troubles have diminished with the perfection and 
the increased adaptability of the gearing of the 
engines, but they remain serious. Ten years ago 
text-books on lubrication and on tests of lubricants 
did not speak of the “ carbonisation ” of a lubricant, 
a term which has come into fairly common use. 
It is not a good term. Carbonisation sounds like 
an alternative for what was known, and is known, 
as coke value of the oil. But engineers and chemists, 
particularly over in America, do not mean actual 
coking by carbonisation ; they refer to the thicken- 
ing of the oil, before actual coking takes place, to 
a more or less asphaltic mass which is troublesome 
in itself and which the prolonged heating transforms 
into a coky crust. The paper on “Carbonisation of 
Lubricating Oils in Internal-Combustion Engines,” 
which Mr. Frederic H. Garner, of the Mellon 
Institute of Industrial Research, University of 
Pittsburg, communicated to our Institution of 
Petroleum Technologists last Tuesday, dealt chiefly 
with this aspect of the problems. Dr. Ormandy, 
who gave an able abstract of the long paper, in the 
author’s absence, mentioned that he himself would 
speak of “ resinification ” rather than of carbonisa- 
tion, though the word could not be considered 
beautiful. Whatever the term, however, chemical 
engineers have to translate the requirements of 
the engineer for efficient lubrication into definite 
properties to be ascertained by laboratory tests and 
to correlate these tests of lubricating oils with 
those obtained by actual engine tests. Perhaps it 
would be better if we learned to rely more on actual 
engine tests. As a contribution to special labora- 
tory tests of lubricants for internal-combustion 
engines and to the general problems involved, 
Mr. Garner’s paper is, however, certainly very note- 
worthy and valuable. Opening the discussion on the 
paper, Mr. L. Archbutt confessed to a feeling of 
indigestion ; the paper deserved and required very 
careful study. 

Mr. Garner discussed in particular the connection 
between evaporation loss, carbonisation and coking 
value and other properties of lubricating oils. 


OF LUBRICATING 
INTERNAL COMBUSTION 





to be something like 100 deg. C. or more’ below the 
initial boiling-point of the fraction. The degree of 
carbonisation is usually determined simultaneously 
with the evaporation loss. By degree of c&rbonisa- 
tion Mr. Garner understands the amount of 
asphaltenes produced by exposing the oil to high 
temperatures. An oil, a cylinder stock, e.g., may 
contain, in addition to simple hydrocarbons, both 
asphaltenes, i.e., compounds which remain insoluble 
when the oil is for analytical purposes dissolved in 
alcohol-ether or in normal benzene, and asphaltic 
resins, which are difficult to separate and are 
removed by filtering the oil through animal charcoal. 
According to Holde and Eickmann, the carbonisation 
depends upon the proportion of asphaltenes 
originally present, and this is confirmed by Garner. 
The asphaltic resins, held responsible for the dark 
colour of some oils, may constitute an intermediate 
stage in the formation of the asphaltenes, which are 
produced at all temperatures when the oil is exposed 
to sunlight; to render their estimation possible 
within a few hours the temperature must be raised 
above 150 deg. C. For the determination of the 
coking value the evaporation must be rapid and take 
place in the absence of air; this determination is 
thus in a measure a cracking process, and a high 
boiling-point will in general mean a high coking 
value. 

In the internal-combustion engine evaporation 
and carbonisation proceed simultaneously with their 
various effects, owing to the large temperature 
ranges in the engine. As to these, Mr. Garner 
quoted from the figures of Callendar and Dalby, of 
Hopkinson and of Coker and Scoble (a), supple- 
mented for petrol engines by A. Niigel, by A. Peter- 
son and by A. H. Gibson (1920) (b). These estimates 
are in degrees Centigrade: Maximum gas tempera- 
ture (a) 1,500, (b) 1,650 to 1,850; piston, centre 
of face and edge (a) 400 and 200, (b) 400, — ; centre 
of exhaust valve (a) 400, (6) 706 and 752; cylinder 
head (a) 100 to 250, (b) 200 to 239; crank-case 
(a) —, (6) 40 to 110. On the cylinder walls, oil films 
will hardly be exposed to temperatures much ex- 
ceeding 150 deg. C. The crank-case will be cooler, 
during the suction stroke of the 4-cycle engine, 
moreover, the pressure in the crank-case will be 
higher than in the combustion head, and oil will 
therefore leak into the cylinder. The amount of 
leakage will depend upon various factors, the effec- 
tiveness of the piston rings being one of them. 
We hardly see why most of the oil should enter 
the combustion space as a spray, as Mr. Garner 
suggests ; Dr. Ormandy accentuated capillary creep- 
ing. Whether or not the spray be the chief source 
of charred carbon, and whether large droplets would 
incompletely be burnt, we agree that for internal- 
combustion engines the coking value will be more 
important then the gradual carbonisation at pro- 
longed relatively low temperatures. As regards the 
adsorption of fuel oil or vapour by the oil films, 
Mr. Garner drew attention to an observation by 
J. B. Garner that paraffin-base oils adsorb gasoline 
more readily than asphaltic base oils do. These 
various processes will lead to rapid carbonisation and 
charring of the oil films or sprays by the explosion 
flame, as well as to gradual carbonisation of films, 
at temperatures between 200 deg. and 400 deg. C. 
A point to which Mr. Garner did not refer is that 
the originally smeary oil films will retain the mineral 
ashes of the fuel, the dust and smoke particles 
drawn into the engine, and the metallic dirt from 
the wearing gear. Those troubles need not be 
considered in the oil test, however, except in so far 
as attacks of the metal by the oil come into question. 

In investigating these problems Mr. Garner has 
studied a series of lubricating oils from Penn- 
sylvania petroleum (typical for paraffin-base 
crudes) and from Texas (representing asphaltic-base 
crudes), determining also the general physical pro- 
perties and the distillation range, mostly in a vacuum 
of 4 mm. He has further devised a method of 
estimating the asphaltic resins. The results of his 
comprehensive research are embodied in many 


The evaporation loss is linked up with the range of | tables and curves which must be studied in the 
distillation, as determined in a partial vacuum and | original. All oil-testing is empirical. Various 


by means of superheated steam, with the vapour 
tension and the flash and fire points, and these points 
are strongly influenced by small amounts of gasoline. 
Holde found the flash-point of fractions of naphtha 


| solvents and chemical reagents are used ; the char- 


coal employed as adsorbent is subsequently ex- 


‘tracted again with various solvents ; temperatures 
‘and pressures and time-periods vary, and the results 
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are influenced by all these factors, and hence depend 
largely upon experimental detail. Charcoal in par- 
ticular has pronounced selective effects. Treating 
various Texas oils with animal charcoal (also with 
fuller’s earth) and then extracting the charcoal 
with petroleum ether at various temperatures Mr. 
Garner found that all the oils gave similar hyper- 
bolic curves when extract percentages were plotted 
against time. As the percentage of oil to charcoal 
is increased all the curves become flatter. Dr. 
Ormandy suggested, one might assume that the 
charcoal first absorbed the long (or big) mole- 
cules present in oils, then the shorter, and finally 
the smallest molecules; the biggest molecules 
would be those of asphaltene compounds. Some of 
these constituents (the resins) are irreversibly 
absorbed, i.e., they cannot be extracted again by 
solvents like chloroform, which otherwise would 
dissolve them, and as the percentage of charcoal 
is increased this proportion of irreversibly-held 
constituents is increased. These points are im- 
portant for testing. 

The carbonisation and coking values were deter- 
mined in a Conradson apparatus, about the value 
of which opinions differ. As used by Mr. Garner 
it is a copper cylinder, provided with a heavy 
magnesia jacket, near the bottom of which two re- 
sistance coils are placed, the one for heating up, the 
other for maintaining the temperature constant 
within + 2 deg. C. up to 250 deg. C. or even 350 deg. 
C. On a shelf in the upper part of the cylinder are 
placed, on glass tripods, dishes for the oil, aluminium 
pans 2-5 in. diameter, 0°5 in. deep; air is drawn up 
the cylinder by a fan turning at about 5 r.p.m. on 
its vertical shaft during the carbonisation. This 
carbonisation test therefore is really an oxidation 
test; the asphaltene formation would not take 
place if the oil were heated in a nitrogen atmo- 
sphere, but the atmosphere in an internal combus- 
tion engine is, of course, oxidising. The heating in 
the Conradson furnace lasted about four hours, the 
temperature being raised to 200 deg. C., and in the 
case of the Pennsylvania cylinder stock to 300 deg. C. 
Some of these latter refined oils gave no asphaltene 
at all, whilst unrefined oils yielded over 2 per cent. 
of asphaltene. In most cases the amount of 
asphaltene found—about 1 per cent.—was about 
halved by refining. The asphaltic-resin rose to 
7 per cent. in drum refined cylinder stock. These 
cylinder stocks, refined or not, also gave the highest 
Conradson coke values, up to 5 per cent, whilst the 
ordinary distillates all left less than 1 per cent. of 
carbon. Mr. Garner did not explain his method of 
performing the coking test in detail. As we have 
stated already both the Conradson coke and the 
carbonisation were found to depend upon the 
amount of asphaltic resin originally present in the oil. 

As regards evaporisation losses of lubricating 
oils of similar boiling points, the oils derived 
from Texas and Pennsylvania crudes hardly 
differed at all. With rising temperature the 
evaporation loss increased rapidly, especially above 
the fire-test temperature. The higher the flash 
point, the lower, in general, is the amount of 
asphaltenes formed in a given time at a given tem- 
perature, the chief factors being the boiling-point 
range of the oil and the impurities present in the 
original oil. 

Turning to the correlation of laboratory and 
engine tests, Mr. Garner drew attention to the paper 
on “Liberty Aero Oil” which Mr. W. F. Parish 
read last year before the American Society of Naval 
Engineers. The object of those tests was to 
develop a m/‘neral lubricating oil for stationary 
aero engines of the vertical type. Eleven oils were 
tested in five engines. The oils used were distillates 
from asphaltic-base petroleum and stock-blended 
oils from paraffin-hase and mixed-base petroleum. 
The distillates answered much better as to efficiency 
and coking than the blended oils, and the Conradson 
test proved a better criterion for the behaviour of 
the oil in the engine than the carbonisation test, at 
any rate with respect to the deposition of carbon. 
The most satisfactory oil tested gave a large amount 
of carbon which blew out of the exhaust. This oil 
was of high acidity, which will please Messrs. South- 
combe and Wells, who mix fatty acids with the 
oils. Oils of high acidity are not generally recom- 
mendable for aircraft engines, however. Mr. 


Garner would prefer for that purpose a paraffin- 
base distillate of high viscosity, to be produced by 
combined steam and vacuum distillation. He 
would not require high-boiling points for blended 
aircraft oils, since castor oil, which is efficient 
for aircraft, undergoes rapid polymerisation at 
300 deg. C.; the low evaporation of castor oil at 
250 deg. C. is much in its favour. 

The intricate detail of the paper, the discussion 
which it called forth and the long, very useful 
literature list which Mr. Garner had added to his 
communication—158 papers and books, very largely 
of quite recent origin—make one doubt whether we 
are on the right track with our researches on 
lubrication. Dr. Ormandy admitted that he could 
not claim to have studied a third of the literature 
in Mr. Garner’s list. Sir Frederick Black, the chair- 
man, remarked that few members present might 
be able to claim as much. Those papers may con- 
tain a great deal more than is generally known, and 
we have no wish at all to depreciate the work done 
on lubrication. Engineers call for safeguards and 
standard specifications. But we are, perhaps, in 
a hurry in drawing up specifications. Most of the 
rules are merely empirical, and not based upon 
properiy organised research. Chemists do not 
pretend to understand the constitution of oils. 
They believe that the oils become polymerised and 
modified during the tests and while doing their 
duty as lubricants ; but they do not know to what 
extent these modifications run parallel. It is cus- 
tomary to ascribe certain important functions to 
the unsaturated hydrocarbons, and some tests are 
based on that assumption. Mr. E. A. Evans 
rightly questioned the justification of that assump- 
tion. We really should attempt, Dr. Ormandy sug- 
gested (and we agree), to build up lubricants from 
synthetical products. We also repeat that engineers 
might rely more on actual engine tests than they do 
at present. Some scrapped engines might be 
utilised for such purposes. To act on either of 
these suggestions would not mean to disregard the 
useful knowledge already compiled. That know- 
ledge will render any new line of research Jess ven- 
turesome and expensive than it would otherwise 
be, and will retain its value. 








NOTES. 
ELECTRONS. 

It would be difficult to find a more admirable 
example of the exposition of a highly technical 
subject in simple terms than was furnished by 
Sir William Bragg at the meeting of the Institution 
of Electrical Engineers on the 13th inst. The 
occasion was the twelfth Kelvin lecture and the 
subject was “ Electrons.’’ It is unfortunately not 
unusual after lectures of this order for one to hear 
the remark that the lecture was perhaps more 
suited for the study than for the auditorium, and 
that it would be of value for purposes of reference 
in the future. This faint praise need not be applied 
to Sir William Bragg’s address. It will in due 
course make an admirable contribution to the 
Institution Journal and will no doubt be widely 
read in that form, but the discourse on the 13th 
inst. was in every sense a lecture intended to be 
understood by those who listened to it. In spite 
of the abstruse nature of the subject, it could be 
understood. It was clear, interesting and witty, and 
formed, as we have said, an admirable example of 
how a technical lecture could and should be pro- 
duced. It is impossible to attempt a résumé of 
the lecture in a brief note. The genius of Sir 
William Bragg was necessary to compress his sketch 
of the basis of modern physics into an hour, and we 
cannot pretend to compress it further into a few 
lines. Briefly, the lecture was an explanation of the 
nature of the electron, as far as that is known, and 
an exposition of the fundamental place which this 
electron takes in modern physical theory. 


Srraicrs Line PROMOTION. 

The cause of industrial unrest was traced by 
Mr. F. M. Lawson in a paper on “The Future of 
Industrial Management,” read before the Royal 
Society of Arts on Wednesday last, to the control 
of industries by men who have not a thorough 
grounding in the processes and methods of manu- 





facture for which they are responsible. Mr. Lawson 





to illustrate his point, took the example of a firm 
founded in a small way by one man, and ‘carried 
on after his death by his son, whose training, as 
the author put it, fitted him better for a Member 
of Parliament than a leader of men in industry. 
Unfortunately for Mr. Lawson’s case he took the 
extreme example of a young man with a college 
education entering the works for the first time at 
the age of 22. We are rather at a loss to reconcile 
the shrewd characteristics of the father, as depicted 
by Mr. Lawson, with the training of his son, at 
least so far as concerns the engineering industry. 
It would naturally be imagined that the keen judge 
of men and affairs as represented in the founder, 
would realise that above all thorough training would 
be necessary for his successor. To leave the lad 
to grow up till 22 and then give him a smattering 
of the work, is a policy which no engineer would at 
any time subscribe to. While, therefore, we cannot 
follow Mr. Lawson in all the argument which he 
subsequently builds up, we are altogether at one 
with him in believing that thorough knowledge is 
essential, not only of processes but of men. It has 
always been one of the great assets of our pro- 
fession that apprenticeship brings with it a know- 
ledge of mankind which it is impossible to secure 
in any other way, and this has undoubtedly proved 
of immense value to engineers in subsequent 
years. But we consider it impossible nowadays 
for the heads of affairs to have training in 
every branch of work with which they may 
be connected, and to assume responsibility only 
when that has been concluded. Obviously with 
new industries developing constantly, if an old 
firm is to survive, it must adapt itself to the 
time, and the existing heads cannot retire to the 
bottom of the ladder to start again. Mr. Lawson’s 
parallel of the mercantile marine is not quite com- 
plete, for though legislation prevents any but 
a qualified man running a vessel, the actual ship- 
owner may be quite a different class of individual, 
and it is very difficult to see what legislation could 
possibly be introduced to cover him. The works 
manager is, as a rule, selected because of his qualifi- 
cations, and we doubt whether the influence of the 
incompetent son has been so great as Mr. Lawson 
imagines. Much that Mr. Lawson brought out is 
true, but the world is not now made up of one-man 
businesses. It is questionable whether in the 
great developments of the last half-century, any 
precautions could have been taken to perpetuate 
the personal factor in the degree to which it had 
effect in the earlier days of those who have a 
reasonably long span of life to look back on. 
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Tue functions fulfilled by a navy in safeguarding 
the material interests of a nation are so manifold, 
that the less conspicuous, but equally indispensable 
may fail to receive the acknowledgment they 
deserve. The public need instruction in order to 
determine the relative importance of these functions, 
to recognise their efficiency in preserving the country 
inviolate from attack and in securing immunity 
from disaster. In describing the naval operations, 
Sir Julian Corbett has thrilled us by his vivid 
pictures of the exciting but short-lived struggle 
between the powerful belligerents. The protective 
and long-continued services of the Navy in distant 
waters demands equally full description, and Mr. 
Fayle has proved himself an admirable exponent 
of the achievements that were of equal, if not of 
greater importance in upholding the determined 
defence successfully offered to the Central Powers 
coalition. 

Where so much has been accomplished the tale 
is necessarily long, and overlapping cannot be com- 
pletely eliminated, but it would be a matter for 
infinite regret if the public wearied of the recital, 
or the distinguished authors failed to sustain the 
interest attaching to the earlier volumes of the 
series. Seldom have we seen such a happy and 
harmonious arrangement that permits a wide out- 
look and comprehensive view of great problems, 
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and at the same time offers a patient and pains- 
taking description of technical details of minute 
strategical operations. But at present the history 
covers only the first few months of the war, and we 
cannot but hope that some plan of selection and 
condensation will be adopted, that without sacri- 
ficing lucidity or completeness, will permit an 
accurate delineation of the conflict in which the 
broad outlines of the distinctive features ‘are 
neither obscured by minuteness nor distorted by 
incomplete perspective. 

Mr. Fayle’s plan is admirably adapted to exhibit 
all the facts that affected the conduct of seaborne 
traffic. His statement of the factors that made for 
or against the success of surface commerce-raiders 
is clear and precise. Also the reader can judge the 
extent to which the precautions adopted succeeded 
in preventing that paralysis of traffic on which the 
enemy relied for promoting panic and damaging 
credit. Whatever mistakes the Germans have 
made in their estimate of English conduct and 
resolution, they were perfectly aware that on the 
economic and commercial side, Great Britain was 
the mainstay of the Alliance, and they perfectly 
understood the imperative necessity imposed on 
this country of maintaining the import and export 
trade practically intact, if she was to place her 
financial and industrial resources at the disposal 
of her allies. Here was possibly a vulnerable point 
in the defence, and from the first hours of the war, 
Germany laboured to cripple our communications 
and interrupt our traffic. The deadly operations of 
the submarine which struck at the very heart of our 
maritime communications, but the history of whose 
effects belong to a later period than that covered 
by this volume, was but a continuation of the same 
policy that at the outset placed, as far as was 
possible, swift cruisers along every trade route and 
at every focal centre of transport, hoping thereby 
to work such havoc and inspire such terror, that no 
ship would venture from the harbour of refuge, in 
which she happily found herself. Very little was 
effected, though the prize was great and tempting. 
The enterprise of many generations had rendered 
British shipowners pre-eminently the carriers of the 
world’s traffic, and probably no less than one-half 
of the whole tonnage of the world was controlled by 
British traders. The plan failed ignominiously, and 
Germany must have felt bitterly the contrast 
exhibited by her severed marine connections and 
reduced oversea trade with the freedom of motion 
enjoyed by the British mercantile traffic and that 
of our allies. 

The author traces each trade route, shows the 
disposition of the British and enemy ships, and 
accounts for every loss sustained, as fortune 
favoured one side or the other. This detailed 
treatment adds both to the interest and to the 
clearness of the story. The excellent maps pro- 
vided are of further assistance in following the 
development. Of particular interest is the descrip- 
tion of the changes wrought in seamanship by 
improved machinery and the adoption of an enlarged 
technique. The introduction of steam, the possi- 
bilities of rapid communication by submarine cable 
and the use of radio telegraphy, have so altered the 
methods of commercial navigation that any com- 
parison with the tactics and strategy pursued in 
earlier wars conveys few lessons and is of little 
service. The absolute effect of modern devices 
and processes is, however, fully considered, and the 
conclusion is drawn that the result of quicker 
movement and greater frequency of communication 
tended to favour the defence of commerce against 
the attack of raiding cruisers. The importance of 
such details is much diminished by the weightier 
problem of averting a collapse of credit, and of 
maintaining unimpaired the delicate machinery 
which controls the commerce of the world. It is a 
commonplace, but one whose influence is often 
overlooked, that notwithstanding the colossal pro- 
portions to which the volume of trade has grown, 
the capital of merchants invested is now much 
smaller relative to the extent of their transactions 
than it was in earlier wars, and that as a consequence 
the greater part of the cargoes at any time afloat is 
not the property of the producers or the merchants, 
but of those who have discounted the Bills of 
Exchange representing the purchase price of the 





goods, holding as security the Bills of Lading 
and the policies of Marine Insurance. Hence the 
solvency of the great houses depends on the safe 
arrival of the cargoes, and the processes of inter- 
national commerce and finance are so interlocked, 
that the temporary collapse of any one of the 
credit markets of the world reacts on all the rest 
and tends to produce a dislocation of credit. It 
is essential that all financial interests should be 
adequately protected against the risk of losing the 
goods which formed the security, and equally 
essential to the free movements of cargoes, that the 
fabric of credit should be maintained. “‘ For great 
Britain, both phases of the problem were of equal 
importance ; no other country was so dependent for 
the necessaries of life on the uninterrupted flow of 
seaborne traffic; no other country had so heavy 
a financial stake in the movement of the world’s 
commerce.” 

In face of the threatening crisis which could so 
easily spell disaster and ruin, we are reminded that 
the measures taken by the Government were as 
prompt and creditable as they were happy in their 
results. The gibbeting of the shortcomings of the 
Government, real or imagined, is of such frequent 
occurrence, that we are all firmly persuaded of its 
incompetence when foresight and decision are 
needed. The authors’ description of the policy 
pursued is therefore refreshing. The authorities 
were by no means so indifferent or so unprepared 
as our half-informed critics delight to represent as 
the normal condition of elective governments. 
A year before the war, a committee of trade and 
financial experts had been appointed to consider the 
preparation of a scheme that would prevent British 
steamers being laid up on the outbreak of war, 
and would prevent oversea commerce being inter- 
rupted on account of inability to cover the war risks 
of hulls and cargoes by insurance. This committee, 
free from the effects of panic and uninfluenced 
by self-interest, but guided by the experience 
acquired by the War Risks Associations that had 
been in operation since 1899, was able to submit to 
the Government a plan of insurance that the 
Government fortunately accepted in its entirety. 
It guaranteed adequate insurance of cargces in 
transit, and being supported by the whole resources 
of the State, it enabled the banks and discount 
houses to grant the credit required for financing 
the movement of commodities, and consequently 
the financial machinery of commerce was preserved 
from utter collapse. Moreover, with the ready 
co-operation of the underwriters the scheme was 
in actual working order on the first day of hostilities. 
By reason of this promptitude we have no means 
of determining what increase in insurance rates 
might have been demanded, for the stabilising 
effect of the Government measure was immediate 
and thorough. 

Unguided by any data for the calculation of 
risks or any averages upon which a reliable estimate 
of the liabilities involved might be based, the under- 
writers were inclined to quote 15 per cent. to 25 per 
cent. for the more dangerous voyages. The Govern- 
ment premium was fixed at a maximum of 5 per 
cent. on cargoes and 1} per cent. on hulls for a 
single trip, but even these rates, about only one- 
fourth of the maximum contemplated in the 
committee’s original report, were soon reduced. 
During the months of September and October the 
rate on cargoes fell to 2 per cent., and it was usually 
possible to get a cheaper cover in the open market. 
Indeed, for a time, the North Atlantic rates fell 
so low as 10s. Naturally there was the usual 
outcry from the shippers that they were being 
robbed and ruined, and the Manchester Shipowners’ 
Association suggested as some alleviation, that after 
the war, the State Offices should return to the con- 
tributors all excess of premiums received over 
claims paid. But apart from these symptoms of 
acute distress, which generally passed unheeded, 
the first few months of the waghad clearly demon- 
strated that the British control of the trade routes 
was not seriously challenged, and that nothing 
approaching stagnation of trade was to be feared. 
In any case, the danger of a serious interruption in 
the supply of foodstuffs and essential raw material 
was not to be apprehended. This result is the 
more remarkable if we recall the extreme sensitive- 





ness exhibited by shipping in proximity of enemy 
craft. An instance in point is furnished by the tem- 
porary paralysis of shipping on the West American 
Coast, that followed the appearance of the Leipzic 
outside San Francisco in the early days of the war, 
That 25 British steamers should be detained in that 
port is not surprising, but the effect was quite as 
acutely felt at Seattle and the ports on Puget Sound. 
Rumour no doubt magnified the imminence of the 
danger, but all traffic was suspended from Vancouver 
to Panama. Greater familiarity with dangerous 
situations apparently restored confidence, for in the 
East when the activities of the Emden were at their 
height, a paralysis of similar extent was not apparent. 
Judged by the wealth of material collected and 
discussed by the author, the conclusion is in- 
evitable, that the early adoption of the carefully 
constructed scheme prepared by the committee 
under the presidency of Mr. Huth Jackson averted 
once for all the danger of a general traffic suspension, 
which would have proved more calamitous to the 
country than a hundred casualties. We believe that 
the author is justified in saying that “‘ to this one 
measure, above all else, was due the uninterrupted 
flow of seaborne trade through all the vicissitudes 
of the war.” 


In days when war seemed distant and unlikely, 
gloomy prophets had warned us that the employ- 
ment of swift cruisers by a vigilant enemy would 
clear the merchant ships from the sea, and by 
preventing the carriage of food stuffs occasion an 
early famine. These prophecies in the light of 
actual history are seen to be utterly unwarranted. 
As a matter of fact, the cruisers did us very little 
damage, but if the submarine campaign had 
coincided in point of time with the ravages of the 
cruisers, the result might have entailed panic and 
proved very disastrous. Though the destruction 
of ships in the autumn of 1914 appeared alarming 
and painful, the total loss in comparison with the 
tonnage of our mercantile fleet was almost in- 
significant. The Germans employed in all eight 
cruisers, and had great difficulty in keeping these 
coaled and efficient. Of these the Karlsruhe was 
the most successful, though the Emden enjoyed the 
greatest notoriety. The exploits of the Karlsruhe 
in September were particularly conspicuous. She 
captured and sank four outward-bound prizes with 
a net tonnage of 9,549 tons. But during that same 
month, no less than 233,483 tons passed over the 
same course safely, so that the entire loss was under 
5 per cent. We heard and grieved over the loss 
of the four, but to the general public nothing was 
known of those that passed unscathed, and an ex- 
aggerated sense of danger was created. Similarly, 
the total loss of seacraft was apparently magnified 
owing to want of means for exact comparison. The 
whole number of steamers lost was 47. Submarines 
were responsible for 10 others, and 14 were sunk 
by mines, in all 71 ships, having a tonnage of 275,566 
tons gross. If we add the trawlers and other craft 
sunk, the total is 282,000 tons, about 1} per cent. 
of our mercantile fleet. Add to this again the 
steamers detained in hostile ports, and yet the total 
loss is under 2-3 per cent. 

If we examine the other side of the ledger, there 
are plenty of grounds for satisfaction. The 
Germans lost in the same period 76 vessels of 
246,000 tons total, while the loss of other craft 
brought the total to 391,000 tons. Add to this 
sum the tonnage detained in British and allied 
ports, and we have a total of nearly 800,000 tons. 
But the contrast does not stop here. The seaborne 
trade of Germany, so far as it was carried on under 
the national flag was practically extinct. Their 
warships could neither defend their own commerce, 
nor venture with any prospect of success to attack 
that of the allies in the open seas. In Rotterdam 
and other Dutch ports, some 60 German and 
Austrian vessels were practically interned, for the 
short passage which lay between their harbours 
of refuge and the Elbe cut them off as effectually 
from home as if they had been in an English harbour. 
The Mediterranean, notwithstanding the assistance 
of the Austrian contingent, was completely under 
allied control from the Straits of Gibraltar to the 
Suez Canal, and a protected zone was efficiently 
established from the Shetlands to Cape Verdes, 
within which British merchantmen could move 








JAN. 21, 1921. ] 


ENGINEERING. 


85 








with practically the same immunity as in time of 
peace. Mr. Fayle’s conclusion is warranted: 
“No stronger contrast could be found than that 
between the enforced idleness of German and 
Austrian merchantmen and the immunity with 
which allied shipping was plying in every sea.” 

How, then, is the gradual falling-off in the volume 
of trade to be explained ? There were, of course, 
many reasons, some patent, as the absolute cessation 
of traffic with the Central Powers, the hostile 
occupation of Belgium, the reduced production in 
France and the partial suspension of intercourse 
with Russia, whose only port of entry was Arch- 
angel. The loss from these sources can be sub- 
mitted to fairly accurate arithmetical calculation, 
but other causes more recondite and subtle were 
at work, to which so ready an assent is not possible. 
To these Mr. Fayle devotes an interesting chapter 
that will command general attention. From some 
of his propositions we may dissent, but to his main 
contention that no effect can be attributed to 
German successes at sea we can very cordially 
subscribe. After the disaster at Coronel, when 
German prowess was at its height, and Admiral 
von Spee held command of the Southern Seas, 
the volume of traffic showed little diminution. 
The effects of the interruption of communications 
in Chile were demonstrated by financial stringency 
and shortage of tonnage, which delayed freights. 
On the other hand, the increased security of British 
commerce due to Admiral Sturdee’s victory at the 
Falklands did little to increase the regular services. 
Contributory causes of greater influence than the 
alternations of sea power between the belligerents 
may be found in the interruption of the flow of 
British capital oversea, occasioning a corresponding 
diminution in the effective demand for British 
products. The ardour of recruiting and the with- 
drawal of labour, the dislocation at trading ports 
leading to congestion, practically increasing the 
length of voyages, may all be admitted as operative 
causes. Some others have been assigned of a more 
questionable character. Among these is the in- 
crease of freights, a topic that loomed large in the 
public mind at the time, but the author contends 
that the increase of freight rates played no leading 
part in the rise of prices and diminished production. 
While inclined to dissent from the general pro- 
position, we are at one with him in cla uing that 
the rise in freights was not due to the operations 
of the enemy’s commerce raiders, and that generally, 
the vicissitudes of the war at sea had little appreci- 
able influence on the flow of trade. For the one 
great lesson learnt from Mr. Fayle’s admirable 
history is the sufficiency of the English defence to 
parry the attacks made upon it, and it is a matter 
for congratulation that the cardinal features of this 
defence were the results of organisation deliberately 
planned in time of peace and made effective under 
the exigencies of war. 





A Manual of the Timbers of the World, their Characteristics 
and Uses. By AtexanperR L. Howarp. To which 
is appended an account by 8S. Frrzcrratp of the 
artificial seasoning of timber. London: Macmillan 
and Company, Ltd. [Price 30s. net.] 

Amonc the disciplinary lessons taught by the Great 

War, that of the evils attending a shortage of 

timber has especially impressed itself upon the 

nation, though this may soon be forgotten. In a 

variety of ways, the necessity of the maintenance 

of a timber supply has been brought home to the 
least attentive. The vacant spaces left in our 
woods by the disappearance of trees from well- 
known localities remind us in a striking fashion that 
the timber resources of the country and of the 
Empire are not inexhaustible, and that if we would 
escape from the dangers that have recently 
threatened us, steps should be taken to ensure 
that the rate of production should be maintained 
equably with that of exploitation. A well-wooded 
country offers so many sources of enjoyment to the 
senses, that some difficulty is experienced in 
realising its purely economic and commercial 
importance, or that it serves other purposes than 
to ornament the landscape. The author’s book 
is intended and is well adapted to convince us of 
the importance of timber in industrial life, its 
manifold uses and its varied applications. It is 
an*appeal against the misuse of trees, It demands 





that proper care be taken to use timber to the fullest 
and best advantage: “Tt calls for the recognition 
of the importance of timber trees in the multi- 
tudinous needs of the community.” 


In an introduction of an especially interesting 


‘| character, Mr. Howard points out that a sustained 


forest policy has been non-existent, and our forest 
practice wasteful and improvident. It is, of course. 
inevitable that within a densely-populated area, 
the denudation of forest trees must occur, and less 
land be available for timber production. But 
woods have been wantonly and unnecessarily 
destroyed with little attempt at re-afforestation, 
the nation relying for its supplies to a needless 
extent upom foreign sources. Some feverish efforts 
to repair past mischief may be noted. Under 
instructed guidance, conferences may be summoned 
to consider the efficient utilisation of timber and 
other forest products, but the enlightened decisions 
of members have little effect, for owing to past 
neglect public opinion can hardly be aroused. 
In any case it is difficult to retrace our steps, to 
replace indifference and lethargy by alertness and 
vigilance. Moreover, the reward from planting 
and forest operations must be long delayed, for 
forest crops are slow to mature. Forestry is 
essentially a science of provision, calling for the 
exhibition of altruism, for the generation that sows 
does not reap. Noting the effective use made of 
propaganda in the European War, Mr. Howard 
urges the Government to employ the same weapon 
for protecting our industries and enlightening the 
public. Wise forestry regulations authoritatively 
imposed, he thinks, would do much to quicken 
concern in the national asset attached to sylvi- 
culture. The conduct of forestry enterprise in 
France, Germany and Hungary, is quoted as an 
example for our guidance, but we doubt if the 
author has grasped the differences that exist in 
the general prevailing conditions. We have no- 
where large continuous areas that could be advan- 
tageously devoted to tree culture and brought 
under uniform management. It would be an unwise 
policy to withdraw land already under cultivation 
by annual crops, and the opportunities afforded by 
large areas, alone warrant considerable outlay in 
capital. Scattered small areas imply an expensive 
staff, not fully occupied. With all willingness to 
enter into large schemes of sylviculture, it is doubtful 
if the necessary expert officers would be forthcoming. 
The officers intended for foreign service in different 
parts of the Empire are trained on other lines 
than would be requisite for those who would be 
managers of private woodlands and small areas. 
There is, however, no necessity to enlarge on the 
difficulties, for the author'makes but casual reference 
to cultivation. As one who has had forty years’ 
practical experience of the timber trade, he proffers 
his personal knowledge of the characteristic qualities 
of the wood he has*handled. It is the commercial 
uses of the timber that appeal to him, and on which 
he is specially-qualified to write, the technical and 
industrial, rather than the botanical and scientific, 
aspects are here presented. From this point of 
view the information will be welcome to the 
engineer and the architect, and if not arranged in 
the most scientific manner the plan adopted is not 
without its convenience for the readers addressed. 
The arrangement is that usually followed in an 
encyclopedia, that is'to say, the' descriptive account 
of each tree or species of timber is complete in 
itself, and is catalogued in the order of the alphabet, 
the trade name being usually adopted to head the 
paragraph. Such an arrangement has the effect of 
separating the descriptions of timber that are allied 
by genus or species. Thus we find jarrah divided 
from Karri and other species of eucalyptus. But 
such a departure from system causes little in- 
convenience, more especially as full indexes are 
given. The trouble occasioned‘ is far less than 
that which arises in practice from confusing one 
tree with another, owing to want of standardisation 
of the trade name. Looseness of description and 
uncertainty of nomenclature are responsible for 
many complications in specifications, different 
names being used for the same wood in England 
and Scotland. Mr. Howard quotes instances in 
which mahogany has been confounded with local 
trees, differing greatly in appearance and properties. 





In other cases description is useless, because 
the particular wood specified has been exhausted or 
is no longer a timber of commerce ; but conservatism, 
and possibly indolence, preserve the custom. 
“Moulmein teak” is instanced as an example 
of the use of a phrase to distinguish a variety that 
is rarely forthcoming. “Best quality Spanish 
mahogany” is another unmeaning stock phrase, 
sanctioned by frequent repetition, to express a 
high kind of excellence, but Spanish mahogany, 
though procurable, is more defective than other 
kinds, and more difficult to obtain. Without 
methods and without recognised standard grades 
of timbers, the use of terms of doubtful significance, 
but warranted by long usage, has often been the 
cause of unnecessray expenditure in construction. 
Stringent specifications introduced into contracts 
have led to wasteful extravagance, when more 
know and enlightened guidance would have 
produced as serviceable results with less expense. 

Mr. Howard’s book should have the effect of pre- 
venting the errors and annoyances that have been 
frequently experienced. The information given 
under each heading is clear and precise, making 
identification easy. The uses are enumerated, the 
possible defects and their causes are pointed out, 
and the observed behaviour of the converted wood 
in our climate generally noted. Of the better- 
known woods, lengthy descriptions of the con- 
version, utilisation, and peculiarities of structure 
are given, and interesting notes, historical and 
architectural, are occasionally interspersed. The 
author must excuse us saying, that we prefer to 
rely on his knowledge of timber than to trust his 
guidance in matters of etymology. 

Whether all the timber of commerce is mentioned 
cannot be decided, just as it is difficult to say 
whether all words are included in a dictionary. 
We have not noticed any lacune in the better- 
known kinds, but in a work of this character, 
information is more often needed concerning rare 
woods, than for the more ordinary classes. 

Some 60 pages are devoted to a reproduction 
of Laslett’s tables, given in his ‘‘ Timber and Timber 
Trees.” Their inclusion may be justified on the 
ground, that however imperfect these tables may be, 
they have not been displaced by better and more 
reliable work. Their principal defect arises from the 
uncertain moisture content in the specimens under 
examination, a factor that could not be determined 
in Laslett’s time. The authors’ suggestion that in 
repeating these experiments, it would be desirable to 
maintain a named and specific percentage of moisture 
in the specimens is worthy of attention. 

The section on the artificial seasoning of timber, 
by Mr. 8S. Fitzgerald, will be read with interest, 
and it is hoped conviction, for an unfounded pre- 
judice has long been entertained against this 
process of seasoning timber. This prejudice, or 
dislike to enter upon an enterprise that has 
succeeded in other countries, has been fostered by 
Government action in refusing to accept knowingly 
artificially-seasoned timber. The introduction of a 
prohibitive clause in Government contracts does not 
prevent foreign kiln-dried timber being used in 
Government works, but no contractor was per- 
mitted to supply timber that had been artificially 
seasoned on his own premises. The consequence of 
this system is easily seen. The seasoning was 
liable to be effected by stealth or stratagem, by 
primitive and harmful processes, by firms who were 
unable to erect the later and improved methods 
requiring expensive plant. Artificially-seasoned 
wood therefore acquired a bad name, certain faults 
were patent, and the general result condemned 
by those, who did not know that the failure was 
the fault, not of the process, but of its indifferent 
application. The depletion of stocks and the ever- 
widening demand for seasoned timber during the 
war brought about a revision of the Government 
policy, and the War Office relented so far as to 
accept artificially-seasoned wood, if dried by an 
approved process under the rigorous supervision 
of experts. This decision, eagerly accepted by the 
Air Board, led to a wide development and improved 
technique that has worked satisfactorily, for the 
process ly carried on in well-equipped drying 
factories by trained men ensured ja: supply of 
seasoned timber that, even when used under the 
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severe tests of actual aircraft construction, proved 
efficient and reliable. 

The process is one that is elastic and may be 
adapted to the requirements of climate or any 
special conditions. The timber may be over-dried 
as in America, or partially dried, as in Sweden, 
where the operation is carried so far as to permit the 
timber to be close piled for shipping, the weight 
and consequent cost of freightage being reduced 
by the removal of the moisture. Mr. Fitzgerald 
has himself been in charge of a timber-drying firm 
in Finland, conducted on a very large scale, in 
which the process was employed to reduce the 
weight of the timber by 30 per cent., without 
occasioning warping or splitting, and without 
discolouration so that the timber could be sold in 
England as “guaranteed not kiln dried.” The 
author makes the sly comment, “ that doubtless 
many of the opponents of artificial seasoning have 
used quantities of this ‘ guaranteed not kiln-dried 
wood’ with great satisfaction.” Mr. Fitzgerald’s 
experience has convinced him that it is impossible 
for the professor with his microscope, or the practical 
timber man with his knife, to detect the difference 
between natural and properly artificial seasoned 
timber, if the surface be planed off. 
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Screntiric AND INpusTRIAL ResEARcH.--—The Secre- 
tary of the Department of Scientific and Industrial 
Research announces that the Research Association for 
the British Jute Industry has been approved by the 
department as complying with the conditions laid down 
in the Government scheme for the encouragement 
of industrial research. As the association is to be 
registered as a non-profitsharing company the pro- 
moters have applied to the Board of Trade for the issue 
of a licence under Section 20 of the Companies (Con- 
solidation) Act of 1908. The secretary of the committee 
engaged in the establishment of this association is 
Mr. Frank 8. Cathro, 1, Royal Exchange-place, Dundee, 


Institute or TRANsPoRT.—A paper was read hefore 
the Institute of Transport on Monday last by Mr. 
Marshall Stevens, M.P., on “The Manchester Ship 
Canal as a Factor in Transport,”’ .This paper was a 
very interesting historical survey of the inception and 
final success of the Manchester Ship Canal. Mr. Stevens 
brought out a number of interesting points showing how 
the canal has had to fight for existence with the railway 
and the shipping companies, and he had some very 
little known facts to relate of the extraordinary manner 
in which this important undertaking is even at present 
handicapped. He stated, for instance, that even to-day 
the Liverpool Cotton Association precludes dealing in 
futures in cotton warehoused at Manchester. The 
policy of the Shipping Conference has also resulted in 
the withdrawal from Manchester of boats of the Holt 
Line, and a line started to South American ports, while 
no boats have loaded in Manchester for South Africa. 
Australia, Bombay and a few China ports are the main 
destinations which the conference has either agreed to, 
or failed to prevent trade with via the canal. 


WATER-TUBE BOILERS IN THE 
MERCANTILE MARINE. 
Advantages of the Use of the Water-Tube Boiler in the 
Mercantile Marine.* 
By Sir James Kemyat, Member. 
Tue author feels that he must apologise for bringing 
before this meeting a paper which may be said to have 
more practical commercial interest than purely scientific, 





but perhaps, as the title implies this, it will be con- 
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sidered worthy of attention and discussion nevertheless. 


{|The author must also ask to be excused that he should 


refer more particularly to the Babcock and Wilcox 
boiler, with which he is closely associated, because this 
is the type of water-tube boiler most largely installed 
in the mercantile marine. 

It may be unnecessary to refer in detail to its con- 
struction since this is well known to most engineers and 
the boiler is accepted for installation in vessels by the 
various inspecting associations and the Board of Trade 
without appreciable restriction. That the water-tube 
boiler has received prominence enough to be generally 
eonsidered for use at sea is evidenced by the fact that 
rules governing the construction are now formulated 
by the British Marine Engineering Design and Con- 
struction Committee, but additional evidence is provided 
by the fact that the Babcock and Wilcox boiler is installed 
in 270 war vessels, 46 tugs, 49 dredgers, 57 yachts and 
miscellaneous craft, 562 cargo vessels and 208 passenger 
vessels ; among the most recent of the latter for which 
it is ordered being two vessels of 18,000 h.p. each for 
transatlantic service. The vessels and machinery are 
being constructed by Messrs. Harland and Wolff, Limited, 
who will also make the boilers and superheaters, the 
headers for the boilers being made by the subscriber's 
firm, Altogether the installations carried out and in 
course of construction reach a total of 5,700,000 h.p. 

It is not intended that the order in which the advan- 
tages as compared with the world-tried cylindrical 
boiler are mentioned shall indicate that stress is put 
upon one advantage more than another, They are all 

vantages that are worthy of consideration by ship- 
owners and marine engineers, and one may be con- 
sidered of more value than another dependent upon 
the service that is under consideration. 

The safety of the t as compared with the cylindrical 
boiler can scarcely questioned, for no accident can 
conceivably happen to this type which could cause the 
loss of a vessel, or, indeed, any serious damage to it. 
There are no thick plates subject to racking strains, 
and the various parts are small, and in relation to the 
working pressure have a large margin of safety. 

It may be ur that the failure of some part, putting 
the boiler out of service, might cause damage to a vessel 
if the ship were only fitted with a single boiler, but the 
worst that can happen is that one or more tubes can 
give out and these can be easily replaced at sea by new 
ones or plugged with very little loss of time. It is found 
in practice that such an occurrence is very rare and it 
has not been known that any instances have occurred 
in which a vessel in recent times has been disabled from 
any cause connected with the design or construction of 
the boilers—although there have been instances in 
which, through improper treatment, damage has occurred 
from a cause which would have been equally, if not 
more, damaging to cylindrical boilers. 

This boiler can be maintained by the ship’s engineers 
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25 CYLINDRICAL BOILERS. 

Heating Surface 158,350 SqFt. Grate Area 4,050 Sq Ft. 

a Weight of Boilers and Water 4,750Tons. 

Boiler Rooms 





| in repair if desired, and the repairs in almost all cases 


are confined to replacement of tubes. It can be con- 
structed for much higher pressures than are custo 
with cylindrica] boilers, and, therefore, whatever advan- 
tage there may be in adopting pressures above those 
that are customary such can be made use of without 
difficulty. 

Perhaps the advantage which most appeals to the 
shipowner is the saving in weight, which may range 
between about 100 tons in a vessel of 2,000 h.p. to about 
700 tons or more in a vessel of 18,000 h.p. These figures 


Fig.1 . COMPARISON OF BOILER INSTALLATIONS FOR TRANSATLANTIC LINER OF 70,000S.HP 


34 WATER TUBE BOILERS. 
Heating Surface 221,5448q¢ Ft. GrateArea 5,474 SqFt. 
t and Water 2,615 Tons. 
Rooms -16,115 Sq. Ft. 





18,235 SqFt. 





Fig.Z. COMPARISON OF BOILER 
TALLATIONS FOR MAIL AND PASSENGER 
STEAMER OF 7500 1.H.P. 
6 CYLINDRICAL BOILERS. 
ing Surface 21,723 Sq Ft. 
Grate Arca 5 ” 
Weight of Boilers and Water 585 Tons 
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are based upon boilers. with water and all steam and fire 
mountings in both cases. The advantage in a saving in 
pie ys to a shipowner I need not go into, but it may be 
well to remark that in some cases where there have been 
rigid limitations as to the length and draught of a ship 
it has only been possible to obtain the required speed 
by the adoption of water-tube boilers. 

The space required is in no case more, and is in many 
eases less than required for the cylindrical boiler. By 
the installation of water-tube boilers in such a vessel 
as the Mauretania it would be possible to save nearly 
12 per cent. of the boiler floor space, representing about 
50 ft. in length of ship, in addition to more than 2,000 





tons displacement, and at the same time to increase the 
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WATER-TUBE BOILERS FOR 


Fig. 7. Olt FIRED WATER TUBE BOILER FOR HIGH PRESSURE 


AND HIGH. SUPERHEAT. 


| 





and the various sections being lifted in, these being 
afterwards expanded together in place. 

Many instances have occurred in which large expendi- 
ture of both money and time which would otherwise have 
been incurred for opening out and restoring shipwork 
have been prevented by cutting up cylindrical boilers 
in the ship and installing water-tube in their place. 
It is sometimes urged against its use that the feeding 
requires special attention or special arrangements, As 
a matter of fact, the feeding arrangements recommended 
are merely those adop in H.M. Navy years ago 
for boilers with the object of as far as possible eliminating 
corrosion. They constitute good practice and are 
advantageous with all types of boilers, and are not by 
any means special requirements for water-tube boilers. 

The reserve feed water which has to be carried in the 
ship is the same proportion as that for cylindrical boilers 
of the same indicated horse-power, and this condition 
also applies to the evaporating plant to be fitted. Both 
reserve feed water and evaporators are now ordinary 
good practice for cylindrical boilers. 





DEVELOPMENTS IN TRANSMISSION. 
By Captain 8. Bramiey-Moorsg, M.C. 

Tue author’s intention in this paper is to discuss 
certain developments in clutch and gear-box design 
with a view to reducing cost of upkeep. It has been 
said that more money is spent on the repair and main- 
tenance of the average transmission system than on the 
engine itself. This may or may not be true, but it is 
certain that modern high-powered engines, capable of 
quick acceleration, can easily overload all parts of the 
transmission gear. Probably, however, more trouble 
is caused by difficulty in gear-changing and careless 
clutch manipulation, the latter providing a steady source 
of revenue to tyre manufacturers. 

Clutch Design.—If the ingenuity expended on modern 
dise and plate clutches had been bestowed on cone 
clutches, the latter would have proved so cheap, simple 
and satisfactory that the former would have been 
regarded in the nature of an extravagant luxury. The 
development of the cone elutch has been sadly neglected, 
whilst other types have been “‘ nursed” into public 
favour. 

Clutches drive by friction, and surely there can be no 
more effective form of friction than the tapered wedge 
action of two conical surfaces. The dise clutch is, more- 
over, theoretically incorrect, due to the extra spring 
pressure required to drive by friction between flat plates, 
as com with the w -shaped cone, and the uneven 
wear due to different rubbing speeds, owing to the fact 
that at every different radius of the plate there is a 
different velocity. When clutch springs are evenly 
spaced around the face of the disc it is probably impossible 
to tee that all these shall exert the same pressure, 
and any difference in pressure will cause uneven loading 
and uneven wear, the portion adjacent to the strongest 
Fy attempting to carry more than its proper share of 
the drive. In spite of these inherent drawbacks the disc 





* Paper read before the Institution of Automobile 
Engineers, January 12, 1921. 
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Fig.8. O1L FIRED WATER TUBE BOILER, MODIFIED TO UTILIZE WASTE 
HEAT GASES FROM DIESEL MACHINERY. 


clutch has been so carefully developed 
designs give very satisfactory service, 

The ordinary plate clutch runs in a bath of oil, and its 
successful action de upon efficient lubrication 


that certain 
A e 





In the case of a well-known American car, in which the 
plate clutch has to be di before starting up the 
engine, the danger is so great that it is frequently 





If the oil gets too thick or congeals it will prevent the 
driving and driven plates from separating properly when 
the clutch is disengaged. This will cause the car to 


Figs.1.2and 3. DOUBLE SPRING CLUTCH 


D7 By THREE POSITIONS 
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“ereep’’ in traffic although the clutch pedal may be 
fully depressed, and it will also greatly increase the 
diffioulte. of ing. When starting from rest, 
the teeth of the gears are liable to grate and 
tub together as they are t into e mt, 
owing to the continued rotation of the driven portion 
of the clutch. This difficulty is worse in cold weather, 
especially if the car has been standing for a few days. 








y, during the winter season, to jack up the rear 
axle before “ winding up."’ Thin oil, on the other hand, 
is liable to make the clutch too fierce. 

The Cone Clutch.—The ordinary leather-faced cone 
clutch—the pioneer type—is simple, cheap and reliable, 
but frequently fails to provide for a sufficiently gradual 
engagement when starting up from rest. This is due to 
the fundamental absurdity that the momemt the clutch 
surfaces come into contact, the full pressure of the clutch 
spring comes into immediate operation. When the 

iver begins to release his clutch pedal, the clutch 
surfaces have not begun to make contact, and then, all 
too suddenly, the cones . At this critical point 
the driver very often lacks sufficient control, or the 
requisite touch, to prevent a sudden and jerky picking 
up of the ioad, 

Figs. 1 to 3 show a clutch designed to overcome this 
most objectionable characteristic of the ordinary type. 
The clutch cone B is operated by the sleeve B1 controlled 
by the collar B2, The inner and outer clutch ——= 
po mer by the sleeve Cl controlled by the ball t t 
collar C2, operated by a clutch pedal in the usual way. 
The inner spring acts directly on the clutch cone 
whilst the outer spring acts on the sleeve Cl. 

Fig. 1 shows the collar C2 withdrawn, thereby dis- 
engaging the cone B through the medium of the collar B2. 
Fig. 2 shows the collar C2 partially released, thus 
allowing the cone B to engage with the flywheel. The 
inner spring is, however, as exerting no pressure in 
the cone B, so that the latter is only able to transmit a 
small torque—not sufficient to cause any jerk or jar. 
If, from this position, the clutch pedal be gradually 
released, the pressure of the inner spring will gradually 
increase, thus permitting the clutch to pick up its load 
in a smooth and uniform manner. 

Fig. 3 shows the collar 02 entirel 
clutch full: . Note that the inner spring is now 
only 2 in. long, thus ex ite full pressure, as against 
2} in. in length in the p us figure, Also note the 
gap of 4 in, between the collars U2 and B2, whilst these 
were previously in contact. This large travel is only 
shown for illustrative purposes, and is not required in 
actual practice, 

Fig. 4, 90, shows an additional device fitted to this 
type of clutch with a view to eliminating the “ human 

ent.’ In this case the sleeve C1 is secured by a pin C2 
to a boss forming of the C3. When the cone 
B is withdrawn (by means of its ting collar B2) it 
simultaneously moves the sleeve Cl and plunger C3, thus 
allowing oil to be sucked through the passage A and ball 
valve E into the chamber F, t being provided 


with a hollow crankshaft and forced feed lubrication. 


released and the 


If the vem ged abe cree released, the cone B will 
re-engage with the flywheel, but the sleeve C1 will be left 
behind owing to the dashpot F. This of Cl 
is illustrated in the bottom right-hand corner of Fig. 4, 
and in this position the inner spring is extended so that 
it is exerting little or no pressure on the cone B. 

As, , the oil from the chamber F is ually 
forced back into the hollow crankshaft (t! 4 


( 
narrow groove always open) by the pressure of the outer 
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clutch spring, so the pressure of the inner spring, acting 
directly on the cone B, will gredually increase, thus 
allowing the clutch gradually to pick up its load without 
“~ possibility of jerk or jar. 

t is now to how the drawbacks of the 
ordinary cone clutch can be overcome by means of 6 
double cone and single , in place of the double 
spring and single cone already . In the earl 

of motoring, when the cone clutch was almost 
universally adopted, many its were made to 
decide the most suitable of cone to give the best 
all-round results, The lem was how to employ 
« light spring without unduly increasing the diameter of 
the clutch, The larger the angle, the less the possibility 
of a fierce clutch, but the greater the difficulty in trans- 
mitting the drive, notwithstanding the use of a powerful 
spring. The smaller the atigie, the lighter the ing, 
but great care was in @ ing the chuteh, 
otherwise the engine would frequently be stopped, or 
the car jerked into motion, owing to the sudden taking 
up’ of[the load, 
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Fig. 5 shows a clutch combining the good points of 
both these two extremes. It comprises two driving 
cones, an inner and an outer, the inner cone having 
a large le, and the outer cone a small one. On first 
rel ays elutch pedal only the inner cone, with 
the large angle, comes into operation (see Fig. 6), and, 
— to the use of a light clutch spring, this part of 
the clutch is only able to transmit a small portion of the 
power—not sufficient to cause any shock, no matter how 
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Se ne Once the car is in motion 
y released, thus allowing the outer 
to pick > = drive (see 
risk of pa - sli — with 

spring pressure and clutch diameter, 
— obtained with the orthodox 


Al and A2 are the driving 

same and B is the 
lutch entirely dis- 
and A2 being out of con- 
° ition the clutch pedal 
fully dep: Fig.6 shows the an 
of the clutch for starting the from rest. the 
cone Al has engeged the driven member B, and this 
portion of the clutch is so desi that it does not 
possess sufficient “grip’’ to jerk the car, although it 
is able to set the vehicle in motion. This characteristic 
is due to the large cone angle and light clutch spring. 


AUTOMATIC ENGAGING DEVICE 


is, of course, full 
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travel’ at a different rate. The driven member B is 
operated by means of the “‘ slow moving” link F, which 
is pivoted half-way up the “fast-moving” operating 
lever E, so that the end of E will move approximately 
twice as far as the link F; because the radius of the 
former is twice that of the latter. “The terms ‘élow- 


moving” and “ fast-moving” are, of course, used Jonly 
in a relative sense. 
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Fig. DOUBLE HELICAL GEAR-BOX 3°°AND 4™ SPEEDS 

















ele shows the clutch fully engaged, the driven 
member B being sandwiched between the two driving 
cones Al and A2. In this ition the clutch is able 
to transmit the full power of the engine. There is no 
possibility of slip because of the powerful grip of the 
outer cone A2 due to the small cone angle. 

When the clutch pedal is first released, the cone Al 
engages with the cone B before B engages with the 
cone A2. This is due to the fact that the cones Al and B 


=> 


we oe 


C, 
Driver Driven 
i 
'B 2 D 


Universal Joint Design.—It may surprise some to 
hear that the ‘‘ universal joint’ in common use is not 
universal, and in all probability there is no automobile 
on the road provided with a coupling which gives a 
universal movement. ordinary pivoted form of 
coupling permits of movement in an angular direction 
only, and is known as a Hooke’s joint. One such joint 
is unable to convey motion between two parallel axes 
not in the same straight line, in which case two joints 
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must”be used.’ .For this reason two joints are generally 
fitted between the engine and gear-box of a motor vehicle 
when ‘these two units are independent of each other. 

The Oldham coupling, on the other hand, is designed 
to convey motion’ between any two shafts of which the 


state definitely that the ordinary man regards the 
ordinary -box as an extraordinary abomination. 
Pig. 9 shows a simple type of two-speed gear designed 
to eliminate unnecessary gear wheels. The driven 
clutch cone A is provided with two faces, an inner and 


Fig.12. FOUR-SPEED GEAR-80x 
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axes are parallel but not in the same straight line, but 
is not adapted to accommodate movement in an 
ion, 

’ «Fig. 8 shows a coupling which is a universal joint in 
the true sense of the word, as it combines the movements 
of the two types of couplings already referred to. The 
driving shaft A carries jaws Al and the driven shaft B 
carries jaws Bl. Motion is communicated from one 
to the other by means of the cross-piece E which is fitted 
with driving blocks F. If the blocks F were rigidly 
fixed to the jaws Al and Bl respectively, then an ordinary 
type of Hooke universal joint would result, providing 
angular movement only. If, on the other hand, the 
blocks were fixed to the arms of the cross-piece B, so 
as to prevent any ro movement, then the cross-piece 
and blocks would be left with a sliding motion only, 
the movement corresponding to that of an ordinary 
Oldham coupling. 

But as the arms of the cross-piece E are free to pivot 
about the driving blocks F, and as the blocks F are also 
free to slidé in the jaws Al or B1, it will be seen that this 
design e6mbines the characteristics of the Hooke and 
Oldham joints in one coupling. It therefore follows that 
one such coupling, placed between the engine and the 
gear-box of a motor vehicle, will meet all the requirements 
of both angular and parallel displacement. 

_ Gear-Box Design.—There is no need to waste time in 
introducing this subject—it is an acknowledged fact that 
the ordinary clash type of gear-box is unmechanical and 
unsatisfactory. Experts pretend that there is no 
difficulty in_gear-c ing, but owner-drivers know 
otherwise. During five years’ army experience the 
author has come in contact with thousands of drivers, 
being at one time responsible for the technical training 
of nearly 2,000 men per week, and he is in a position to 
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Fig.17. FOUR-SPEED GEAR-BOX (UNIT CONSTRUCTION). 








an outer, The inner face is able to engage with the high- 
speed cone B, which is keyed to the crankshaft of the 
engine. The outer face is able to engage with the low- 
cone C, which is mounted loosely on the rear 
end of the crankshaft, being driven from the camshaft 
by the low- gears E, E. 
Under ordinary conditions the clutch spring koeps the 
cone A in engagement with B, thereby pons the 
h-speed direct drive. For the low speed the clutch 
must be depressed, thereby eS cone A to 
with the low-speed cone C. In this position the 
drive will pass through the two-to-one timing gears 
(which are not shown in Fig. 9, being at the front end of 
the engine), and then along the camshaft and through 
the low-s gears E, E, to the low-speed cone CO. 
The t is designed to carry this extra load, or 
alternatively the timing gears can be placed alongside 
the E, E. With the arrangement shown in Fig. 9, 
ywheel is located at the front end of the engine, 
and the reverse-speed mechanism forms part of the 
differential gear in the rear axle. The design of this gear 
is both cheap and simple, the only extra parts required 
being two gear wheels and an outer cone. 
Figs. 10 and 11 illustrate the application of double 
helical gears to a four-speed gear-box. Double helical 
unlike the ordinary straight spur type, give con- 
tinuous rolling contact in the pitch line. They can also 
withstand s greater stress, for there is, at any instant, 
@ stress on one portion of the tooth only, the other 
portions being out of engagement, whilst on a straight 
me the stress is continuous along the whole length of 
tooth. They also the great advantage—for 
automobile work—of silent running, the general design 
of the _ enabling a finer pitch to be employed than 
would possible with a corresponding straight spur. 





A double helical generator has recently been made by 
Messrs. David Brown and Sons, adapted to cut gears 
suitable for automobile work with teeth cut from the 
solid in one continuous piece. 

In the ordinary way, double helical gears are not 


Figs.13 and 14. DIAGRAM OF GEAR-BOX, 
I" AND 2” SPEEDS. 


Fig.13. First Speed AB-BeE,-EsDz 
B, 
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Fig.14. Second Speed AC-C,E,-E;D, 
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Figs.15 and 16. DIAGRAM OF GEAR-Box, 
3° AND 4" SPEEDS. 


Fig.15. Third Speed AB-BsE, E.C, 




















E; - 
c )\f x 
1a 























Fig.16. Fourk Speed AC -Cz Dz Direct. 
































adapted to an automobile four-speed -box owing to 
the difficulty of —s the length of the box to 
ord — wry x bo _ = 
inary four -box possesses a jum 
number of eight gear w , excluding the ra 
gear wheels. An unique characteristic of the present de- 
sign, however, is the fact that only six gear wheels are 
required, in order to provide four forward oo in place 
he four speeds are obtained in the 


of the usual eight. 
following manner :— 
With the position of the gears as shown in Fig. 10 
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move R to the left for ee Ere Ecos snd to the sia for 
the second . The drive will then pass through 
A B—E F and’ C D—E F respectively. 


With the eros of the gears as shown in Fig. 11, 
move R to the left for the third speed and to the right 
for se ae direct Ay any The drive will then 
pass through A D RCF tively. 

A reverse is obtained by saptine the en pinion 
ae the right when the gears are in the position shown 
in Fig. 10. : 

The chief characteristic of this gear, four speeds forward 
with only six wheels, is obtained by loosely mounting 
the wheel C at the junction of the driving and driven 
shafts, so that it may be locked to the driving shaft, 
or to the driven shaft, or to both together, thus enabling 
it to transmit er to, or receive power from, the 
countershaft in addition to transmitting the top speed 
direct drive. Gear-changing is also greatly facilitated 
as it is much easier to two sets of internal teeth, 
of which the shafts are rotating in the same direction, 
than to engage two spur gears, as in the ordinary t 
of box, of which the shafts are rotating in opposite 
directions, 

The right and left-hand helicals of gear wheels C 
and D are shown separated by a gap, in order to in- 
corporate. the ball bearing supporting C. These are, 
of course, two gear wheels, not four, as both right and 
left-hand helicals are generated simultaneously, and the 
gears could just as easily be joined together, like B 
or E, if so required. 

Fig. 12 illustrates a new type of four-s gear-box, 
and Figs, 13 to 16 show the manner in which the various 
speeds are obtained. The characteristic feature of this 
box is a double-acting cone friction clutch in conjunction 
with six gear wheels arranged in the special manner 
already described so as to provide for a range of four 
speeds. The double clutch provides for a change of 
8 from first to second or from third to fourth (or 
vice versa) without touching the gear-box change-speed 
lever, thereby greatly facilitating the operation of 
changing speed. 

The driving member of the clutch A, is provided with 
two faces, an inner and an outer, so that it is able to 
engage with either of the driven cones B or C. The 
cone B is keyed to a sleeve carrying the gear pinion B2, 
and the cone © is mounted on a ecastellated shaft Cl, 
to which the gear pinion C2 is also keyed. The pinions 
B2 and ©2 engage with two gear Satis El and E2 
mounted on the countershaft ; the latter also carries a 
gear pinion E3 engaging with a gear wheel D2 mounted 
on the castellated driven sleeve DI, 

For the first and second speeds the gear wheel D2 is 
engaged with the gear pinion E3. For the third and 
fourth speeds the wheel D2 is moved over to the left, 
so that it engages, by means of dog clutches, with the 
el Pinion ee ri is thus boces to the driven 
sleeve : us the change-speed lever controllin, 
the gear D2 has only to be moved when changing wed 
second to third speed, or vice versa. 

First speed, Fig. 13.—The clutch pedal is pushed right 
forward so that the cone A drives the cone B. Then 
B2 drives E1 and E8 drives D2. 

Second . Fig. 14.—The clutch pedal is released so 
that the clutch spring forces the cones A and C into 
drivi engagement. Then C2 drives E2 and E3 
drives D2. 

Third speed, Fig, 15.—The gear D2 has been moved 
over so as to lock the gear C2 to the driven sleeve D1, 
and the clutch 1 is pushed right forward so that the 
cone A drives the cone B. Then B2 drives El and E2 
drives C2, 

Fourth speed, Fig. 16,—The clutch pedal is released 
so that the clutch spring forces the cones A and C into 
driving engagement. Then C2 drives D2, thus giving 
a direct thro drive. 

For a reverse speed the gear D2 is left in a neutral 
position and the pinions R and Rl (see Figs, 12 or 17) 
are moved into mesh with the two gear D2 and E3 
ee. In this position if the cluteh pedal be 
pushed right forward it will give a low reverse speed for 
traffic work, and if released will give a higher. reverse 
speed for use on a country road—having, for example, 
overshot the desired turning by perhaps a hundred 
yards, The clutch is, of course, in neutral when the 
clutch pedal is in any intermediate position. 

The goto, as far as the forward speeds are concerned, 
is merely a single slot, one end of which is marked 
“slow” and the other erd “fast.” The “slow” 

ition provides for first and second speeds and the 
‘ fast” position for third and fourth speeds. A ratchet 
device, capable of instant release, automatically holds 
the clutch pedal forward when on first and third speeds. 
For a momentary change, however, as when starting from 
rest, or when dropping into third speed for a few seconds 
for traffic congestion, this ratchet would not be brought 
into operation. 

It will be observed that the clutch angles of the inner 
and outer cones are different. As the inner cone is never 
used for starting the car from rest a gmall angle may be 
used, although naturally the angle must not be decreased 
below that point at which the ciutch might “ stick,” 
rendering it hard to di . A small angle enables 
a weak clutch spring to be employed, and this reduces 
the pressure required to hold the clutch pedal in a 
neutral position. The outer cone is used for starting 
the vehicle from rest, and a corresponding angle may be 


chosen, thus facilitating clutch engagement. The 
outer cone may be pon thnce without transmitting any | made 


drive, and then, as the pressure on the clutch poy is 
gradually increased, the clutch will gradually pick up its 
a — os jerk or jar. 

Clute’ justment is rarely necessary owing to the 
fact that two clutch faces take the drive, one on the first 
and third speeds and the other on the second and fourth 
speeds, thus distributing the wear and prolonging the 





| does not 


life of the clutch lining. In Fig. 12 suitable packing 
washers are provided, however, which sogrees the 
distance between the two clutch faces B and C should 
ad ent ever become necessary. 
ig. 17 shows a somewhat different design adapted 
to bolt up to the rear end of the ine crank-case. 
In this case the gate and change ever are carried 
by the lid of the -box, and self-locking clutch adjust- 
ment is provided as follows: The dises M and N are 
screwed together, and can have no relative movement 
when the bolts M1 are in position owing to the castella- 
tions of the sleeve Bl, the dise N being castellated to 
correspond, however, the bolts Ml are with- 
drawn, the cone B can be rotated about N, thus drawing 
the driving surfaces of B and C closer together to com- 
pensate for wear, 
It may be remarked that this gear-box is 35 per cent. 
shorter than the ordinary type, and requires only two 
selector rods in place of the usual three. 


(To be continued.) 





Iron OnE RESOURCES OF THE WorLD.—The total 
iron ore resources of the world are estimated at 
31,800,000,000 tons ; of this amount the equivalent iron is 
14,310,000,000 tons, says The Iron Trade Review, Cleve- 
land, Ohio. Fi on @ yearly pig-iron production 
basis of 70,000,000 tons, the supply is sufficient to last 
200 years, The countries whose reserves are included in 
the estimate are: United States, Cuba, Newfoundland, 
Brazil, Scandinavia, Central Europe, the United King- 
dom, Spain, Russia, Austria, Greece, Chile, Venezuela, 
Mexico and Canada, The statistics were compiled by 
the Department of Commerce. In the Uni States 
recent estimates place the total tonnage available at 
7,000,000,000 tons, which does not include the low-grade 
Clinton ores, nor the siliceous ores of the Lake District, 
The United Ki has a reserve of approximately 
3,000,000 tons of low-grade 30 per cent. ore in Cumber- 
land and Lancashire, 40,000,000 tons of low phosphorus 
hematite 50 per cent. ore, and nearly 2,700,000,000 tons 
of Jurassic ironstone. Spain has an unused ore tonnage 
of 630,000,000. Estimated Scandinavian reserves al 
1,469,000,000 tons of 54 per cent. iron content. Central 
Europe ore beds in the territory of Alsace-Lorraine, 
Luxembourg and Belgium are generally figured at 
5,000,000,000 tons. The Normandy and Brittany 
deposits contain 200,000,000 tons. Recent estimates of 
Brazil, Merriam and Leith districts reserves are placed 
at 7,500,000,000 tons. Cuba has 1,903,000,000 tons yet 
to be mined, Newfoundland 3,635,000,000 tons, while 
the total Canadian ore available aggregates 150,000,000 
tons. Exact figures on India’s tonnage are not ready, 
but several hundred million tons expresses the amount. 
The deposits of North and West Africa are more than 
225,000,000 tons. Not much is known of the iron ore 
resources of Australia. Investigation there is going 
on at present, but no figures have been prepared. It wi 
be seen from the above that our American contemporary 
places France and Belgium geologically in\Central Europe. 





Buiast-FurNack WORKING AND METEOROLOGY.— 
The weight of the unit volume of air varies with the 
atmospheric conditions of tem > and 
humidity. A blowing engine working with a constant 
energy consumption throughout the year will therefore 
not always supply the same amount of air and of oxygen 
to a blast furnace. With the oxygen percentage the 
output of a blast furnace is to rise, but the in- 
fluence of atmospheric fluctuations is not yet ere | under- 
stood. In Stahl una Hisen, for October 21 last, 
Dr. A. Wagner records an attempt to trace that influence 
by calculating the weight of a cubic metre of air under 
different meteorological conditions and by analysing 
the outputs of Rhenish blast furnaces in different 
months of the year June, 1913 to 1914. He takes his 
meteorological data from the meteorological station 
near Essen. A minimum temperature of — 10 deg. C. 
and maximum temperatures of + 28 deg. Cc, uivalent 
to a temperature fluctuation of nearly 70 deg. F.—were 
recorded in January and in May respectively ; Wagner 
calculates that 14 per cent, more air by weight was 
supplied to the furnaces in the cold January than in the 
warm May. The pressure fluctuations are smaller, 
and would in this case only cause 5 cent. differences 
in the air weight. As regards humidity, there is 
absolute moisture (corresponding to the actual vapour 
pressure) and relative humidity; the latter indicates 
the percentage of that moisture present which would 
saturate the air at the particular temperature. The 
absolute moisture variation is similar to that of the 
temperature, having a maximum in summer, whilst 
the relative humidity varies inversely as the tempera- 
ture, and is a minimum in summer. The weight 
of the cubic metre of air was neness (1-283 kg.) in 
January, and lowest in May and June (1-194 kg.). 
The highest air pressures were also o in Jan- 
uary, whilst the lowest blast pressure and the maximum 
output seemed to fall in May. No deleterious influence 
of the high moisture on the coke ion was 
observed. James Gayley in 1904 i the pig 
output of a furnace, located near i ig oi y 
25 per cent. (lowering the coke consumption 19-5 
drying his air blast, ¢.e., by cooling it 
low freezing point. The only experiment 
in Germany with freezing the blast proved a 
failure, and German manufacturers have ascribed 
Gay ley’s success to unusual conditions ina rather wasteful 
furnace. Wagner belisves that moisture in the air is 
not important in regard to coke consumption, but he 

retend to have solved the problem as to 
whether the air supply to blast furnaces should be 
regulated by weight or by pressure. 


per cent.) b 
to 5 deg. F. 





CATALOGUES. 

Motor Cars,—A four- catalogue giving specifica- 
tions of their “‘ ten,” “ Bfteen ” and ‘“‘ twenty ”’ chassis 
comes from Wolseley Motors (Vickers), Limi Adderley 
Park, Birmingham. a 

Tools—-A new catalogue of over 130 quarto pages 
comes from Messrs. Tuck and Blakemore, Ltd, Coventry, 
containing illustrations and dimensioned lists of a wide 
variety of hand tools and some small machine tools. 

Oondensers.—A catalogue of surface cond plant 
for steam turbines which has reached us from the Metro 

litan Vickers Electrical Com; , Limited, 20, 
Biciendicce-strect, Manchester, di with the condenser, 
air pump valves, seal tank, condensate extraction pump 
and steam ejector. The catalogue is lucid and informing 
and is a useful publication in every way. 


Pneumatic Power Hammers.— Messrs. B. & 8. Massey 
Limited, haw, Manchester, have issued a new 
catalo, of power hammers operated by compressed 
air. he advantages of pneumatic power are now well 
known and these hammers are deservedly popular. Six 
standard sizes are made, ing from 1 ewt. to 1 ton, 
and there are several types suitable for special work 
of various ——— Vimenenes are stated and useful 
notes on opera upkeep are given, together 
with illustrations of work forged oa the firm's hammers ; 
the weight of the finished pieces is mentioned in each case. 


Stone Dust Plant,—The 
coal dust in mines is very effectively countered by 
treating the mine roadways with fine stone dust, and 
Messrs. Robey and Co., Limited, Lincoln, send a cata- 
logue of a stone-crushing plant specially designed for 
use in this connection. The plant consists of two 
machines working in series, the first being a jaw crusher 
which takes the stone in pieces up to 6 in. or 8 in. in 
diameter, reducing it to } in. pieces. The small stones 
are then automatically conveyed to a percussion grinder, 
in which the further reduction to a fine powder is effected. 
The output is 15 cwt. per hour. 


Liquid Agitator.—For treating oils, gums, soaps and 
paints or compounds of solids and liquids, where it is 
nec to mix the ingredients thoroughly, Messrs. 
W. Christie and Grey, Limited, 4, Lloyd’s-avenue, 
London, E.C. 3, have produced an “ agitator” which 
comprises a propeller revolving at the bottom of a 
tank in conjunction with breaker blades which project 
into the surface of the mass. The combined effect is 
to produce a vortex in the material and thus mix the 
constituents intimately. The construction of a 
machine is clearly described in the catalogue, and it is 
claimed to be thoroughly effective with a moderate 
consumption of power. 


Turbo-Blowers.—A comprehensive and well-arranged 
mass of information relating to turbo-blowers, com- 
rs and exhausters has been compiled by the 
ritish Thomson-Houston Company, Limited, Rugby, 
and published in a clearly-printed catalogue of 90 quarto 
pages. Illustrations, diagrams and tables are introduced 
where necessary, and the design and construction of the 
machines are lucidly explained. The machines are used 
to supply air for blast furnaces, copper smelting, oil- 
fuel burners, water gas generators, and also for con- 
veying parcels, ashes, sawdust, &c., by pneumatic 
means; they aré also used as gas exhausters and for 
many other kindred purposes. The firm make the plant, 
instruments and general fittings required for all such 
applications, and the special knowledge of their stafi 
will doubtless be helpful to those who have to control the 
practical working of the plant. 


Ship-Coaling Machines,—In many cases ships cannot 
be brought within reach of coaling plant fixed on land, 
but must be coaled from barges while moored for shipping 
carg' stances which are met by the machine 
described in a catalogue issued by the Wellman, Smith 
Owen Engineering Corporation, Limited, Darlaston. 
The appliance weighs under 6 tons and can be attached 
to the ship on the off-shore side, or a number may be 
used on ships. The mechanism is a chain bucket 
elevator which lifts the coal from a barge and pours 
it through one, or two, coal ports at the rate of about 
125 tons hour. It is operated by an electric motor 
controlled by one man from the ship deck, or any con- 
venient place, and can be lifted clear to allow the barges 
to be moved. A further appliance which may be fixed 
permanently in the bunkers is known as a trimming 
machine, and comprises a series of discs and plough- 
shares which spread the coal in the bunker. Both 
appliances have been in use extensively in the United 
States, and the patent and manufacturing rights have 
been acquired by the above-mentioned firm. 


r of explosions from 





Tron AND Steet Propucts.—A copy of a useful little 
booklet has reached us from the Consett Iron Company, 
Limited, Consett, County Durham, giving particulars 
of their products and also including a large amount of 
data of general use and interest to engineers, such as 
tests for ship and boiler plates, weights per square feet 
of plates of various thicknesses, metric conversion tables, 
weights and measures, decimal equivalents of vulg: 
fractions, &c. Another useful feature is a complete list 
of extras chargeable on steel plates and sections which 
have to comply with various special conditions, so that 
by adding these to the current basis price, which, of 
course varies with the market, the exact cost of filling 
any particular order can be easily and quickly obtained, 
A useful index is a d feature. Doubtless the 
company would be willing to forward a copy of the 
booklet to any of our ers to whom it would be of 
service, 
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THE PROPERTIES OF STEAM. 
(Concluded from page 65.) 
In our last issue* we showed that one possible 
expression for the co-aggration volume c was 
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By comparison with experiment, Callendar has 
shown that the coefficients A,, A,, &c., are so small 
as to be neglible at ordinary pressures, though the 
corresponding terms in the expressions for c may 
no doubt become important as the critical point 
is approached. We have very few reliable data as 
to the properties of steam near the critical point, 
but the view taken above as to the constitution of a 
vapour provides us with some notion as to the physi- 
cal meaning of the critical point. In general, if any 
liquid is exposed to a gas, some of the gas is dissolved. 
When the gas in question is its own vapour the rule 
still holds, and Callendar has shown that the 
observed increase in the specific heat of water as 
the temperature rises, is almost wholly accounted 
for by the latent heat of the dissolved steam. 
The amount of this dissolved steam present increases 
as the pressure of evaporation rises, and hence the 
latent heat required to produce this dissolved steam 
increases with the temperature of the water, and thus 
occasions an apparent increase in the specific heat 
of the liquid. Strictly speaking, it would seem 
that the real solute in this case is not steam but 
H,O. Over twenty years ago Sutherland was led 
to the conclusion that water, as we know it, was a 
mixture of trihydrol represented by H,O,, dihydrol 
represented by H,O, and monohydrol represented by 
H,O. The trihydrol dissociates as the temperature 
rises and is responsible for the peculiar variation in 
the specific heat of water discovered by Rowland 
at temperatures below 40 deg. C. At somewhat 
higher temperatures its dissociation is complete. 
and water is then a solution of monohydrol in 
dihydrol. It will be seen from what has already 
been said as to the co-aggregation of the molecules 
of a vapour that steam may similarly be considered 
to be a solution of dihydrol in monohydrol. If 
evaporation is conducted at higher and higher 
pressures, the proportion of monohydrol dissolved 
in the water increases as does also the proportion 
of the dihydrol dissolved in the steam, and at the 
critical point the constitution of the two solutions 
becomes identical, and the distinction between 
water and steam disap . 

It may further be added that water has an 
abnormal dielectric constant, and has accordingly 
extraordinary powers of absorbing radiation of 
long-wave length. It will follow accordingly that 
the specific heat of the dihydrol molecules dis- 
solved in the steam is likely to be abnormally high, 
the molecules having more “ degrees of freedom ” 
than can be represented by velocities and spins. 

Pressures approaching the critical are, however, 
well outside the practical range for which, taking 
temperatures in centigrade degrees and pressures 
in lb. per sq. in., the volume is given accurately 
by the expression 





V —-01602 = 1-07061 © — .4213 a Ne: - (12) 
P T 
The equation for the total heat of steam and 

that expressing the relation between the volume, 
temperature and pressure, are fundamental, and 
from them all other equations we may require can 
be derived. For example, the entropy is obtained 
from the relation 

dQ_ dH _Vdp 

hint Se : ’ 
This can be integrated, since expressed in foot- 
pound units we have : 


r , 
H=."_.P(V-b bP +B 
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and the relation between the volume, temperature, 
and pressure is given by equation (12) supra. 
In this way Callendar obtains for @ the expression : 





* ErratumM.—In our last issue the expression for H 
near the middle of column 1, page 65, should read 


H=—1.. (P(V —b) + PO+B. 
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In this the pressure is taken in pounds per square 
inch, and absolute temperatures are reckoned in 
Centigrade degrees. 

This expression for the entropy of superheated 
or supersaturated steam must apply also as a 
limiting case to that of dry saturated steam. The 


. L P 
latter, however, is equal to dw + ” where ¢,, is 


the entropy of water at the absolute temperature T 
and L is the latent heat of steam at the same 
temperature. If we equate these two expressions 
and solve the resulting equation for p, this (if 
Callendar’s formulas are reliable) should be equal 
to the saturation pressure as determined by Regnault 
and others. The test is a very crucial one and it 
turns out that the agreement is extraordinarily close, 
the computed figures differing less from the. results 
obtained by different experimenters than these do 
from each other. 

It is further noteworthy that Callendar has shown 
that his equation for the saturation pressure can 
be put into a form which is, with the exception of 
a corrective term depending on the co-aggregation 
volume, identical with the theoretical expression 
for an ideal liquid and vapour as deduced by Rankine 
in 1866. 

Another test which any set of reliable steam 
tables should successfully pass is that the specific 
heat must be the same whether deduced from the 
total heat or from the pressure, volume, and tem- 
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perature. It has already been pointed out, page 
64 ante, that the specific heat at constant 
pressure is expressed mathematically by 
dH 
dT |p 
It is, however, also equal to the expression, 
lig oY 


dP 
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where the suffix P denotes that the volume is 
changed at constant pressure and the suffix ¢ 
that the pressure is changed at constant entropy, 
that is to say, by an adiabatic expansion. 

This can be shown by considering the case of an 
elementary engine in which the heat is supplied 
to the steam at constant pressure, and so slowly 
that there is never any sensible difference of 
temperature between it and the source of supply. 
In that case the entropy lost by the source is 
exactly equal to that gained by the steam, and 
hence the entropy of the system as a whole remains 
constant and the heat is added “ reversibly ”’ to the 
steam. By Carnot’s theorem the efficiency of all 
reversible engines is the same. 

Let the indicator diagram of this elementary 
engine be represented in the annexed figure by 
ABCD. The original volume V is represented 
by OG and P the initial absolute pressure by G A. 
As the piston moves forward, heat is added so as 
to maintain the pressure constant, and the indicator 
pencil describes the line AB. If 4 T be the corre- 
sponding rise of temperature, then 4 Q, the quantity 
of heat required is given by the relation 


AQ = Sr a 


“dT 
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This heat is, it will be seen, added to the steam 





at the average temperature 


; 7 le AV. 

At B the supply of heat is stopped and the steam 
is expanded adiabatically along the line BC. The 
pressure in this operation is reduced by the amount 
4 P and the temperature by 4 T, where 


aT= |, AP. 
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At C the expansion is stopped and the return stroke 
made at constant pressure, during which heat is ab- 
stracted; at D compression is commenced and 


’| continued adiabatically up to the initial point A. 


If we neglect the term 


oT , 
—}| AV 
0 aK 


which vanishes in the limit, the net work done is, 
by Carnot’s theorem, equal to 


AT 
AQx 
e we: 


But this is also equal to the area of the indicator 
diagram expressed in heat units. Now the area 
ABCD only differs from the area A B E F by a 
small quantity of the second order, which vanishes 
when 4 P and 4 V become infinitely small. We 
may thus write : 


1 aAPAV= 
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On reduction this gives us : 

en. .t So lSe 
J dT iedT 
In any reliable set of steam tables this quantity 
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It will be found on trial that all the tables based 
upon the German formulas for the total heat and 
specific volume of steam fail to satisfy this test, the 
discrepancy being as much as 20 per cent. The 
only tables that do so are those based either directly 
or indirectly on Callendar’s work. 

Callendar’s formulas apply equally to super- 
saturated steam, and in his treatise he gives a most 
interesting analysis of Professor Stodala’s experi- 
ments on the losses in a convergent-divergent nozzle, 
Stodola, it will be remembered, was not himself 
satisfied with the conclusions to which his own 
analysis apparently led. These indicated a frictional 
loss of some 20 per cent., and the losses were, more- 
over, distributed in a somewhat anomalous way. 
Callendar shows that when the super-saturation of 
the steam is taken into account, the frictional loss 
comes out at from 6 per cent. to 10 per cent., which 
is a much more reasonable > 

As is well known the state of supersaturation is 
unstable, but there is much evidence that the 
condition persists through every stage of a turbine 
in which the steam is not definitely superheated, 
Unfortunately, however, from the point of view 
of the computer, though the steam remains su 
saturated it does not remain dry. We sugges 
our issue of October 10, 1919, page 484, that after 
the Wilgon line was crossed the steam temperature 
during the rest of the expansion was that corre- 
sponding to the Wilson line, whilst the water 
temperature was the saturation temperature corre- 
sponding to the pressure. The same view is taken 
by Professor Callendar, and it follows, therefore, 
that to a first approximation the Wilson line can 
be regarded as replacing the saturation line on the 
old theory, and that formulm deduced on the 
hypothesis that the steam expands in thermal 
equilibrium will require only a small adjustment 
to suit the actual conditions. In this regard 
Professor Callendar has made a great advance. 
The properties of superheated or “dry” super- 
saturated steam during an expansion are adequately 
represented by a formula of the type P V* = con- 
stant, where \ for steam has the value given by the 
equation 4 = 1 — 0.23077 4, where » denotes 
the hydraulic efficiency. The reheat factor in this 
case can be readily calculated. When, however, we 
come to wet steam expanding in thermal equi- 
librium matters are not so simple. Its properties 
cannot be represented by a formula of the type 
P VA = constant, and the exact expression for the 
reheat factor is exceedingly complicated. Professor 
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Callendar finds, however, that it can be obtained 
with remarkable accuracy from the semi-empirical 
formula : 
L=1+(l-«2 
” 
where « denotes the efficiency ratio and 7 the 
hydraulic efficiency of the turbine, whilst x is equal 
to u, the adiabatic heat-drop divided by 2 (Hy — st). 
Here Hg denotes the total heat at exhaust had 
t 


the expansion been adiabatic and st = t — 5 


where ¢ is the final temperature Centigrade. This 
formula will greatly add to the facility with which 
turbine tests can be analysed, and in view of what 
has been said above, should be capable of modifica- 
tion to meet the case of the expansion of wet 
supersaturated steam. In view of the fact that 
the total heat of steam in ft. lb. units is given by 
the relation : 
H =? .Pp(V-—6)+P6+B 
y¥-1 

on neglecting b a formula of the type P (V —b) = 
constant, can be transformed into an equation of the 
following type: H—- B = k P™ = constant. 

For superheated or supersaturated steam ex- 
panding with a hydraulic efficiency , the value of 





m is 2”. Calendar finds that an equation of the | 


_— 
same form can be made to represent with great | 
accuracy the expansion of wet steam in thermal | 
equilibrium. In that case the value of m is fixed ' 
by the condition that : 
Po Vo _ Pom 
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containing, the one hydrochloric acid, the other 
ammonia, were placed under a bell jar; a pointed 
wire joined to one pole of an electric machine was 
introduced into the fumes forming in the bell ; 
when the machine was turned, the fumes were 
thrown into violent agitation and agglomerated 
to flakes of ammonium chloride, which soon settled. 
Smoke was similarly cleared by the brush discharge 
and the “ electric wind ” blowing from the pointed 
wire. That experiment is certainly a century old ; 
Hohlfeld is, in fact, said to have attempted more 
than a mere demonstration of smoke abatement 
by these means in 1824. But like most electro- 
static experiments this dust precipitation remained 
an interesting curiosity, until] Sir Oliver Lodge tried, 
in 1882, to dissipate the Liverpool fogs by the high- 
tension electric discharge. Lodge thus started at 
the big end of the problem, though he certainly did 
not neglect the possibilities of technical applications 
on @ more modest scale. Dr. Frederick G. Cottrell 
also planned a huge demonstration of fog-dissipation 
for the Panama Pacific International Exhibition of 
1915, and C. H. Thordarson had actually begun to 
instal a 1,000-kw. transformer for 1,000,000 volts 
on the exhibition grounds at San Francisco with this 
object. The war intervened, and the public took 
little interest in the removal of mists which would 
probably drift in again from the sea faster than 
the machinery could dissipate them. 

But the possibility of stopping contamination 
of the atmosphere by obnoxious dust and fumes 
did appeal to the public. Once a certain amount 
of success had been obtained, the American people 


Cottrell of an article on “The Electrical Precipita- 
tion of Suspended Particles,” in The Journal of 
Industrial and Engineering Chemistry of August, 
1911, induced the company to negotiate with the 
Research Corporation of New York, to which Cottrell 
had assigned his rights. The corporation con- 
structed a treater, a chamber, 8 ft. by 6 ft., 16 ft. 
long, set with lead strips suspended parallel to the 
gas flow between lead collector plates. The scrubbers 
were not superfluous; it was indeed found that 
by cooling and wetting the gases with the aid of 
a water spray before entering the treater chamber 
the dust recovery was further improved. The dust - 
collected contained far more antimony, arsenic, 
lead, tellurium, &c., than silver and gold, of course, 
and the silver removed represented only 0-24 per 
cent. of the total passing into the furnaces; but 
the treaters recovery amounted to more than one- 
third of the whole silver and gold recovery from the 
dust, the new plant required very little space, the 
working expenses were very low, and new treaters 
—this time of the tube, not of the plate type— 
were later added. 

Equally satisfactory experiences were gained 
in cement and metallurgical works dealing with 
huge volumes of gases. At the Riverside Portland 
Cement Works and the Security Cement Lime 
Company of Hagerstown, the dust had to be stopped, 
and the potash in the dust became a valuable 
by-product. In the Anaconda Copper Works it 
|'was general dust and also arsenic which had to 
be collected. At the Balaklala Smelter in Sacra- 
mento obnoxious reverberatory furnace gases 
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| possibly charged the roast heaps, smelters and required treatment. In America the electric treater 


whilst & and B are determined by the initial and | chemical works with doing more injury than they ' now brings down the dust in sugar works and in 


final values of H and P. This equation is very | 
simple to apply and should also be suitable for the 
expansion of wet super-saturated steam. We are 
thus furnished with a new method of turbine 
analysis. The difficulties under which we have 
hitherto laboured are well illustrated by the circum- 
stance that after a most careful and extensive series 
of tests on a small reaction turbine made a few years 
back in his laboratory by one of our leading authori- 
ties, the task of interpreting the records obtained, 
had in the end to be abandoned in despair. Pro- 
fessor Callendar illustrates the use of his new 
formule by analysing the performances of the, 
turbines of the Mauretania and of the Dreadnought. | 
In the case of the former, however, the data used | 
do not agree with the official figures, and in that | 
of the Dreadnought he has chosen for analysis a\ 
trial in which matters’ were complicated by the | 
auxiliaries exhaust being passed into the L. P. 
turbine. Moreover, in this case we question the 
legitimacy of the assumption made that the 
mean steam speed through a group of blades 
can be taken to be the arithmetical mean 
of the initial and final velocities. Even the 
geometric mean yields rather too high a figure 
for the work done in the group. This objection 
would apply still more strongly to modern high- 
speed turbines in which at the low-pressure end a 
complete group often comprises only one or two 
rows of moving blades, although the pressure drop 
is considerable. There are some other minor points 
as to engineering and mechanical matters, on which 
we are not in agreement with Professor Callendar. 
These, however, are unimportant and few in number, 
and are quite beside the main purpose of the book, 
which provides us not merely with a great increase 
in our knowledge of steam but also with quite 
new and most promising methods of analysing 
turbine tests and discovering how the steam 
actually does behave in its transit through the 
blading. It is greatly to be desired that this 
important investigation will not be left to foreign 
engineers, but that one or other of our great 
engineering firms will have the matter investi- 
gated by their own technical and scientific experte, 
or at any rate provide the data or otherwise help 
to carry out the work. 








THE COTTRELL SYSTEM OF DUST 
AND FUME PRECIPITATION. 
Suntrnvuric Acip aT THE R.N. CorpiTr Facrory. 


Many of us remember from our school days a 
simple demonstration of the precipitation of fumes 
by the electrostatic discharge. Two small dishes 





were responsible for. When injunctions had been 
granted in a few cases, and powerful companies had 
proved willing to ‘“‘ buy off,” damages were claimed 
for failures of crops which subsequent investigations 
clearly traced to insects and to plant disease. But 
matters were undoubtedly bad in many districts. 
Yet, if it had not been that, with the wind blowing 
in a certain direction, the acid fumes from the 
Selby smelter, in California, choked a tunnel of the 


Southern Pacific Railroad, the costly researches on | 


fume precipitation might hardly have been persisted 
in. The suppression particularly of sulphuric acid 
fumes was indeed among the first problems which 
Professor Cottrell, then at California University 
(after 1911 at the United States Bureau of Mines), 
took up about 1906. Watching the effect on acid 
fumes of the brush discharge between metal points 
and plates in the dark, he noticed that the asbestos 
lagging of his electromagnet was all aglow, the moist 
hairy filaments of the asbestos steadying the dis- 
charge. In his first installation in the sulphuric 
acid-concentration plant of the Hercules Powder 
Company, of Pinole, California, he therefore used 
iron electrodes wrapped with asbestos. The plant 
was small, the current only of 6,000 volts, and the 
treatment, though successful, not sufficiently 
profitable to warrant extensive application. Then 
came the troubles of the Selby Smelting and Lead 
Works. In their affination plant the silver is 
dissolved in concentrated boiling sulphuric acid 
to separate (part) it from the gold, which all silver 
contains. Cottrell erected a fume precipitation 
plant working with currents of 17,000 volts and 
lead-covered iron electrodes. The plant is still in 
existence ; the fumes were suppressed or very much 
diminished, at any rate, and some sulphuric was 
gained from the fumes. 

The recovery of fumes and dust, which had 
formerly caused destruction and litigation, soon 
popularised the new process, especially in works, 
in which valuable dust was lost in spite of elaborate 
flue systems and bag filters. The case of the 
Raritan Copper Works may exemplify this. Up 
till 1906 the company had passed their gases from 
the Doré refining furnaces through a system of 
brick flues, 12 ft. square, 250 ft. long, leading to a 
brick stack, 90 ft. high. In extending the plant 
a water scrubber was interposed at the end of the 
flue system ; it consisted of a water tank into which 
336 pipes, 5 in. in diameter, dipped to a depth of 
5 in. That addition proved a great improvement ; 
steam seemed alone to escape from the stack ; 
yet fine particles were found to settle on a sheet of 
metal held in the steam current. Further gas 


washers were planned, when the publication by 


factories of dried food-stufis (milk, egg, &c.), and 
about 150 Cottrell treaters have been installed in 
,_ America and elsewhere. Other systems have been 
‘developed, also in this country. The cleaning of 
| blast-furnace gas at Skinningrove, where potassium 
chloride is recovered from the dust, recently 
described by Messrs. H. Hutchinson and E. Bury,* 
is on the Lodge system. The number of electric 
dust-precipitation plants in this country is small 
so far, however; but here again acid fumes were 
| first dealt with. We are to-day in a position to 
| illustrate the Cottrell sulphuric acid fume treaters 
| put down in the Royal Navy Cordite Factory, at 
Holton Heath, near Wareham, Dorset, by Messrs. 
Huntington, Heberlein and Co., Limited, of Iddes- 
leigh House, Caxton-street, S.W. 1, sole representa- 
| tives for the United Kingdom and some of the 
| Dominions of the International Precipitation Com- 
pany of Los Angeles, California. Before going into 
| details, however, we wish to refer to some general 
"features. 

In all these precipitators the gases pass through 
vertical tubes or through chambers in which they 
are exposed to the high-tension discharge between 
electrodes, an axial wire, a chain or strip, and the 
tube or chamber walls or plates. Under the 
influence of the corona discharge (brush, glow or 
point discharge) solid particles and vapours held in 
suspension are carried to one of the electrodes, 
though the discharge does not separate and deposit 
the several gas constituents. The latter is possible 
to a certain extent in vacuum discharge tubes, but 
not when the gases are moving at rates of about 
5 ft. per second. Ionisation of the gases may also 
play a part. In order to make the particles travel 
in the same direction throughout, direct currents 
are used in practice, and we distinguish between the 
insulated negative discharge electrodes, and the 
positive earthed collector electrodes. Alternating 
currents may be used ; but the precipitation is less 
complete then, probably because the particles would 
travel too slowly for the rapid current reversals 
and would vacillate between the two electrodes. 
As a matter of fact, some particles also settle 
on the discharge electrode, which is therefore shaken 
at intervals or brushed or flushed with the hose for 
a rough cleaning—after shutting off the current. 
The slow travel of the particles has a steadying 
influence on the discharge, whilst the current rushes 
of ‘spark discharges and of accidental short circuits 
are disturbing factors. We mentioned in our 
introduction that currents of 1,000,000 volts had 
been suggested. In practice 60,000 volts are not 











* See ExGINEERING, October 1 last, page 453. 
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often exceeded, though 100,000 volts and 25 250,000 
volts have been spoken of. Actually the trans- 
former, which is generally provided with several 
tapping terminals, is not really maintained at 
its tull capacity. The advantage of high tension 
is that the electrodes may be spaced far apart, 
and large volumes of gases be dealt with ; the dis- 
advantages are the high insulation and the very 
costly transformers which have to bear the violent 
current surgings of any treater breakdown owing 





| consists of two pairs of chambers, two chambers in 
parallel forming a unit designed to deal with the acid 
fumes from two Kessler furnaces, in each of which 
10 to 15 tons of sulphuric acid are concentrated 
per 24 hours. It was found that the treater could 
take double the projected duty. Our photographs, 
Figs. 1 and 2, illustrate the buildings. The Kessler 
house containing eight Kessler furnaces is seen 
at the back of Fig. 1; in front are the fan houses, 
and between these and the big house the treaters 
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cooling towers. At the switchboard the bus-bars, 
oil-break switches instrument transformers and 
connections are mounted on steel framework and 
are enclosed, leaving a cleat way between them 
and the control panels of 5ft. For distribution the 
potential is raised to 4,400 volts. 

The electric treater installation comprises two 
10-k.v.a. units, each made up of : one oil-cooled main 
transformer of 10 k.v.a., 440/100,000 volts, single- 
phase at 50 periods ; one 1/2-h.p. synchronous motor 
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to short circuits. In order to avoid disturbance 
of the electric supply of the works by the reactions 
of the treater circuit, and to ensure full flexibility 
and the simplest independent control of the treater 
plant, it is often recommended to give the treater 
its own separate electric installation. The use of 
direct currents involves the provision of rectifiers, | pa 
and the installation would then consist of alternating 
current generator, step-up transformer, rectifier 
and treater. Long axial wire and chain electrodes 
are apt to oscillate under the influence of the dis- 
charge, probably owing to want of symmetry in 
the field ; there is no trouble of this kind in the 
Holton Heath plant, to the discription of which we 


The treater plant, which is all in duplicate, 


Fia. 4. 


and, further on the left, are the coke scrubbers. 
Fig. 2 shows the treaters and their prominent electric 
standards better; the electric machinery of the 
treaters, illustrated in Figs. 3, 4, 5, is installed in 
the building, the gable of which can be seen on the 
right-hand side of Fig. 1. Diagram Fig. 6, on 

page 96, explains the electric connections of the 
treater switchboard, Fig. 3. The circulation of the 
fumes will be understood from Fig. 7. Finally, 
diagrams Figs. 8 and 9 illustrate the arrangement 
of the electrodes in the treaters. 

The steam required is raised at 175 lb. per square 
inch and superheated to 550 deg. F. The Parsons- 
Brush generators yield 750 kw. each at 650 volts 

| and 50 periods, three- phase, running at 3,000 
|t.p.m.; the condensers are provided with film 





Fro. 5 


and rectifier fed with the 650 volts three-phase- 
currents, the rectifier disc being mounted on the 
extended motor shaft; one auto-transformer for 
650/200 volts, with means for regulating the tension 
in 17 steps from 440 volts down to 200 volts; one 
motor starter and accessories—these parts being 
installed behind a wire screen, in front, of whieh 
is the switchboard, built up of enamelled slate and 
angle irons. On the switchboard (Figs. 3 and 6) 
we see the 30 ampere double-pole circuit breaker; 
the ampere and volt meters ; the double-pole, single- 
throw air-break knife switches; the auto-trans- 
former with its 18-point dial switch ; the three-pole 
double-throw, quick-break knife-switches of the 
auto-transformer, and other parts. The auto- 
transformer is in the primary circuit of the main 
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transformer, and the 17 tappings of the dial switch | t 


admit of varying the potential supplied to the 
primary between 200 volts and 440 volts, the main 
transformer ratio being such that, with 440 volts 
in the primary, the maximum volts required in the 
secondary, viz., 100,000 volts, will be obtained. 
There is hence no further need for regulation between 
440 volts and 650 volts. The treater is generally 
worked with currents at 55,000 volts. The earthing 
of the apparatus is centralised. 

The rectifier is of the mechanical type usual for 
such installations, though it little resembles a 
rotating commutator. In a commutator we should 
have two conducting sectors or arcs in the insulating 
material of the drum or disc and, bearing against 
them, two pairs of brushes or shoes, the one pair 
connected to the transformer, the other to the treater 
line. In the plant under notice (Figs. 3 and 4) the 
disc has the shape of a shield, to the periphery of 
which two ares of copper are riveted, and the outer 
shoes consist each of two small spades of copper not 
touching the disc, but approaching it within 4 in., 





treater is electrically to be cut out without breaking 
the rectifier circuit, the bar is lifted off its base on 
the second bell, by means of a hook fixed to a long 
portable insulating rod, and turned and rested on 
an earthed contact on the other side of the first bell. 
The large square boxes, seen in Figs. 1 and 2, through 
which the wires are taken, are made of asbestos 
sheeting, and the line enters the treater chamber 
through a silica brush in the side of one of the 
chamber covers over the insulators carrying the 
supports of the discharge electrodes (Figs. 8 and 9). 
These electrodes are bars of cross-shaped section ; 
the collecting electrodes are lead plates, and they 
are earthed like the positive pole of the rectifier. 
The treater chambers are wooden boxes, 19} ft. 
long, 5% ft. high, 4} ft. wide, lined throughout with 
the best chemical lead weighing 10 lb. per square 
foot. The electrode plates are less heavy, 8 lb. per 
square foot; the extra strength of the lining was 
adopted in case that the coke scrubbers uld 
later be dispensed with, when the hot acid tumes 
would directly be admitted into the chamber. At 
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other than inspection by an electrician who sees 
from a glance at the shafts C whether the treater 
works normally. When the treater is stopped a 
cloud of acid mist can at once be seen and be 
smelt ; when it works, the discharge from the 
shafts is almost invisible. So far no corrosion of 
the electrodes has been observed, and the con- 
densed acid is free from antimony, though not 
quite free from lead probably, a trace of which 
is found in most chamber acid. The suppression 
of the acid fumes is entirely satisfactory. The 
discharge from the Keasslers indeed had not ex- 
ceeded the legal acidity limit—1-5 grammes of SO, 
per cubic foot of vapour—before the treater was 
installed. 

At Holton Heath sulphuric acid is made by the 
Tentelew contact process, the literature of which is 
almost limited to patent specifications; a brief 
description may hence be acceptable. In their 
broad features all sulphuric acid contact processes 
differ little ; but there is ample scope for originality 
in detail. The Tentelew process, developed by 


































































































Fic. 7. 
present the fumes enter 
: at about 80 deg. C. (176 Outlet 8 Inlet 
ws : i : deg. F.), with a velocity eke 
RE wort. ae i ‘ 3 ot 5 ft. a The 
\ be H ; ~ collecting electrodes are r - 
<i § suspended from _lead- coe | 7 
gy ee } NA covered longitudinal © 
; 4 ' Se beams, themselves resting > 
; } : on pet es ema sup- 7 ae 95 
i 4 1 Cported by timber frames. 
woseyy +t WOKV-A Main Transformer The discharge electrodes, Draun 
suspended from bell insu- qv Fig. 9. 
so that sparks pass between the spades and the arcs ;| lators and not fixed below in any way, are = ca. wie as 3 as 
these sparks carry the high-tension currents. The | made in their special cross-shape section by s ae «ae cee pgs 4 
spades are adjustably mounted in insulating rods,| extrusion of a regulus metal. The arms |  Y a ——— 
corresponding to diameters of the disc, the two rods | of the cross are about 2 in. wide and } in. —— | 
of each pair being joined in x fashion; the hori-| thick; the edges of the arms which lie along | om = —— ————- —— 
zontal connection being coupled to the transformer, | the stream-line of the fumes are sharpened, and 


the vertical to the treater line. The small copper 
spades are held by bolts of iron and are mounted 
with them at the end of the rods. The actual 
contact arc used (i.e., the angle of the x) is 
only one-tenth of the circumference. The length 
of that aro‘determines the potential of the currents 
sent into the line by the rectifier. The transformer 
supplies single-phase currents, more or less of 
sine-wave shape ; if we make the contact arc small, 
only the high-volt peak of the wave is utilised, 
and that is wanted in this case. The success of 
the rectification can be controlled by branching an 
earthed oscillograph off a line in shunt to the treater. 
‘The whole installation has worked so well from the 
beginning—it was built in 1919 only—that this 
device has not been added. There are no observa- 
tion windows in the treater chambers either ; they 
exist in some plants. Nor has it been found neces- 
sary to vary the contact arc, and there has never 
‘been any disturbance of the electric supply by the 
treater circuit. 

The high-tension line from the rectifier to the 
treaters is supported inside the house, 9 ft. high, 
on special porcelain insulators, and outside on 
timber poles, 45 ft. high ; the steel pins of the bells 
are earthed. Two bell insulators will be noticed 
on the top of each pole in Fig. 2. The line wire 
goes to the first bell and through a bar, which is 
pivoted on this bell, to the second bell and further 
down the bend (Fig. 2) into the treater. When a 





it will be noticed that the extreme bars of each 

of the three groups of electrodes project a little out- 
side the plates. By the aid of jug valves inserted in 
the inlet and outlet boxes of the chambers, the fumes 
may be shut off from the chamber for inspection ; 
the jug valve, which has the shape of an inverted 
dished dise (of lead, like the box) is lowered, by 
means of a chain (Fig. 2), into an annular trough 
charged with sulphuric acid, and is thus sealed off. 
The cover of the box is luted in the same way ; 
the valve chain passes through the cover. The 
condensed fumes are drained into a gutter (Fig. 7) 
running in front of the chambers and into a basin 
visible in front of Fig. 2 the condensed acid is of 
34 per cent. 

Diagram Fig. 7 explains the fume circulation. 
The 22-in. lead pipes from the Kesslers are joined 
in pairs as indicated; fans A draw the fumes 
through the coke tanks or scrubbers and discharge 
them into a main fume pipe leading to the treaters, 
through which the fumes are drawn by the Kessler 
fans B; the uncondensed vapours are delivered 
into the shafts C, built up of earthenware sections, 
and discharged into the atmosphere. 

The first striking feature about the treaters is 
their small size. Dust and fumes, flues and bag 
houses are usually of large dimensions and become 
an aggravated nuisance, whenever they have to be 
attended to. The treater at Holton Heath runs 
continuously and requires very little attention 





Eschelmann and Harmuth in the Tentelew works, 
St. Petersburg, about 1905, is distinguished by a great 
flexibility ; it is less worked on laid-down lines 
than the others, and for that reason calls for con- 
tinuous judicious control of temperature, pressure, 
concentration and other conditions to meet varied 
requirements. If the SO, of roasting furnaces 
would directly combine with the oxygen of the air, 
there would be no need for the nitrous vapours of 
the lead chambers, nor for the catalysts of contact 
processes which act as oxygen carriers or condensers. 
The Tentelew house at Holton Heath, is longitu- 
dinally subdivided without partition into an equal 
left and right half; the whole plant has a capacity of 
70 tons of sulphuric acid per week. The pyrites to 
be roasted come from Spain and Norway ; the latter 
are purer and contain less (about 0:7 per cent.) of 
arsenic which, in some imperfectly understood way, 
gives rise to persistent mists and to temperature 
fluctuations at later stages. The three (one spare) 
SO, burners, each of a capacity of 11 tons, are 
| provided with seven hearths so arranged (as in 
| Herreshoff and other types) that the powdered 
| pyrites is turned inward on one hearth by the 
| slowly-rotating rakes and dropped near the vertical 
| shaft on the next hearth below, on which it is raked 
| outward. The SO, gas flows through a main into 
| the Howard dust collector, and then upward in zig- 
| zag through the narrow passages between horizontal 
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plates, mounted 6 in. apart ; the plates are cleaned 
every two or three days, and the dust is dumped. 
The gas then enters the three cylindrical cooling 
towers, which are lined with 2 in. of lead, meeting 
the spray from water pipes arranged at different 
levels. Distributing boxes now send the gas 
downward through a number of filter boxes, about 
4 ft. diameter, in which graded quartz is packed 
over a perforated false bottom ; the beds are cleaned 


lead rods with an iron core. In another plant 
30,000 cub. ft. per minute are dealt with in four 
units of the same type and deposit 25 tons of acid 
per day. When the hot SO, gases from the burners 
are to be cleared of dust, at temperatures of 1,100 
deg. F. (600 deg. C.) and more, the heaters are 
generally of the plate type, the gas streaming 
horizontally past heavy steel plates between which 
steel strips or angle irons are suspended. Lead 





every other day by forcing water upwards through 
the quartz. To remove the arsenious acid the SO, 
gas is bubbled through caustic soda (of which about 
4 cwt. is wanted per day, working at full capacity), 
being forced through the fine lateral perforations of 
a central mushroom valve. The spent sodium arsenite 
goes down the drain. The soda spray is retained 
by coke scrubbers, and the cooled gas is dried in 
three drying towers by sprays of sulphuric acid 
of 98 per cent.—the towers are all of lead, like 
most of the apparatus mentioned. The original 
stoneware pump circulating the gases hailed from 
Charlottenburg ; when it failed, Sir Charles Parsons 
replaced it by one of his turbo-blowers, which has 
given complete satisfaction and dispenses with 
the special oil filter formerly needed. 


The gas is now ready for the contact chamber | 


which, like the heat-interchanger by its side, forms 
a cylinder about 6 ft. diameter, heavily lagged with 


magnesia and kieselguhr. The gas first enters the | 


vertical wrought-iron tubes of the interchanger 
which are flushed outside by the downward rush 
of the gases from the contact chamber, on the 
counter-current principle ; the temperature is about 
500 deg. C., but may vary considerably. The 
contact cylinder contains 200 vertical tubes, 4 in. in 
diameter, of wrought iron, all in parallel ; the tubes 
are set with horizontal perforated discs, forming 
shelves for the platinised asbestos with which the 
whole space round the tubes is packed. The gas 
flow is regulated, and not all the gas need be pre- 
heated ; it depends upon the bulk and concentration 
of the acid required. The control is effected by means 


of analyses and various apparatus comprising thread | 


recorders of the Cambridge Scientific Instrument | 


Company, checked by other tests. The gas leaving | 


the contact chamber is substantially SO,, a con- 
version of 98 per cent. being attained. The SO, is 
cooled by being sent through a nest of many vertical | 
iron pipes, all in parallel, standing open in the house, 
and is then bubbled through sulphuric acid of 
97 per cent., to yield the strongest oleum or other 
grades of acid. The big acid-mixing tanks, each of 
18 tons, are outside the house, in the space leading 
over to the Kessler furnace house. The eggs for 
raising the acid by air pressure are made in wrought 
iron and are fitted with valves, &c., of tantiron or 
narki; cast-iron is liable to be cracked by strong | 
sulphuric acid. 

The Kessler furnaces, to which we return, again 
vary much in detail. Of the eight Kesslers installed 
at Holton Heath, no two are quite alike, in fact, 
because improvements are always being tried. 
The acid is concentrated by passing, through and | 
over it, the hot gas from producers, which are merely | 
charged with coal and air; an acid of the highest | 
concentration, boiling at 320 deg. C., can apparently | 
be obtained by gases at 230 deg. C., but the gases | 
are actually hotter in most cases. The Kessler is a 


would not answer at these temperatures. When the 
| gases can be cooled down to 600 deg. F. (315 deg. C.) 
jand lower temperatures, however, tubular treaters 
|are again used. Thus in a Wisconsin plant, where 
|zine blende is roasted in burners, 17,000 cub. ft. 
|of gas are sent per minute through two units, each 
of 36 steel pipes, and they deposit 7,600 lb. of dust 
|per day, the dust containing 22 per cent. of zinc. 
| The treaters work at 85,000 volts and only occupy a 
space of 28 ft. by 17 ft., by 35 ft. high. In this respect 
| particularly more might be done in this country ; 
|the Alkali Inspector’s reports still express regret 
at the dust and fume nuisance and the waste of 
| material in roasting furnaces. 

In concluding we wish to express our indebtedness 
| to the Superintendent of the Cordite Factory, and 
to other members of the staff for their obliging 
courtesy and for the illustrations they placed at our 
disposal. The treater diagrams, Figs. 8 and 9, we 
owe to Messrs. Huntington, Heberlein and Co. 





RECENT HYDRO-ELECTRIC POWER 
DEVELOPMENTS IN ONTARIO, CANADA. 

In the possession of water power the Dominion 
of Canada is particularly fortunate. In this respect 
the country is, perhaps, in a better position than any 
other in the world. Canada has a rich asset in her 
many rivers, in the many falls and rapids on those 
rivers, and in the many lakes which equalise their 
|flow. The total horse-power available for develop- 
ment, without counting that which for reasons of 
inexpediency or impracticability it is undesirable 
to exploit, is certainly not less than 8,000,000, 
and is probably considerably more. Reliable data 
jare lacking regarding the power possibilities of 
many of the remoter potential sites, while some have 


|not yet been surveyed. But taking the minimum 


estimate, 8,000,000 continuous horse-power repre- 
sents a coal equivalent, as compared with the best 
modern steam engine practice of about 60,000,000 
tons per annum, or about one-quarter of the total 
output of the mines of this country. As many of 
the sites lend themselves readily to the purpose 
of power generation, and do not demand the 
expenditure of prohibitive sums for their develop- 
ment, the value of this inexhaustible supply of 
power to the Dominion can hardly be over- 


estimated. 


Up to the end of 1918 the total water power 
developed in Canada roughly approximated 
2,000,000 h.p., or about one-quarter the estimated 
total power available. Of this total development 
by far the greater proportion was generated by 
central stations for the purpose of sale and distri- 
bution to industrial, domestic and municipal 


| consumers. The central station industry of Canada 


has, indeed, attained a very high degree of develop- 
ment and organisation, and at the time in question 
represented a capital investment of 80,000,000/. 


square tower, about 10 ft. high, built up of frames | It was responsible for the generation and distri- 
of iron, each with a bottom plate, superposed upon | bution of 1,841,000 h.p., 1,682,000 h.p. of which 


one another and resting upon a base of volvic lava 
(mined near Clermont Ferrand, in the Auvergne). 

The gas enters the passages of the “ saturator” 
at the base and forces its way up, through the acid, 
trickling down from above, either through side 
openings of the plates, in zig-zag fashion, or through 
the numerous perforations of the plates. These 
holes are provided with raised edges and covered 
by calottes, cups of lead with jagged edges, so that 
the gas bubbles through the acid in the shallow 
pans. 

We may add a few figures about some big American 
Cottrell plants. In one factory, producing 50 tons 
of sulphuric acid per day, 3,000 cub. ft. of fumes 
at a temperature of 135 deg. F. (57-5 deg. C.) pass 
per minute through the treater, which consists 
of 16 vertical pipes, 15 ft. high, 12 in. diameter, 
built up of tile sections cemented together, the 


was generated by means of water power. This was 
distributed at an average cost to consumers of 
about 61. per continuous horse-power per year. 
When it is considered that at the present time the 
cost of power to British manufacturers ranges in 
individual cases from about three to six, and even 
eight times this figure, the bearing which this 
question of water power has upon the industries of 
the Dominion needs no further emphasis. 
Although all the provinces of Canada are more 
or less richly endowed in the matter of water power, 
and have developed its potentialities to a greater 
or less extent, chief interest from the hydro-electric 
point of view centres in the Province of Ontario. 
This is due partly to the fact that Ontario leads all 
the other provinces in the matter of power developed, 
and in part to the big development projects at 
present under way. At the present time the total 





discharge electrodes being axial heavy star-shaped 


water power development of Ontario approximates 





some 900,000 h.p., which is 50 per cent. more than 
that generated by any other province, and nearly 
half the total water power generated in the whole 
Dominion. Considerable though this aggregate of 
horse-power is, it is inadequate to meet the present 
needs of the community, and in order to cope with 
existing conditions, and to be able to meet the 
further demands for power which the future in- 
dustrial expansion of the province is certain to 
create, provision is now being made to materially 
increase the horse-power available. 

In the present article we propose to review the 
hydro-electric developments of the province of 
Ontario, and in particular the work of the Hydro- 
Electric Power Commission, leaving for a future 
oceasion the consideration of the present and 
potential utilisation of water power in other parts 
of the Dominion. Before commencing to deal 
in detail with the projects for increased power 
development which have recently been completed 
or are at present under way it may, however, be of 
interest to trace the remarkable growth that has 
taken place in the utilisation of water power for 
municipal, industrial and domestic purposes during 
the past few years. 

Prior to 1900 the generation and distribution of 
hydro-electric power on a large scale was practically 
unknown in Canada. A certain number of in- 
dividual industrial concerns, which happened to 
be located near an easily-developed power site, 
utilised such. power ; but it is safe to state that till 
that year the total water power developed in 
Ontario did not exceed 20,000 h.p., and was pro- 
bably considerably less. The work of developing 
upwards of 1,000,000 h.p. and of distributing it 
over an area roughly equivalent to that of England, 
has, therefore, been accomplished in twenty years, 
and has been largely the work of the last decade 
only. 

During the latter years of the last century the 
rapid strides made in the commercial generation 
and distribution of electrical energy had led to the 
establishment at Niagara Falls, on the American 
side, of hydro-electric plants of considerable capacity 
and the success with which these were operated 
prompted the installation on the Canadian side 
of similar plants. The possibilities of generating 
current on a large scale at Niagara Falls and dis- 
tributing it throughout the neighbouring 
of the province soon took firm hold of the public 
mind, the result being that in 1903 a commission 
was formed under the auspices of the Provincial 
Government to investigate the whole question of 
hydro-electric power developments. The forma- 
tion of this commission was, in effect, the beginning 
of the present Hydro-Electric Power Commission, 
which was created in its present form in 1906, 
the idea originally being that it should generate 
and distribute its own power. In view, however, 
of the fact that by that time three large generating 
stations had commenced working on the Canadian 
side of the Falls, this scheme was subsequently 
deferred, and a contract was placed with the’ 
Ontario Power Company for the supply of the 
requisite power. This contract called for the 
delivery of 12,000-volt three-phase 25-cycle current 
to the Commission at Niagara Falls, up to a maxi- 
mum of 100,000 h.p., at a price equivalent to about 
21. per horse-power year for the first 20,000 h.p. 
supplied, with a reduction of 1s. 8d. per horse-power 
year for requirements in excesg of that figure. 

During 1910 the Commission commenced its 
work of linking up the various cities and munici- 
palities under its jurisdiction with electric trans- 
mission lines, and during this year power to the 
extent of 750 h.p. was first delivered on a commer- 
cial basis. High-tension transmission was adopted 
between the generating stations and the main 
centres of distribution and of demand, and lower 
tension lines for transmission thence to the less 
important centres. Between the commencement of 
1910 and the end of 1919 the Commission had 
constructed or acquired 2,584 miles of the former 
operating at a voltage of 110,000, and 1,700 miles 
of the latter, employing voltages ranging from 
2,200 to 46,000. During the same period the 
amount of power supplied by the Commission had 
risen from 750 h.p. to approximately 260,000 h.p., 
and the number of municipalities served from 13 to 
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192. Particulars of the horse-power developed and 
the length of low tension transmission line con- 
structed in connection with the several different 
systems operated by the Commission at the con- 
clusion of the year 1919 are tabulated below. 

Taste I. 


Miles of Low 
H.P. Tension Trans- 


System. Developed mission lines. 
Niagara om ... 220,000 969 
Central Ontario 27,500 93 
Eugenia 4,000 210 
Severn 3,000 170 
Muskoka 1,500 27 
Wasdell’s 1,500 69 
St. Lawrence 0 95 
Rideau 1,500 55 


Of the high tension transmission lines a con- 
siderable mileage was in existence prior to 1910. 
This was merely taken over by the Commission, 
and has subsequently been supplemented as 
occasion arose by the construction of additional 
lines by the Commission. Practically the whole 
of the low-tension mileage has, however, been 
constructed throughout the Line Construction 
Department of the Commission during the past ten 
years. When it is remembered that for five of 
these years war conditions prevailed in Canada, the 
progress that has been made must be regarded as 
eminently satisfactory. As a matter of fact really 
rapid progress in the construction of low-tension 
transmission lines only commenced a few months 
before the outbreak of the war and was continued 
without any material decrease as regards mileage 
per month until the end of 1916. From that date 
onwards, however, the growing needs of the military 
authorities for men, and the increasing acuteness 
of other war conditions began to make themselves 
felt, with the result that the amount of new con- 
struction was restricted. The curves, Fig. 1, show 
the approximate progress made with the work of 
low-tension transmission line construction on the 
various systems owned and operated by the Com- 
mission from the beginning of 1911 up to the end 
of 1918, the mileages given being actual miles run. 
Referring to this diagram the curves drawn in 
broken lines have reference to the larger mileage 
scale to the right of the diagram. The full curves 
refer to the left-hand scale. Most of the lines 
concerned are single-circuit three-phase, though 
there are by no means inconsiderable distances of 
two, three and four circuit lines, the percentages 
being respectively 22, 2 and 0-1 of the total mileage. 

The whole of the low-tension transmission lines 
operate with three-phase current at voltages 
ranging from 2,200 to 26,400. In some cases the 
26,400-volt lines have been Y-connected so as to 
give operating voltages up to 45,000. Current 
at 13,200 volts and 26,400 volts is very generally 
adopted. 

Wood poles designed to accommodate a double 


circuit and with provision for telephone wires are |. 


largely used on the low-tension transmission lines 
operated by the Commission for carrying the con- 
‘ductors. Pole spacing ranges from 120 ft. to 
132 ft., the latter being the more generally employed. 
The pin spacing minimum is 3 ft., and is generally 
more, 4 ft. and 7 ft. spacing being the standard 
in more recent construction. The practice of double- 
arming at corners, which is so generally employed 
in connection with overhead electrical transmission, 
and which was the method originally adopted by 
the Commission, has been found to be unsatis- 
factory, especially in cases where heavy conductors 
had to be employed. This practice has been 
abandoned, and in all recent constructions train 
insulators have been adopted, The sky wire is 
insulated from the pole anc grounded every fifth 
pole by carrying a tap from the sky wire at about 
4 ft. from the pole aerially to the pole service 
and thence to the base of the pole. This method 
has been found to add materially to the insulation, 


but introduces some risk to the line as compared. 


with ground pins, since a defective insulator might 
result in the dropping of a phase by burning off an 
arm. In recent construction suspension insulators 
have been substituted for the pin insulators pre- 
viously used, the cost of erection having been 
thereby reduced. 

Aluminium, copper, steel cable and iron are all 
employed as conductors. Of these materials 


aluminium is the most extensively used, 74 per cent. 
of the total of 6,356 wire-miles completed up to 
October 31, 1918, being of this material, as com- 
pared with 17-1 per cent. copper, 5°7 per cent. 
steel and 3-2 per cent. iron. Aluminium has 
proved to be an admirable substitute for copper as 
a conductor, its relative cheapness being greatly 
in its favour. In view of the climatic conditions 
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met with in Ontario, the remarkable immunity 
of the transmission lines under the control of the 
Hydro-Electric Power Commission from breakdown 
has amply justified the adoption of this material. 
The experience gained, however, during the last 
year or so in the use of steel cable, coupled with the 
increasing cost and scarcity of copper and aluminium, 
has recently led to the employment of this form 
of conductor to a greater extent than formerly, 
about 34 per cent. of the total construction during 
the year 1918-19 being of this material. For 
ground wire, } in. galvanised steel is generally used. 

In the 110,000-volt, 25-cycle high-tension trans- 





mission lines steel towers, spaced at from 550 ft. 
to 660 ft., and wood poles, are both employed. 
Aluminium and copper are used as conductors, 
the former to the extent of about 60 per cent. of the 
total wire-miles, this material having proved quite 
as satisfactory under the higher as under the lower 
pressures. Steel reinforced aluminium cable has 
also been recently tried with considerable success 
on the steel tower line between Niagara Falls and 
Dundas. 

The effects of the growing acuteness of war 
conditions from the commencement of 1917 on- 
wards are not reflected only on the changes which 
they brought about in the materials used, and in 
the demand rate of new construction. They are 
further emphasised by the relation between power 
generation and demand which were brought into 
existence as a direct result of the changed economic 
situation. Throughout the province the growing 
requirements of war industries created an un- 
precedented demand for power at a time when new 
plant was difficult to obtain and when, owing to 
the shortage of labour, new power development 
schemes on anything like a large scale were out of 
the question. These conditions taxed existing 
generating stations to their utmost capacity, and 
eventually a point was reached when power had to 
be strictly rationed. Early in 1917 the demand was 
such that practically all the existing plants were 
called upon to operate under conditions of maximum 
load. This state of affairs continued to exist 
and to grow more acute during each subsequent 
year, and has only recently been alleviated by the 
placing in operation of several new power develop- 
ments and the extension of several existing generat- 
ing stations. 

The ruling conditions of load and capacity are 
illustrated by the curves given in Fig. 2, which 
represent the approximate loads carried by the 
generating stations of the several systems under 
the control of the Commission from the commence- 
ment of 1911 to January, 1920. As in Fig. 1, the 
broken lines have reference to the scale to the right 
of the diagram and the full lines that to the left. 
An analysis of these curves, and more particularly 
of that giving the total loads carried by all the 
generating stations concerned, will indicate fairly 
clearly the factors which governed the situation. 
Neglecting seasonal fluctuations and the irregularity 
during the winter of 1918 introduced by the failure 
of a large generator at the Ontario Power Company’s 
plant, it will be seen that up to a point just prior 
to the outbreak of war the load increase was steady. 
From this point up to November, 1915, the general 
tendency of the curve is considerably steeper, 
reflecting the more rapid increase in load due to 
the exigencies of war industries. From November, 
1915, to January, 1917, this tendency is still more 
marked. By the latter date, however, the load 
had reached a point at which it approximated to 
the ultimate capacity of the generating stations. 

In view of the continuous and heavy loads which 
were carried by all the generating stations under 
the contro! of the Commission, it was found 
impossible to make any radical alterations in the 
physical arrangement of these plants during the 
course of the war. The demand was not only 
heavy, but it was urgent, and any material reduction 
of power output pending the carrying out of altera- 
tions was out of the question. 

Some minor changes of interest from the electrical 
point of view were, however, effected. At the 
generating station of the Ontario Power Company, 
which is controlled and operated by the Commission, 
some additional facilities in the direction of selective 
switching were installed which resulted in an 
increase in the efficiency of the plant. A new 
generator was also put down to operate as a 
synchronous condenser, with good results as regards 
voltage regulation. Two 4,000-kw. synchronous 
condensers were also installed in connection with the 
Toronto high-tension station which, by reducing 
the idle current carried by the generating units at 
Niagara, benefitted the whole system and materially 
increased its capacity for the delivery of energy. 
Another change of some importance in connection 
with the Niagara system was the addition of the 
output of the Erindale generating station through 





the medium of a frequency changer set, while 
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some important changes and additions to trans- 
former capacity were also made between the 
Toronto, Dundas and Guelph high-tension stations. 
These resulted in a net increase of transformer 
capacity of 17,500 kw. at Toronto, 12,500 kw. at 
Dundas and 5,000 kw. at Guelph. 


(To be continued.) 








THE CRITICAL SPEED OF A TURBINE 
SPINDLE. 
By RicHarp GARDNER. 

OnE of the most laborious processes in the design 
of a steam turbine is the calculation of the deflection 
of the rotor. It is here proposed to indicate a 
method of obtaining a formula for a given type 
of rotor which is roughly symmetrical about its 
middle, taking the common case of a rotor formed by 
wheels carried on a spindle the diameter of which is 
stepped. Such a spindle is shown in the annexed 
diagram, where the stepped wheel-seat portion is 
replaced by uniformly tapering parts length /, on 
each side of the axis of symmetry. [If 1,, or l, the 
length of the gland portion, or /, the length of the 
journal up to the bearing centre line, is not the 
same for both ends of the rotor, the mean of the 
sizes is taken. We are supposing that the spindle, 
roughly symmetrical, is accurately so. Another 
assumption proposed is that the weight of the part 
of the rotor between bearing centres is uniformly 
spread over the middle length 21, ; it will appear 
that this is justified. 

Let x and y be the horizontal and vertical co- 
ordinates of a point on the deflected axis with 
reference to the middle point of the deflected axis. 
Let W = weight of rotor between bearing centres. 
From the usual beam theory, bending moment 
ay W 
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the constant term being added to suit the con- 
ditions. 

Integrating again and inserting the proper 
constant, 
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This expression would be next to impossible to 
evaluate arithmetically. In the first place, y is 
small, then W1,3/4 Ei is large because ¢ is small 
compared with I, hence the coefficient in the 
—" is of a higher order of smallness than y. 
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Expanding this expression so far as to retain the 
square of a in our final results, we obtain for the 
coefficient of (W 1,5 + 4 E I) 
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higher powers than the square of a being neglected. 
Thus the value of y for an end of the wheel 

portion of the rotor is 

y Wih3 

1 . ——- 
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We shall also require an evaluation of Y,, the 
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Expanding and reducing, we obtain 
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We have now to deal with the remaining parts of 


the spindle. Thus for the gland portion : 
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measuring x and y from the point where the first 
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section ended. Making x = l,, we have end slope 
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Maximum deflection of rotor : 
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This formula gives results, for the type of rotor 
to which it applies, in remarkably close agreement 
with those obtained by the usual graphical process 
of drawing the bending moment and deflection 
diagrams. In two cases where the writer has tested 
it, the calculated deflection was 14 per cent. in 
excess of the figure obtained from the diagram, 
giving a critical speed } per cent. too low, which, 
of course, is on the safe side. This good result can 
be accounted for in this way: The deflection of a 
uniform beam with a load W uniformly spread 
between the supports, is no less than five-eighths 
of the deflection of the same beam with a load W 
concentrated at its middle ; hence, the error in our 
assumption regarding the distribution of the weight 
causes only a small error in the calculated deflection. 

A simple check on the analysis can be applied. 
Suppose that for the tapering middle part of the 
spindle I could be taken as constant. Then would 
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and from (2), the deflection would be : 
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and it may be seen that this agrees with (4). The 


result, (4) or (5), for a spindle with a middle part of 
uniform diameter, is quite inapplicable to a spindle 
with only slight stepping or tapering; if the small 
diameter D, of the taper were taken for calculating 
I, the calculated deflection would be considerably 
too high; on the other hand, If I, were taken as 
the constant value of I, the deflection might be 
dangerously under-estimated. 
Critical speed (in revs./min.) is 


na fof wld—-yda 
2 A) fw (A-yide 


| w is the weight intensity in pounds per inch. The 
inch is the unit of length. We are assuming w 
is constant and limited to the middle length 21,. 
Also, y is small relative to a, and for the present 





purpose we may without serious error neglect 
pone square and higher powers of y + 4. So that, 
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Taking the expression for y given by (1), and 
integrating between the given limits, we find 
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With a further application of the binomial 
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theorem the expression for critical speed may be 
written : 
% (1 +4). 
V &(1+4) 


ROTARY SURFACE GRINDING MACHINE. 

An unusual form of surface grinding machine which 
is capable of a large variety of manufacturing work 
has been recently brought out by the Heald Machine 
Company, of Worcester, Mass., U.S.A., and is being 
introduced into this country by Messrs. Alfred Herbert 
Limited, Coventry. This machine is capable of flat 
grinding large numbers of small articles such as can 
be held by a magnetic chuck, or single articles of 
large size within the capacity of the chuck, which in 
the machine illustrated is 12 in. in diameter. A 
similar machine, slightly smaller in size, has a chuck 
8 in. in diameter. It will be gathered at once from 
the general view of this machine, which we give in 
Fig. 1, annexed, that the machine embodies three 
main movements, viz., the wheel drive, the wheel 
traverse, and the chuck drive. The wheel is mounted 
in a slide somewhat resembling a shaper ram, which 
is given a horizontal reciprocating movement. This 
is shown in Fig. 2, annexed, while Fig. 3 gives a part 
end drawing of the slide. The mair drive is illustrated 
in Fig. 4, this being shown reveised when compared 
with the drawing and photograph above. 

The machine is driven by fast and loose belt pulleys, 
11} in. and 12 in. in diameter, running at 640 r.p.m. 
The belt taken is of 44 in. width and the pulleys are 
furnished with a belt guard which can be adjusted 
to any angle of drive, the usual belt striking lever 
being fitted. On this shaft are three pulleys, two 
small and one large. The latter is for the grinding- 
wheel belt. It is shown at the right-hand end of 
Fig. 4, and drives on to the long pulley drum shown 
in the centre of the sliding head, Fig. 2. The driving 
pulley on the main shaft, is furnished with spring jockey 
gear with a jockey pulley mounted on ball bearings. 
This keeps an even tension on the wheel driving belt. 
The two other pulleys on this shaft are for driving the 
main speed box, and the water pump for the wheel. 

The sliding head is a heavy casting guided on flat 
and vee ways which are completely covered by the 
slide, and protected from grit, &c. The slide surfaces 
may be seen in Figs, 1 and 2. The slide carries the 
wheel spindle, of chrome nickel steel, in a long plain 
adjustable bearing at the front end, and at the back 
end in a Skefko ball bearing. The adjustment of the 
front bearing is made through a hand hole fitted with 
a cover to be seen in Fig. 1 above the adjusting nut at 
the right-hand end of the bearing. The back end is 
fitted with a guard which can be removed when it is 
required to take up the end thrust by means of the 
nut outside the ball bearing. No other adjustment is 
necessary at this end, 

The wider of the two small pulleys in the main shaft, 
drives the main speed box which is shown in section 
in Figs. 5 and 6. Fig. 6 is a section on B B, Fig. 5. 
The drive from the wide pulley in Fig. 5 is transmitted 
in two directions. In the first, by the small three- 
step cone pulley, it is taken to the slide traverse, the 
motion for which is illustrated in Figs. 7 to 9. In 
the second it is taken through the mitres at the right 
(Fig. 5) and three-speed box (Fig. 6), to the belt 
pulley in that drawing, whence by belt a pulley on 
the chuck bracket is driven, this pulley driving the 
chuck by spiral gears. The first or driving pulley in 
Fig. 5 is fitted with two clutches operated by the two 
almost horizontal levers shown on the side of the 
machine in Fig. 1. The upper lever engages the small 
three-step cone pulley for the wheel slide movement. 
The lower lever engages both this and the chuck drive 
to the right of Fig. 5. As already pointed out, the small 
cone in Fig. 5 drives on to the cone in Fig. 8, which 
forms part of the gear belonging to the box shown on 
the side of the machine, Fig. 1. The drive will be 
easily followed from this cone pulley through reduction 
gears to a spindle on which are mounted free mitre 
wheels gearing with the large bevel shown in section 
in Fig. 7, mounted on a spindle at the other end of 
which is a small spur wheel. The latter drives the 
sliding head by means of a rack fixed underneath it. 
The sliding head is fitted with hand or automatic 
reverse, the latter actuated by two small dogs which 
can be seen towards the back end of the slide in Fig. 1. 
This movement is shown in detail in Figs. 7 and 8. 
One or the other of the small mitres is engaged by 
a sleeve driven by a key in the spindle on which they 
are carried, This sleeve is operated by a sliding gear 
worked by the handle above, which may in turn be 
automatically controlled by the adjustable dogs on 
the slide. The large capstan lever provides hand 
adjustment for the slide, the detail in Fig. 9 showing 
the way the lever head is mounted on balls, and fitted 
with a clutch which is engaged by pushing the head 
in. The hand adjustment is through the bevel at the 
other end, and other gears not showr. 
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ROTARY SURFACE GRINDING MACHINE. 


CONSTRUCTED BY THE HEALD MACHINE CO., ENGINEERS, WORCESTER, MASS., U.S.A. 
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The drive from the chuck is from the belt pulley| keys. The gears below in mesh with them are mounted 
shown in Fig. 6. This can be driven at three speeds, |free on their spindle, and are only engaged when a 
according to which pair of gears is engaged. The | sliding key, manipulated by the small hand knob to 
gears mounted on the bevel wheel boss are driven by | the right, is adjusted so as to key one of them to the 
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ROTARY SURFACE GRINDING MACHINE. 


CONSTRUCTED BY THE HEALD MACHINE COMPANY, ENGINEERS, WORCESTER, MASS., U.S.A. 


Fig. 6. A 
SECTION 8.8. 
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spindle on which the belt pulley is keyed. The belt 
drive to the chuck is on the far side of the machine in 
. Fig. 1. Details of the chuck and its mounting are 
wey se given in Figs. 10 to 13. The whole mount is 
pivoted about a horizontal axis so that it can be tilted 
Fig. 10 10 deg., _. allowing Ngee = or bgt —o to be 
WT. Fig. 73. i und. pivot is concentric wi rivin 
FT tg. B a eialin, the delve, a0 chesatn tated, talng eneandenl 
to the chuck spindle by spiral gears, one of the 
being moun directly on the spindle itself. 
e spi is carried at the upper end in a taper bearing, 
ae and at the lower end by bearings, as may be seen 
from Fig. 10. The bearings are carried in a casting 
which can be adjusted vertically in the body or 
y, sleeve means of the hand wheel and elevating 
screw. nose of the spindle is threaded to fit 
cd a chuck which is shown in . 12. This chuck is 
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protected with a shroud or shield, extending below the 
top bearing, which keeps the water and dirt away from 
the bearing. Fig. 13 shows the arrangements made for 
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ae eet ad te ee ee a ee 
a indicated, by the hand wheel shown in Fig. 10 

oa he etal ante ap aeenainn 
is also means two depending 
from the sliding head towards the front end. These 
dogs strike the lever and link gear at either one or 
both ends of the stroke. The amount of automatic 
feed is regulated by the adjustment screw to the t 
of the small bell crank lever on side of the’ machine. 
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The adjustment can be varied from 0-0005 in. to 
0-003 in. at one or both ends of the traverse. The 
machine is fitted with a magnetic chuck, the switches 
and lead for which will be noticed in front of the chuck 
basin. A large pump is provided and water is fed to 
the wheel through the pipe shown in Fig. 3. 
The diameter of the fa is 12 in. (hol surface), 
and overall 13} in. The 1 t swing ble inside 
the water pan is 16 in. The usual size wheel is 12 in. 
by lin. by 5in. bore, Other sized wheels can be used 
if desired and the wheel guard is made separate from 
the sliding head for this purpose, so that it may be 
chi dif necessary. The maximum distance between 
the chuck face and wheel centre is 104 in., and the 
minimum 4}4 in. The vertical adjustment of the 
Be is 5,7, in. ta eal 
his machine n ado argely for grinding 
races for ball bearings, gears, discs, pisto 
circular saw blades, cutters, reamer blades, tool blades, 
packing rings, gauges, clutch discs, and so on, Small 
parts have been placed on the chuck and ground, 
90 at a time, or 180 per hour, to a tolerance of 0-00025 
in. Ball race faces are ground to plus or minus 0-0002, 
as many at a time as the chuck will hold. For holding 
thin discs which are apt to spring on the magnetic 
chuck mechanical fixtures can be fitted, which can also 
be used for objects of brass, fibre, &c., which cannot 
be held magnetically. In many cases in dealing with 
small articles increased production is secured by not 
loading the centre of the chuck. For this reason a 
disc is fitted to the centre, and the parts to be ground 
packed between this and an outer ring, thus ensuring 
a = chuck speed for all parts coming under the 
wheel. 





STEEL ROLLING STOCK FOR THE METRO- 
POLITAN DISTRIOT RAILWAY 
(Concluded from page 37.) 

Details of the bodywork are given in Figs. 27 to 37, 
Plate Il]. Of these, Figs. 27 to 31 show details of the 
framing, and Figs. 32 and 37 particulars of the roofing, 
Figs. 32 and 33 corresponding with the plans Figs. 28, 
34 and 35, of the motor car. These cars, it will be 
remembered, have end compartments, and therefore 
require the provision of end side doors. In the control 
trailers such compartments and doors are provided 
at one end, but in the trailers no doors are provided 
at the ends of the sides, and passenger seats are fitted 
in the vestibules which communicate only with the 
body of the car. Figs. 32 and 33 are in reality com- 
posite drawings showing both the roofing ments 
for the motor and other cars. The abolition of 
the end side doors in the trailers allows of some 
simplification of the framing, as shown in Fig. 37. In 
the case of the motor cars, again, stiffening plates are 
added to the framing principals over the central door- 
ways, but these are not used in the other cars. 

nerally speaking, the body framing is composed of 
illars of J\_ section, 3in, deep, pressed out of } in. plate. 
hey are bent in 3in., above the waist rail, as shown in 
the sections, Fig. 29. The end frames are of 3 in. x 
4 in. X } in, channels. The cantrail is composite 
of a 4 in. pressing and an angle iron. The pillars at 
the main doors are made of two angles, lfin. x 1} in. X 
te in., facing each other. The purlins are continuous 
angles, |} in. x l}in. x } in. carlines are fastened 
tothem by angle joint plates. The carlines are 1} in. 
x ld in. X in. angles, with 1} in. x 1} in. X 4 in. 
angles bridging betwen the purlins, making together 
a depth of 3in. The roof is struck at a radius of about 
7 ft. 22 in, The exterior plating of the sides is & in., 
with y in. panel plating for the interior. The roof 
plating m: tr -" he interior framing for the wind 
screens, &c., is of special pressings, and les, 1} in. x 
1g.in, X 4 in., with x in. —_ The ootlinty is of 
} in. asbestos millboard. floor plating is steel, 
4.in. thick. _ This is covered with linoleum. 

The details of the ies for the motor cars are 
given in Figs, 38 to 42, V. Each car has two 
motor bogies, each of which has two G.E. 260 motors 
of 195 h.p.. The wheels are 3 ft. in diameter. The 
cars are carried on bolsters resting on four double 
Timmiss’ springs in an inverted channel pressing 4 in. 
deep of }-in. plate. The latter is hung from the bogie 
frame by canted suspension links. The car body 
bolster. centre. rests on a large ball bearing on the 

ie bolster, and the bogie. side i are of the 
roller type. The load on the boxes. is by inde- 
pendent lami , suspended in hangers fitted 
with rubber pads, distance between centres of 
journals is 6 ft. 6in., and the journals are 9 in. x 
5}in. Brak» blocks are fitted to both sides of all,wheels. 
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THE WORLD'S SHIPBUILDING. 

ALTHOUGH so far as this country is concerned the 
year 1920 has constituted a record in the matter of the 

roduction of merchant shipping, it appears from 
loyd’s statistics just issued that some other important 
shipbuilding nations have relaxed their efforts to make 
good the shipping losses due to the war. The decline 
has been most marked in the case of the United States, 
the actual figures for which will be given later, but 
Japan has also completed, in 1920, a lower tonnage 
of merchant ships than in either of the two previous 
tom 3 Most other foreign countries, on the other 
d, have increased their shipbuilding work, notable 
increases having been made by France, Italy and 
Holland. The total production of the whole world 
in 1920 amounted to 1,759 ships, making 5,861,666 
tons, as compared with 2,483 ships and 7,144,549 
tons in 1919, the reduction amounting to about 18 per 
cent. The world’s production is, however, more than 
2,500,000 tons greater than that for the pre-war record 
year of 1913. 

United Kingdom Production.—As mentioned above 
the shipbuilding output of the United Kingdom during 
the year under review is the highest ever reached in 
the industry, the figures being 618 vessels with an 
aggregate gross tonnage of 2,055,624. There are, 
however, distinct signs, as pointed out on page 50 
ante, that a decline has now set in, so that there is 
little likelihood of last year’s record being reached in 
the current year. A considerable proportion of the 
British tonnage launched has, however, been built for 
foreign owners, the amount being 846,403 tons, or 
over 41 per cent. of the total. This proportion, it 
should be noted, is considerably greater than that of 
pre-war times, the average figure for the five years 


Taste I.—Showing the Number and Tonnage of Merchant 

Vessels Launched in Principal ipbutlding 
Districts in the United Kingdom during Three 
Years 1918-1920. 
































Total Total Total. 
1920. 1919. 1918. 
District. 
No.| Tons. |No.| Tons. | No Tons. 
(Gross.) (Gross.) (Gross.) 
Aberdeen . 19 | 12,408 | 24 9,672 | — _- 
and Wor 6| 37,480; 5 | 8,902] 3] 11,004 
Belfast and n- 
donderry --| 26 | 188,709 | 87 | 218,720 | 23 | 148,259 
indee 10 | 32,797 | 10 15,198 | 8 | 23,860 
Clyde— 
Glasgow .. 183 | 457,032 |186 | 387,080 | 41 | 188,736 
47 | 223,434 | 58 | 188,717 | 31 | 160,024 
Hartlepools 16 | 73,221 | 20 | 82,288 | 25 | 100,413 
Hull ee 42 | 30,588 | 48 | 20,326 5 | 25,480 
Leith Se -+| 17 | 36,617 | 14 | 203800] 11 | 20,421° 
Liverpool .. --| 84 | 46,9388 | 19 $8,165 12,486 
Middlesbro’, Stock- 
ton and Whitby | 44 | 195,452 119,948 | 24 | 109,208 
Newcastle .. -| 83 | 365,776 | 64 | 289,886 | 55 | 266,504 
Sunderland 67 | 314,454 | 64 | 274,288 | 58 | 260,553 
* Includes a sailing ship of 3,845 tons. 
1909 to 1913 being just over 22 per cent. Another 


interesting feature of the figures is that although 
the tonnage launched in 1913. was lower than that 
in 1920, the amount added to the British merchant 
fleet last year was 309,000 tons less than the addition 
during 1913. Of the tonnage launched last year, 
286,644 tons were for Norwegian owners, 201,662 tons 
for French owners and 131,589 tons for Italian owners, 
and most of these countries have also made useful 
additions to their merchant fleets from their own 
yards. 

The greater part of the merchant tonnage launched 
in this country was, as usual, comprised in vessels 
ranging from 5,000 tons to 10,000 tons, the total 
number of ships included between these limits 
amounting to 168. Fifteen vessels of over 10,000 tons 
were, however, launched during the year, and three 
of these were of over 20,000 tons. These vessels were 
the Empress of Canada (22,000 tons), of which particu- 
lars will be found on 241 of our last volume, the 
Scythia (21,500 tons), and the Guilio Cesare (21,000 
tons). Lloyd’s statistics, as most of our readers are 
aware, do not include vessels of less than 100 gross 
tons, and, excluding these, the average tonnage of 
the vessels launched last year amounts to 3,508, but 
if we exclude vessels of less than 500 tons, the average 
tonnage becomes 4,387. The latter is larger 
than that for 1919, but smaller than those for the two 

revious years, the figures for 1919, 1918 and 1917 
cae 4,006 tons, 4,593 tons and 4,933 tons, respectively. 
Another interesting feature of last year’s statistics is 
the development indicated in the use of steam turbines 
for marine propulsion. It appears that, of the vessels 
launched, 79, with a total to of 638,557, will be 
fitted with steam turbines, most of which will be geared, 
although two vessels are provided with combined 
turbines and reciprocating engines. It may also be 
mentioned that 25 motor vessels, making 86,940 tons 





together, have been launched during the year, 11 of 
these ships being of 5,000 tons and upwards; the 
three largest motor ships launched are each of about 
9,500 tons. 

The accompanying Table I shows the distribution 
of shipbuilding work among the various districts of 
the United Kingdom for the past three years, and 
from this it will be seen that the Clyde well maintains 
its position as the premier shipbuilding district of the 
country. From Glasgow and Greenock together 180 
vessels with a total gross tonnage of 680,466 have been 
launched, the tonnage being about one-third of the 
total for the whole of the United Kingdom. Newcastle, 
from which 83 vessels totalling 365,775 tons have been 
launched, takes second place, the latter figure repre- 
senting nearly 18 per cent. of the total for the whole 
country. Sendedend follows with 67 vessels, aggre- 
gating 314,454 tons, to its credit, while the other 
important districts in order of magnitude of production 
are Middlesbrough (44 ships making 195,452 tons) 
and Belfast and Londonderry (26 ships making 138,709 
tons). Most of the districts, as indicated in the table, 
show notable increases in work in comparison with 
that of the previous year, the only exceptions being 
Belfast and Londonderry and the Hartlepools. In 
connection with Belfast, however, it should be pointed 
out, that the work of reconditioning vessels has 
probably had a considerable effect upon the production 
of new tonnage. 

Other Countries.—In Table II, opposite, we give 
the tonnages launched by the principal shipbui Sing 
countries of the world from 1892 to 1920 inclusive, 
excluding only the figures, which are not yet available, 
for ex-enemy countries. Apart from the United 
Kingdom it appears that 1,141 vessels with an aggre- 
gate tonnage of 3,806,042 have been launched during 
the year under review, the tonnage showing a decrease 
of 1,718,065 in comparison with 1919, and of 293,282 
in comparison with 1918. The total is, however, 
2,405,313 tons higher than that for the last pre-war 
year of 1913. The difference between 1919 and 1920 
is mainly due to the reduction in shipbuilding work 
in the United States, the tonnage launched in that 
country last year being 2,476,253 as against 4,075,385 
tons launched in the previous year, the difference 
amounting to 1,599,132 tons, or nearly 40 per cent. 
Most of the other countries, as previously mentioned, 
have increased their shipbuilding production, Japan 
being the most important exception. 

United States.—Notwithstanding the decline which 
has taken place in shipbuilding in the United States, 
the tonnage produ in that country exceeds the 
production of the United Kingdom by 420,629 tons, 
or over 20 per cent., so that America retains, for the 
time being at any rate, its position as the largest 
shipbuilding country of the world. The United States 
production last year amounted to more than 42 per 
cent. of the world’s total, and excluding the United 
Kingdom, to 65 per cent. of the total tonnage built 
abroad. The total tonnage launched in the United 
States last year included 119 steamers, each between 
5,000 tons and 6,000 tons, 152 between 6,000 tons and 
10,000 tons, and 15 of 10,000 tons and upwards. 
The latter include 7 turbine steamers of about 13,500 
tons each, which were the largest vessels launched 
in the United States during the year. Of the American 
vessels, over 1,500,000 tons will be propelled by steam 
turbines and about 29,000 tons by internal-combustion 
engines. One of the internal-combustion engined 
vessels has a tonnage of 8,168, and is the largest 
vessel of this c built abroad during the year. Eighty- 
eight steamers, with an ate tonnage of about 
567,000, were launched for the carriage of oil in bulk, 
and 73 of these ships, making 510,000 tons together, 
were constructed on the Isherwood system of longi- 
tudinal framing ; 85 other vessels, making 558,000 tons 
together, were also constructed on this system. 

Japan.—Japan takes second place among the 
foreign shipbuilding nations, having launched 140 
steamers last with an gate gross tonnage 
of 456,642. is tonnage, as shown in Table II, was 
155,241 less than that launched in 1919, and 33,282 
tons less than the figure for the previous year. 
spite of the reduction, however, the 1920 
formed more than a third of the total launched abroad, 
excluding the United States, and was almost equal to 
the total tonnage launched in Japan during the 10 pre- 
war years 1904 to 1913 inclusive. Of the Japanese 
vessels launched last year 30 were between 5,000 tons 
and 6,000 tons each, while 21 came between 6,000 tons 
and 10,000 tons. The three largest vessels were an 
oil tanker of 8,000 tons and two steamers of 9,695 tons 
each. 

British Dominions—Shipbuilding in the British 
Dominions during wen showed & —~ decrease 
in comparison with vious year, year's 

launched ‘behale Ghous 155,000 less than the 
figure for 1919. The Canadian launched 
ong vem to 159,551, or 112,000 tons less than that 
for 
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INSTANTANEOUS PHOTOMETER FOR TESTING SIGNALLING LAMPS. 


CONSTRUCTED BY THE CAMBRIDGE AND PAUL INSTRUMENT COMPANY, ENGINEERS, LONDON. 





Fig. 4 .PLAN OF LAMP CENTRE PLATE. 
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Tus instantaneous (flash) photometer, which we 
illustrate in our diagrams, Figs. | to 5, on this page, 
and the photograph reproduced in Fig. 6, was one 


of the noteworthy novelties of the exhibition of 
scientific apparatus, held by the Physical and Optical 
Societies, noticed in our issues of January 7 and 14. 
The instrument was designed for the Admiralty by the 
Cambridge and Paul Instrument Company, of 45, 
Grosvenor-place, 8.W., in conjunction with the staff 
of H.M.S. Vernon, for measuring the rate of in- 
candescence and nigrescence of electric signal lamps 
by taking series of measurements of the instantaneous 
candle-power of the lamp while it is lighting up or 
going out. The comparison standard used for these 
measurements is always a similar lamp which has 
previously been calibrated with various currents in an 
ordinary photometer. The photograph shows the 
instrument ready for work. The dial platform, 
occupying the central space between the revolving 
shutter and the lamp box and the electric motor, 
has a diameter of 14 in. The diagram, Fig. 1. is a 
sectional side elevation of the characteristic parts, 
without the motor. Fig. 3 is a front elevation of the 
cylindrical lamp box and its bracket, while Fig. 5 
explains some details of the slit and shutter mech- 
anisms ; other details are illustrated in Figs. 2 and 4. 
The cylindrical box c, Figs. 1, 3 and 4, for the lamps 
is subdivided half-way up by a horizontal partition 
(Fig. 4) to which the lamp holdeis are attached. The 
comparison lamp, is placed in a in the lower com- 
partment of c, and the lamp to be tested in b in the 
upper compartment. The insides of the boxes are 
painted white. Each lap illuminates a vertical 
slit d, or d,, covered with ground glass; the two 
slits lie in the same vertical. In front of the 
box we notice, in Fig. 1, the shutter mechanism. 
Disregarding these devices for the present, we see that 
the rays from the lamps pass out of the box and through 
two cylindrical lenses ¢; and @, over to the optical 
7 s which is supported by the standard ¢; in 
the photograph the brass standard is seen next to the 
rpvdiving shutter. The object lens of s is composed of 
two prisms with horizontal axes, These p:isms send the 
rays from a and 6 on to the eyepiece, and the observer 
sees two rectangular fields, one above the other, the 
upper field being illuminated by the comparison lamp, 
and the lower one by the lamp under test. The cylin- 
drical lenses ¢, and ee, Figs. | and 2, are carried by 
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the bent arm f which is stationary and fixed to the 
shaft g. This shaft, which is mounted in a tripod 
stand, supports the dial and shutter mechanisms ; 
the bracket for the cylindrical box is also fixed to the 
tripod. 

The devices so far mentioned would give continuous 
illumination. In order to produce light flashes two 
further appliances have been provided—a_ revolving 
shutter and a secondary shutter. The vertical part 
of the revolving shutter is shown on the left of the 
photograph near the wire screen, over which the 





observer places a cover to shut out external light. 
In Fig. 1 the shutter & has advanced about 180 deg. 
from that position, and is seen between the cylindrical 
lenses and the box. The horizontal arm 4 to which 
k is attached is fixed to a sleeve which fits on the 
shaft g; A is counterweighted at the end opposite 
to k. The shutter carries two slits 4; and h2 which 
correspond to d, and dz. Light only reaches the eye 
when the two pairs of slits come into line with the 

; with the revolving shutter speed adopted, 
viz., 30 r.p.m., the flashes perceived only last 0-001 








Jan. 28, 1921.] 





ENGINEERING. 


UNIVERSALLY-MOUNTED BENCH VICE, 


CONSTRUCTED BY MR. E. MOULDS, ENGINEER, MANCHESTER. 








Fie. 1. 


second. The: two revolving |slits are independently 
adjustable on voth sides so that the flashes can be made 
simultaneous and of equal duration; the slit edges 
are bevelled. ‘Tiae fixed slits are adjusted to a width 
of nearly one millimetre ; the moving slits are a little 
wider. 
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|The curves plot candle-power as ordinates against 
time after lighting up, or extinguishing, the signal 
lamp, the time unit being the hundredth of a second. 
The determination of the complete curve does not 


| require morejthan a dozen readings, each in itself not 


| occupying ‘more than a minute; six readings are 


With the arrangement described the slits would only | frequently sufficient. The testing of a new pair of 


be obscured during the interval that ithe obscuring 
portion of the shutter-width is in front of the box c. 
In order to avoid the necessity for continuirg the 
obscuring screen completely round, a secondary shutter 
has been added. This shutter obscures the lamps 
when the revolving slits are a considerable distance from 
their operating positions, the secondary shutter being 
opened in good time before the slits themselves come 
into action. The following mechanism is employed : 
The radial arm h is rotated by the electric motor through 
the worm gearing / (Fig. 1). At the right-hand 
extremity of h a little shoe m, provided with sloping 
end faces, is screwed. As Ah revolves this ‘shoe m 
depresses the cam m, and the roller nz which bears 


against m (Figs. 3 and 5), m, being screwed to the box 


bracket. As the cam mn is slightly tilted, it deflects 
the long secondary shutter blade o, a strip of phos- 


phor bronze, which thus uncovers the two sits 
(Fig. 5). Immediately afterwards the spiral spring p 


(Fig. 1) pulls the blade o back again into the obscuring 
position. In Fig. 1 the blade o is indicated by the 
vertical line immediately in front of the box c, inter- 
mediate between this box and the primary shutter k. 
Another cam operates the switch which lights up or 
extinguishes the lamp under test in the upper box. 
The contacts themselves (not shown in our diagrams) 
are of the band-spring type and are mounted on the 
dize, or wheel r, from which they are insulated. The 
cam bears against a triangular lateral projection on one 
of these springs, which are mounted edgeways. 

By turning this wheel r the position of the contacts 
is varied so that the cam lights up the lamp, or switches 
it off again, at a variable interval before the shutters 
open. As the motor revolving the shutter and cam 
is fitted with a centrifugal governor, the speed of revo- 
jution is kept constant, and the time intervals can 
be accurately fixed with the aid of the calibrations 
of the circumference of the dial. One-half of this 
circumference is calibrated in white figures, each 
division indicating an interval of one hundredth of 
a second after lighting up, the whole calibration 
of the arc of 180 deg. representing 1 second. The other 
half of the circumference is similarly divided in red, the 
interval of hundredths of a second indicating time after 
switching off. 

In performing an actual test a known current is first 
passed through the comparison lamp so that it gives 
a known candle-power, previously determined. The 
instrument is then started, and the wheel is turned 
until a match is obtained in the two fields of the 
optical system. The time - interval, elapsed since 
switching on or off, at the end of which the lamp 
under test had the particular candle-power, is then 
read off on the dial. By taking a series of observations 
at different current intensities of the comparison 
lamp, the complete illumination curve can be traced. 


lamps, involving the standardisation of the comparison 
lamp, may take an hour, but when the same com- 
parison lamp is used for testing several lamps in suc- 
cession, the work will be shortened very considerably. 





UNIVERSALLY-MOUNTED BENCH VICE. 











A BENOH vice which is likely to prove of service 


|for many classes of work is illustrated in Figs. 1 to 3 


herewith. The illustrations are almost self-explanatory. 
It will be at once seen that the vice is mounted on a 


| ball which enables it to be canted in any direction in 


order to work on the flat on surfaces which are inclined 
on the job being held. The body of the vice is cup- 
shaped, and works on a large ball forming the base. 
The latter is hollow, and contains a second ball which 
| is drawn up to the cup by means of an eyebolt and wedge 
or tapered cotter, the endwise movement of which is 
controlled by a knurled nut on the right-hand side 
of the vice body. The nut at the lower end of the 
eyebolt enables wear between the ball joint faces 
to be taken up, so that the draw on the cotter may 
always be sufficient to make clamping effective. 

The vice is made with 4-in. and 5-in. jaws. It is 
rigid and is stiff enough to withstand chipping with the 
body clamped in any position. The maker of this 
interesting appliance is Mr. E. Moulds, 20, Lime-grove, 
Lonysight, Manchester. 











TIME-LAG DEVICE FOR ELECTRIC 
SWITCHES. 

ON a recent visit of inspection to the works of the 
Electrical Apparatus Company, Limited, we noticed 
a new and ingenious form of time-lag device which 
has just been introduced by that firm. The device, 
one form of which is illustrated by the accompanying 
engraving, can be used for operating any gear in which 
it is necessary to delay the effect produced by closing 
an electrical circuit, as, for example, in an automatic 
circuit maker, or it may be employed as a master 
controller for operating contactor switches in an auto- 
matic motor starter or controller. There are, in fact, 
innumerable applications in electrical engineering work 
for a really reliable and effective time-lag such as that 
we are referring to appears to be. 

As will be gathered from our illustration, the moving 
part consists of a hermetically-sealed tube, of non- 
magnetic material, containing a soft iron cylinder. 
The tube is filled up with oil and the cylinder fits it 
more or less closely according to the conditions which 
have to be filled by the apparatus. This part may 
form the core of a solenoid, or it may be passed throug 
the pole piece of an electromagnet as illustrated. 
In any case it is arranged so that the iron cylinder 
is situated in a comparatively weak part of the field 





set up when the coil circuit is closed, and the effect 














of this field is at first to draw up the cylinder slowly 
inside the tube, the oil flowing from the upper to the 
Jower end through the clearance espace around the 
cylinder. As the cylinder rises into a region in which 
the field is stronger, the force on it increases and 
its velocity also increases until a condition is reached 
in which the hydraulic resistance to the movement 
of the cylinder is greater than the weight of the whole 
of the moving parts. At this point the tube and its 
contents are drawn up, so that the pin at the upper 
end closes a contact producing the effect desired. 
When the current in the solenoid, or electromagnet 
coil is broken, the cylinder falls comparatively rapidly, 
since the oil can escape upwards through a hole drilled 
in the axis of the cylinder, though flow in the opposite 
direction, while the cylinder in rising, is prevented by 
the ball valve shown. 

The time of action can be made anything between 
a fraction of a second and several minutes, the adjust- 
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ment being effected in the course of manufacture by 
using oil of greater or less viscosity, or varying the 
clearance round the cylinder. In use, however, the 
device can be regulated within fairly wide limits by 
raising or lowering the initial position of the tube by 
means of the set screw shown in the illustration ; adjust- 
ment can also be effected by varying the current in the 
coil. The most useful features of the device are relia- 
bility and certainty of action, which arise from the fact 
that the oil, being enclosed in a hermetically-sealed 
tube, cannot leak out or evaporate; neither can it 
become contaminated with dirt. There is no obvious 
reason why the device should not operate without 
attention for years. 

The main products of the Electrical Apparatus 
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Company, Limited, as most of our readers are probably 
aware, are motor starters and controllers, ts, 
ironclad switch gear, electricity meters, &c., which 
have been made at their Vauxhall Works in South 
Lambeth-road, London, S.W. 8, since 1911. More 
recently, in 1919, they acquired additional premises 
in Wandsworth-road, and early last year an arrange- 
ment was made whereby the interests of the firm were 
amalgamated with those of Messrs. Bray, Markham and 
Reiss, Limited, who make somewhat similar apparatus, 
formerly mainly to Admiralty requirements, at their 
Walthamstow works. Except for a common sales 
organisation and the joint financial control, the two 
enterprises, however, are conducted separately, the 
Walthamstow works remaining under the direction of 
Mr. E. N. Bray as formerly. The latest development 
of the firm is, however, the completion last autumn 
of new works at St. Albans, which are now in full 
operation, mainly in the manufacture of oil-immersed 
draw-out switch panels and electricity meters ; about 
1,200 of the latter can be produced per week. The 
site of the new works has an area of 10 acres, and the 
present buildings cover a space of 30,000 sq. ft. In 
general, we understand, the St. Albans plant will be 
used for all standardised work, parts of all such pro- 
ducts being stocked there in a more or less complete 
state so that they can be rapidly assembled as required. 
Special work will still be carried out at Vauxhall, and 
the Wandsworth-road works will be retained as an 
auxiliary to these for the manufacture of detail parts 
such as coils, screws, &c. We have already illustrated 
and described some of the firm’s products on page 724 
of our ninety-sixth volume, and on page 552 of our 
one hundred and first volume, and we propose to deal 
with some of their more recent manufactures at a 
later date. 





THE SOCIETY OF GLASS TECHNOLOGY. 

Tue fortieth meeting of the Society of Glass Technology 
was held in the Mappin Hall, Applied Science Depart- 
ment, the University, Shemeld, on Wednesday, 
January 19, 1921, at 2.30 p.m., Dr. M. W. Travers, 
F.R.S., in the chair, when t were read. 

The first presented was enti Rate of Change 
of Glass C ition in @ Tank Furnace following a 

hange in the Batch Composition,” by John Currie, 
M.A, In this the author stated that the tank furnace 
in question had a deadweight capacity of 106 tons. 
During six working days in the week, filling on took 
place every 2 hours, the quantity added being made up 
of 30 cwt. of batch and 4 owt. of cullet, derived directly 
from the working end. Originally, the metal in this 
tank was used for bottles made on Forster machines. 
In place of these there were installed semi-automatic 
O'Neill machines, with Hartford-Fairmont feeder. It 
was thus n to produce a glass of lower melting- 
point and slower rate of setting. The batch was altered 
accordingly, so as to reduce percentage of lime, at 
the same time increasing the percentage of alkali in 
the glass. At various dates after the new batch was 
put into use, a sample bottle was taken for analysis, 
and the density of the glass was also determined. The 
main fact established in the paper was that a period of 
nearly three months was required to effect a radical 
—- in the composition of the tank, After that 
period, the ———— of the glass was nearly identical 
with that calculated from the new batch, the —— 
of lime being 7-42, as compared with 6-78 in the 
theoretical composition. 


pers 
iy The 


Two other po were presented, namely, ‘‘ Problems 
arising in Tank Furnace Practice, through Shortage of 
Saltcake,”” by Professor W. E. 8. Turner, and ‘ The 


Relative Adva and Disadvantages of Limestone, 
Burnt Lime and Slaked Lime as Batch Materials,” by 
F, W. Hodkin, B.8c., and Professor W. E. 8S. Turner. 
These two pa were taken together and presented 
by Professor Turner. The relative advantages of salt- 
cake and soda ash were discussed. It was pointed out 
—_ soda ash was generally much purer than saltcake, 
t it gave glass a considerably greater rtion of 
its weight than did saltcake, = that a om. ot batch 
would melt more rapidly and readily than a saltcake 
batch. It was also alleged that saltcake had a more 
corrosive action than soda ash on the refractory materials 
of the furnace. Further, soda ash was usually trans- 
= wig on the railways more carefully than saltcake. 

he price had also to be considered, ond on answer given 
to the question as to what happened when saltcake 
could not be got. Various substitutes had been tried 
with success. In some cases one-half or two-thirds of 
the salicake had been replaced by a co nding 
amount of soda ash. Attention was di to an 
observation made by Mr. Gelitharp, chemist to the 
Pittsburgh Plate Glass Company, U.S.A., to the effect 


pone i gore pa! She more @ certain lime 
content, could not be made with a wholly soda ash batch. 

In iments made with small in which soda 
ash, and saltcake and also a mixture of these, 
were used, they had tried in turn as the source of the 
alkali in the glass, (1) limestone, (2) burnt lime, and 
(3) slaked lime. resulted in a con- 


siderable degree upon the nature or form in which the 
lime was placed in the batch. In addition, there were 


other factors, Burnt lime might be e ive, but the 
burning of lime did get rid of organic matter which 
had a red action in the tank, and therefore tended 


diiolsioe ws hendicg buss ttns” whe" les rely 
es jurnt eo, W it 
absorbed moisture and carbon dioxide. Limestone 


tended to make a batch more expensive, but when 
melted it gave off a considerable quantity of gas, which 
helped mechanically to stir up the glass, thereby giving 
greater homogeneity. A discussion followed the reading 
of these papers, to which several speakers contributed. 





«“ UNEMPLOYMENT.” 
To Tae Eprror or ENGINEERING. 

Srm,—In the leader contained in your issue of January 7 
you refer to a broad solution of the unemployment 
position by each ind legislating to carry its own 
quota of unemployed. This carries with it two or three 
conditions which should not be overlooked, but to which 
no reference appears to — been —_ io — 
of our press. our industry is to responsible 
for its unemployed, then some conditions must be laid 
down as to who shall have entrée into that industry. 
At the present time the only qualifications for a trades- 
man are ap renticeship or membership of a trade union, 
but most of us are fairly well acquainted with the fact 
that during the war a very large number of men entered 
the ranks of the trade unions as well as the industry 
who had little or no trade qualifications, and there seems 
to be no doubt that some of the present unemployment 
is the resultant of this fact. 

The whole question raises the point which I have 
before raised in columns, viz., that our present 
system of admitting men as fully skilled esmen, 
immediately on completion of their apprenticeship, 
is bad for the industry as well as the men. Any man 
of 20 or 21 years of os his renticeship com- 
pleted and earning a rate of wages (which is 
@ maximum as as & minimum) has no inducement 
whatever to improve his qualifications as a t: . 

It is for this reason that men should be educated into 
the benefits that they themselves would obtain in gaining 
skill by orp by results. The present 
opposition to this method is a dead weight, preventing 
many men who have latent abilities from employing 
them in the most effective manner, and the position is 
not only illogical, but it is in effect deteriorating or 
results in deterioration of the most capable of men. 

There seems to be no logical reason why our trade 
should not follow the lines of the marine engineers, 
and institute examinations which would automatically 
divide men into first, second or third class engineers, 
and these would be paid accordingly, and cancellation 
of certificates could be authorised if it could be proved 
that a man was incapable of holding the same. 

Close observers seem to be agreed that the number 
of unemployed men in the engineering industry at the 

resent time is largely due to unskilled men who have 
mn badly trained or who have not the necessary latent 
mechanical ability to become good tradesmen. Why 
then should the industry be asked to pay for such un- 
employed? If the industry has to bear the expense 
of paying men who happen to be out of work when trade 
is bad, it seems only logical that the same principle should 
be applied to those known as “ Employers,” and the 
ind should bear the brunt of firms who make 
losses during the same period, The objections to this 
are, of course, perfectly obvious as it would only result 
in again increasing prices and putting a premium on 


inefficient factories. 
All the palliatives that have been recently mentioned 
on lines o' ying the unemployed, if reduced to their 


logical pina! sn ion mean that an industry will be - 
manently working on a basis of shorter hours, thus 
causing firms to 1 the t of their plant as 
well as the amount of capital involved in the industry, 
which, again, means in prices to the customer. 
All those en; in the engineering industry know the 
difficulties at the present time in meeting foreign com- 
es it is already possible to ses from the 

ontinent many complete mechani units at a lower 
price than the raw material for them can be purchased 
in this country ; and the necessity for increased indi- 
vidual production and lower costs was never greater 
than it is at present. 

The adaptation of ions as mentioned above 
can only result in the industry being brought to a basis 
of bankruptcy. Whilst it may ap to the sentiment 
and imagination, it cannot the test of sound 
economics, and no industry can be on a permanently 
sound basis unless it can stand this test, and engineers 

pecially should opp strongly every effort made to 
foist false principles of this kind which are likely to result 
in permanently destroying one of the industries of which 
this country can be justly proud, and an industry which 
during the war or any other time can never be accused 
of aaking large profits. 

Yours faithfully, 
Arraur 8. Murpocs. 

Smithfield, Alloa, January 19, 1921. 











Krropen RuppER DEvELOPMENTs.—In ti 


SHEFFIELD, Wednesday. 

Iron and Steel.—Conditions throughout the staple 
industries are exceptionally quiet. Contracts for 
finished products are ually being completed, but 
the disturbing feature is that new business to replace 
them is largely non-existent. The quotation of firm 
rates for forward delivery of steel and machinery does 
little to secure an improvement. There is ample 
evidence that the goods are needed, and badly needed, 
by consumers in the principal foreign markets, and also 
in the Colonies, but the stumbling-block to satisfactory 
arrangements for supplies is that, despite substantial 
reductions in seve directions, prices continue high 
as compared with quotations from competing countries, 
and in many cases rates of exc are so unequal as 
to make the cost prohibitive. © most prominent 
engineering employers are jointly searching for a solution. 
It is py in representative quarters that 
even if it is possible to maintain wages at a high level, 
no substantial adjustment of production costs can 
be made so long as coal eee continue at their 
present maxima. While a difference approximating 
8l. a ton separates the local quotation from the price at 
which foreign basic billets are being delivered, the margin 
is much greater as regards prices of finished products, 
and in some cases varies between 201. to 301. a ton. 
It is felt that no price-cutting of an ordinary character 
can remove discrepancies of these proportions. Business 
in raw and semi-fini materials is uniformly flat. 
Steelmakers have so few commitments to cover that 
the reduced price of pig-iron offers no incentive to 
increased purchases. Consequently, tput at the 
blast furnaces, though reduced, is more than sufficient 
to meet the current demand. Steel production is 
restricted. Some of the furnaces restarted 
since Christmas are again idle. Several firms who 
normally produce on a large scale for their own require- 
ments are working only to one-fifth of their full capacity. 
Slackness prevails in the open-hearth departments, but 
conditions are even quieter as regards crucible steel. 
The bottom seems to have gone out of the market for 
those high-quality special steels for which Sheffield is 
famous. The heavy foundries are sending a moderate 
tonnage to the shipbuilding centres. Light castings 
are in fair demand, though the diminution in require- 
ments from the automobile industry is seriously felt. 
In contrast, the lighter sections are for the most part 
working full time. Indeed, work could readily be found 
for more skilled men if these were available. 


South Yorkshire Coal Trade.—With the exception of 
house coal, supplies are considerably in excess of require- 
ments. Best qualities of domestic fuel find a ready 
market locally and for metropolitan consumption. The 
home industrial demand is flat, while the tonnage going 
for shipment is nothing like equal to output capacity. 
Railway companies are the collieries’ best customers 
for steam fuel. The accumulation of slacks at the pits 
has resulted in the further compulsory restriction of 
output. Sidings are congested, and it is essential 
to clear stocks before normal working can be resumed. 
The reduced output of coke is quite equal to current 
purchases on both home and export account. Quota- 
tions :—Best branch handpicked, 37s. 2d. to 38s. 2d. ; 
Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; Derbyshire 
best brights, 35s. 2d. to 36s. 2d.; Derbyshire house 
coal, 328. 8d. to 33s, 2d.; Derbyshire best large nuts, 
328. 8d. to 33s. 8d.; Derbyshire small nuts, 3ls, 8d. to 
32s. 8d.; Yorkshire hards, 32s. 8d. to 33s. 8d.; Derby- 
shire hards, 32s. 8d. to 33s. 8d.; rough slacks, 288. 2d. 
to 29s. 2d.; nutty slacks, 27s. 2d. to 28%. 2d.; smalls, 
238, 2d. to 24s, 2d. 








NOTES FROM CLEVELAND AND THE 
NORTHERN OOUNTIES. 
MippLesBroueH, Wednesday. 
The Cleveland Iron Trade.—There is abundance of all 
qualities of Cleveland pig-iron, and sales are not 
easily made. Interest centres this week in the attempt 
to facilitate revival in foreign trade by further price 
concessions for export, but as yet the movement has not 
Se ee d d. The ce ions con- 
sist of a p of 15s. in the export quotations for the 
better qualities, making an all-round 5s, export premium 
on Cleveland pig-iron on the home prices. For home 
urposes, No. 1 is 2258.; siliceous iron, 225s.; No. 3 
.m.B., 2158.; No. 4 foundry, 214s.; No. 4 forge, 
212s. 6d.; mottled, 212s. 6d.; and white, 210s.; and 
for shipment to foreign ports, No. 1 is 2308. ; siliceous, 
230e.; No. 3 Gm.B.. 220s.; No. 4 foundry, 219s. ; 
pr" 4 forge, 217s. 6d.; mottled, 217s. 6d.; and white, 
15s. 





Hematite-—Nothing new of moment is noticeable in 
the East Coast hematite department. Sellers’ efforts 
to put business through meet with little success, and 





with the well-known Kitchen reversing rudder, it is o 
interest to note that Mr. Kitchen applied last year 
for a patent for the employment of means in connection 
with these rudders for extracting from the propeller 
stream the rotation imparted to it by the propeller. 
This is done by means of spirally curved vanes fixed 
on the inside surface of the rudders at the after part so 
as to clear the pro} when helm is given. These vanes 
start with an angle a ximating of the propeller 
blades, but of oprosme hand, which increases towards 
the after edges of the rudder blades. The experimental 
work in connection with this device is not yet completed, 
—— is rons tage eo will show whatever advantage 

ma in stati , 9 itely-curved 
blades behind « an idee. to whick 





, an i to which some 
publicity has given. 





stocks at makers are understood to be accumu- 
lating rather rapidly. To both home and foreign 
customers No. 1 is 242s. 6d., and mixed Nos. are 240s. 


Foreign Ore.—Foreign ore values continue to fall, and 
consumers having large stocks, and being substantially 
bought are not only holding off the market, but are very 
disinclined to take deliveries in fulfilment of running 
contracts. The slump in freight continues, charterings 
from Bilbao to the Tees being reported at 10s., as against 
the top figure of 39s. The outside ex-ship Tees value 
of best rubio ore is now 41s. 


Manufactured Iron and Steel.—The fairly substantial 
cut in manufactured iron and steel prices has not induced 
b and customers declare that still further fall will 
have occur before any appreciable revival in trade 
can be looked for. Common iron bars are now 265i. 
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steel ship, bridge and tank plates, 227. 10s. ; steel angles, 


21l.; joists, 21/.; heavy sections of steel rails, 211. ; 


billets, 17/. to 18/.; and corrugated galvanised sheets, 
24-gauge, 28. 

Coke.—There is not much doing in coke, customers 
waiting for further fall. Local consumers have now 
good stocks and they are not disposed to pay rates rulin, 
which are 59s. 6d. for medium blast-furnace sort an 
62s. for quality low in phosphorus. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel Trade.—The position in the steel trade 


of Scotland is at present a little obscure and a further 
reduction in prices does not seem so far to have given 
buyers the ni impetus to rush in with new 


contracts. The Continental quotations are so much 


lower than the home prices that there is a big inducement 
to pass orders on to the foreign agents, but this state 


of affairs will rectify itself later on as the rate of exchange 
improves. Already there are signs of the franc firming 
some considerable time 
before the old level is reached. In the meantime, how- 


up, but of course it must 


ever, the competition has to be met and the home 


producers are up against it. Buying is so poor that much 

am in keeping the mills 
rders to place are still holding 
off as long as possible, and the business being given out 
is only that of an urgent nature. This applies to nearly 
all classes of material, and unless an early improvement 
takes place there will be a considerable increase in the 


difficulty is being ee 
running, and those with o 


number of unemployed in the steel trade. At a meeting 
of the steel makers, held in London last week, the re- 
ductions m make the current prices of local 


—s u 
steel as follow: Ship plates, 227. 10s. per ton; boiler 


plates, 291. per ton; sections, 21/. per ton, all net, 


delivered for home requirements. The export trade is 


almost nil at the present moment and the outlook is not 
encouraging. 


Malleable Iron Trade.—The depression which has 
prevailed in the West of Scotland malleable iron trade 


recently shows little sign 
very quiet. 


can see ver 
orders the tee iron makers decided, at 
“in Glasgow last Friday, to reduce their prices by 50s. 
pe ton, making the quotation for “ crown’’ bars now 
51. 
is still 50*. above the 


rice prevaili 


lower price now named will bring out a fair amount 
of business, but that remains to be seen. 


Scottish Pig-Iron Trade.—The Scottish pig-iron makers 


continue quiet, and there is very little business passi 
at the present time, due in large measure to the genera 
depression in most industries at home and also abroad. 
Owing to these conditions it is little wonder that even 
with prices on a lower level buyers are not giving out 
contracts. The demand seems to have disappeared, 
and unemployment is looming ahead if there is no 
speedy improvement in trade. Forge and foun: iron 
i request, and even hematite is not being so 
freely asked for by steelmakers. The current price of 
the latter is 127. 108. per ton, while the Belgian equivalent 
is being offered—and is being dealt in—at about 6i. 
per ton delivered in this district. Every ton of the latter 
landed here means less work for our own men. 


General.—There is undoubtedly a great absence of 
business at the present time and po in isolated instances 
is there anything like a decent demand for . Ship- 
builders are ing on tolerably well, i 
little heart +0 puindaiats orders are not being booked. 
Engineers generally are rather quiet, and many establish- 
ments are curtai the working week. Nail makers 
are only moderately busy overall and export prices have 
been reduced by 70s, per ton in the endeavour to secure 
more business. The export figures will now be 37s. 6d. 
per cwt. for clout nails and brads, and 42s. per cwt. for 
rose and bevel, both less 3} per cent. cash, f.o.b. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The special emergency programme, 
under which South Wales collieries have supplied home 
railway companies since February last with an extra 
60,000 tons of coal for locomotive purposes per week, 
is to terminate on February 19 next. It is also rumoured 
that from then the railway companies will be free to 
deal direct with the colliery companies and will also 
be allowed to buy at market prices. Doubts are expressed 
in — of the prices report in view of the fact that 
inland prices are still regulated by the Price of Coal 
Limitation Act at a maximum of 23s. 2d. per ton above 
the pre-war price, and that inland values are still some 
——- below export prices. It will, however, be 
recalled that the Government some time ago promised 
to withdraw the inland maximum prices when they 
approximated export values. This position has now 
been reached, and it remains to be seen whether the 
report in regard to prices is an intelligent anticipation 
of the discontinuance of control as and from February 19 
next. Though the demand from countries, which have 
for some years past been unable to obtain Welsh coals, 
continues to expand, the improvement is so slow that 
it has had practically no effect onthe market. Available 
i i companies 
foreign and 










































of ing off, and business is 
Buyers have held aloof, saying that prices 
were much too high when compared with the quotations 
for Belgian bars, and as a result few of the local works 
far ahead. In the hope of securing more 
@ meeting held 


per ton, delivered Glasgow stations. The new price 
@ year ago, but 
is now 51, per ton down from the top price which ruled for 
the most of last year. It is freely anticipated that the 








a despite the fact that quantities have been 
anked. Best large is obtainable at 60s. and good 
Monmouthshires at 55s., while best steam smalls can 
be secured round 27s. 6d., with the inferior qualities 
down to 15s. For spot loading and large quantities 
concessions are forthcoming. It will be ed that 
towards the close of last year a number of contracts were 
made for the delivery this on the basis of 908. 
to 97s. 6d. f.0.b. per ton for Lest large and 60s. to 65s. 
, smalls. Since then there has been an unprecedented 

ump in export prices and the question of carrying out 
these contracts os been the subject of negotiations 
between the parties concerned. In many cases 
contracts have been cancelled by mutual arrangement 
in view of the altered and abnormal conditions at present 
prevailing. In view of the general de ion a fact of 
interest is that the steamer W id, of 8,000 tons, 
which is going to. Hampton Roads in ballast from 
Newport, is proceeding to St. Nazaire to bunker, probably 
with coals of American origin. 


Iron and Steel Trades, business in the 
tin-plate market remains quiet. There is, however, a 
rather more optimistic feeling, for it is known that there 
is a shortage of tin plates abroad, and it is hoped that 
with better rates and the lowness of shipping 
freights there will a revival in trade. Inquiries are 
circulating from France, Italy, Switzerland and Japan. 
Actual business, however, remains ligible, and at 
present about 60 per cent. of the Welsh mills are out 
of operation. Quotations for standard boxes 
from 33s. 6d. to 36s. 6d. In respect to steel bars it is 
reported that though the official price is still 17/. 10s. 
per ton makers have agreed to at not less than 16l. 
in order to meet foreign competition. Lysaghts, of 
Newport, are stated to have placed a big order for 
foreign sheet bars at 10/. 108. per ton. 





PERSONAL.—We are informed that on and after the 
3lst inst. the London offices of The Parsons Marine 
Steam Turbine Company, Limited, and C. A. Parsons 
and Co., Limited, will be at 56, Victoria-street, 8.W. 1.— 


The Consolidated Pneumatic Tool Company , Limited, of | Tension 


Egyptian House, 170, Piccadilly, London, W. 1, have 
appointed Messrs. J. A. Angus, Kaims Foundry, Strand 
Road, Rangoon, Burma, their agents for Burma. 





InstiTuTION oF NavaL Arcurirrcts.—The annual 
meeting of the Institution of Naval Architects will take 
lace on March 16, 17 and 18, in the Lecture Hall of the 
yal United Service Institution, Whitehall, W.C. 2. 
The Right Hon. the Duke of Northumberland will occupy 
the chair. In addition to the meetii for the con- 
sideration of papers, &c., there will an eveni 
reception in the Naval Museum of the Royal Uni 
Service Institution on Tuesday, March 15, the guests 
being received by the Right Hon. the Earl of Durham. 
The annual dinner will be held on Wednesday, March 16, 
in the Grand Hall, Connaught Rooms, Great Queen- 
street, W.C. Applications for tickets for this shoul 
be sent to the secretary before March 9. 





THE Friyspury Cottece OLp StupEnTs’ AssoctaTIon. 
—A dinner was held on Januar 
Hotel, Manchester, by a number of old Finsbury students, 
for the purpose of forming a local section of the Finsbury 
Technical College Old Students’ Association. Mr. 
Eustace Thomas occupied the chair, and was 
by his brother, Professor Miles Walker, Messrs. A. P. M. 
Fleming, A. G. Livesay Linch, and other t 
local old students. After the dinner and formal 
business of establishing the section, a short musical 
pegs Sees. There are now some 28 old 
students enrolled in this local section, but there must 
be many more in the Manchester district, and it is much 
desired that they oe with the H 
Local , H. F. Coucher, 9, Cartwright- 
Chedoneentiibas, or with Mr. Thomas. 





Tue Macnetic anD MECHANICAL PROPERTIES OF 
ManGanese Sreret.—At the meeting of the Royal 
Society held on the 20th inst., a paper was read by 
Sir Robert Hadfield, F.R.S., 8. R. Williams and I. 8. 
Bowen on “The Magnetic Mechanical Analysis of Man- 
ganese Steel.’”’ The paper was an attempt to correlate 
some of the magnetic and mechani properties of 
manganese steel. Tests were made on six rods quenched 
in water, when they were in the non-magnetic condi- 
tion, and three were afterwards annealed, rendering them 
magnetic. The changes in length of the rods when 
subjected to magnetic fields were determined (Joule 
effect). In the case of the rods in the magnetic condition 
the c was an increment for all field strengths. 
No change in length to 0-000004 cm, could be detected 
for the non-magnetic imens, The effect on the 


intensity of magnetisation when subj to longi- 
tudinal stress was investigated (villoch efiese) 
absolute method of measuring the intensity of magnetisa- 


tion when comparatively small was adopted, consisting 
in the use of an loring coil made up of two coils 
in series so that the E.M.F. generated in the 
first balanced that in the second. The coil was cali- 
brated by a long solenoid of al dimensions equal 
to those of the rods tested. For all field strengths the 
application of tensile stress increased the intensity of 
isati magnetic specimens. “~ non- 
magnet; in intensity of mag- 
netisation by being stretched. They did, however, show 
an intensity of magnetisation about y, of that of the speci- 
mens in the magnetic condition. This effect was found to 
be enti due to oxidation of the skin of the rods, for, 
on rem a few thousandths, the specimens showed no 
magnetic susceptibility when tested by a hand magnet. 


20, at the Grand F.R 





NOTICES OF MEETINGS, 


Tue Norts-East Coast Instirution or ENGINEERS 
AND Surpsurtpers—Grapvuate Srotion.—Saturday, 
January 29, at 6.30 p.m.,, in the Lecture Theatre of the 
Mining Institute, Neville-street, Newcastle-upon-Tyne. 
The fo eee | will be read and discussed : ‘‘ Diesel 
Engine Flexibility,”” by Mr. W. 8. Burn, B.8c., Graduate. 


InsTIruTION oF British FounDRYMEN—LANCASHIRE 
Branou.—Saturday, January 29, at 5 p.m., in the Tech- 
nical College, Ormerod Road, Burnley, when Mr. W. H. 
Sherburn, of Warrington, will speak on ‘ The Foundry- 
man: His status in ind and how it is being 
a. Mr. R. W. Kenyon, of Accrington, will take 
the chair. 


Tue Royat Sotrery or Arts.—Monday, January 31, 
at 8 p.m.: Howard Lecture, “Aero Engines,” by 
Mr. Alan E. L. Chorlton, C.B.E., M.Inst.C.E., M.I.Mech.E. 
(Lecture ITI). Tuesday, Feb 1, at 4.30 p.m.: 
Colonial Section, ‘‘ Modern Agriculture,” ¥ Mr. G. C. 
Creelman, LL.D., B.S.A., Agent-General for Ontario, 
formerly Commissioner of Agriculture and President of 
the Ontario cultural liege. Sir Daniel Hall, 
K.C.B., M.A., f Aare Chief Scientific Adviser and 
Director-General of Intelligence Department, Ministry of 
Wednesday, February 2, at 

“Oil Burning Methods in 
World,” by Mr. A. F. Baillie, Chief 

it, io-Mexican Petro- 
Sir John an, K.C.M.G., 





Agriculture, will preside. 
8 p.m.: i Meet 
various Parts of 
Engineer, Technical 
leum a Professor 
D.8e., will preside. 


Tue Institution or Crvm Enornerrs.—Tuesday, 
Feb 1, at 5.30 p.m., Lecture on “ Bridging in the 
=" y Brevet-Major G. le Q. Martel, D.8.0., M.C., 


Tue InstirvTion or AvTOMOBILE ENGINEERS.— 
Tuesday, February 1: Meeting of the Coventry 
Graduates at the Foremen’s Institute, 7, The Quadrant, 
Coventry, at 7.45 p.m. prompt, when Mr, L. Sterland 
will &@ paper on “ ir and Maintenance of High- 
.” The chair will be taken by Mr. H. 
Ireland, Wednesday, February” 2: Meeting of the 
Wolverhampton members at the Talbot Hotel, Wolver- 
hampton, at 7.30 p.m., when Mr. F. A. 8. Acres will 

a r on “ Accessibility.” The chair will be 
taken by Mr. A. E. Palmer. 

Tae Brrriss Cast-Iron Reszarcn Association 
JOINTLY WITH THE INsTITUTION oF British Founpry- 
MEN (BrrmMincHAM Branon).—Thursday, February 3, 
at 7.30 p=. at the University, Edmund-street, Birming- 
ham, w a lecture will be given by Mr. J. G. Pearce, 
B.8c., Manchester, “The Value of Scientific 
Chair will be taken by 


Royat ArronavtioaL Socrery.—Thursday, February 
3, at 5.30 p.m., at the Royal Society of Arts, John-street, 
Adelphi, London, W.C, 2. Papers by Major G. Dobson, 
on “The Use of Meteorology to Aviation and Vice 


Verea,”” and by Wing Commander H, W. 8. Outram 
on “ Ground Engineering, will be read and discussed. 
The chair will be taken by Dr, G, C, Simpson, C.B.E., 
., Director of the Meteorological Office. 

InstiruTIon oF Mmonanioan ENcInEERS.— 
Friday, 4, at 's Gate, Westminster, 
8.W. 1, Internal Mees “a. discussion on “ Our 
Industrial of To ” will be intro- 
. F. R. Wade, M.B.E. chair will be 
president, Captain H. Rial] Sankey, C.B., 


a 
3 
ts 


HE Royat Instrrution or Gueat Barrain.—Friday, 
‘ebruary 4, at 9 p.m., a discourse will be delivered b 
Augustus D. Waller, M.D., LL.D., D.8c., F.R.S. 
“The Electrical Expression of Human 
Emotion.” ternoon Lectures at 3 p.m.: Tuesday, 
ebruary 1, The Hon. J. W. Fortescue, C.V.0., LL.D., 
on “The British Soldier since the Restoration—(1) In 
Peace’’; Thursday, es 3, Mr. W. A. Herdman, 
C.B.E., LL.D., D.8c., F.R.8., on ‘* Oceanography— 
(I) Great Exploring Expeditions”; Saturday, Yebru- 
ary 5, Mr. Percy C. Buck, M.A., Mus.Doc., on “ The 
Madrigal—{III) Technique.”’ (With musical illustra- 
tions by the English Singers.) : 
Tse Junior InstrTvuTION or ENnorveErs,-—Friday, 
February 4, at 8 p.m., at Caxton Hall, Lecturette, 
“Surface Tension and Some of its Industrial Applica- 
tions,‘ by Mr. W. H. Ballantyne, B.Sc., F.C.8., Member. 


Tue Mintno Instirure or ScoTtanp.—Saturday, 
February 5, at 2.30 p.m,, General Meeting in the Heriot 


Watt College, Chambers-street, Edinburgh. Mr. H. M. 
Caddell’s, B.Sc., F.R.8.E., paper on “ Coal-Mining in 
Spits n,”’ will be open for discussion ; Mr. Henry 


, D.8ec., will read a paper on “ Physical Work and 
the Human Machine.” 





Continvous CENTRIFUGAL SEPARATORS.—We read in 
The South African Mining and puaearing Journal that 
excellent reports have been received from Isezela, Natal, 
on the working of the Mauss continuous centrifugal 
separators used there for the first time for the purifica- 
tion of the raw sugar juice. A battery of four of these 
machines was recently completed at Messrs. Wright 
and Boag’s workshops, Johannesburg, and despate 
to Natal. As stated, the separators are of a continuous 
type, which means that the buckets are opening and 
closing while the machines are spinning continuously. 
Messrs. Reynold Brothers, Limited, zela, ordered 
this plant with the pe of obtaining quicker and 
cheaper classification the sugar juice, eliminating 
decanting and filter presses. 
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Fie. 1. Vesset on'TRIAL., . 





‘Fie. 2. Torprngs wire Repvorion Gear unper Test. 


We ireproduce above in Fig. 1 ia photograph of 
the new single-screw liner Clan MacTaggart, built by 
the Ayrshire Dockyard Company, Limited, Irvine, for 
the Clan Line Steamers, Limited (Messrs. Cayzer, 
Irvin» and Co., Limited). This vessel has a length 
between psrpendiculars of 450 ft. breadth moulded of 
57 ft. 6 in. and depth moulded to awning deck 
37 ft. 6in. Her gross tonnage is 7,600 and dead- 
weight capacity 10,000 tons, on a loaded draught 
of 27 ft. 3 in, 

The vessel is fitted for burning coal and oil fuel, the 
latter on the Wallsend-Howden system. It is intended 
for the Indian and general trade. ‘There are five holds, 
one of which can used as a deep tank for water 
ballast. Heavy derricks are fitted capable of handling 
loads of 30 tons. The equipment of winches, &c., is 
particularly complete. Electric light is installed, and 
refrigerating plant of the CO, type. 

In Fig. 2, above, is given a view of the double- 
reduction turbines fitted to the vessel, built by Messrs. 
Scott’s Shipbuilding and Engineering Company, 
Limited, Greenock. The turbines are of the Brown- 
Curtis type, working with superheat of about 200 deg., 
and 165 lb. pressure at the turbines. They comprise one 
high-pressure ahead turbine and one low-pressure 





ahead turbine, as well as one high-pressure and one 
low-pressure astern turbines. The astern turbines are 
incorporated in the ahead casings. The propeller 
shaft runs at about 90'r.p.m., iiabiaheneend and low- 
pressure turbines at 3,300 r.p.m. and 1,970 r.p.m. 
respectively, the maximum reduction being, in the case 
of the high-pressure turbine, of 36°6:1. The turbines 
are fitted with Aspinall’s emergency governor and 
control gear, which was illustrated in our columns 
recently (vide 344, vol. CX). The rotor spindles 
and wheels are from solid forgings. The diaphragms 
are cast iron, with nickel steel plates cast in place. The 
high-pressure nozzles are of ip hor bronze, with 
nickel steel plates,cast in place. The turbine casings 
are \of, cast iron with icast steel nozzle box ends. 
Valve - controlled nozzles are fitted to the ahead 
turbine so that full pressure may be maintained 
at the inlet. 

The main wheel of the reduction gear is constructed 
of steel plate with a heavy mild steel ring for the'teeth. 
It is 106 in. in diameter and has 416 teeth cut to an 
angle of 30 deg. The first reduction pinions are of 
nickel chrome steel, The-gears were cut by Messrs. 
David Brown and Sons, of Huddersfield. e thrust 
block is of the Michell type and is arranged between the 





high-pressure and low-pressure turbines forward of 
the gear case, thus dispensing with the usual thrust 
recess in the after bulkhead. 

Steam is supplied by four single-ended boilers 
16 ft. 6 in. in diameter {by 12 ft. long, fitted with 
smoketube superheaters, by the North-Eastern Marine 
Engineering Company, Limited. On her trials on the 
measured mile at Skelmorlie a mean speed of 14°28 
knots was obtained withia shaft horse-power of 4,800 
at 92 r.p.m. Superheat of 200 deg. F. at 165-Ib. 
pressure was obtained, the condenser vacuum being 
28°9 in., with the barometer at 29°96 in. The engine 
room temperature varied from 66 deg. F. to 88 deg. F. 
in various parts, and in the stokehold at working level 
was 74 deg. F. to 78 deg. F. 








PutvEeRIsEeD Coat IN Buiast FuRNAcEs.—Arrange- 
ments have been made by the Union Miniére du Haut- 
Katanga with the Garred-Cavers Corporation for the 
use of its process whereby pulverised coal replaces coke 
in blast furnaces, says The Iron Age, New York. The 
Union Miniére du Haut-Katanga has placed orders for 
a 42-in. Fuller mill and a Fuller-Kenyon pump for the 
coal preparation plant which will be used in connection 
with the process at the copper smelter which is situated 
in the Belgian Congo. 
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NOTICE. 


A tew months ago the Proprietors of “ENGI- 
NEERING” were compelled to advance the price 
of this Journal to is. per copy, owing to the 
enormous increases in the cost of paper, engrav- 


is. 24. per copy, and this price dated from and 
included the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
of single copies sent by inland post is now Is. 2)d. 
- NOTICK . NON -SUBSCRIBERS. ai 
tn view of the restrictions still impesed by the 
Government on the importation of paper and the 
consequent shortage of Supplics, Newsagents will not 
have copies for chance customers; therefore readers 
who wish te be sure of obtaining “ ENGINEERING” 
each week should place an order for the Journal 
witha — or bookatall clerk. 


NOTICES OF MFETINGS. 


Notices of Meetings to take place during the 
present and next weet: wi we sound on page 107. 
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FRIDAY, JANUARY 28, 1921. 


A CASE OF FALSE ECONOMY. 

Tue idea behind the apt saying about spoiling 
the ship for a hap’orth of tar is singularly charac- 
teristic of the British nation. How often one 
finds a house splendidly built, but the interior spoilt 
by cheap fittings. We all know how difficult it is 
for engineers to get important works adequately 
completed with efficient appliances. ‘Thousands 
will be spent on dock and warehouse structures, but 
their mechanical equipment is quite another matter, 
and it requires all the push and energy which can 
be brought to bear on the responsible bodies to 
obtain their consent to expenditure of this kind, 
for, in fact, those finishing touches which would 
make for a complete and economical working 
proposition. It is often a case of penny wise and 
pound foolish. 

Again, everyone has recollections of advertise- 
ments of positions vacant for which candidates had 
to be men of the most extensive accomplishments, 
while the attractive salary amounted to only a few 
shillings weekly. Naturally we have suffered from 
this policy. This same habit of expecting good men 
for totally inadequate pay has pervaded circles 
responsible for technical education, just as it has 
those bodies responsible for public services such as 
roads, lighting, &c. In educational matters the 
folly of such false economy must be patent to 
everybody, if we want to attract good men. A poor 
teacher can only make an indifferent scholar. 
A few brilliant exceptions in a school may, through 
dissatisfaction, force their way ahead to seek 


‘learning ultimately at the feet of some greater 


Gamaliel. On the other hand a good teacher will 
infuse his spirit into his pupils, and, carefully 
moulding them to a high ideal, will produce results 
which he may well launch{with joy and pride, 
confidently on the way to distinction and success. 
It is from these that progress comes, and such a 
teacher is an immense asset to the nation, far 
more so in fact than his actual salary may measure, 
though this is no reason, of course, why he should 
not be adequately recompensed. 

Our attention has recently be¢h turned to this 
point by the fact that it has come to our knowledge 


8| that it is proposed to appoint a civilian professor 


or instructor to the R.A.S8.C. training college and 
workshops at Aldershot, for which appointment 
a salary of 800I. is proposed. The utter inadequacy 


1 | of such an offer, if valuable work is to be expected, 


will at once strike the engineer of the present day. 
It is an unfortunate fact that the technical man 
still gets very scanty recognition in spite of the 


116 | fact that we shall depend upon him more and 


In the next European 
war mechanical means will have a far greater 
influence than they have in the last, towards the 
end of which, however, we were already beginning 
to realise their importance. We want to keep, 
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possible, and every step should be taken to ensure 





that we shall so far‘advance in knowledge that 
when the next time comes we may be in a position 
at once to apply it and turn it to effect, instead 
of requiring, as in the last war, time to experiment, 
and trouble with preliminaries which we might have 
settled long before. It may be stated definitely 
that a civilian appointment, for the training, 
practical research and progressive work which we 
have aright to expect of the establishment above 
mentioned is worth very considerably more than 
the sum named. Let us compare it with some of 
the military positions which are essential to the 
maintenance of our Army as an effective fighting 
machine. 

The Commandant of the School of Military 
Engineering has a salary of 1,6401., according to the 
estimates for 1920-21, plus quarters and allowances, 
making this post worth something like 2,000/. 
per annum. Much the same may be said of the 
chief appointment at Sandhurst and Woolwich. 
The Commandant of the School of Artillery receives 
1,175l., plus allowances making the appointment 
worth over 1,5001. The Commandants of the 
Schools of Electric Lighting, the Gas, Lewis Gun, 
and Tank Schools, all receive over 1,000l. with 
allowances, which are about equivalent, allowing 
for income-tax, to 3001. Even the Commandant 
of the School of Music receives 8651. per annum, 
plus allowances, which suggests that the authorities ' 
have greater faith to an amount valued at about 
3001, per annum in sounding brass and tinkling 
cymbals than in the military value of mechanical 
traction, &c. Even a captain of the Royal Engineers 
with fifteen years’ service, will receive more than 
it is proposed to give to the civilian in charge of this 
technical work, the result of which should be good 
enough to influence our whole military policy, while 
a veterinary corps major of five years’ service as 
such would be better off to the extent of some 
2001. per annum. The latter, it may be noted, 
represents a corps, the value of which will probably 
largely decrease, as the developments of mechanical 
warfare proceed. 

It may be mentioned that the Army Estimates 
allowed the sum of 2,0001. for two civilian pro- 
fessors. This would seem to imply that one was 
expected to receive about 1,200/., and the other 
something in the order of 8001. Even the higher of 
these two figures is too low a rating for an official 
responsible for the whole of the training of the 
mechanical transport branch of the service, to say 
nothing of the experimental work on which our 
salvation or ruin in the future may depend. It 
is surprising that the Treasury should at this date 
rate ability in the mechanical arts at so low a figure, 
especially in view of the bearing of the work on our 
national future. For this is work which must be 
well done, or had better not be done at all. It 
requires a far-sighted practical engineer, not too 
much of the professor, and practical men well up 
in the engineering world can command far greater 
salaries than that offered. It is true that we have 
above cited the salaries of the administrative heads 
ra her than the instructional heads of the Army 
branches. The value of these institutions to the 
nation is really much more dependent upon the 
teaching and the teachers, and not so much on 
the establishment. In fact, we consider that the 
whole organisation in placing administration above 
and separating it so distinctly from the technical 
side altogether anomalous. In civil life engineers 
have shown themselves thoroughly able to conduct 
responsible enterprises on a large scale, and where 
the technical view is of paramount importance, 
as it should be in mechanical transport, we con- 
sider the engineer should also have control. All 
the more will this be the case with the R.A.S8.C. 
College, where the practical side of engineering 
work will be of such great importance. Unless 
the Institution takes really high rank it might as 
well not exist, and it is therefore to be hoped that 
the authorities will see their way to place the 
appointment now vacant upon its proper level, If 
they do not do so, we may have little hope for our 
future success when our preliminary work comes 
to be applied in practice. 

The appointment may be viewed from one more 
aspect :—It will be agreed that socially the holder 
of this post should be able to occupy a good 
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position, and able to meet others on a good 
footing. This point is still more important in 
connection with his duties, which cannot fail to 
bring him into contact with high personages, 
military and otherwise. His standing must be 
such that his views and opinions may bear suffi- 
cient weight to be regarded in high quarters as 
sound advice on which reliance can be placed, for 
the position must necessarily involve the assisti 
of the less technical experts at the War Office with 
opinions on matters on which he would certainly 
come to be the better judge. It is obvious, therefore, 
that the holder of this appointment with which we 
have been dealing should be a man of well estab- 
lished professional status, fully qualified to give to 
the War Office the assistance it requires, and capable 
of holding his own even in the face of opposition 
from higher but less well informed quarters. 





MACHINE TOOL ECONOMICS. 

As machine tools are the media of most engineer- 
ing production, it would be expected that any 
falling off in trade would affect the machine tool 
manufacturer somewhat earlier than the manufac- 
turer engaged in other branches of engineering. As 
an offset, however, the machine tool maker should 
be one of the first to feel the effects of any revival. 
We do not know that these considerations make the 
machine tool builder a better judge of economic 
conditions than others, but as the present depression 
probably affected him sooner than it affected most 
engineers, he has had longer to think over it. His 
opinions are consequently of interest, and some 
satisfaction may be derived from the fact that but 
little pessimism seemed to be abroad at the annual 
dinner of the Machine Tool Trades Association on 
the 19th inst. 

It was in accordance with the main interest of 
the times that practically the whole of the speeches 
made at the dinner were concerned with matters of 
economics and labour, and that little or nothing 
was said about the engineering aspect of the Asso- 
ciation’s activities. Although we have referred to 
an absence of pessimism, we do not wish to imply 
that nothing was said about the present very un- 
satisfactory productive state of most of the indus- 
tries of the country. Lord Weir, in particular, 
dealt, as he has frequently done of late, in a 
very able way with the facts of the situation. He 
pointed out that to attribute our troubles to a 
failure of the purchasing power of Oontinental 
nations was largely to confuse the effect with the 
cause. We have dealt with this aspect of affairs 
more than once of late, and need not refer in detail 
to it again. It can, however, hardly be said too 
often that if we want to maintain our present wage 
levels and the new standard of living, we must do 
enough work to earn them. 

The optimistic note of the assembly was more 
particularly introduced by Sir Halford Mackinder. 
Sir Halford, we think, is neither a machine tool- 
maker nor an engineer; he has, however, been 
closely associated with the Machine Tool Trades 
Association and is a noted economist. His reading 
of the present situation is accordingly of much 
interest. He considers that the balance of trade 
between this country and the world has already been 
restored, and that as before the war we were the 
great bankers and carriers of the world, so are we 
still, The depreciation of our currency in America 
he attributes to our intermediate position as bankers 
between that country and the Continent. In the 
year 1920 the balance of trade against us on the 
figures for imports and exports was 379 millions, 
but Sir Halford believes that our invisible exports, 
shipping services, &c., have alre. dy balanced this. 

In view of the play which has been made with the 
restoration of the Oontinental markets, and par- 
ticularly the Russian market, as the n 
factor in the restoration of good trade, it is of much 
interest to note that Sir Halford Mackinder is of 
opinion that one of the chief causes of the dis- 
organisation of the world’s markets has been the 
readjustment of those markets to allow for the 
elimination of Russia. Wheat peo poe — 

ting many other things, © wheat pro- 
ers the Me has now adjusted itself to the 
demand on the assumption that Russia is for the 





able knowledge of Russia, and importance must 
attach to his view that not only as far as business 
interchange with the rest of the world is concerned 
is Russia at the present time practically non- 
existent, but in his opinion she may remain non- 
existent for 20 years. An optimistic note was also 
struck by Mr. Herbert Williams, the Secretary of 
the Association. Mr. Williams said that in the 


ting | trade depression which had come over the world the 


various phases had in each case affected the United 
States some four months before this country. At 
the present time there were signs of revival in the 
United States, so that we might hope for something 
of the same kind in the spring. 





THE DEVELOPMENT OF THE AERO 
ENGINE. 

Havine carried his subject to the period im- 
mediately preceding the war in the first Howard 
Lecture before the Royal Society of Arts, as reported 
on page 81 of our last issue, Mr. A. E. L. Chorlton 
devoted the second lecture of the course, delivered 
on Monday last, to the development of aero engines 
during the war period. 

He first pointed out that, at the outbreak of 
war, the engines in use in this country were the 
R.A.F., Beardmore, Curtiss, Green, Gnome, Le 
Rhone and Renault, while the French, in addition 
to the three last mentioned, also employed the 
Anzani and Canton-Unné engines. The Germans 
were using Mercédés, Benz, Argus, Gnome, Oberursel 
and Maybach engines, the latter particularly for 
airship work. Most of the engines available at 
that time were of about 100 brake horse-power, 
and the average brake mean-effective pressure 
was 71 lb. per square inch. The average piston 
speed was 1,280 ft. per minute, and the weight 
per horse-power 7°7 lb. Of the engines above 
mentioned, the Beardmore, Green, Mercédés, 
Benz, Argus and Maybach were all of the vertical 
type with the cylinders in line; the R.A.F. and 
Renault were air-cooled Vee-type engines, and the 
Curtiss a water-cooled Vee-type engine. The 
Gnome and Le Rhone engines were of the air-cooled 
rotary type, while the Anzani was an air-cooled 
radial, and the Canton-Unné a water-cooled radial. 

The British, the lecturer continued, had very 
few engines available, but they immediately adopted 
certain existing French types, some of which were 
subsequently built in large numbers in this country. 
In France the rotary type was largely employed, 
but the water-cooled Vee-type was very success- 
fully developed, particularly in the Hispano engine 
designed by M. Birkigt. This engine was pro- 
duced in large quantities in all the allied countries. 
The Germans, however, only seriously developed the 
stationary vertical type of engine, and their endea- 
vour was to secure an economical and reliable engine 
rather than to reduce the weight to a minimum. 
In Great Britain several types were developed, 
notably the vertical straight-line six-cylinder 
type, as in the B.H.P. Puma, and also the Rolls- 
Royce Vee-type, and the air-cooled rotary types. 
Large quantities of each of these three types were 
produced. The general course adopted in all types 
was to increase power by using higher compression 
and higher speed, and to deal with the mechanical 
difficulties arising from: the changes as they arose. 
The Rolls-Royce Eagle engine, for instance, was 
originally rated at 225 h.p., but the horse-power 
was ultimately increased to 360 without increasing 
the speed or cylinder dimensions. Considerable 
improvements were also made in this country in 
the various air-cooled t 

Dealing with the development of the vertical 
water-cooled engine, the lecturer gave some inter- 
esting data of the German and British engines of 
this type. Oonsiderations of space, unfortunately, 
do not permit us to reproduce these data, although 
we may refer to the remarkable results obtained 
with the German Bayern engine. In this engine, 
which developed 234 brake horse-power at 1,400 
I.p.m., @ compression ratio of 6-42 was employed 
with a piston speed of 1,655 ft. per minute. The 
brake mean pressure was 113-5 Ib. per square inch, 
while the weight per horse-power worked out at 
3°40 lb. The fuel consumption reached the very 
low of 0-42 Ib. per brake horse-power hour, 





time being non-existent. Sir Halford has consider- 


dou due to the high compression; the fuel 





employed contained a proportion of benzol to enable 
the high compression to be used. Of the British 
engines mentioned the best results were obtained 
with the 240 h.p. Siddeley Puma, which had a 
compression ratio of 5 and a piston speed of 1,746 ft. 
per minute, while the fuel consumption was 0-5 Ib. 
per brake horse-power hour, and the weight per 
horse-power 3-25 Ib. 

The lecturer described the design and construction 
of both British and German engines of the vertical 
type, illustrating each example by means of lantern 
slides. The salient features of the design of the 
German engines, he pointed out, were steel cylinders 
with welded water jackets, and either long push 
rods or overhead camshafts were employed to 
operate the valves. In British engines of this type 
aluminium heads and jackets were generally em- 
ployed with overhead camshafts. In Mr. Chorlton’s 
opinion, the steel type was the more reliable in 
quantity production, although the aluminium type 
was the lighter. Thermodynamically, the lecturer 
considered, the German engines were superior to 
the British, and the acceptance tests for the former 
were the more severe. 


For the higher powers, however, the Allies seem 
to have preferred other types of engine, especially 
the water-cooled Vee-type, and both in this country 
and in France the most important development of 
engines for production was in the latter type. 
The lecturer gave data of all important engines 
of this type, including the 8-cylinder Wolseley 
and Hispano engines, and the 12-cylinder R.A.F. 3a, 
Renault, Rolls-Royce, Liberty and Sunbeam- 
Maori engines. He pointed out that the R.A.F. 
and Wolseley-Renault engines were at first air- 
cooled, but explained that the arrangement of 
cylinders was not well adapted to air cooling, 
which is now mainly confined to rotary and static 
radial engines. In the Vee-type of engine the 
lowest weight per brake horse-power was reached 
in the 300 h.p. Hispano, the figure for which was 
2-60 lb., while the highest brake thermal efficiency, 
viz., 27-93 per cent., was attained in the 400 h.p. 
Liberty engine with a compression ratio of 5. The 
fuel consumption for the latter engine was 0-49 Ib. 
per brake horse-power hour. Great reliability 
was attained in the Rolls-Royce engines, and 
it will be remembered that it was with this 
firm’s Eagle Mk. VIII engines, that the first direct 
trans-Atlantic flight was accomplished in the 
Vickers-Vimy machine. 

Coming to the broad-arrow type of engine, which 
may be described as a combination of the vee and 
vertical types, Mr. Chorlton mentioned the fact 
that but little progress was made with this type 
until some time after the introduction of the original 
three-cylinder Anzani and R.E.P. engines. The 
first high-powered engine of the type, he said, was 
the Sunbeam Viking, which had three rows of six 
cylinders each and developed 450 h.p. The latest 
development of the type is, however, the 450 h.p. 
Napier engine, which the lecturer described in detail, 
but as a fully illustrated account of this engine 
was published on page 106 of our last volume, we 
need not repeat the information here. The great 
advantage of the type is that it enables a particu- 
larly short and compact engine to be produced for 
high powers. 

The principal representatives of the rotary air- 
cooled type of engine, which the lecturer next 
referred to, were the Gnome, Monosoupape Gnome, 
Le Rhone, Clerget, and B.R. 1 and B.R.2 engines. 
Some of these engines have been illustrated and 
described in our columns and engineers are now 
generally familiar with the main features of their 
design and construction. The last-mentioned engine 
had nine cylinders and developed 238 brake horse- 
power at 1,300 r.pm. The lowest weight per 
horse-power was, however, attained in the 150 h.p. 
Gnome Monosoupape, which weighed only 2.06 lb. 
per brake horse-power. The best fuel consumption 
for this type of engine was obtained in the 110 h.p. 
Le Rhone, the figure for which was 0.56 lb. per 
brake horse-power hour, the brake thermal efficiency 
being 24.4 per cent. It may be added that in the 
80 h.p. Gnome engine, the fuel consumption was as 
high as 0.787 lb. per brake horse-power hour, and 
the brake thermal efficiency was only 17.4 per 
cent. The weight per horse-power of this engine 
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was 3.27 lb., so that comparing these figures with 
those previously given for the later engines, will 
show the improvement made in the type. 

Stationary radial air-cooled engines, of which 
the lecturer quoted the Anzani, Wasp, Dragonfly 
and Jupiter models as examples, can be constructed 
for a lighter weight per horse-power than any other 
type. The 110 h.p. Anzani weighed 3-98 Ib. per 
brake horse-power and had a fuel consumption 
of 0-535 lb. per brake horse-power hour, but later 
engines of this type, the 150 h.p. Wasp and 320 h.p. 
Dragonfly, had weights per brake horse-power 
as low as 1-92 lb. and 2-54 lb., respectively. Their 
fuel consumptions were, however, higher than that 
of the Anzani, being 0-603 Ib. and 0-645 Ib. per 
brake horse-power hour, respectively. These en- 
gines were not brought into full service use, and, 
on account of some initial difficulties, did not at 
first attain the success which had been anticipated, 
although they clearly demonstrated the advantages 
of the type. Inthe Jupiter engine, which develops 
400 brake horse-power, the weight has been reduced 
to 1-75 lb. per brake horse-power, and the fuel 
consumption to 0-5 lb. per brake horse-power hour. 

The lecturer also referred to the Siemens-Halske 
differential rotary engine in which the cylinders 
rotate in the opposite direction to the propeller, 
giving high piston speeds with low propeller re- 
volutions. This engine, which was rated at 
200 h.p., showed no advantages over existing 
British and French rotaries, having a fuel consump- 
tion of 0-64 lb. per brake horse-power hour, and 
a weight of 2-24 lb. per horse-power. Mr. Chorlton 
himself designed engines of this type in 1915, and, 
subsequently, an eight-cylinder engine of 250 h.p. 
was constructed, weighing only 1.6 lb. per brake 
horse-power. Another differential engine was de- 
signed by Dr. Blackwood Murray to give 600 h.p. 
for a weight of just over 1 lb. per horse-power, but 
this engine was not constructed. 

The remainder of the lecture was devoted to the 
consideration of the methods employed to com- 
pensate for the effect of the difference in air density 
at ground level and at high altitudes on the power 
production of engines, the lecturer dealing with 
supercharging, forced induction, the design for low 
atmospheric pressure with restricted output at 
ground level, and increasing the compression 
ratio at high altitudes by varying the stroke, &c. 
Space, however, does not permit us to follow him 
in this matter or to deal with the various special 
types of engines referred to, such as two-stroke en- 
gines, swash-plate engines, and oscillating-cylinder 
engines, which, although’ of considerable technical 
interest, can only be regarded as experimental. 

In the final lecture, which will be delivered on 
Monday next, at 8 p.m., Mr. Chorlton proposes 
briefly to discuss the experimental work which 
promises to lead to progress in design and to 
indicate the lines on which commercial development 
may be expected. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
An ordinary meeting of the above Institution 
was held on Friday last, the 21st instant, at the 
Institution House, Westminster. 


ELECTION OF OFFICERS. 

In connection with the ensuing annual general 
meeting, the President announced that the following 
gentlemen had been nominated for election: As 
President, Captain H. Riall Sankey; as Vice- 
Presidents, Sir R. A. Hadfield, Bart. and Dr. 
H. S. Hele Shaw; as Members of Council, Colonel 
A. E. Davidson, D.S.O., Sir Gerard Muntz, Mr. 
Longhnan Pendred, Mr. William Reavell and Mr. 
David E. Roberts. To these names had been added 
those of Mr. H. I. Brackenbury, C.B.E., Mr. A. E. L. 
Chorlton, O.B., Mr. F. W. C. Dean, M.B.E., Mr. 
L. A. Legros, O.B.E., Mr. F. H. Livens, Mr. William 
Mills, Mr. E. W. Petter, Mr. C. O. Ridley, O.B.E., 
and Dr. Stanton, 0.B.E. No addition being made 
to the list by the members, the President stated 
that the names read would be those on the ballot 
list at the annual general meeting. 


Tae Late Mr. Water Prirt. 


The President next referred to the death of Mr. 
Walter Pitt, late Member of Council. He had been 


a member of the Institution for a great many years, 
and had been greatly respected as a Member of 
Council, from which office, however, he retired two 
or three years ago, on account of ill-health. A 
letter of condolence had been addressed to Mrs. 
Pitt. 

“Tae MecuanrcAL Loaprine oF Suips.” 


The paper set down for consideration was one 
bearing the above title, the author being Mr. H. J. 
Smith, of Shanghai. Owing to the absence of the 
author abroad, the paper was presented by Mr. 
F. T. Parker. Mr. Parker explained that the 
opinions explained in the paper were based solely 
on the author’s experience. There were certain 
matters in it with which he did not personally 
agree, but it was not necessary that he should 
indicate them at the moment. ’ 

The President, in opening the discussion, pointed 
out that the paper dealt only with the loading of 
ships, the complementary subject, i.e., the un- 
loading of ships, would be dealt with at a subse- 
quent meeting, efforts having already been made 
to obtain papers. 

Mr. Asa Binns remarked that the loading and 
unloading of bulky materials was a comparatively 
small section of the total work of loading and 
unloading ships. The author, in his introductory 
remarks, had referred to the economic aspects 
of labour-saving appliances. That, of course, 
was the whole drift of that class of work. In- 
dustrial conditions had changed. Rates of pay 
had increased enormously, hours were shortened, 
and overtime was worked with reluctance—at 
extravagant rates—or not at all. All these factors 
tended to reduction of terminal facilities in the 
ports, and quay accommodation was 20 per cent. 
less efficient than in pre-war times. Mr. Binns 
said he was engaged on a dock in course of con- 
struction, to cost four million pounds sterling, 
and of this figure the cost of the mechanical equip- 
ment for the handling of cargo would not exceed 
10 per cent. 

When the adoption of labour-saving devices 
were under consideration, far too narrow a view 
was frequently taken. A dock company’s revenue 
was derived almost wholly from the various dues ; 
only to a very small extent from direct charges made 
for the use of special plant. If, however, special 
plant would increase tonnage turnover, and with it 
the tonnage dues, expenditure on the special plant 
was justified, notwithstanding that the direct 
charges proved unremunerative. The ordinary 
ship winch and derrick probably did more work 
than most of the expensive pieces of plant put 
together, and the way in which the stevedores 
handled the winches and derricks, possibly may 
have deterred dock companies from the purchase 
of more modern plant ashore. 

With regard to conveyors, these could only be 
applied to general cargo work where the packages 
dealt with were approximately of uniform dimen- 
sions and weight ; that involved a ship working on 
a particular trade, such as the tea or meat trade. 
The Port of London Authority had recently con- 
structed at the Royal Albert Dock a cold store, 
costing some 400,000/. The handling appliances 
cost about 10 per cent. of this amount, and consisted 
of conveyors which took carcases direct from the 
deck of the ship and placed them on the cold-store 
floor, whence conveyors transferred them along a 
length of 1,000 ft., portable conveyors distributing 
them to their various stages. There were also 
conveyors from the cold store floor for dealing 
with cargo for craft or road or rail. This was a 
conspicuous example of the application of con- 
veyors. It was possible to discharge from one hatch, 
with one machine, 1,400 carcases per hour, thus 
effecting a considerable reduction in working costs. 

On the subject of quay cranes, Mr. Binns observed 
that at the dock with which he was connected, 
three-ton electric cranes having 60 ft. radius and a 
drift of 70 ft. were employed. He felt that quay 
cranes were approaching the limiting dimensions 
for which they were economical and practicable. 
Notwithstanding their adaptation to all sorts of 
power and mounting, they were structurally much 
as they were a hundred years ago. An adverse 
consideration was the enormous weight that had 
to be moved; for example, in the case of sets 








averaging about a couple of tons, the moving 
parts, when the crane was being slewed, would 
weigh probably between 30 tons and 40 tons. 
In the case of the Han-Yeh-Ping transporter, re- 
ferred to in the paper, the moving load was 
stated to be nearly 100 tons, and the maximum 
load dealt with about eight tons. Reflections of 
this nature had prompted Mr. J. H. Walker to 
devise the crane described in The Hngineer of 
December 24 last. The special construction greatly 
reduced the total weight. 

Mr. ©. K. Baldwin, a member of the American 
Society of Mechanical Engineers, observed that he 
had spent some twenty-five years in the manu- 
facture of belt conveyors, and could therefore speak 
with experience on one or two points in Mr. Smith’s 
paper. Under the heading of “‘ Formula ”’ the author 
had complained of lack of data on belt conveyors. 
In this connection Mr. Baldwin would say that there 
had been considerable literature on the subject 
published in the United States, and he had himself 
read a paper in 1908 before the Society of Mechanical 
Engineers, in which he had given capacity tables, 
power formule and so forth. These fi had 
been reproduced in many of the handbooks; and 
in the recent “‘ American Mechanical Engineers’ 
Handbook” there were about 85 pages of data 
on hoisting and conveying machinery. 

The author had mentioned a belt conveyor 
30 in. wide, of eight plies of cotton duck faced and 
filled with rubber, while at the close of the appendix 
he had given the maximum lengths for a horizontal 
conveyor, loading coal, tandem pulley drive as 
1,143 ft. for a 24-in. belt and 860 ft. for a 60-in. 
belt. The speaker considered that in practice the 
figures would be reversed; the wider belt could 
be built in much longer lengths than the narrower. 
Mr. Smith had not taken into account the fact that 
a 24-in. belt, eight-ply, would not trough. A 
six-ply belt was the maximum that would trough 
properly, and even that would be difficult. As a 
matter of fact, a 60-in. handling belt could be built 
up to from 1,500 ft. to 2,000 ft. At Baltimore, at 
the coal-loading docks of the Baltimore and Ohio 
Railroad, there were in operation four conveyors, 
each 60 in. wide and 1,000 ft. long, and each handling 
2,000 tons of coal. It was possible, with this plant, 
to load four ships at one time at the rate of 2,000 
tons per hour. 

The author had limited the maximum capacity 
in tons per hour, when loading mixed coal, to 
1,130 tons for a 60 in. conveyor, whereas, as he had 
said, at Baltimore such conveyors were handling 
2,000 tons. The speaker had in operation a single 
conveyor handling the stone from a 60-in. gyratory 
crusher at the rate of 1,600 tons per hour, lifting 
the material about 60 ft. in the air from the bottom 
of the crusher to the screens. This plant was on 
the shore of Lake Michigan, where metallurgical 
stone was made, on the average, at a rate of 2,000 
tons per hour. The material was screened, crushed, 
washed and put into open storage piles, being 
reclaimed from these piles through concrete tunnels 
and belt conveyors. Three tunnels were under each 
pile, each tunnel containing a 48-in. conveyor 
having a capacity of 1,500 tons per hour. Vessels 
were loaded by this plant, with four operators, at 
a rate of 4,00 tons per hour. 

Mr. Baldwin referred also to the self-unloading 
ships, of which this company possessed three. 
These boats were of the Lake carrier type, with 
engines in the stern. Their length was 550 ft. and 
they had a capacity of 11,500 tons, had hopper 
bottoms, with conveying machinery built in them, 
so that they would unload themselves in 5} hours, 
giving an average capacity, during the unloading 
time, of about 2,000 tons. The ships were built 
for the purpose of supplying limestone to the 
metallurgical plants on the Great Lakes, and as 
this was the only product which reached them by 
ship they could not purchase the stone unless the 
vessels could unload themselves. The stone in 
question was a deposit consisting of 98 per cent. 
carbonate of lime, and 7,000,000 tons were shipped 
from the plant in 1920, during the period of open 
navigation, about seven months, about 3,000,000 
tons going to the United Steel Corporation, who 
closed several of their own quarries in order to obtain 
this stone, which was practically all lime. ©» —. 
Turning to dumpers, Mr. Baldwin directed atten- 
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tion to the author’s remarks on the American 
claim for the world’s record in carrying coal, the 
United States figures giving an average of nearly 
49 tons of coal per wagon. He would say that the 
actual average capacity of the United States wagons 
was 50 tons, and cars conveying coal to shipboard 
for export were larger. Indeed, the bulk of such cars 
being built would have a capacity of 90 tons, 
while the Virginian Railroad had over a thousand 
120-ton cars for coal. The dumpers could dump 
two cars at one time. The cars were 47 ft. long 
and 11 ft. high, and ran on 12 wheels. 

Mr. J. H. Anderson remarked that to an engi- 
neer the design of large size and capacity bulk- 
handling plants was not a problem of very great 
magnitude. The problem was to convince the 
non-technical people who controlled finance that 
cutting down the prices in capital outlay frequently 
had the effect of making working costs so high that 
it was impracticable to compete with better plants. 
Provided the conditions warranted, the speed of 
loading and discharging vessels with bulk cargoes 
could easily be made much faster. As pioneers in 
this class of trade, we, in this country, had started 
with small units, much capital being expended in 
the fitting-up of collieries, for instance, with small 
tubs, hoisting gears, and wagons ; indeed, so re- 
cently as twenty years ago coal was largely dis- 
charged by hand. The railways had therefore 
been standardised with “‘ match boxes on wheels,” 
excepting the case of a few 40-tonners used in the 
North. 

Mr. F. G. Mitchell said that Mr. Smith’s remarks 
in the paper were chiefly of interest from the point 
of view of the works engineer, not that of the 
designer. This was fairly evident from the obser- 
vations on the belt conveyor at Durban. Taki 
the author’s figures, it would be found that the 
horse-power mentioned as actually driving the belt 
was much below the horse-power given in Mr. 
Smith’s own table. An explanation of this would be 
of interest. It might be due to the fact that the 
figures in the table represented the horse-power 
required for ordinary idlers, whereas the plant de- 
scribed was fitted with ball bearing idlers. It would 
help to an understanding of the different tables if 
the spacing of the idlers were given, with the 
diameter of rollers and a statement of the kind 
of idlers used; these points much affected horse- 
power. 

He considered it evident that the transporters 
mentioned and illustrated in the paper were designed 
under pre-war conditions, when labour was very 
much cheaper. He understood, for instance, that 
the Devonport plant required 16 men to operate it 
during the day and 8 men during the night ; at the 
present time such a plant should be looked after 
by 3 or 4 men at the outside. The storage at 
Devonport actually required more men than the 
unloading. Mr. Mitchell had been much interested 
in Mr. Baldwin’s remarks about American practice. 
If American practice was much ahead of British, 
it was because engineers in this country were afraid 
of big capacities and high speeds. American 
achievements could be equalled, he thought, if 
purchasers of plants could be persuaded that high 
speeds were really safe speeds. 

Mr. W. Edwards spoke next. He said that by 
his remarks on shipping plant, the author was 
evidently not aware that self-discharging steamers 
were in operation, in Middle West America, in which 
a bucket elevator was installed, capable of dealing 
with 2,000 tons of broken limestone per hour. 
Mr. Smith had also referred to Stauffer or grease 
lubrication as proving unsatisfactory, but his 
experience showed that oil-lubricated trod wheels 
gave excellent service for the handling of coal 
and other non-abrasive materials, but for the 
handling of stone or Chilian nitrates and abrasive 
materials, Stauffer lubrication became almost a 
necessity. ‘The author had referred to the vertical 
oscillations of the cantilever of the bucket conveyor 
plant, and Mr. Edwards wondered whether the 
swaying movement was equally apparent both during 
the time the plant was running and when it was 
at rest. The 2}-in. swing referred to would appear 
to be due to the heavy load placed at the end of 
the cantilever, rendered necessary by the telescopic 
arrangement of the bucket conveyor. 


With to the su; guarantee by makers 
of the life of the belt, at first sight this seemed 
reasonable, but, owing to the many circumstances 
attending the operation of the belt—entirely out- 
side the manufacturers’ control—it was impractic- 
able to do more than give instances, based on 
practical experience, as to the life which should be 
expected. Mr. Edwards pointed out that in many 
instances it was not possible, as advocated by the 
author, to flatten the angle of an inclined belt 
gradually into the horizontal, but the difficulty 
could be overcome by the interposition of suitable 
feeding apparatus designed to take the shock of 
the falling material off the belt, to assist in changing 
its direction of flow and feed it evenly throughout 
at considerable initial velocity. Further, the speaker 
disagreed from the author’s view that inclined 
conveyors should be driven through worm-gearing 
to prevent running back, as the application of a 
very simple check mechanism could entirely over- 
come the running back. On the subject of bend 
pulleys and spillage, Mr. Edwards considered that 
Mr. Smith’s suggested remedy was worse than the 
disease. Any attempt to use troughing idlers round 
a bend would inevitably produce heavy stresses on 
the edge of the belt, shortening its life. The best 
way of dealing with any spillage of the kind was to 
use properly designed and adjusted skirt boards. 

The author had referred to the relative ad- 
vantages of belt conveyors as compared with 
dumpers, and in the not far distant future the 
question would be to the fore in relation to the 
problem of large-capacity mineral wagons. The 
majority of existing coal staithes would be incapable 
of dealing with the larger wagons, and the cost of 
building new staithes of high capacity would be 


king | prohibitive when compared with the possibility 


of converting existing staithes into belt-loading 


plants, as, in one instance, had already been done. 


The paper also stated “‘the unloading of cargo in 
bulk will never equal the loading speed unless boats 
are built with a system of belt-conveyors as part 
of their internal economy.’ It was interesting 
to note, in that connection, that unloading grab 
transporters were now in operation which have an 
unloading capacity of 1,000 tons per hour, and 
self-discharging vessels, having a complete system 
of belt conveyors, had for some time been in regular 
use in the States, discharging at the rate of 2,000 tons 
per hour. 

Mr. F. T. Parker did not reply in detail to the 
criticisms of speakers but offered a few comments 
on Mr. Smith’s paper. He did not agree with all 
the author’s figure, believing some to be under- 
estimates, particularly in regard to capacities, and 
others to be over-estimates. The author was 
perhaps too conservative, which might be explained 
by the fact that Mr. Smith had, for the last fifteen 
years, been actively engaged with belt conveyors and 
similar classes of plant. It frequently happened 
that a man so engaged was not provided with all 
the technical data possessed by a man who was in 
the designing office. Mr. Parker dwelt on the fact 
that contractors, to keep well within the guaranteed 
performance, frequently understated the capacity 
of plant in their contracts. The figures accordingly 
might mislead the engineer on the spot, who believed 
the belts were designed to convey material according 
to the contract statements, whereas they may have 
been designed for a greater capacity. 

Dealing with the table in the appendix, Mr. 
Parker considered Mr. Smith to have erred a little 
on the high side in regard to the specific gravity of 
coal, and on the low side in relation to iron ore ; 
that would, to some extent, affect the calculations 
for maxinium and average capacities. Perhaps 
the author would have improved the table had, 
he--added, a column (immediately following that 
of the largest widths of belt) in which he could 
have placed his constants. For instance, in the 
line relating to maximum capacity, in tons per hour, 
when | mixed coal, the figure “‘ 1,130 °’ might 
have been followed by the figure ‘‘ 36’ upon which 
that capacity was calculated. So, the next line, 
“ Average capacity in tons per hour, &c.,” could 
also have been followed by the constant “‘ 24.” 
It would be found that all the maximum capacities 


in the table had been calculated on a constant of 36. ' 





Again the line ‘‘ Average capacity in tons per hour 





when loading lump rock,” would have the constant 
“ 29. ” 

The author might then have gone a step further 
and calculated the ratios between the examples 
as given. As a consequence, the fourth line would 
very quickly be arrived at. Multiplying the figures 
in the third line by 0-667 gave the results in line4. 
Taking the next maximum capacity—‘‘ when loading 
mixed rock ’’— and multiplying the same figures by 
1-867, the result would give the figures required. 
In the case of the average capacity when loading 
lump rock the multiplying figure would be 1-141. 
The line “maximum capacity, in tons per hour, 
when loading mixed iron ore, &c.,”’ would require 
that the figures should be multiplied by 2-667, 
while the next line (average capacity, &c.) would 
require them to be multiplied by 1-63. It would 
be understood from the foregoing figures that the 
table could have been much curtailed. The horse- 
powers were, as stated in the paper, unquestionably 
based on the maxima, but he believed the author to 
have erred on the low side in his average capacities. 

The President then announced that the paper 
would be discussed in Manchester on Thursday, the 
27th inst., and that an informal meeting of the 
Institution would be held on Friday, the 28th inst., 
at 7 p.m., the subject to be considered being “ Ball 
and Roller Bearings: some Recent Types and 
Criticisms’; while on Friday, February 4 next, 
another informal meeting would be held, at which 
Mr. Wade would introduce ‘‘Our Part in the 
Industrial Crisis of To-day.” Sir John Dewrance, 
the President stated, would deliver on Monday, 
February 14 next, at 7 p.m., the Graduates’ Special 
Lecture on “The Generation of Steam.” The 
annual general meeting of the Institution would 
take place on Friday, the 18th prox., when a paper 
would be read, time permitting, on “‘ The Desir- 
ability of Standardisation in the Testing of Welds,”’ 
by Mr. F. M. Farmer, of New York. The President 
also announced that the unveiling of the war 
memorial would take place on Thursday, Feb- 
ruary 17, at 5 p.m., and invitations would be sent 
to the relatives of members who had fallen. It was 
hoped that many would attend, and that the cere- 
mony would be performed by the Dean of West- 
minster. 

Members would doubtless know that there had 
been an intention to close the Finsbury Technica] 
College, but a memorial had been prepared—largely 
at the instigation of the Institution of Mechanica] 
Engineers—and addressed to the City Guilds, asking 
them to keep the College open. That memoria] 
had been signed by fifteen presidents of important 
institutions. Finally, the President stated that the 
committee appointed to consider the question of 
associate members of the Institution being made 
members of the Council had reported in favour of 
the proposal. The Council had that day adopted 
the recommendation of the committee and had 
appointed a committee to consider ways and means. 








NOTES. 
Tur Motor Trave. 

In the early days of the development of the 
modern motor car pre-eminence was certainly held 
by the French, but in its later developments this 
country has drawn level with France, and there is 
now no question but that British cars are turned 
out equal to any produced elsewhere. From this 
reflection Sir Henry Fowler, the president of the 
Institution of Automobile Engineers, was, at the 
annual dinner of the Institution on Wednesday last, 
inclined to look very hopefully to the future of the 
industry despite present troubles. Incidentally we 
note that Sir Herbert Austin does not admit that 
the present state of the motor industry from a 
business point of view is anything like as serious 
as it is commonly stated to be. Sir Herbert is 
probably correct in this, and the whole trade slump . 
and the unemployment cry have certainly been 
utilised by the press in a way likely to intensify any 
troubles which it is supposititiously deploring. The 
question for the motor industry is not, however, 
merely one of building a good car, it is the building 
up of a great industry and the taking of a large 
share in what is an enormous world trade. The 
figures for imports of motor cars and motor car 
parts into this country are certainly no credit 
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to our motor trade or to any branch of it. Mr. A. 8. 
Mays-Smith, the president of the Society of Motor 
Manutacturers and Traders, speaking at the dinner 
referred to labour and to the designer. Labour we 
have talked about more than once and may leave 
for the moment, but there was certainly point in 
Mr. Mays-Smith’s illustration of the result of 
designing a car part to cost 30s. when it could be 
designed to cost 20s. For a small output the matter 
is of little importance, but if we are to have manu- 
facture on anything like a large scale the details 
of design may mean the difference between success 
and failure. It is not correct to suppose that 
if you make enough of any car and call it ‘ mass 
production ” you will make a success. 


THE TRAINING OF UNDERGROUND RAILWway 
MEN. 


The methods adopted by the London Electric 
Railway Company in training the staff who operate 
the Underground and Tube Railways of London 
formed the subject of a lecture given by Mr. E. 
Yorke, the staff instructor of the company, before 
the Efficiency Club of the employees, at the Milman- 
street Training School, on Thursday last. Appli- 
cants for positions, when approved, are put through 
a short course of training and graduate as porters, 
with the possibility of further promotion to guards 
and motormen in due course. Promotion is depen- 
dent upon the candidate passing a preliminary 
examination for each grade, the men being trained 
for these examinations at the expense of the 
company, in the Instructional School opened about 
a year ago at North Lambeth. Courtesy and tact 
in dealing with the public are inculcated, in addition 
to the technical knowledge required for the position, 
and the paramount importance of safety is strongly 
insisted upon. A special feature of the training 
course is the use of a cinematograph film which was 
exhibited as part of Mr. Yorke’s lecture. This 
illustrated the duties of the various grades of the 
service from sweeping a platform to inspecting a 
train before starting, and was both instructive 
and entertaining, as it showed the right way and 
the wrong way of performing some of the many 
tasks which fall to the lot of railwaymen. There 
can be no doubt that the principle that “ things 
seen are mightier than things heard ” is peculiarly 
applicable to the training of men to carry out rules 
devised for the safety and comfort, not only of the 
public but of the railway employees themselves. 
The realistic representation on the screen of the 
possible consequences of careless or foolish actions 
makes a more vivid and lasting impression on the 
mind than the indefinite reiteration of rules of 
conduct. An audience of several hundred attended 
the meeting, which was presided over by Mr. H. E. 
Blain, the general manager of the company, who 
reminded his hearers that the accidents on the 
company’s system had been reduced by over 66 per 
cent. as compared with the year 1912, and that 
the fatal accidents were now less than 1 per 1,000,000 
miles run. The great increase of safety both to 
the public and the employees he attributed very 
largely to the efficiency of the methods adopted 
by the company for training the various grades. 
The cinematograph film exhibited was the first 
thing of its kind used for the training of railway 
men either in Great Britain or abroad. 


THe Cost or AERIAL TRANSPORT. 


It may be taken as axiomatic in connection with 
all systems of transport that high speeds are costly, 
but at the same time it has been demonstrated 
by experience in the older systems that a sufficiently 
large section of the community can usually be 
found to pay for high-speed transport at a rate 
sufficient to enable it to be conducted at a reason- 
able profit. This experience will doubtless be 
repeated with aerial transport, although the results 
obtained so far in this direction are none too 
encouraging. High speed is certainly the greatest 
asset “of the new method of locomotion, and, 
although it has some other advantages in comparison 
with older systems of transport, speed is the pro- 
perty upon which commercial aviation depends 
for its ultimate success. For the carriage of 
passengers and certain classes of goods, the speeds 
attainable by aircraft will certainly attract some 
traffic, but unless the increased cost of aerial travel 
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is generally justified by the value of the time saved, 
the volume of the traffic will be small. It is 
interesting, therefore, to compare the costs of various 
methods of transport, as was done by Lord Montagu 
of Beaulieu in a paper read before the Royal 
Aeronautical Society on Thursday of last week, in 
order to see what must be paid for high speed. 
The lowest cost per ton-mile is obtained with sea 
transport, the figure given by Lord Montagu for a 
mail steamer ranging from 0-066d. to 0-072d. 
per ton-mile. For intermediate steamers the 
cost varies from 0-050d. to 0-058d. per ton-mile, 
and for cargo liners the corresponding figure is 
0-038d. It should be noted, moreover, that these 
costs are based on the gross weight of the ship 
and its contents. The speeds of the three classes 
of steamers would be 16 m.p.h., 12 m.p.h. and 
10 m.p.h. respectively. Goods transport by rail 
cost 1-6d. per ton-mile in 1919, and the average 
speed of a goods train would be 14 m.p.h., while, 
allowing 15 passengers per ton, the figure for a fast 
passenger train, averaging 40 m.p.h., is given as 
30d. per ton-mile. A motor lorry carrying goods 
in 3-ton lots costs about 10d. per ton-mile to operate, 
and the average speed is about 13 m.p.h., while 
the figures given for a motor omnibus carrying 
passengers are 224d. per ton-mile at 15 m.p.h. 
An aeroplane carrying mails and passengers, 
can, according to Lord Montagu, be operated for 
30d. per ton-mile at a speed of 100 m.p.h., and the 
estimated figures for an aeroplane specially designed 
for goods transport are 14d. per ton-mile at 
80 m.p.h. These figures, however, include the 
weight of the machine in each case, so that they 
are not actually comparable with those given for 
rail and motor transport. Bearing this fact in 
mind, however, they indicate that the cost of 
transporting a given number of passengers or a 
given weight of goods by aeroplane differs very 
materially from similar transport by train and motor 
lorry, respectively. The cost of mail and passenger 
transport by airships, however, is put by Lord 
Montagu at about 36d. per ton-mile at 60 m.p.h. 
This cost is, of course, enormously higher than that 
of sea transport, but the time saving in the long 
journeys for which airships are best suited is 
correspondingly high. 


Hicn Tensitze Steet as A REINFORCEMENT FOR 
CoNCRETE. 

The use of mild steel for general structural 
purposes is in part due to the greater facility with 
which such material can be machined in the shops, 
but is also in part attributable to the fact that in 
many cases structural steel is of necessity subjected 
to somewhat severe treatment in the process of 
manufacture, and this abuse mild steel, owing 
to its ductility, withstands without permanent 
injury, whilst a harder and stronger steel similarly 
maltreated would be liable to failure. It has long 
been known that where manufacturing processes are 
simple, harder steels can be adopted with advantage, 
a most notable example being afforded by the 
ordinary steel rail, which is much more severely 
stressed in service than any bridge member. The 
load on a rail is, in fact, all live load, yet in spite of 
the high stresses imposed on the material failures are 
relatively infrequent. Hard steels are also adopted 
in other cases where manufacturing processes do 
not necessitate the use of a milder material. An 
early and notable example was afforded by Captain 
Eads, who used a chrome steel for the “ staves” 
out of which were built the ribs of his famous 
arched bridge at St. Louis. Where steel is used for 
reinforcing concrete the metal has to undergo 
exceedingly little manipulation, and hence many 
engineers have advocated and successfully employed 
a somewhat hard steel for the reinforcement. In 





the second report on reinforced concrete, made by: 


the committee organised by the Royal Institute of 
British architects, the view was taken that such 
steel might safely be stressed to 20,000 Ib. per square 
inch, as compared with the 16,000 lb. per square 
inch admitted on the usual 28-ton to 32-ton 
structural steel, and this view was officially sup- 
ported by the Concrete Institute. The officials 
of the London County Council and the Local 
Government Board, however, after the traditional 
fashion of officials, played for safety, a course which 
is almost imperatively imposed on them by the 
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conditions of public service in this country, and 
refused to accept the recommendation. A dis- 
cussion then took place between the representatives 
of the Concrete Institute and a representative of 
the Engineering Standards Committee and of the 
Institution of Civil Engineers, who is, perhaps, 
erroneously, attributed with some exceptional 
ideas on the subject. According to a paper read 
by Mr. H. Kempton Dyson at the Concrete Institute 
on January 13 last, this representative thought that 
the adoption of a higher stress on the steel would 
necessarily involve a higher stress on the concrete, 
the actual fact being that there is no necessary 
connection between the two. Another objection 
taken was that if the steel were stressed more highly 
there would be greater deflection and wider cracks 
in the concrete. Finally the Concrete Institute 
determined to investigate the matter experimentally 
and the results of these experiments are described 
by Mr. Dyson in the paper already referred to. 
The tests were made at the College of Technology, 
Manchester, and showed that slabs and beams with 
mild steel reinforcement, proportioned according 
to the recognised regulations, had a factor of safety 
of somewhat under 4. With high tensile steels the 
same factor of safety was obtained with stresses 
on the steel of 22,000 Ib. to 25,000 Ib. per square 
inch, the latter figure being observed witli a rein- 
forcement of drawn steel wire. The cracks were no 
wider with these high tensile steels under the above 
stresses than with the mild steel reinforcement 
loaded to 16,000 lb. per square inch, but they were 
more numerous. The small-diameter wire pre- 
sented to the concrete an adhesion surface greater 
relatively to the pull transmitted, than did the 
larger bars. This appeared to be an advantage 
in the case of the slabs tested, but there was, 


Mr. Dyson states, no apparent gain in the case of 
the T-beams. 


DIsTRIBUTION OF MINERAL MatTTer IN COAL. 


In our issue of April 9, 1920, we pointed out that 
recent research on coal had presented us with four 
new constituents of coal, at any rate, of the banded 
Thick Coal of Hamstead, a banded, bituminous coal, 
namely, the brittle powdery fusain (mineral char- 
coal or mother-of-coal); the dull hard durain or 
Mattkohle; the streaky clairain,: still containing 
plant débris; and the glossy, unbanded vitrain of 
concoidal fracture, the two latter together 
corresponding to the Glanzkohle of other investi- 
gators. These researches by Doctors Marie Stopes, 
F. V. Tideswell and R. Vernon Wheeler, R. Lessing 
and others, are of considerable interest, and not 
only on account of our ignorance of the actual 
constitution of coal. For one thing these four 
constituents differ in a peculiar way as to the 
composition and percentages of their mineral 
matter, and the distribution of mineral matter 
in coal is of far-reaching importance generally. 
Dr. Lessing presented a further contribution to this 
part of the problem last Monday at the Doncaster 
meeting of the Institution of Mining Engineers. 
Finding that the fractions separable from various 
coal slacks by washing differed widely in the nature 
and amount of their mineral matter, he supple- 
mented the ordinary laboratory method for the 
examination of washed and unwashed slack, i.e., the 
float and sink method, by an elutriation method. 
In the former method particles are separated by 
being placed in liquids (solutions of the chlorides of 
sodium, calcium and zinc, carbon tetrachloride, 
alcohol, &c.) of different densities ; in the latter the 
particles are exposed to an upward current of water, 
as in the Draper washer. A water current of low 
velocity will separate the dust from a mixture 
of clean, bright coal and of dirt, and these two latter 
products are further separated by more rapid water 
currents. By these and other means Dr. Lessing 
found that fusain, durain, clairain and vitrain con- 
tained respectively 15 per cent., 6 per cent., 1 per 
cent., and 1 per cent. of ash (in round numbers), 
but that this order was not at all the same for the 
ash constituents soluble in water, soluble in hydro- 
chloric acid and insoluble in that acid. Washed 
and unwashed coal likewise differed in these respects, 
but the dust generally contributed more than half 
the ash, though itself making up (in various coals) 
only from 6 per cent. to 9 per cent. of the total 
bulk. This dust is detached from the coal during 
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washing and is deposited on the lumps in- the 
collecting sumps, and this dust deposition could 
and should be avoided; for the dust consiste 
essentially of fusain and is devoid of coking pro- 
perties, and it is further detrimental to the efficient 
drainage of water from the washed slack. The 
slurry deposit can, of course, be utilised for dust- 
firing in cement furnaces, &c. Iron occurs mostly 
in the acid-soluble portions, alumina and silica 
predominate in the insoluble portions. The presence 
of iron in the dust and in clean coal suggests in- 
filtration of chalybeate water rather than a pyritic 
origin. In the dirt the ash contents increase with 
the size of the particles. All these points have 
their practical interest. The influence of mineral 
matter makes itself felt in the working of a 
seam, and in the road dust and its explosibility, 
and in the tendency of the coal to spontaneous 
combustion, before the coal is brought up. Then it 
determines the value of a coal. The practice of coal 
cleaning and washing might greatly be improved, 
and for that purpose a study of the dirt constituents 
is needed. In the coke ovens and gas retorts the 
ash acts as catalyser; in the gas producer the 
composition of the ash is very important, and the 
usual fusibility tests performed by quartering and 
and grinding small samples are of little value. 
For dust fuel and suspensions of coal in oil the 
composition of the mineral matter and its dis- 
tribution have again to be considered; it is not 
merely a question of ash percentage. 








LITERATURE, 
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The Patents, Designs and Trade Marks Acts. By 
H. FietcnHer Movurton and J. H. Evans-Jacxson. 
London: Butterworth and Lea. [Price, 17s. 6d. net.] 

Tue war, which has been responsible for many 
things, has caused a great diminution in the issue of 
text books—legal and otherwise. Notwithstanding 
the strenuous times through which we passed, 
Parliament did not cease to make new laws and to 
amend old laws, and the Courts were occupied in 
the interpretation of new and old Acts of Parliament. 
As a consequence the collection of judicial decisions 
and rulings of the last five years has been accumu- 
lating, and legal text books are now much out of 
date and require revision. Two of the new Acts 
of Parliament which have recently come into force 
and have introduced many and important changes 
in the law are the Patents and Designs Act, 1919, 
which amends the Patents and Designs Act of 1907, 
and the Trade Marks Act, 1919, which amends the 
Trade Marks Act of 1905, During the passage of 
the Bill, which became law as the Patents, &c., Act, 
we criticised and dealt very fully with its salient 
features. The amendments to the patent, design 
and trade mark laws which have been effected by 
the new Acts can only be comprehended when the 
new provisions are read and compared with the old 
provisions, and as many of the old provisions have 
been explained or extended by judicial decisions or 
rulings, these have to be borne in mind and con- 
sideration given to their application or effect on the 
new or amended provisions. 

The early chapters of the book under notice con- 
tain a summary of the changes introduced by the 
new Acts, and show the effect of important decisions 
since 1912. The introductory chapter, so far as 
it relates to the law of patents, may be regarded as 
a supplement to an earlier legal text book entitled 
“Law and Practice relating to Letters Patent for 
Inventions,” by H. Fletcher Moulton (one of the 
authors of the present text book), bringing it com- 
pletely up to date (i.e., the end of 1919). The 
authors also include tables of paventt design and 
trade mark cases. The cases are numbered con- 
secutively and are referred to in the text by the use 
of the corresponding numbers. This arrangement 
is not an improvement on the use of footnotes, as it 
necessitates the constant turning backwards and 
forwards of the pages in order to discover the 
particular case under discussion. The present cost 
of printing may, however, have had something to 
do with the adoption of the scheme. 

To facilitate the work of comparison and the 
reading of the new and old Acts, the authors have 
consolidated them, printing the Acts of 1905 and 
1907 in ezxtenso, the portions of the old Acts 





which have been repealed being printed in square 

brackets or between thick lines and the amendments 

in italics. Notes and criticisms on the changes 

made are also added where To all 

interested in industrial property the volume will 
assistance. 
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Governors and the Governing of Prime Movers. By W. 
Trivxs, M.E., Professor of Mechanical ineering, 
Carnegie Institute of Te: chnology, Pittsbur, Lon- 
don, 1919: Constable and Co., Lta. [Price 22s. 6d. net. ] 

Tue theory of the governor has been far more 
extensively investigated on the Continent of Europe 
than in English countries, but the latter, 
in spite of their comparative lack of interest in such 
mathematical investigations have played a pre- 
dominate part in the practical design and construc- 
tion of these important accessories. Indeed, it 
would probably be correct to say that the theory 
has commonly followed practice rather than guided 
it. The data available are indeed too uncertain to 
admit of great niceties in governor calculations. 
The mathematician may, it is true, develop formula 
showing the effects on the governor of friction and 
of the reaction of the mechanism governed but he is 
unable to fix reliable figures for the coefficients 
involved, which have to be determined from prac- 
tical experience. 

The conditions to be met vary greatly. On the 
one hand we may require a governor which shall 
regulate with the utmost precision the motion of 
an equatorial, whilst in other cases the hit and miss 
governors used on the cheaper types of gas engine 
may ensure all the regularity required. The 
governor itself may range in size from the disc of 
an inch or so in diameter used on gramophones up 
to the ponderous mechanisms required to control 
water turbines generating thousands of horse-power. 
Governors have in fact been made in such enormous 
quantities that they have for the most part designed 
themselves, and as nature is far more skilled an 
analyst than even the best of mathematicians, there 
is probably little chance of any important improve- 
ments being effected as the result of a more thorough 
investigations from the standpoint of theoretical 
mechanics. On the other hand, experience, though 
the most certain of all teachers, is also the most 
expensive, and it is, moreover, not readily trans- 
ferable from man to man. It is here that theory 
scores even although it may remain true that propor- 
tions cannot be fixed solely by a priori calculation. 
It is in this connection that Professor Trinks’ book 
will prove most useful. A draughtsman for example 
may be possessed of adequate data for the design 
of the Watt type of governor and its derivatives and 
yet be a loss if called upon to get out designs for a 
shaft governor. In such a case the work under 
review will be found of the greatest utility. The 
general theory of both ordinary centrifugal and of 
shaft governors is treated more fully than in most 
text books or in engineers pocket books. It is 
to these two types of governor and their derivatives 
that Professor Trink’s treatise is devoted. The 
mathematical theory is worked out adequately, 
and the principles which must govern the design 
according to the particular circumstances of the 
case are clearly set forth. The work is very fully 
illustrated, the figures being devised to show as 
completely as possible the mode of action of the 
88} mechanism and the nature of the forces and re- 
actions involved. They are therefore diagram- 
matic in character and not reproductions of 
working drawings in which the intrinsic character 
of the mechanism is frequently not immediately 
obvious. An ample bibliography completes the 
volume. 
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INDUSTRIAL NOTES. 

Tue Ministry of Labour announce that employment 
in December showed a marked further decline. In 
some industries, including agriculture, coal-mining, 
and pottery, brick and cement manufacture, it con- 
tinued good, and it was fairly good in the building, 
pig-iron, cutlery and glass trades; but in most of 
the other principal industries unemployment and 
short-time working were general, and towards the 
end of the month many works were closed down for 
extended holiday periods. The percentage of un- 
employed among members of trade unions (mainly of 
skilled workpeople) from which returns are received 
rose from 3-7 at the end of November to 6-1 at the 
end of December, and the percentage unemployed 
among the 11,900,000 workpeople insured under the 
Unemployment Insurance Act rose from 3-7 to 5:8 
in same period. In addition, large numbers of 
workpeople ve on short time. number of 
workpeople on live rs of the Employment 
exchanges on December 31 was approximately 748,000, 
of whom 500,000 were men, 188,000 were women and 
the remainder were youths and girls. In addition, 
186,000 males and 260,000 females were registered as 
working —— short time, or as affected by 
extended holiday suspensions, in such » way as to 
entitle them to benefit under the Unemployment 
Insurance Act. At the end of November, the total 
number on the live register was 520,000, of whom 
374,000 were men and 103,000 were women. The 
number of vacancies notified to the Exchanges, and 
unfilled at the end of December, was 49,000, of which 
18,000 were for men, 25,000 for women. At the end 
of November, the total was 53,000, including 23,000 
for men and 24,000 for women. 

The total number of trade disputes, involving 
stoppages i work, reported to the Department as 

December, was 34. In addition, 65 
disputes which began before December were still in 
progress at the of that month. The total 
oe em of workpeople involved in all disputes in 

Progress in December was about 72,000, as compared 

1,138,000 in the previous month (when about 

Ne ,100,000 workpeople were on strike in the coal-mining 
industry) and 110,000 in December, 1919. Of the total 
number involved, the majority were accounted for by 
two disputes, one affecting 45,000 coal miners in the 
Rhondda district, who stopped work with a view to 
securing the reinstatement of certain workpeople who 
had been discharged, and the other affecting 10,000 
workpeople in are throughout Great Britain, 
owing to a strike of joiners and carpenters against a 
posed reduction in wages. The estimated aggregate 
duration of all g dae, during the month was about 
ys, as compared with 3,631,000 
cue in 920, when the coal strike was in 
progress, and 1,808,000 00 days in December, 1919, when 
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ironfounders in most districts were on strike throughout 
the month. 

In the industries for which statistics are available, 
changes in rates of wages reported to the Department 
as havingJbeen arranged to come into operation in 
December affected nearly 120,000 workpeople. Of 
these, 115,000 received increases amounting to about 
28,5001. on their weekly wages, and over 4,000 sustained 
decreases amounting to over 2,0001. per week. The 
number affected by increases is much smaller than 
that recorded for any previous month in 1920. The 
principal bodies of workpeople affected by the changes 
were road transport workers in London, who received 
increases amounting to 4s, per week for men and 2s. 
per week for youths, and workpeople in the carpet 
trade, to whom an increase of 20 per cent. on pre-war 
rates was ted. Orders made by the Minister of 
Labour under the Trade Boards Acts, fixing minimum 
rates of wages or raising minimum rates previously 
fixed, came into operation in December for certain 
classes of workpeople in the stamped and pressed 
metal ware trade (Great Britain) and the rope trade 
(Great Britain). On January 1 the average level 
of retail prices of all the commodities taken into 
account in the statistics prepared by the Ministry of 
Labour (including food, rent, clothing, fuel and light, 
and miscellaneous items) was 165 per cent. above that 
of July, 1914, as compared with 169 per cent. on 
December 1. The decrease during the month was 
mainly due to reductions in the prices of several of the 
principal articles of food and in the prices of clothing. 
For food alone, the increase on January 1, over the 
level of July, 1914, was 178 per cent., as compared 
with 182 per cent. on December 1. 





Messrs. Rowntree and Co., Limited, have sent us 
particulars of a scheme of unemployment insurance 
put into operation at their works at the beginning 
of this year. It was drafted by a committee nominated 
in part by the directors and in part elected by the 
Central Works’ Council. About half the members of 
the committee were trade unionists and half adminis- 
trative officers of the company. The scheme is sub- 
mitted as a practical effort adopted in one works to 
deal with the menace of unemployment. The 
scheme — to all employees over 20 and under the 
age at which they become entitled to pensions from 
the company’s pension fund—55 for a woman and 
60 or 65 for a man, according to the nature of his 
employment. Employees are entitled to the benefit 
of the scheme after six months’ service, except in the 
case of the building staff, whose employment is of a 
more casual nature and the qualifying period for 
whom is fixed at three years. The benefits are divided 
into two parts—full unemployment benefit and partial 
unemployment benefit, the first being intended to 
cover discharged employees and the second to cover 
short time owing to trade depression. Full unemploy- 
ment benefit is based on the average earnings of the 
employee. It is designed to secure that a single man 
shall get 50 per cent. of his average earnings whilst 
a married man shall get an additional 10 per cent. in 
respect of a dependent wife and a further 5 per cent. 
for each dependent child under 16 years of age, but 
not exceeding 75 per cent. of his ave earnings. 
The maximum payment is 5/. a week and the minimum 
ll. 5s. 

The contributions made by an employer and worker 
under the new Unemployment Insurance Act secures 
15s. a week in the case of a man and 12s. in the case 
of a woman. In addition, many employees contribute 
to their trade union an extra 2d. a week, for which 
they receive 6s. a week during unemployment. These 
sums (21s. men and 18s. women) are to be deducted 
from the unemployment payment under the new 
scheme calculated as stated above, and, in order that 
the trade union insurance may not be interfered with, 
it has been made a condition that the person claiming 
benefit shall have paid for a specified period a con- 
tribution to some union or society equivalent to the 
2d. per week already mentioned. 

The term ot benefit has been fixed so as to give a 
period of 15 weeks’ benefit to everyone who has been 
in the employ of the company for 24 years, with pro- 
portionate periods for those who have been employed 
less than 2} years, and an extra week’s benefit for each 
complete year of service above 24 years. Partial 
unemployment benefit is payable when, through 
depression of trade, the time worked by an employee 
is less, in the case of a day worker, than 90 per cent., 
and in the case of a piece worker, than 85 per cent. of 
normal] full time, the time lost in excess of 10 per cent. 
or 15 per cent. being paid for at the same rate as full 
unemployment benefit. The scheme is administered 
by an “ Unemployment Committee ” appointed by the 
Central Works Council and consisting of nine persons. 
All the members of the committee must be actively 
engaged in connection with the company’s business, 
two of them must be women and one a representative 
of the staff employed away from the company’s works. 





It is contemplated that the whole of the cost will be 
borne by the ‘company. To"this end a lump sum of 
10,000/. has™been set aside, and the company has 
arranged to add annually a sum equal to 1 per cent. 
of its wages bill, or such less sum as may be sufficient 
to keep up the fund to 50,0001. If, however, 5 per cent. 
of the company’s wages bill is more than 50,000I. the 
fund is to be kept up to the larger sum. 

If an adequate scheme of national or industrial 
unemployment insurance is formulated the present 
scheme would come to an end, and, in view of the 
absence of actuarial experience of this class of insurance 
and of the impossibility of forecasting the future of 
industry, the right has been reserved to the company 
to terminate the scheme by three months’ notice in 
case of necessity. 





A special conference was held in London yesterday 
to consider the report of the Joint Committee on 
Unemployment which was appointed by the Parlia- 
mentary Committee of the Trades Union Congress 
and the National Executive of the Labour Party. 
We hope to be able to deal with this conference in our 
next issue. The report itself was published at the 
end of last week. Besides the resolution in regard 
to maintenance at the rate of 40s. for each house- 
holder, &c., referred to on page 23 ante, the report 
indicates the following resolutions to be put before the 
Government. These ar» briefly: Unobstructed trade 
relations with Russia; to promote the economic restora- 
tion of ex-enemy countries; to make arrangements for 
the stabilisation of exchanges and the extension of 
credits; to bring to an end military expenditure in the 
East and in Ireland; to deal with the school age limit ; 
also “the reversal of the policy recently inaugurated 
of . slowing down and in many cases actually 
obstructing the building of urgently-required houses, 
and discouraging and forbidding local authorities from 
carrying out much-needed local works of improvement”; 
the prohibition of all overtime; restoration and 
development up to the fullest efficiency of roads, 
waterways, canals and railway tracks; the putti 
in hand of the national schemes for the economica 
generation of electric current in bulk, and other schemes; 
to restrict the working-day to 8 hours. Finally, the 
conference protested against the attempts that are 
being made to take advantage of the present crisis by 
reducing wages, and in particular by hampering and 
even attacking the existing Trade Board machinery 
for establishing and maintaining a legal minimum wage 
in the lowest paid industries, and it called upon trade 
unions to resist to the utmost any effort to destroy the 
workers’ standard of life by such means and to report 
immediately to the Parliamentary Committee of the 
Trades Union Congress and the Executive of the 
Labour Party any movements in this direction, so that 
the two executives might give their united assistance 
to the unions whose wage standards were threatened. 





Last week, previously therefore to the issue of the 
above Labour report containing the resolutions we have 
briefly enumerated, Lord Weir of Eastwood made a 

at a gathering in London of the Machine Tool 
Trades Association, in which he stated that the present 
situation was governed to a very large extent by the 
fact that our enhanced costs of production had virtually 
closed our markets. If our customers were poor, 
surely British industry! must provide products at 
prices which they could afford to pay. It seemed to 
him that no remedial policy could hope to succeed unless 
its main objective was a rapid reduction in the 
costs of production. No mere policy of protective 
legislation or of manipulation of credits and currency 
could help unless it were accompanied or even preceded 
by a ruthless policy for the elimination of inefficiency 
and waste in the conditions governing our production. 
Industrial conditions should be revised and amended 
in the light of ordinary commonsense standards. By 
such a policy, be was sure that wages could be reduced 
without affecting in any way the purchasing power of 
those wages. Referring to the negotiations now 
proceeding in regard to coal and to the coming ones 
concerning the railways, he did not think he was 
exaggerating when he said that the future prosperity 
of British industry was in the hands of those concerned 
in the negotiations in question. If the spirit in which 
they were conducted p national and not sectional 
interests in the forefront, then we might look forward 
to a rapid and healthy change in the whole industrial 
situation. 





Mr. W. J. Brooke, the general manager of the 
Normanby Park Steelworks of Messrs. John Lysaght, 
Limited, is reported to have stated that the British 
iron and steel industry was passing through a partial, 
if not a total, eclipse. Recently, he added, he met the 
workers’ committee of the said works and told them 
that even if they gave the whole of their labour for 
nothing his firm could not meet the present-day 
competition. Belgian works were able to deliver at 





the company’s Newport works steel bars at 101. per 
ton and _ @ profit on them, whilst the Sov port 
works “ could not touch that by 8/. per ton.” 





In connection with the two above statements, we 
give textually and without comment the following, 
taken from an article entitled “ Futilities” in 7 
Railway Review. of the 21st inst., the journal of the 
N.U.R.: “ It isfqueer that a people of two years 
concentrated upon mass production for use should 
now be in a condition of chaos and of poverty because 
our governors for the preservation of capita have 
disorganised production and restored the pre-war 
system of scramble for profit. It is queer that seven 
millions of men should be restored to their possibilities 
for production in the country, and that then there 
should begin a time of shortage for those producing 
and those to produce. It would appear that 
in the desire for the restoration of capitalism and the 


restoration of the worker to his o position as a 
‘commodity’ in commerce, to be bought 
a ic market, there is an 
organised plan on part of our masters to suspend 
—— and make us again pliable to their 
wi "a 


According to Mr. Crammond, the managin 
director of the British Shaccholiors Trust, who epobs 
at a gathering of that body on the 20th inst., bad trade 
in its inception was | astate of mind. The state 
of mind of workers we tngnet that they could be 
Le wages that had no relation to the amount of work 

one, of employers who thought that they had no 
direct interest in the conditions under which their 
employees were compelled to work, of ple who 
thought that there was no limit to the sountiie cupnelty 
of their country, of the people of Europe who imagined 
that after four and a all yeas of the most destructive 
war in the history of the world they could still indulge 
in the luxury of armaments on a big scale, The 
economic —" = Ro we ae rae t these 
misa hensions, but the process wo’ a painful 
and difficult one, and it would be better for et aeple 
of the world if they could learn the great economic 
lessons of history more easily. The economic machine 
was teaching the people that capital was the friend of 
labour, that their true interests were one, that when 
om did well labour did well, and that when capital 
did badly labour suffered. The capitalistic system 
was the only one under which the volume 
of production could be insured so as to secure the very 
existence of the country. 








Speaking at Stourbridge last Monday, Viscount 
Deerhurst said trade unions were among the finest 
possible institutions if they were run as they ought 
to be, for the benefit of the men in the trade and of the 
trade itself. But trade unions in England were run 
almost entirely for political purposes a clique 
who did not care a jot for the R sor vay Trade ine 
were very much better remy in America. There 
a master bricklayer could not draw his wage unless he 
laid 1,000 bricks a day, and he received a premium for 
laying more. In England a master bricklayer was not 
allowed by his trade union to lay more than 350 bricks, 
He (the speaker) believed that was because the pro- 
fessional agitators thought that if the men were allowed 
to earn as much as they could they would get out of 
hand, The only way in which we in this country 
could arrive at the whole peace we were fighting for 
was by going into a conference, ready to give not 
too eager to take, in an effort to solve the unemploy- 
ment problem. 





WCar Loaps on THe PENNSYLVANIA RarmRroap.— 
Owing to the car shortage on the railroads in the United 
States, the Pennsylvania system concentrated attention 
on ii ing car loads with the result that during 
September average car load for nearly 10,000,000 
tons of coal, coke and ore rose to 53 tons. For ordinary 
freight the average increased from 41-7 tons in June 
to 43-4 tons in September. 

Tae Brremincuam Enorneers’ Cuvs.—Sir Alfred 
Herbert, K.B.E., Mr. Lincoln Chandler, of the Metro- 
politan Carriage Works, and Mr. Donald Hope, chairman 
of mre Henry ene ane —— Limited, have each 
acce, a vice-presidency of the Birmingham Engineers’ 
Clute Applicetions for easeaterchip of the club are —s 
in rapidly, and those who wish to have the use of the clu 
as soon as Opened are advised to make early application. 





Tae Instirvrion or Naval ARCHITECTS; AWARDS 
ror Papsrs.—The Council of the Institution of Naval 
Architects have awarded the gold medal for 1920 to 
Engineer-Commander H. B. Tostevin, D.8.0,, R.N.. 
for his paper “ Experience and Practice in Mechanical 
Reduction Gears in Warships,” and the premium to 
Mr. C. Frodsham Holt, M. ang, for his paper “The 
Efficiency of Propulsion of Full-Sized Ships.’’ These 
will be presented on March 16, at the opening of the 
annual meetings, which this be hel: 

Royal United Service Institution, itehall, 
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CEILING ROSE WITH METAL COVER. 

A wew ceiling rose for use in connection with 
electric wiring, is being introduced by the General 
Electric Company, Limited, of 67, Queen Victoria- 
street, London, E.C. 4. This) is illustrated below, 
and. is a pleasing example of ineat designing work. 
The'cover of the rose is a metal ‘pressing, this 
material having been adopted'in view’of' thedifficulties 
of fobtaining adequate supplies of porcelain at the 
present time. Independent of this consideration, 
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however, the metal construction obviously has advan- 
tages in being unbreakable and in lending itself to a 
neat and simple bayonet type of attachment to the 
base, which will be clear from the figure. The base is of 
moulded insulation, non-hy, pic and fireproof. 
It is stoved at a temperature of 450 deg. F., and is 
manufactured at the company’s Witton works. The 
nuts for the cover screws and the contact pillars are 
moulded in place. The rose, which should obviously 
lend itself well to the manufacture in | quantities, 
complies with the Wiring Rules of the Institution of 
Electrical Engineers and also with those of the Phoenix 
Assurance Company. 








THE WILFLEY CENTRIFUGAL PUMP. 

Aw interesting modification has lately been intro- 
duced in centrifugal pump design oy Messrs. The 
Wilfley Company, Limited, Salisbury House, London 
Wall, E.C. 2, which we illustrate in Figs. 1 and 2 
annexed. ‘The chief feature of this pump is in the 
impeller, which will be seen to embody a suction 
ge which effectually separates the suction and 

the delivery sides, and prevents all leakage from one 
to the other, The hollow impeller end is carried in 
a packed gland, of which the friction is relatively small, 
and the effectiveness of the design will be soulioal by 
reference to figures from tests made by Professor 
J. Goodman. The pump tested by Professor Good- 
man had an impeller 12 in. in diameter, the blades 
having an angle of approximavely 20 deg. The 
interior diameter of the suction end of the impeller 
was jin. The pump was first tested with suction and 
delivery pipes respectively 2 in. and 1} in. in diameter, 
These were found to be too small for the capacity 
and they were changed for 24 in. and 2 im. The pump 
was driven through a belt transmission dynamometer. 
The delivery pressure was measured by a pressure 
gauge which was checked for accuracy. The suction 
was. ga by a mereury column, The delivery,was 
measured in a graduated tank. The di ig., 3. 
shows the first set of tests, the pump “a at 
various speeds, the water delivered and head 

























































” [Reena aan eames 
Fig.i. VAN TR 
‘9 a7 + — 
N 
1 N 
| 
= NY N 
3 WZ N 
hy SS SS i, SSS WSs cy 
a | if BEETS 
<7 z WMOOMMLMIMSISSS 1 : VI ice EIEN 
© | EE I-A OY 
3; a4 YN N 
5 7 


—<LIZZZZZZZZ7) 


2 


= ZA _| 






THE WILFLEY CENTRIFUGAL PUMP. 




















N = —_— 


Wt te S 
EES 
N 
N 
SS 





WLM Y ULIIL — 
NY 


YY, 






















MS Ke 
NY 


KE — \ 
NS 
NS 


WEBS 





SSS 












: 0° Including 
30". 0* 











-~<«-——--- 200 


te 
<< 










































































in 


























(6693.4) 














Pounds of Water par Mirute. 


663.8) 


a second set of tests with enlarged suction and delivery, 
made at constant speed, the head being varied by 
throttling the outlet. 
The maximum efficiency obtained was 58 per cent., 
this including the effect of the kinetic head of the 
water in the delivery pipe. _ Neglecting the latter the 
efficiency under normal working conditions would have 
been 3 per cent. to 4 per cent. lower. If, however, 
allowance had been made for belt losses the efficiencies 
would be increased by 4 per cent. or 5 per cent. The 
frictional loss of the suction gland, bearings and belt 
amounted to 0-3 h.p. at 1,000 r.p.m., and 0-6 h.p. at 
1,500 r.p.m. 
The high vacuum obtainable with the special form 
of suction impeller is a noticeable feature of Professor 
Goodman’s report, in which the following excellent 
figures are given, with a barometer of 35-5 :— 


Pump Suction in Feet 
r.p.m. of Water. 
780 .... hse Bo «4 aes 26 
970;to 1,400 ; 31 
1,590 a 33 





varying. Th» diagram, Fig. 4, shows the results of 
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As shown by the diagrams this 12-in. impeller pump 
actually gave a maximum delivery of _ gallons per 
minute lifted to 125 ft. at 1,500 r.p.m., and 193 gallons 
to 53 ft. at 1,320 rpm. These capacities and lifts, 
it will be noticed, are distinctly good. In the model 
tested the impeller is as cast and not machined, except 
on the outside to fit the gland. The pump should be 
capable, from the above results, of taking the place 
in many instances of multi-stage centrifugals, over 
which it has the advantage of greater simplicity. 
The construction will be clear from Fig. 1, so that 
detailed description is scarcely necessary, while the 
test figures given above will show that the principle 
on which the design is based is an interesting and 
important one. 





Stranparp Trpe TasiEes.—Messrs. Kelvin, Bottomley 
and Baird, Limited, 18, Cambridge-street, Glasgow, 
have issued a handy little pocket book giving the 
standard tide tables for the ports of Glasgow, London, 
Greenock, Liverpool, Belfast, Cardiff, Leith and North 
Shields for the current year. The book, which includes 
much other useful information, such as speed and distance 
tables, coal consumption tables, &c., has been compiled 
by{Mr. Alfred W. Baird, and we have no doubt that a 
copy of it may be obtainedtby any,of our readers on 
application to the firm, 
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THE MECHANICAL LOADING 'OF SHIPS.* 
By H. J. Smrru, of Shanghai, Member. 


| 
| 


| 


In China, to-day, vast deposits of iron, manganese, 
limestone and coal are being worked and manufactured 
into iron and steel of all sections by Japanese enterprise, 
and the most modern machinery that can be purchased 


Introductory Remarks.—The number of new plants |in Europe and America. The new blast-furnace plant 


installed for the mechanical loading and unloading of 


now being erected on the banks of the Yangtzse Kiang, 


material in bulk, namely, aerial ropeways, belt and | at Tayeh, is designed in multiples of 450-ton units for 
bucket conveyors, wagon dumpers, and grab trans- an output capacity of 3,600 tons of pig-iron per day. 


porters, has increased rapidly during the past decade. 
Designed at first to release manual labour for operations 


requiring more skill, the methods employed have so | undertaking in this country. 


| 


The loading and unloading appliances, although built 
in Britain, would be difficult to match by any similar 
Other instances could be 


improved in utility that there are now few instances | given of works in China financed and controlled by the 
where the machinery mentioned cannot do this class| Japanese, but one in Manchuria will suffice, namely, 
of work with greater expedition and economy than the | the Anshanchan Iron Works, which are now being 


cheapest of coolie labour. 


extended for an output of 1,000,000 tons of pig-iron 


Some of the new plants, especially those designed for | per annum. 
the loading and unloading of ships, have so grown in | 


size and capacity that they are now included amongst | be ignored is the fact that these Chinese and Japanese 


the larger engineering problems of the day (see Figs. | ironmasters are installing belt conveyors and 


1 to 3, below). 


Machinery versus the Coolie.—One point that cannot 


ridge 
transporters to replace a class of manual labour that 


Great Britain must always remain interested in the | has always been considered the cheapest in the world. 


cheap and rapid transport of coal, coke, limestone, iron, 


In short, these competitors are beginning to look upon 


| by shipping, are now sometimes sought for because they 
| mean deep water close inshore, and the height of the land 
above the water level can be utilised by building the 
loading plant down an inclined plane, thus enabling 
the machinery to be driven by the gravity of the load 
and so save the cost of motive power,* Fig. 4, page 118. 

Formula.—The formula which is given in the appen- 
| dix is quite empirical, and has been obtained by the 
| author Sen experiments on many plants during the 
| past fourteen years in different parts of the world. 
| The figures have been checked by actual practice under 
| working conditions, especially the portion dealing with 
belt conveyors, so that the results are given with some 
| confidence of their being followed with safety by those 
interested in this class of machinery. The lack of 
similar details in many engineering handbooks has 
caused the author to pay more attention to this part 
of his subject than would otherwise have been necessary. 





AERIAL RoPEWAYS. 


The exploitation of a mineralised deposit calls, in the 
first instance, for some successful method of connecting 


manganese and other ores, because, without the means | the cost of transport as a loss which must be eliminated, | the mine with any existing means of transport ; usually 


to do this work at a low cost, she cannot regain and! as far as possible. 


Speaking generally, ore must be moved | the sea, a river, or a railway. 


Failing this, the minera) 




















Fria. 1. 


Gras TRANSPORTER FOR UNLOADING COLLIERS 


AND BUNKERING BATTLESHIPS. 














Fic. 3. Gras Transporter, Hanyane STEEL Works, CHINA. 


maintain the supremacy in the production of iron and 
steel that was once enjoyed. 

Primary Transporters.—It may be interesting to 
recall that the principal cause contributing to that 
supremacy was the fact of this country being first in 
the field with the cheapest and most rapid means of 
transporting minerals in bulk, for it should not be 
forgotten that both the railroad locomotive and the 
steamship owe their inception principally to the necessity 
of devising a more efficient means of moving the growing 
output of the English coal mines. 

These primary transporters gave Britain a good start, 
but other nations came quickly into line and then ex- 
tended the use of machinery until this country was 
passed, before the war, in the production of iron and 
steel by the United States and Germany. 

The author thinks it will not be denied that one of 
the principal reasons for the success of the nations 
named was the attention they paid to the handling of 
materials in bulk by machinery designed to accelerate 
the feeding of their stearnships and railways. 

Competition.—The continual rise in the cost of labour 
will make mechanical connecting links between the prime 
transporters and the factories a matter of vital importance 
in the future, if we are to feed our furnaces from abroad 
and still hold our position in the markets of the world 
against the competition that will have to be faced. 
Competition will be fierce, especially so from the Far 
East, where Japan and China will be competitors in the 
future, instead of customers as in the past. 

* Paper read before the Institution of Mechanical 
Engineers, January 21, 1921. 





to the coalfields, or coal be taken to the ore, and the 
methods employed are worth all the attention that 
engineers can give them. 

Skilled labour expended on materials during manu- 
facture increases their value, but money spent on 
moving minerals from the mine to the furnace increases 
their cost but does not increase their value. Com- 

tition will see to that. This cost of transport will 
ecome, eventually, the deciding factor in future manu- 
facturing success. In fact, the lowering of the cost of 
production by suitable mechanical is the el tal 
problem underlying the whole subject of successful 
competition in the markets of the world; and the solu- 
tion of that problem is essentially a task for the engineer. 

Some Successful Methods.—In the present paper the 
author proposes to deal with four plants which have 
proved that coal and ore can be transported, loaded 
into steamers and unloaded, at less cost than was possible 
previously by using native manual labour. The plants 
described are not claimed to be the last thing in handlin 
materials in bulk mechanically, or to be more successfu 
than several others which could be cited; they are 
chosen from a number of which the author has had 
experience because they have been installed recently, 
and illustrate the four most popular methods at present 
in use. By adopting these means, mines which had 
been considered hopeless propositions on account of 
their distance from some existing means of transport 
are now being worked at a profit, because docks, in some 
cases, can be dispensed with, and the steamers loaded 
whilst lying at anchor in the open sea at some point 
along the coast where there is sufficient depth of water. 

Rocky shores and precipitous cliffs, previously avoided 














Fie. 2. Coatrne Transporter, Port Natat. 


| must remain unwrought, as is the case to-day with that 

stupendous body of iron and manganese ore overlooking 
Morro Velho, in the State of Minas , Brazil ; 
| although even this inland deposit—perhaps the finest 
| remaining unworked in the world to-day—is beginning 
to receive the attention of British and American iron- 
masters. 


Sebabna Mines.—A more favourable instance is the 
Sebabna mine, situated just on the ian side of the 
Moroccan frontier, about 7 km. from Mediterranean 


This iron and manganese ition was discovered 
under an overburden of li ote by an ishman. 
The mineral outcropped about 700 ft. above sea level, 
but so rugged is the intervening country that the sea 
cannot be seen from the mine. Building a railway to 
the coast over such a contour was out of the question, 
and transport to the nearest port (Oran) would have 
cost much more than the mineral was worth. The only 
alternative was to carry the ore over the hills by an 
aerial ropeway and ship it by mechanical means into 
steamers lying at anchor in a small indent in the coast 
| line—partly sheltered by Kap Kelah—where there is a 
good anchorage, and a minimum depth of 24 ft. of water 
within 250 ft. of the shore, Fig. 6, page 118. 

The safety of the vessels demanded a loading appliance 
of so large a capacity that it would be. possible for the 
| boats to anchor under the plant at daylight and clear 
| before dark with a full cargo. In spite of a mistake 
being made in deciding on a chain of buckets—instead 
of a rubber and canvas belt—for the conveying portion 
of the loader, the plant went to work and handled the 
ore from the mine adit to the ship’s hold for a wérkin 
cost of less than 6d. per ton. To this must be add 
interest and depreciation charges on the capital expended 
on the installation. This cost varies, of course, with 
the output of the mine, but may be considered in the 
present instance at 5d. per ton. 

The situation of the terminal stations for the aerial 
ropeway was decided by the positions chosen for the 
loading plant on the coast, and at Sebabna by regard to 
the future development of the mine. The lode was first 
uncovered and attacked from the side of the hill by open 
cast, and then proved to a further depth of 200 ft. by 
sinking and driving. The result being satisfactory, an 
adit was driven at the lower level from near a site suit- 
able for the ropeway station and connected to the open 
cast level by a vertical winze which allowed the mineral 
to be lowered to adit level by gravity, the full wagon 
coming down serving to pull the empties up without the 
need of motive power. 

Sebabna Ropeway.—The side-tip wagons on leaving 
the adit travel a short distance along a level track to the 
ore pocket, or storage bunker, which is simply an excava- 
tion in the rocky ground surrounded and divided by 
massive stone walls, built of rock spoil, to increase the 
holding capacity to 4,000 tons. These walls also carry 
cross girders which support several tracks and turntables 

*See ENGINerRING, December 
682 to 684. 
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to enable the ore to be dumped into every part of the | supported on steel trestles by passing over cast-iron 
excavation, shoes mounted on rocker arms which allow the bearings 
Still taking advantage of the slope of the hill a tunnel | to adjust therrselves to the varying sag of the ropes. 
under the excavation was driven in a loop (like a horse- | These shoes are fixed 6 ft. 6 in. apart, the loaded rope 
shoe in plan), so that the empty ropeway buckets could | being 2 ft. 11 in. and the return rope 3 ft. 7 in. from the 
travel round the circuit and be loaded by one of a series | centre of the trestle, the difference in leverage being 
of valve-controlled chutes which connected the tunnel | balanced by the difference in load. 
to the storage. The spoil from the tunnel was tipped| The trestles are built of steel angles bolted up in the | 
near the outlet to improve the site for the ropeway |form of taper towers to the height demanded by the 
terminus and engine-house. A 15 n.h.p. single-cylimder | various sites, the shortest being 14 ft. and the tallest 
horizontal steam-engine and boiler was erected in the | 75 ft. high. The standard worked to, fixed the distance 
latter and connected to the haulage drum through a| between the centres of the holding down bolts at one- | 
friction clutch for starting up the ropeway ; but as the | fifth the total height of the trestle. 
station at Sebabna is 462 ft. higher than the discharging Terminal and Tension Stations.—The two terminal 
station which feeds the storage bunkers for the shipping | stations and the three intermediate tension stations | 
plant at Kelah, nearly 7 km. away, the engine clutch is | are fixed as near equidistant as possible when using inter- 
thrown out of gear as soon as there are sufficient loaded | vening hill tops for the purpose. These stations are 
buckets on the line to work the ropeway by gravity. | built of steel channels braced with angle and bolted to | 
The driver then shuts down the engine and controls a | substantial concrete foundations which take the pull of | 
powerful brake for regulating the speed of the buckets. ' the outgoing rope without stressing the structure. The! 











which supports the ropeway station at a sufficient height 
to clear the apex of mineral which forms as the bunkers 
are filled, Fig. 11, page 119. 

Like many another job, these bunkers could be 
improved if they had to be repeated. The sloping sides 
of the excavation were not made steep enough. It is 
best to forget all about the angle of repose when building 
bunkers for the storage of minerals, especially if they 
contain much dust and are exposed to the weather. 
The way iron ore will stand on a slope of 50 deg. from 
the horizontal must be seen to be realised. The ore 
pocket under review had six chutes leading to the 


| conveyor in the tunnel underneath, and it was not 


uncommon to see a vertical shaft opened up over each 
chute about 40 ft. deep and with sides standing solid 
only 15 deg. from the vertical. Men had to be put in 


with long steel bars to break the walls and start the ore 
running, and the job was at times so dangerous that the 
author found it advisable to do the work with a stick 
of dynamite and fuse poked into a likely crevice by means 

















Fie. 4. Beitr Conveyor Ssrerine PLANT, 
Brrpao. Capacrry 1000 Tons pr Hour. 


Fic. 5. Bucket CaRRIAGE, 
No Dock Rxequrrep. 


SEBABNA RopEway. 





Fic. 8. 


terminal station at the 
mine, Fig. 7, herewith, 
serves as the first an- 
chorage, the three in- 
termediate stations are 
combined for both 
anchorage and tension, 
Fig. 8, above, while 
the structure at the 
shipping end carries the 
final tension weights. 

The trestles and sta- 
tions are all fitted with 
rope sheaves, 164 in. 
diameter, working on 
Any tendency to jerk the roves by an imprudent use of | 1}-in. pins (arranged for automatic lubrication) to take | 
the brake is prevented by a special flywheel fitted with | the weight of the haulage rope when it sags between | 
adjustable vanes which act as an air brake, or blower. | buckets. These sheaves are supplied with long splayed | 
This flywheel requires so much power to revolve it | guide bars to ensure the rope finding the tread of the 
beyond a certain velocity that any dangerous runaway | pulley in spite of any swaying caused by high winds, 
of the line of buckets is extremely unlikely. | Fig. 9, page 119. 

The buckets are of gravity tipping type, designed | The bearer ropes are kept under proper tension by 
to carry half a ton of ore, and are suspended from a | boxes made of } in. steel plate filled with shingle, those 
two-wheeled carriage running on ball bearings, Fig. 5, | for the loaded ropes being 6 ft. square by 9 ft. deep, 
above, They are fitted with a clamping arrangement | and for the return ropes 4} ft. square by 9 ft. deep. 
which enables the whole weight of the bucket and load | The larger ones weigh, when filled, about 12 tons, and the 
to be utilised for gripping the hau'age rope. The loaded | smaller 8 tons. 
buckets after leaving the tunnel, run down an inclined In practice, these weights are continually rising and 
mono-rail to gain sufficient momentum to pass through | falling as they adjust themselves to the varying load 
the automatic locking device which clasps them on to the | on the ropes, the extreme travel between cool morning 
haulage rope whilst they are traveliing at approximately | and hot afternoon being something considerable. They 
the same speed, namely, 2 m. per second. The buckets | are suspended in a concrete-walled well, which forms 
are loaded and released from the tunnel at intervals | part of the foundation, and are kept from contact by | 
of 45 seconds, making a total of 40 tons of ore transported | guides which serve also as columns to support the bend 
per hour. sheaves which are 3 ft. in diameter and brass bushed 

The 1} in. circumference haulage rope is of the usual | to turn on 6-in. gudgeon pins. The treads are machined 
six-strand construction with hemp core, the total length | to take four parts of flexible steel rope socketed to the 
of nearly 14 km. being joined up to length on the site | lock coil bearer ropes by a special crosshead. 
by running splices about 30 ft. long. The two bearer ropes Storage Bunkers.—The terminal station at the shipping 
are of lock coil pattern, the rope carrying the loaded | plant end is fixed over the storage bunkers which are 
buckets being 1} in. diameter and the return:rope } in. | constructed in a manner similar to the one already 
diameter. They were joined on the site by the taper | described for the opposite end, except that this one has 
socket. screwed coupling and sleeve arrangement in | a capacity of 12,000 tons and is divided into three com- 





Fia. 7. 


Loapine Station at Ming, SEBABNA RopEway. 








general use for this class of work. Both bearer ropes are | partments by two massive walls built from spoil rock | for the purpose. 








TENSION STATION. 


SEBABNA, PLANT. 


of a long bamboo. Recent American practice in the 
construction of steel bunkers for iron ore is in the right 
direction, and excavations forming ore pockets should 
follow the same lines and have the sides cemented as 
smooth as possible. 

The Sebabna ——— went to work without any 
hitch (except those here recorded), and when the author 
left, was handling 12,000 tons per month on a 10-hours’ 
day shift. The cost, ready for work, was a little less than 
15,0001. (fifteen thousand pounds), but it should be 
remembered that the work was concluded in 1913. 

Formula for ascertaining the power required to drive 
aerial ropeways will be found in the appendix. 


Bucket CONVEYOR SHIPPING PLANT. 


The Conveyor.—This ship-loading plant receives iron 
ore from the 12,000-ton storage under the ropeway just 
described. It is probably the biggest bucket conveyor 
yet built, and consists of an endless chain of steel buckets 
564 ft. in length between the centres of the pentagon 
tumbler at the head and the tension wheels at the tail 
end, Fig. 10, page 119. Each bucket can carry } ton 
of ore ; 274 ft. of the chain is carried out over the water 
on a cantilever structure weighing 300 tons and supported 
at the centre by a trestle mounted on two cylinders 
sunk in the open sea, Fig. 6, above. The remainder 
of the chain is in the tunnel under the storage, except 
for a short length which is carried by a separate structure 
connecting the bridge with the tunnel, Fig. 12, page 119. 
and spanning a block of 500 tons of concrete, reinforced 
and set into the shore rocks to serve as abutments and 
loading for the anchor arms against the pull of the canti- 
lever. 

The maximum upward pull of 100 tons on the holding- 
down bolts securing the anchor arms to the foundation 
is not due to any greater length of the cantilever, but is 
caused by the weight of a separate chain of buckets 
working on a light steel structure, forming a carriage. 
the trod wheels of which move on rails suspended below 
the bottom boom of the cantilever. This carriage and 
its chain of buckets can be run under the bridge until 
it is flush with the nose of the cantilever, or it can be 
moved out 42 ft. beyond the nose by winches provided 
This arrangement allows steamers to 
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come alongside, and then be warped fore and aft, to 
bring the several hatches under the plant without risk 
of fouling the structure. Further, any tendency of the 
steamer to list whilst loading can be checked by tele- 
scoping the carriage as required, and this can be done 
without stopping the plant or interfering with the loading 
operations in any way. 


The main chain of buckets receive their load from one | ] 
or more of six valve-controlled chutes fitted to the roof | number of tools dropped overboard when building the | bearix 
| bridge by Arab labour. The cylinders were pitched | parall 


of the tunnel under the storage. The buckets are made 
continuous by overlapping, so that a constant stream 
of ore can fall from the chutes without risk of spillage. 


flattening or increasing the angle of a steel apron which | ‘l'o these timbers was spiked 9-in, by 3-in, deals to form | clutch, 


extends from the chute to within 6 in. of the buckets. 
The tunnel is driven into the rocks, which rise almost 
sheer from the sea at this point, and the structure forming 
the runway for the buckets is carried by steel columns 
cemented in the roof and floor of the tunnel, which at 
first terminated in a dead end 300 ft. from the face. 
But when loading commenced, the dust from the ore 





The cylinders which support the weight at the centre| The countershaft is fitted at the centre with a 7 ft. 
are 8 ft. in diameter and pitched 30 ft. centres apart. | diameter rope sheave and placed in line with a similar 
They were sunk through the sand under 17 ft. of water, | sheave on the cantilever end of the bridge, the distance 
and continued 2 ft. 6 in. into the solid rock by blasting between the two centres being 285 ft. The driving 
in the usual manner, the air lock being placed in position | medium is an endless steel wire haulage rope, 2} in. in 
after as much sand as possible had been dredged out. | circumference, joined to the length aaekhe a 40-ft. 
Diving apparatus was used when fixing bottom weight | running splice, the speed being 4,400 ft. per minute, 
to the cylinders, and, incidentally, to recover the large | The rope sheave on the bridge is carried by an outboard 
ag so that the slack wire driving rope running 
el to the bridge has sufficient clearance to prevent 


by means of a floating crane improvised on the site | the risk of striking the structure when swaying. 


| from two 30-ft. lighters lashed beam to beam (but 8 ft. The power is transmitted from the sheave to the 
Regulation is made by hand-controlled mechanism for | apart) by four timbers 9 in. square by 40 ft. in length. 


| driving tumbler through gearing and a “ Hele-Shaw "’ 


The gearing also meshes with a further train 
flooring and stiffen the construction on which was/ which drives the telescopic conveyor at a 25 per cent. 


mounted the winch and counterweight. The jib was | increase in speed to avoid any risk of spilling ore into 
erected to overhang the side of one lighter sufficiently |the sea when the main chain of buckets happen to 
to give clearance for the cylinder when hanging in the | be overloaded. - A novel feature in this drive is the 
tackle for lifting and pitching. equalising gear invented by Mr, I. C. Barling, M.Inst.C.E., 

The cylinders were afterwards filled with concrete | to overcome the surge caused by the variation in speed 
to a height of 7 ft, 6 in. above high water, where they of a heavy chain of buckets. 
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Fic. 11. Ropsway Terminus! anp STroraGe BuNKERS. 
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Fie. 12. Bocker Runway Connzorine Bripee to TUNNEL, 
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terminated as a base for Previous plants had proved that in the case ot « five- 
the steel trestle 23 ft. 6in. | sided tumbler, the velocity of a chain of buckets when 
in height, making a total | the tumbler was rotating at a uniform speed, varied as 
of 31ft. above high water, | much as 25 per cent. during the cycle of passing a single 
or 33 ft. above low water, | cant of the tumbler. This drawback limits the speed of 
the rise and fall of the} a large articulated belt to less than 100 ft. per minute. 
Mediterranean at this | Even at this speed the effect of 50 tons of loaded buckets 
point being only 2 ft. surging along the bridge was feared ; so it was avoided 
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n dry weather became}so dense that it obscured the 
artificial light and the Arabs refused to remain at their 
post, so the author continued the tunnel on a rise of 
45 deg. until it emerged beyond the storage. The floor 
was blasted out in rough steps so that it served as a 
separate exit as well as a ventilator. 

The bucket track in the tunnel is horizontal, but turns 
up with an easy radius to an inclination of 4 deg. before 
reaching the bridge, which is set at that angle. The 
concrete abutment which carries the anchor arms is 
23 ft. above high water, or 8 ft. lower than the trestle 
and cylinders supporting the centre, so that the nose 
of the cantilever is 39 ft. above high-water level. 

It may be noted here that, if the cliffs had been a 
little more favourable in contour, it would have been 
possible to build the bridge down instead of up an incline, 
in which case the conveyor would have worked auto- 
matically by gravity of the loaded buckets instead of 
——s motive power, as in the present case. 

The Structure-—The total length of the bridge is 
284 ft. when the movable portion is housed underneath, 
and 326 ft. when fully extended. The bridge girders are 
30 ft. deep at the centre and 15 ft. apart. They are 
secured by bracing fixed to both top and bottom booms. 
The anchor arms and cantilever arms are identical in 








length and construction, each having eight panels of 
17 ft. 9 in, centres. 


All the gear, stores and | by the intervention of an epicyclic train, operated by a 
material for the job was| cam, which varied the angular velocity of the driving 
shipped to the site by a/| tumbler and gave a uniform speed to the buckets, Fig. 13. 
small steamer specially| The trod wheels on the bucket chain were fitted with 
chartered for the purpose, | Stauffer lubricators ; but the Arabs proved poor greasers 





: gre: 
; and which lay at anchor while the cargo was landed by | and the cups were frequently lost overboard, or else filled 


the two lighters previous to their conversion into a floating | as much with ore dust as grease, with the result that 
crane. A 5-ton hand crane, with a 50-ft. jib, was first un- | wear on the 750 wheels and axles became abnormal. 
loaded and set up on some rocks just above high water- |The author had some spare wheels counterbored and 
level for lifting the goods from the lighters and slewi brass bushed so that the annular space on the outside 
them round to a patch of beach behind. A worksho pom of the bushes served as a reservoir for automatic lubri- 
store was built on the same site and an inclined track laid | cation, Fig. 14. Oil was fed to the reservoir by being 
up to the mouth of the tunnel to carry the conveyor parts | forced through a spring valve (similar to those used 
and engines, and also to transport aggregate from the | for bicycle hubs) by a syringe which contained the proper 
beach for mixing the concrete required for the abutment. | quantity for one wheel. The syringe has a taper nose 
Most of the bri work and all parts appertaining | ground to fit the valve, and is held hard up whilst mer» 
thereto was floated out to the site by the lighters, and | The arrangements were made as fool-proof as possible 
there delivered to a 5-ton Scotch derrick mounted on | and the results were satisfactory. 
the bridge falsework. Loading Steamers.—The steamers were moored in 
Power and Drive.—The two internal-combustion | position under the plant by three floating steel buoys 
engines, each of 50 brake horse-power, semi-Diesel type, | attached to 2-ton stockless anchors and two bollards 
required for the conveyor were first used for driving | bolted to the rocks on the fore-shore. Two of the 
the air compressor and other erection work before being | floating buoys were placed directly fore and aft of the 
placed on their foundations in a house ‘built on the | ship’s loading position for warping ahead or astern 
bridge abutment where they were arranged to drive the | to bring the various hatches under the loader. The 
same countershaft, through friction clutches, to act as | buoy to seaward and the two bollards ashore, together 
auxiliaries or together as desired. In practice it was| with the ship’s own anchor made all safe abeam, It 
found that both were required, because the Arabs con- | was found in practice that by dumping the ore as near 
trolling the chutes in the tunnel often filled a long line | to the fore and aft extremities of the hatchways as 
of becknes to overflowing, which put so much load on a | possible, and working the telescopic conveyor to avoid 
<— engine that it slowed down until the vaporiser | any tendency to list, that the full load could be dumped 
cooled enough to stop work. into the holds before the cone of mineral rose high 
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enough to choke the hatchway. This reduced trimming 
to a minimum, as it only required a few Arabs to shovel 
the apex of mineral down the sides of the cone to complete 
the job. 

The greatest speed of loading attained by the author 
was 660 tons in 55 minutes, namely, filling one hold 
of the s.s, Poeldijk ; but the friction, due to the poor 
lubrication previously alluded to, caused the engines to 
run below full speed. There is little doubt that when 
the wheels of new design are completed—the first lot 
was captured by the enemy—and the Arabs become 
used to their work the — will easily attain its rated 
capacity of 800 tons per hour, 

When the conveyor was at work under full load, the 
vertical oscillations of the cantilever was rather alarming 
to the operators. The greatest amplitude of these 
vibrations, as shown on a scale painted on the nose of the 
cantilever, and taken from 100 readings recorded by the 
author with a transit set up on shore, was 2} in., whilst 
the period was 70 to the minute. ‘This period in no way 
synchronised with any of the mechanical movements on 
the bridge and there was no suspicion of resonance, 
but it was considered advisable for the author to make 
a second visit to Algeria and strengthen the structure 
on that part of the bridge which carried the drive. 
But the results were not different; the vibrations 
worked up to a maximum of 2} in. and then gradually 
damped down again. 

The author thinks that a mistake was made in fittin, 
an articulated chain of buckets to the plant: it seem 
an ideal case for a belt conveyor. A fabric and rubber 
belt, 48 in. wide, travelling at 400 ft. per minute, would 
have carried a bigger load for less power, while the 
weight on the structure, and the vibration, would have 
been considerably different. ‘The owners, however, had 
no faith in this arrangement, and insisted on a chain of 
steel buckets. The cost of the cableway and shipping 
plant (pre-war prices) erected complete was 35,0001. 


sterling. 
. (To be continued.) 





Tue THermMaL Conpvuctivity or WatTER.—Although 
the thermal conductivity of liquid water is a matter of 
considerable interest, even technically, the actual figures 
are very uncertain. The temperature range covered 
by most determinations is and different experi- 
menters differ by as much as 10 per cent. in their values ; 
but most observers agree that the conductivity in- 
creases as the temperature rises, Lees, wever, 
observed in 1898 a decided diminution of the conduc- 
tivity. The method used by Max Jakob in his recent 
redetermination in the Reichsanstalt (Annalen der Physik, 
November 16 last) of the thermal conductivit; of 
water between 5 deg. and 80 deg. C. is a modi ion 
of that of H. F. Weber. A layer of water, d = 2-248 
mm, thick, is confined between two discs of copper, 
117 mm, in diameter, 10 mm, thick ; the electric heater 
block rests on the top of the upper plate, and the whole 
apparatus is enclosed within a vacuum-jacketed glass 
vessel, If W heat units are given to the upper plate 
of area F, and ¢; and tf, are the temperatures of the 
u and lower plates, then \ = (W — V) d/F(t; — te), 
w only V is not directly determinable, V being the 
heat lost by radiation, &c. The temperature ient 
(t] — t2) was usually about 3 deg., and in the range 
indicated, 5 deg. to 80 deg., concordant figures were 
obtained, according to which A = 0-4769 (1 + 
0-0029846t) in c.g.s. units, The paper discusses the 
possible causes of error which might account for the 
discordant results of other observers. The temperature 
coefficient of the thermal conductivity would be about 
0.003 per deg. C. 


Vewociry or Sounp From a Movine Source.— 
The Doppler principle teaches that the pitch of a note 
or the colour of a light, depending upon the frequency of 
the vibrations, is raised when the source approaches, 
and lowered when the source recedes. Whether or 
not the velocity of propagation of a sound wave is 
altered when the source itself is moved is a different 
question. Poynting assumed the velocity of propagation 
to be variable in this sense and gave a formula for the 
variation. Major Dinsmore Alter, listening for the 
whistling of shells approaching a target-pulling tug 
at twice the normal velocity of sound, heard the whistling 
about 2 seconds before the splash of the shell, and he 
found Poynting’s formula confirmed by calculations 
which he Sansa on the explosion experiments of Mach 
and others (Lick Observatory Bulletin, No. 310. 1918). 
On the other hand, R. B. Abbott and J. W. Cook 
(Physical Review, November, 1920, pages 486 to 492) 
did not observe any change in the velocity of sound 
when the source was moved at the rate of 8,550 cm. 
per second, ¢.e., about a quarter of the normal velocit: 
of sound, Their source of sound was an electric ope 
produced once during every revolution of an electric 
motor running at 1,800 r.p.m., at the end of a radial arm 
45-50em. long. The position of the gap was between two 
telephone transmitters T; and 'T:, so connected with the 
coils P; and P2 of the receiver that a minimum sound 
was heard when the gap was symmetrical to the two 
telephones, when P; would neutralise Po. If either 
T, or Tp were sh fted, the telephone would not be silent, 
until the two paths differed by a whole multiple n of the 
length L of the sound wave ; from those positions the 
velocity v = nL can be deduced, In the experiments 
the gap was kept stationary, or was moved clockwise 
or anti-clockwise ; but the positions of silence for the 
telephone remained unchanged, and it was hence con- 
cluded that for the gap velocity tried, at any rate, 
the velocity of the source did not affect the velocity of 
propagation, or if it did, the effect was too rapidly 
damped out to be noticeable. 





ELECTRONS.* 
By Sir Writ1am Braase, K.B.E., F.R.S. 

Ir is at the wish of your Council that I am speaking 
to you this evening on the subject of electrons, Without 
this explanation you may well be amazed at my attempt 
to deal with so large a subject, on which Sir Oliver 
Lodge and others have spoken to you on many different 
occasions. But, of course, I set myself certain limits, 
and propose to speak mainly on two lines of recent 
research, referring to the part played by the electron 
in radiation processes and to the part it plays in atomic 
structure. And first, with your permission, I will put 
in a background of general facts. 

In recent years the result of experimental research 
on the properties of electrons have accumulated with 
startling rapidity. As knowledge grows, the importance 
of the part played by the electron in the mechanics 
of the world becomes even clearer. There are all the 
right signs that progress is being made along a road that 
really leads somewhere ; we are continually finding that, 
through some electron action, phenomena are linked 
together between which we had hitherto seen no connec- 
tion. Precision is given to our views ; we find ourselves 
able to express, quantitatively and with confidence, 
laws and relations which have been matters of vague 
surmise. Every experiment that is finished suggests 
others that are promising. The whole world of experi- 
mental physics is full of new life, and of the consciousness 
that after a period of hesitation the tide of discovery 
is sweeping on again. I hope I may be allowed to claim 
that when an advance is made in the realm of physics 
all other natural sciences feel the impulse sooner or 


ter. 

While knowledge grows by experiment, theory is also 
busy. The attempts to co-ordinate the new discoveries 
are of singular interest because of their daring, their 
width and their strength; because thay are so often 
fruitful in prediction ; and, not least, perhaps, because 
they seem so often to be irreconcilable with each other. 

Altogether, then, a lengthy course of lectures might 
well be devoted to the subject of electrons, as indeed 
is the case in our universities. But your Council has 
asked me to confine myself—and I assure you I am 
very thankful for the restriction—to a brief description 
of the main features of a great inquiry, and of the 
direction in which that inquiry is moving. 

It helps to a right appreciation of the position as 
regards the electron if we observe its strong resemblance 
to the older state of things when first the atomic theory 
of matter was clearly defined. Just as chemistry has 
grown and pesepennt on its recognition of the unit of 
matter, so electrical science has already begun a new 
life, and to all seeming, a most vigorous one, based on 
the tanding of nature’s unit of electricity. There 
are many different atoms of matter, nearly a hundred 
are distinguishable by their different chemical reaction ; 
but the number of different kinds of electrical atoms is 
very much more limited. We are clear as to the existence 
of one, the electron, nature’s unit of negative electricity. 
We suppose that there is a definite positive counterpart, 





but our ideas about it are much less precise. We seem | 
to get along very well at present without any intimate | 
knowledge of the positive, or perhaps we should say | velocities nearly equal to that of light, and can pass 


positives; for 
that which gives definition to our work. 


| 


experiments of Wiechert, Thomson, and many other 
well-known observers who weighed the electron and 
measured its charge, and showed that there was only 
the one electron though it was found to be everywhere 
and in ev body. Since then, the measurements of 
these quantities have been repeated many times with 
increasing skill and understanding. They have reached 
their present high-water mark perhaps in the experiment 
of Millikan at Chicago, who gives us the value of the 
charge in electromagnetic units e = 1-591 x 10 ~%, the 
mass being 0-903 x 10 - 27 gramme or 1/1,830 of the 
mass of the hydrogen atom. 

So we arrive finally at an accurate comparison of 
these unique and fundamental units of nature with the 
units which we ourselves have chosen for our convenience, 
and without, of course, any relation to the other. We 
infer from experiments such as those of Kaufmann and 
Bucherer, that the energy of the moving electron may 
be considered to exist wholly in the form of electro- 
magnetic energy such as is necessarily present when 
an electrical charge is in motion ; and that its mass is 
in this way perfectly accounted for. But this con- 
clusion sets a limit to the size of the electron and we 
must assume that its radius, if its form is spherical, 
is not more than 10 - 15 cm. or about a hundred-thou- 
sandth of the radius of any atom. 


Why, we may well ask, have these measurements of 
charge and mass never been made before? The electron 
is everywhere: the transfer of electricity from place to 
place consists always in the transfer of electrons. The 
electric current is a hurrying stream of electrons ; all 
our electrical machinery concerns itself with setting 
these in motion, of giving them energy, and again with- 
drawing it. In the processes of electrolysis, the electrons 
are handed to and fro. Everywhere they fill the stage, 
why have we not noticed hitherto their qualities, which 
so far can be expressed so simply ? 

The answer is that we have never, until recently, 
been able to make them move fast enough in spaces 
sufficiently empty of air or other gases. It is only 
when an electron has a sufficient speed that it can escape 
absorption in the atoms which it must be continually 
meeting. Unless an electron has a speed exceeding 
about a three-hundredth of the velocity of light, that is 
to say, such a speed as it acquires in falling through 
a potential of a few volts, it sticks to the next atom 
it runs up against ; even with 10 times that speed it 
can only move a fraction of a millimetre through air 
at ordinary pressure before losing its velocity and, 
therefore, its power of going through the atoms. When 
Crookes first saw the cathode-ray stream in full course, 
it was because he had reduced the number of gas mole- 
cules in his bulb to such an extent that an electron 
could fly straight in a line from end to end of the bulb 
without going through more than a hundred atoms or 
so, and the induction coil had given it quite enough 
speed to do that without any turning out of its course ; 
no matter what sort of atoms they were. Incidentally, 
since atoms can be traversed in this way, we naturally 
think of an atom as a very empty affair. 

Electrons flying still faster than in the discharge 
tube are found to constitute a part of the radiation 
from radioactive substances. Some of the 8-rays have 


present purposes the negative unit is| through millions of atoms before their energy is spent. 


In open air a 8-ray may have a course of metres in 


If the chemist has found so much profit in his recog- | length, though it is generally broken, by encounters 
nition of the fact that nature has just so many ways, | with traversed atoms, into a path full of corners and 
and no more, of doing up parcels of matter, the electrician | irregularities. 


will surely gain in the same way, when he grasps the | 
fact that electricity is not merely measurable in quantity, | moving electron; an 


It is = which b pene separate existence to the 
speed which also betrays its 


but that there is already a unit of nature’s choice, | presence to us. For on its way, the electron here and 
possibly no more than one unit, We may say with there chips away another electron from an atom which 
Justice that the most wonderful advances in modern | it is crossing and leaves behind it a separation of 
physics are the regard for our appreciation of this truth, | electricities which may subsequently influence chemical 
and we may hope with equal justice that we are yet | action as in the case of the phosphorescent screen or 


far from reaping the full benefit. 
The first 5 tion of the atomic character of electric 
charge came, it is well known, from observation of 


the laws of electrolysis. Since the movement of atoms | 


or atom clusters or ions across the electrolytic cell 
was accompanied by a simultaneous transfer of electricity, 
in which each ion, of whatever nature, bore always the 
same charge or at least a simple multiple of it, there 
was a clear indication that this division of electricity 
into parcels of constant magnitude implied the existence 
of some natural unit charge. No progress, however, 
was made or could be made so long as the charge could 
only be observed as an attachment to an ion ; it was not 
even clear that it could ever have a separate existence. 
In the long series of researches which finally led to the 
isolation of the electron and the determination of its 
properties, there were certain that marked definite 
stages in the forward movement. Crookes examined 
the electric discharge in bulbs exhausted to a high 
degree by the new air pumps which he had succeeded 
in making; and he observed the so-called cathode 
rays, streaming away from the negative electrode. He 
showed that they — the properties to be expected 
from a stream of particles projec across the bulb, 
and carrying negative electricity with them; for, on 
the one hand, they could heat up bodies on which they 
fell, and on the other, they were deflected in crossing 
&® magnetic field. Crookes spoke of a fourth state of 
matter and defended his view against the opposing 
hypothesis, held largely on the Continent, that the 
stream consisted of electromagnetic waves in some form 
or other. Hertz showed that the rays could pass 
through thin sheets of matter such as aluminium leaf, 
and Lenard took advantage of this to coax them outside 
the bulb and display their effects in the air outside. 

In the later years of the last century came the great 


photographic plate, or provide a current for the ionisa- 
tion chamber. We do not know exactly how this removal 
of electrons is effected; nor why some atoms part 
with electrons more easily than others so that the flying 
electrons loses less energy as it goes through ; there is 
much that is obscure in the whole process. But it 
ives us @ ready means of observation, without which 
our knowledge of the electron would be far less 

than it is. 

These electrons which are so made manifest by speed 
form but a minute fraction of their whole number. 
They are to be found in every body, and in every atom 
of every body. They form one of the elements of con- 
struction of every atom; and it is one of the most 
immediate aims of present research to find in what way 
they are built into atomic structure. In every atom 
there are electrons of which one can be removed at 
the cost of a certain amount of energy, of the order of 
10~llergs; part or perhaps all of which may be recover- 
able, so that the store of energy in the atom remains 
what it was. The potential through which an electron 
must fall so that it acquires this energy, and is able to 
effect this removal when it strikes the atom, is known 
as the ionisation potential. Whether a second electron 
can be removed at anything like the same cost is difficult 
to say. There are other electrons with the atom which 
are intrinsically far more difficult to remove. On the 
other hand some atoms, for example those of the metals, ° 
have each one or more electrons which are little more 
than hangers on, and are indeed removed with very 
little trouble. A block of pure metal is full of such 
loosely bound electrons, so that if an electric potential 
difference is maintained across the block an electron 
flow or electric current is produced. The metal “ con- 
ducts.” 

At sufficiently high temperature all bodies become 





ba The twelfth Kelvin Lecture, delivered before the 
Institution of Electrical Engineers, January 13, 1921. 





conductors ; we must imagine that the violent thermal 
agitation shakes electrons free from their ties to the 
atoms even when at low temperatures the bonds ordi- 








Jan. 28, 1921.] 


—— 


ENGINEERING. 


I2!I 








narily remain unbroken, At high temperatures too, 
the electrons acquire high velocities as they move to and 
fro with their proper share of heat energy. At the sur- 
face of the hot body the electrons may break away ; 
and hence the “thermionic emission’’ investigated 
by O. W. Richardson. So copious is this supply of 
electrons at the surface of a hot y that if the latter is 
made negative in potential relative to its surroundings 
there is a current discharge which may sometimes be 
measurable in amperes. course, such a current can 
only pass one way, negatively from the hot body, or 
positively towards it. we get the basic principle of 
the ‘‘ valve”’ ; and so Coolidge provides the electrons for 
ea wee against the target in the X-ray bulb which he 

designed. At this point we find already the adapta- 
tion of our new knowledge of electrons to apparatus of 
extraordinarily great use to ind, 

If we now plunge a little deeper into our subject 
we come to certain most fascinating regions of it, where 
exploration is still in full progress, In one of these 
we find the most remarkable connection between moving 
electrons and electromagnetic waves. The one, it 
seems, van always call up the other; and the action 
obeys certain precise numerical laws, 

Let us take as an example the production of X-rays 
in @ Coolidge bulb. A plentiful supply of electrons is 





provided at the cathode by heating a fine spiral of 
tungsten wire to a high temperature. A high potential 
difference between cathodes and target is provided by 
some appropriate means, and the electrons are hurled 
at the target, each possessing an amount of energy | 
equal to the product of the electron charge and the 
applied potential. Where the electrons strike, some of 
their energy is converted into electromagnetic waves 
of very high frequency, the so-called X-rays. Suppose 
that we measure the energy supplied to each electron— 
not an easy matter with the usual arrangements, but 
very easily done if, as in certain experiments of Duane | 
and Hunt, at Harvard University, the potential is 
derived from a great storage battery of 20,000 volts. 
Suppose, further, that we analyse ty the X-ray spectro- 
meter the X-ray radiation that issues from the target. 
We find that the frequencies of the emitted rays may 
have a wide range of values, but that the upper limit. of 
the frequencies is always proportional to the energy 
of the electron, and, therefore, to the potential imposed 
on the tube. 

This ratio remains the same no matter what is the 
intensity of the electron discharge, and no matter what 
the nature of the target. This ratio of electron 
energy to maximum frequency is a number which 
has turned up in previous cases where the emission 
of radiation energy has been measured; it is known 
as Planck’s constant, and is denoted by *‘A.’’ Its value 
is 6-55 x 10-27. Although the constant has been met 
with before, there is probably no instance where the 
transformation of energy which it governs is so simply 
displayed or so easily measured as in the case just 
described. 

In certain measurements made by Duane, the X-ray 
spectrometer was set to observe the presence of a certain 
frequency as soon as it appeared. The potential on 
the tube was then increased by degrees. The rays of 
the given frequency appeared as soon as the energy 
supplied to the electron was equal to the frequenc 
multiplied by h. As the potential was increased still 
further these rays increased the intensity. 

It is to be observed that the production of X-rays 
is no aggregate of individual efforts by separate elec- 
trons ; each electron produces its own train of X-rays 
when it strikes the target. There is no sign of any 
combined action, as indeed is evident from the fact 
that the intensity of the cathode-ray stream is without | 
influence on the frequencies of the X-rays produced. 

The crucial point is that where the energy of an 
electron is handed over in whole or in part, the frequency 
of the X-ray waves that take over the energy is deter- 
mined by the quantity of energy handed over. This 
explains why there is a limit to the frequency of the 
X-rays ; it 1s because there are some electrons, though 
only a fraction of the whole number, which give up all 
their energy to the formation of X-rays at the moment | 
of striking, before they have lost energy in collisions. 
The rest of the rays, all those which ) hem lesser fre- 
quencies, will come from electrons that have lost speed 
in this way, or possibly have transferred only part of 
their energy. The atom of the target is playing the 
part of a transformer, and does not determine the 
ee so far as these effects are concerned. 

All this is wonderful enough; but the marvel is 
greatly increased by the discovery that the effect is 
reciprocal. Just as the swi.' y moving electrons excite 
X-rays, so X-rays when they strike any substance lose 
their energy, which now appears as the energy of moving 
electrons. And, again, we find the same variation in 
the result and the same limit to that variation. Among 
the electrons so set in motion we find, examining them 
as soon as possible after their motion has begun, every 
variety of energy-content up to a certain critical value 
which is equal to the frequency of the X-rays multiplied 
by the same constant Ah. It is to be observed that we 
cannot measure all the electron velocities as soon as 
they exist because some of the motions begin in the 
body of the substance, into which the X-rays have 
penetrated, and have lost speed on the way out. Again, 
therefore, there is nothing against the hypothesis that 
the energy of every electron set going by waves of given 
frequency is originally the same, and is determined by 
the standard condition already given. 

Not only in the case of X-rays are these effects 
observed, but also in the case of light. The only 
difference is that the frequencies of light vibrations 
are some 10,000 times less than those of X-rays, and 
the electron energies are correspondingly smaller. 











Whem the light waves produce the electrons we have 


what is known as the photo-electric effect. The pro- 
duction of light by electrons has been much studied 
recently in experiments to find ‘‘ resonance-potentials,”’ 
that is to say, the magnitudes of potentials which must 
act on electrons so as to give them enough energy to 
excite certain particular radiation from atoms on which 
they fall. 

Exactly how this strange transfer of energy from one 
form to another es p , we do not ow; the 
question is full of puzzles. The magnitudes involved are 
hard to realise ; it helps if we alter their scale of pre- 
sentment. Suppose that the target of the X-ray bulb 
were magnified in size until it was great as the moon’s 
disc, that is to say, about 100 million times. The 
atoms would then be spheres a centimetre or so in 
diameter. But the electrons would still be invisible 
to the naked eye. The distance from earth to moon 
would correspond roughly to the distance that ordinarily 
separates the bulb from an observer or his apparatus. 
We now shoot electrons at the moon with a certain 
velocity ; let us say that in — second each square 
yard or square foot or square inch, it does not matter 
which, receives an electron. A radiation now starts 
away from the moon which immediately manifests 
iteclt (there is no other means manifestation whatever) 
by causing electrons to spring out of bodies on which 
it falls. ‘they leap out from the earth, here one and 
there one; from each square mile of sea or land, one 
a second or thereabouts. They may have various 
8 s; but none exceed, though some will just reach, 
the velocity of the original electrons that were fired 
at the moon. That, reduced again to normal size, is 
the process that goes on in and about the X-ray bulb ; 
which is part of a universal natural process going on 
wherever radiation, electron or wave, falls on matter, 
and which is clearly one of the most important and 
most fundamental operations in the material world. 

Keeping these results in mind we can now appreciate 
a very remarkable development of electron theory which 
has been made in the last few years. Spectrum analysis 
has long been occupied with the extraordinary com- 
plications of the radiation emitted by the various 
atoms. As a result it appears that the frequencies of 
the lines in a spectrum often display curious and exact 
numerical relations, in the form generally involving 
differences of frequencies of similar lines or groups 
of lines. For instance, the famous Balmer equation 


Frequency = v = N ( Ls 
nn) 


i ) where N 


n*2 


> 3-290 x 1015 
gives the frequencies of se.ies of lines in the hydrogen 
spectrum. When n; is put equal to 2, and nz to 3, 4, 5 
in succession, the series of values for v represent the 
frequencies of the lines in the visible spectrum. If 
ny = Sand m = 4, 5, 6, .. ., in succession, we have the 
frequencies of lines in the infra-red (Paschen) and if 
ny = 1, m=2, 3, 4,..., we have the frequencies 


| recently shown by Lyman to exist in the ultra-violet. 


Now there is nothing in our older conception of the 
origin of radiation within the atom to give us a clue 
as to why differences of frequencies should come into 
these empirical though most useful formula, We have 
pictured to ourselves vibrating systems, mechanical 
or electric, and waves arising tnerefrom. But what 
connection between masses or electricities gives us in 
any simple way equations involving the addition or 
subtracting of frequencies? We are in @ blind alley. 
Let us, therefore, abandon our preconceptions as to 
the origin of those lines which we find in the light 
spectrum and suppose that here also they arise in the 
same fashion as we actually know that they arise 
in the cases we have considered above. Suppose that 
the energy of an emission of radiation is derived from 
the energy of an electron. It may be the only way in 
which radiation ever does arise, but it is not necessary 
to suppose so much at present. It is enough that we 
carry into the atom the whole process which in ae 
and the photo-electric effect we have observed to take 
place in part outside. Suppose that within the atom 
there are certain positions or conditions in which 
electrons may be, each postulating a certain energy 


content for the electron; and suppose that sometimes | 


an electron slips from one position to another of lower 


energy, and that the difference in energies is trans- | 


formed into wave radiation according to the same law 


as before, i.e., energy transferred = h x frequency. Let | 


the energy in these states be Nh, ; Nh/2?; Nh/3?; &c., 
and so on. Then Balmer’s is accounted for and the 
other series at the same time, and the peculiar form of 
these equations. 

What may these "states be? Why not, as Bohr 
suggests, so many different orbits in which electrons 
can move round the central positive nucleus in the 
atom, the nucleus whose sure existence Rutherford has 
established ? At one time if we had presumed the 
existence of these orbits we should have been inclined 
to connect them with the direct emission of radiation, 
and the frequency of that radiation would be the number 
of revolutions in a second. But now, we assume these 
orbits to persist without radiation, and that radiation 
arises where the electron steps from one orbit to another ; 
moreover, the frequency of the issuing radiation is 
determined by the simple rule, frequency is equal to 
change of electron energy divided by h. We are not 
picturing any new process here, or evolving new ideas 
to fit awkward facts; we are supposing a process to 
exist in one place which we al y know to exist in 
another. 

It is a very remarkable fact that the number N is 
equal to 29%2me‘/h3; within small errors of experiment. 
Spectrum measurements show that N is equal to 
3-29033 x 1015 and 22®me‘/h is equal, taking the most 
recent determination of m, « and h, to 3-289 x 1015. 
An electron revolving about the central positive nucleus 


of a h m atom (having a 
po mee t of energy 
with a velocity 27e*/h and has an angular momentum 
|equal to h/2r. The electron if it moves in the next 
| ring does so with an angular momentum 2h/2r and so 
on. We can, therefore, following Bohr, define the 
nece: separate states as those of motion in circular 
orbits in which the angular momentum is an integral 
multiple of h/2r. The simplicity of these ons 
is very attractive. But the matter is far from | 
here. During the last few years Bohr and Sommerfel 
have led an inquiry into the possibilities of this theory 
which have led to very remarkable results. These are 
due to a slight modification in the oo conception. 
The different circular orbits which Bo ictured 
have become groups or orbits fixed by laws which are 
somewhat arbitrary, but not without foundation. A 
group contains a limited number of orbits in which the 
electrons thay move, and each group co nds to 
one of the original cireular orbits. Some of the orbits 
in each group are elliptical. It appears that the energy 
of the electron would be the same in all the orbits of 
any one group where it not then when an electron 
moves in an elli its velocity is not always the same. 
Now a fast-moving electron 8 @ variation in mass 
when its speed alters, and this does affect slightly the 
energy of the orbit. Consequently, the electron that 
steps from an orbit belonging to one group to an orbit 
belonging to another group may part with an amount 
of energy which is not always exactly the same. The 
frequency of the consequent radiation may, therefore, 
have two or more values differing slightly from each 
hi) or + 3) d. 





sitive charge): and 
h or 272met /h2 moves 


other ; the single spectrum line is d 
This is what Sommerfeld calls the “ fine structure” of 
the lines. 

Now there is far more than mere speculation in this. 
The formula which Sommerfeld gives as the result of 
an analysis which is as reasonable as can be expected, 
does more than account for known effects; it has pre- 
| dicted the existence of numerous lines, and even their 
| intensities, and the predictions have been verified by 
| experiment in the most remarkable way. The story is 

told in Sommerfeld’s work on ‘‘ Atom-building’’; a 
| story of the work of himself, Bohr and others during the 
last six years or so, 

We see that in this fundamental inquiry into the 
nature and properties of radiation, the electron plays 
a very direct and important part. Our eyes are designed 
to detect waves, not electrons, and so our first attention 
is directed to radiation in wave form. But we now find 
that radiation energy may alternatively be carried by 
electrons, and that many things become clearer when 
we appreciate this fact. We can only make further 
progress in our understanding of radiation, and indeed 
of our understanding of the electron by gettin to 
know more about the reciprocal conversion of one a 
| of energy into the other, since evidently it is one of the 
most frequent and most fundamental operations in 
nature, 

So far our conception of the structure of an atom 
would consist of a positive nucleus, and electrons 
attached thereto in the same way; with the further 
idea that the energy attached to these electrons can 
only have definite certain values. Bohr assumes that 
they have these values because t can move round 
the core in certain orbits only ; and Sommerfeld enlarges 
| this idea as already explained. But, of course, this can 
only be a partial picture of the whole atomic structure. 
| The atom so conceived cannot fill the part required of 
| it in the building of molecules and crystals. 
| m we come to examine these structures we find 
| atoms attaching themselves to each other through the 

| action of forces which cannot always be considered as 
acting from centre to centre. For instance, the arrange- 
|ment of the carbon atoms in a diamond, as recently 
determined by X-ray methods, is such that every atom 
is at the centre of gravity of four others, arr round 
| it in tetrahedral fashion. 
| The representation of an atom by a sphere and 
| nothing more would be in nt with the idea that 
| the properties of the atom im any one radial direction 
| are exactly the same as in any other radial direction, and 
| that any forces between two atoms are between centre 
and centre. For instance, it has 8 by 
Born and Laudé that the force between two atoms 
| may be of the form a/r?—b/r*, This gives an attraction 
at | we: distances and a repulsion at small distances, 
80 t the atoms close up together but stay at a certain 
distance apart as if they surfaces which pressed 
together. But if that were the case, the carbon atoms 
would pack themselves together more closely than they 
do. As @ matter of fact, in a model of a carbon 
molecule an extra carbon atom can be inserted without 
affecting the position of the others. If a very carefully 
made model is employed it will be seen that just 
| twice as many atoms could be into any volume 
|as there are already there. e must conclude that 
| there are definite sub-centres of force on the outskirts 
|of the atom; and that in the carbon atoms of which 
| the diamond is composed there are four such sub-centres 
| arranged symmetrically, that is to say, in tetrahedron 
| fashion round the core, 

Must not these sub-centres be electrons ? And if so, 
must we not take them to be circulating in small orbits 
about a local centre? Or, per! , 28 Parson has 
suggested, the electron is ring shaped, the electricity 
revolving round the axis of the ring. In this way we 
should have electromagnetic forces to link the atoms 

ther. 

t is very interesting to observe that in any case 
the carbon atoms in the diamond are not all oriented 
in exactly the same way. Taking a cleavage or tetra- 
hedral plane as that of reference, half the atoms will 
be pointing towards the plane and their neighbours 
will be pointing away. This ought to make a difference of 
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the X-ray spectra ; and it has been looked for at various 
times, but without success. Lately, however, the 
improvement in the X-ray spectrometer has been 
considerable, and I now have no difficulty in finding the 
expected effect. It is clear, I think, that the carbon 
atom in the diamond is to be represented as to its 
properties by a tetrahedron; and that the atom has 
different properties in different directions, or, as the 
chemist would say, has directed valencies. There can 
be little doubt that this is so inallatoms. The suggestion 
is that some of the electrons are tied down to certain 
regions on the surface, and that not all, if indeed any of 
them, are at all times revolving round the central core. 

When atom joins up to atom it is these sub-centres 
that are at work; and since atom to atom and again 
atom to atom make in the end the crystal; and since 
the crystalline structure is the basis of all solid structure, 
and is fundamentally concerned with the strength of 
materials and their tem and all their physical pro- 
perties, it is easy to see iow great is this minute study 
of the electron, 

If this con ion of fixed electrons seems to clash 
with the orbital motions of Bohr and Sommerfeld, we 
must remember that the clash is between two pictures 
both of which are, we know, imperfect. We may expect 
that on the next occasion when a lecturer tries to tell 
you what advance has been made in the study of electrons 
some of these contradictions will have disap . 
Whether this will be so or not, I am sure of this, that in 
the attempt to realise the properties of nature’s unit, the 
electron, we are working in the true direction towards 
an understanding of the great problems of radiation, 
and of material structure. 





' DEVELOPMENTS IN TRANSMISSION*. 

By Captain 8. Bramuey-Moore, M.C. 
(Continued from page 92.) 

Epicyclic Gears.—The advantages of epicyclic gears 
are too well known to need emphasising in this paper. 
In the past, however, they have suffered, when designed 
to transmit three or four speeds, from two serious defects 
—weakness of construction and a general complication 
of parts. It is hoped that Figs. 18, 26 and 27 will open 
up @ new point of view, and the more thoroughly these 
desi are di d, the more helpful it will be for 
the future development of this type of gear. 

In Fig. 18 the driving shaft C carries the sun wheel E 
meshing with the - t El, t whey ne 3 carried 
by the cage F. This cage is suppo the sleeves 
Fl and F2, the parts F and Fl bein, rigidly bolted 
together. Thus the cage F is of rigid construction, 
being carried by two large ball peers one at each end 
of the r-box casing as shown. The spindle of the 
se eway 1 carries two additional planets, B and B1, the 
atter meshing with the planet Al, which e with 
the sun wheel A2 couteetiod by the clutch cone B3. For 
the sake of simplicity, the wing shows the planets 
Bi and Al se ted from each other, although it must 
be watiestioel that the spindles are actually arranged 
so that these two planets are in continual engagement 
with each other. 

The driven shaft D1 carries the sun wheel D shown 
in mesh with the planet A, but the shaft D1 is arran 
to slide (being controlled by external operating 
mechanism), so that in its other extreme ition the sun 
wheel ID can engage with the planet B. The clutch 
cone B3 is provided with two faces, an inner and an 
outer, and for the top speed the clutch spring 8 forces 
the inner face into contact with the cage F, thus causing 
the cage, planets and eun wheels to rotate as one solid 
mass, thereby providing a direct through drive. This 
position is illustrated in Fig. 18. 

If, however, the clutch pedal controlling B3 be fully 
depressed, it will cause the outer cone of B3 to engage 
with the statio ring B4, thereby bringing the sun 
wheel A2 to rest. The drive will then pass from E to El, 
Bl to Al and A to D. If the pedal controlling the 
brake band which encircles the cage F be depressed, 
the action will aut tically, y of a cam, throw 
the clutch cone B3 into an intermediate or neutral 

ition, simultaneously bringing the cage F to rest. 
he drive will still through the same gear wheels 
as before, only in this case the cage F will be stationary 
and the sun wheel A2 idly rotating, thus bringing a 
different gear ratio into act'on, 

The shaft D1 carrying the sun-wheel D should now be 
moved so as to bring D into engagement with the planet B. 
In this new position two more speeds can be obtained, 
one by gs as. the clutch cone B3 to rest against the 
stationary ng B4, and the other by the operation of 
the brake band on the cage F. 

The ordinary t of epicyclic gear, if designed to 
provide for five diferent speeds, becomes both clumsy 
and complicated. The design in Fig. 18 is rigid and 
compact, and, as shown, gives four speeds forward and 
one reverse. It may be objected that the sliding move- 
ment of the sun-wheel D eliminates that simplicity of 
operation which is one of the great features of the 
epicyclic gear. This objection is not, however, very 
serious owing to the fact that the fourth, third and 
second speeds are all obtained with D in mesh with A 
as shown in Fig. 18. It is quite easy, except on hills, to 
start up on second speed, so that D need never be moved 
except in case of em cy or for the purpose of re- 
versing. It is believed that this design is more or less 
unique, and it is put forward, not so much asa solution of 
the problem, but rather as an incontive to stimulate designers 
to investigate new possibilities hitherto unexplored. 

It is not everyone who is familiar with the — by 
which epicyclic gear ratios are calculated. Those who 

* Paper read before the Institution of Automobile 
Eng'neers, January 12, 1921. 














rely on cut-and-dried formule will not find the gear 
ratios of Fig. 18 easy to solve, as this design is not to be 
found in the usual reference or text book. But by the 
application of first principles, which is better than a 
bookful of formulm, the value of the ratios can be quickly 
ascertained. Thus :— 

(1) Required to find the gear ratio when the sun- 
wheel A2 is held fast, with the driven gear D in mesh 
with the planet A, as shown in the diagram, Fig. 19. 

To facilitate calculation imagine the cage to be fixed 
and assume the fixed member A2 to make one revolution 
in a positive direction. Insert the plus and minus signs 
as shown in Fig. 19, from whence it will be seen that E 
is going in a negative, and D in a positive, direction. Now 
work out, by simple proportion, the relative speeds of 
E and D, taking care, in each case, to subtract 1 from 
the answer so as to eliminate the fictitious plus 1 revolu- 
tion which the fixed member A2 was assumed to make. 
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The figures in the diagram indicate the number of teeth 








in the gears. hen : 
32. 34. 36 
y Site wt so Ais Mace: ee cs Blac 
Re vs. of driver (5 38 3a) l= 2.37. 
32, 21 
a -_ — xX — wien 5 
Revs. of driven = + (5 is) -l=— 0.56. 
Gear ratio = driver we SBI 4 4.92. 
driven — 0.56 


The final answer, being positive, indicates that the 
gear ratio is 4-23 to | in a forward direction. 

(2) Required to find the r ratio when the sun- 
wheel A2 is held fast, with the driven gear D in mesh 
with the planet B, as shown in the diagram, Fig. 20. 

Insert plus and minus signs on the assumption that 
the fixed member A2 makes plus one revolution with 
the cage stationary. Then :— 


Revs, of driver = — (e* 6% 30 oe han 
3 28° 30 

Rovs. ofdriven = — 32 oe * as) —l= — 1.83, 
a” 


‘ driver — 2.37 — 
Gear ratio = Fivea = —1.63— * 1-55. 





(3) Two more can be obtained with a a 
cage, one with D in mesh with B, and the other wit 















D in mesh with A. Obviously the former will be a 
forward speed, and the latter, owing to the introduction 
of an intermediate gear, is bound to be in the’ reverse 
direction, the gear ratios being as follows :— 


Forward speed = + (= 45\ _ 2.57 (Bualrivi q 
Ob 30 * 51) yma co 
Reverse speed = — (= x bat x =\= — 3. 12(A driving D) 


The three forward speeds which can be obtained 
with D in constant mesh with B are, therefore, as 
follows: 2-57, 1-55 and 1 (direct), equivalent to 15 5 
<i: 26 m.p.h. and 40 m.p.h. For the reverse speed 
and the emergency forward speed, D has to be moved 


into mesh with A. 
In order to calculate on f 
resorting to formule, whic 


epicyclic gear ratio, without 
are sometimes unobtainable, 
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DIAGRAM OF INTERNAL EPICYCLIC GEARS 



































Fig..23. Fig.%. Fig.0. 
” |\i|- 10 | I+ F/] + 
vel 
80 | |+ 80 | |- oo il- 
ted 





a 
J 


the following system, common to all types, may be 
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employed :— 
: (1) Assume the planet arm to remain statio s 
(2) Assume the fixed member to make one revolution. 


(3) Ascertain directions by inserting plus and minus signs. 

(4) Calculate, from (2), the revolutions of the driver 
and subtract 1. 

(5) Calculate, from (2), the revolutions of the driven 

and subtract 1. 

(6) Divide (4) by (5). The answer gives the gear ratio. 

A simple but interesting example is that of the Ford 
epicyclic gear. With a dismantled gear-box on the 
workshop table, the author has asked competent 
mechanics to explain the working of the gear. Pitying 
his ignorance, they have cheerfully undertaken the task, 
but after 10 minutes of unnecessary preamble they often 
scratch their heads, being quite unable to explain why 
the car should go backwards on the reverse speed. 
Neglecting formule, and working from first: principles, 
the proposition is, however, extremely simple. Fig. 2! 
shows the train of used to obtain the low forward 
speed, and Fig. 22 shows the train used for the reverse 


In both cases insert plus and minus signs, as shown, 
imagine the planet arm fixed (in this case it is really 
the driver), and assume tho fixed member to make ‘one 
revolution in a positive direction. 

Then, in Fig. 21 :— 

Revs. of driver= 0 — 1= — 1.0. 





r 21 27 
‘ — xX —_|) —l= — 0.36. 
Revs, of driven = + (33 x 37) 
Gear Ratio = = ie = + pete forward, 


And in Fig. 22 :— 
Revs. of driver = 0 — 1 = — 1.0, 





n 30 27 
be = % wlio j= 0. 25, . 
Revs. of driven= + (5 7) + 
p - 1.0 
tio = = — 4.0 backwards. 
Gear ratio eas ac 
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From an examination of the above it will be obvious 
that if both sun gear wheels have an equal number 
of teeth, then the gear ratio will be zero ; in other words. 
if the brake drum were held fast the driven shaft would 
remain stationary because :— 

Revs. of driver = 0 — 1 = — 1.0, 
Revs. of driven = + (5 x 7) -1=0 
2737 

It is equally important to note that, in the above case, 
when the fixed sun is smaller than the driven sun, the 
resulting speed will be forward, but if the fixed sun be 
the greater (as in Fig. 22), then the driven shaft will 
rotate backwards. 

The ratios of an epicyclic train with an internal gear 
can also be instantly calculated. Three gear wheels can 
provide six different combinations, and three different 
diagrams are necessary in order that the plus and minus 
signs may be inserted. Proceeding exactly as before, 
the gear ratios of Figs. 23 to 25 can be quickly ascertained 
as follows :— 


Fig. 23. Sun fixed. Planet arm driving. Internal 
driven— 
Revs. of driver = o—l=-—1-0 \ 
Revs. of driven = — °° — 1 = — 1-8 -Ratio= + 0°56. 
100 


Fig. 26. EPICYCLIC GEAR-BOX (UNIT CONSTRUCTION). 
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Fig.27. EPICYCLIC REAR AXLE. 
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Fig. 23. 
driven — 


Sun fixed. Internal driving. Planet arm 


La eee 
100 


0-1 


Revs. of driver = — | Ratio = +1-8. 


Revs. of driven= — 1-0) 


Fig. 24. 
driven. 

As the planet arm is fixed, epicyclic motion is 
eliminated. The gear ratio is therefore :— 


Planet arm fixed. Sun driving. Internal 


- ee - 1.8. 
80 
Fig. 24. Planet arm fixed. Internal driving. Sun 
driven. 


As the planet arm is fixed, epicyclic motion is 


eliminated, The gear ratio is therefore :-— 
im OO mm 2b OB, 
100 
Fig. 25. Internal fixed. Planet arm driving. Sun 
driven, 


—1-0 


Revs. of driver = 
2 jug 2-25 | Rati = +0-45. 


0-1 
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Revs. of driven = 


Fig. 25. Internal gear fixed. Sun driving. 
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arm driven— 
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Fig. 26 illustrates an epicyclic gear adapted to bolt 
up to the rear end of the engine casing. The flywheel F 
is bolted between the two sleeves Fl and F2, carried by 
two large ball bearings as shown. This type of gear 
is quite different from that shown in Fig. 18, inasmuch 
as in this case the planets are carried by a continuously 
rotating cage, F1, which is keyed to the crankshaft of the 
engine. 

fo simplify the drawing, the two planets A and B are 
shown separated from each other, although their spindles 
are actually mounted so as to enable the two planets 
to engage with each other over approximately half their 
face width, similar to the arrangement of an ordinary 
spur type differential gear. The driven shaft D1 is 
controlled by operating mechanism so that the sun- 
wheel D may be brought into mesh with the planet A 
alone, or, in a — position, with planets A and B 
simultaneously, or with the planet B alone. The spindle 
of the planet A carries another planet Al meshing with 
the internal gear wheel A2 controlled by the brake drum 
A3. The spindle of B carries another planet B1 in con- 
stant mesh with the sun-wheel B2 which can be brought 
to rest by means of the clutch cone B3, which is 


Revs. of driver = — | Reto = + 2.25. 


Revs. of driven = 





Apart from the ordinary differential gears, the extra 
arts required are two suns and two planets (these 
atter may be added 1 Aa ye = with ole si 

rts the gear is capable of providing four s s for- 
see and one reverse. The top forward speed, geared 
up, is, however, too high a ratio for ordinary road use. 

The worm K drives the worm wheel J fixed to the 
differential casing. The spindle of the differential planet 

B is extended to carry the ae T meshing with the 

sun-wheel R which can be brought to rest by means 

of the brake drum 8. In the same way the spindle 
of the differential pene C carries the oa G meshing 
with E controlled by the brake drum F. The rear axle 
cross shafts are of the floating type, and are so arranged 
that the sun-wheels D1 and D2 can be moved sideways 
by means of a c' -speed lever and the usual selector 
mechanism. The brake drums 8 and F are controlled 
by means of two foot pedals. ' ee 

The position of the gears in Fig. 27 shows the direct 
drive in operation, the differential gear functioning as 
such in the usual manner, the drums 8 and F revolvi 

at the same speed as the differential cage. When D 

is moved to the extreme left, so as to engage with the 
lanet B, two more are available by locking the 

om drums 8 and F respectively. When?D2 is moved 
with]}the planet C, 
y once again locking 


to the extreme right, so as to en 
two more speeds are available 


Fig.28. JOINTED REAR AXLE, END ELEVATION 
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capable of engaging with the fixed vee B4. Only 
seven gear wheels are shown (altho additional 
yen be embodied for the sake of balance and even 
oad distribution) and with these few parts the gear 
is capable of providing four speeds forward and one 
reverse. Having already explained Fig. 18 in detail, 
the action of the present design may be briefly sum- 
marised as follows :— 

For the direct drive release the clutch pedal so that 
the clutch cone B3 engages with the flywheel F, thereby 
causing the planets and sun-wheels to rotate as one solid 
mass. Still leaving the sun-wheel D in mesh with the 
planet A, two further speeds can be obtained, one by 
engaging the clutch cone B3 i the stationary ring 
B4, and another by holding the brake drum A3 with 
the clutch cone B3 in aula 

To obtain the remeining two speeds, slide the sun- 
wheel D into mesh with the planet B, and hold the 
clutch cone B3 for the lowest forward speed and the 
brake drum A3 for the reverse speed. Whilst cor- 
rectly proportioned gear ratios are easily obtainable 
with the — shown in Fig. 18, the ratios in Fig. 26 
are more difficult to arrange, it being impossible to 
obtain a direct drive on the top speed. It may be 
remarked, however, that a direct drive on the third 
speed with an indirect top has been successfully employed 
by certain automobile manufacturers. 

Rear Azle Design.—Fig. 27 shows an epicyclic gear 
designed to form part of a rear axle spur type differential. 
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8 and F tively, thus providing aYtotal range of 

four speeds ewand and one reverse, On the indirect 

2% the gears B, C, D1 and D2 cease to function as a 
ifferential. 


Many motor lorries have been tested under the most 
strenuous conditions after their differential gears have 
been removed, It has been stated that “these gave 
surprisingly good results, and instead of decreasing the 
tyre mileage, as would be expected, the mileage appeared 
to increase. This could only be attributed to the 
decreased slip of the wheels on the granite block pave- 
ments and in the mud and holes near the front. ‘These 
trucks would pull over almost im ible places, and 
were the best evidence of the ni of limited action ”’ 
(“Lessons of the War in Truck Design,” by W. O. 
Thomas, the Automobile Engineer, October, 1917). 

One of the earliest examples of a live axle designed 
to eliminate the bugbear of unsprung weight was the 
De Dion Bouton motor car, and the same design is 
still adhered to in the 1921 De Dion Bouton commercial 
vehicle. The design unfortunately necessitates the use 
of four universal joints, two on each side of the rear 
axle casing, without taking the propeller shaft into ac- 
count, Figs. 28 and 29 illustrate a method of eliminating 
unsprung weight in which only one universal joint is 
a4 in pases ey usual Lary . 

n Fig. 29 the bevel casi is suspended by means 
of a pivoted link B from the rear cross-member A of 
the chassis. The axle sleeve 82 terminates in a spherical 
ball E which allows the sleeve to have a universal move- 
ment with respect to the case D2. The other half of 
the bevel casing, D1, carries the axle sleeve 81, the 
outer extremities of the two sleeves 81 and 82 carrying 
the rear road wheels in the usual manner. 

It will be seen that this design not only insulates the 
transmission gear from all road shocks, and reduces 
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the unsprung weight of the vehicle, but in addition 
it provides each road wheel with independent motion 
when rising or falling over obstructions through the 
universal joint F whieh is concentric with the ball joint 
E and which allows the shafting to adapt itself to the 
angularity of the axle sleeves caused by the irregular 
movement of the road wheels. 

The disadvantages of the ordinary rear axle suspension 
are illustrated by Fig. 30, where the dotted line shows 
the movement of the ordinary live axle when the left 
road wheel is passing over « four-inch obstacle. The 
exact movement of the body cannot be determined on 
paper, but obviously the ideal arrangement is for the 
pody to remain absolutely horizontal, so that the pas- 
sengers may not be thrown from side to side. In Fig. 30 
the body is purposely drawn stationary in order to show 
the relative movements of the two axles. It will be 
noted that the centre point of the ordinary axle has been 
displaced sideways as indicated by the letter E. The 
springs have also moved sideways a distance A and B 
(or alternatively the body must be thrown sideways) 
whilst with the jointed axle the road springs remain 
practically vertical. There can be little doubt but that 
the independent motion of the road wheels, obtained by 
the use of a jointed axle, will provide the ter comfort 
for the occupants of the car and the reduction of unsprung 
weight will considerably prolong the life of the tyres. 
In the De Dion Bouton design the only advan appears 
to be that of the reduction of unsprung weight, as the 
movement of the road wheels resembles that of an 
ordinary axle. 

Worm Gear Design.—Although the advantages and 
characteristic features of worm gear are now well under- 
stood, the author has never yet come across any text- 
book which explains the real nature of the tooth contact 
between the worm and the wheel. Before discussing 
this subject in detail, the ground may be cleared by a 
few introductory remarks, 

Circular pitch is measured circumferentially along 
the pitch circle of the worm wheel. 

Linear pitch is measured in a straight line parallel 
to the worm axis. 

Lead angle is the angle between a worm thread and a 
line drawn at right angles to the worm axis. 

Lead is the distance travelled by any point on the 
pitch circumference of the wheel for one revolution of 
the worm, 

Lead Linear pitch x Number of 
threads. 

Lead 


mw X Pitch diameter of worm 
_ No. of teeth x circular pitch 
T 


Tangent lead angle 





Pitch dia. of wheel 





In ordinary worm gear the axes of the worm and the 
wheel are at right angles, and under these conditions 
the circular pitch of the wheel is equal to the linear 
pitch of the worm. 

The gear ratio of worm gear is found by dividing the 
number of teeth in the wheel by the number of threads 
in the worm, yet, unlike spur or bevel gearing, the ratio 
is independent of the pitch diameters of the worm and 
the wheel. One concrete example will make this per- 
fectly plain. Let a worm of 1-585 in. pitch diameter 
mesh with a worm wheel of 15-915 in. pitch diameter 
(100 teeth, } in. circular pitch) at 8-75 in. centre distance, 
Then the gear ratio may be varied by varying the number 
of threads in the worm without altering the pitch dia- 
meters or the centre distance. Some of the possible 
variations are shown in Table I :— 











Taste I, 

Threads in Worm. | Gear Ratio. Lead. | Worm Angle. 
in. deg. min. 

1 100-0 to 1 0-5 5 44 

2 50-0 tol 1-0 1l 21 

4 25-0 tol 2-0 21 53 

6 16-7 tol 3-0 31 04 

8 12-5 tol 4-0 38 47 

10 10-0 tol 5-0 45 07 


Now ascertain the smallest diameter of worm shaft 
to withstand torque and bending, and select a pitch 





diameter to’correspond, say 2-5in, Then— 
Tangent lead angle = — , Lead 
Pitch diameter of worm x 7 
= 50 — 0-4 
26x 9r 


And the tangent of 0-64 is approximately 33 deg. 
Thus, under the conditions given, the lead angle cannot 
exceed 33 deg., and the efficiericy of the gear can be 
calculated accordingly. 

The manner in which the lead angle varies according 
to the pitch diameter, with a given gear ratio and centre 
distance, is illustrated in Table II :— 


Taste II. 





In order to obtain the transmission of uniform velocity 
between the worm and the wheel, it is necessary that the 
resultant force R, normal to the tooth surfaces at their 
point of contact, shall be capable of being resolved into 
two components, P and W, both of which must always 
be tangential to their respective pitch cylinders, and at 
right angles to their axes, these three forces all lying, of 
course, on the same plane. For if the resultant R can 
be resolved into two components either of which do not 
touch their respective pitch cylinders, then the instan- 
taneous torques on the two gears will not correspond 
to the velocity ratio. But the velocity ratio is deter- 


| mined by the threads of the worm and the teeth of the 


wheel, which is obviously a constant quantity ; hence, 


| when the respective torques of the worm and the wheel 


do not correspond to the gear ratio, then the transmission 
of true uniform —— will be impaired, the slight 














Fixed Gear Ratio, 10 to 1. | Fixed Centre Distance, 8-75 in. 
Wheel Pitch Worm Pitch 
Diameter. Diameter. Lead. Lead Angle. 
deg. min 
16-0 1-5 5-03 46 40 
15°75 1-75 4°95 42 0 
15°5 2-0 4:87 37 49 
16°25 2°25 4°80 34 13 
15-0 2°5 4-72 30 57 
14°75 2-75 4°64 28 12 
14°5 3-0 4-55 25 47 











Fig.30. DIAGRAM OF REAR AXLE MOVEMENT 
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Fig.31. WORM AND WHEEL PITCH 
LINDERS 





It need hardly be said that no gear should be selected 
without first consulting a maker’s list in order that 
standard tools may be brought in. When the shape 
of, or forces acting on, worm gear teeth have been 
theoretically considered, it has been usual to take a 
linear section through the centre of the worm at right 
angles to the wheel axis. On this axial plane it has 
been customary to make the shape of the gear teeth 





In the above table the pitch diameters and centre 
distance remain unaltered. It will be seen that a large 
gear ratio (100 to 1) necessitates a small lead angle 
(5 deg. 44 min.) and vice verad. The most efficient 
lead angle lies between 40 deg. and 45 deg. 

Some engineers calculate worm gear in the hit or 
miss principle, This is quite a mistake. The pro- 
position is really very simple, if attacked in a systematic 
manner, Thus, ames to design a worm gear with 
# ratio of 10 to 1, the size of the worm wheel being re- 
stricted to 16 in. pitch diameter on account of ground 
clearance. 

Bega a Pitch diameter of wheel x 
gear retio 





16x 


= 5 in. approx, 
io PP 





In other words, the lead must be 5 in., no matter what 
linear pitch, lead angle or pitch diameter of worm be 
chosen, ‘The next most important factor is the lead 
angle. To obtain high efficiency select a high angle, 
say 40 deg. Then— 

Lead 


Tangent lead angle x r 
_ 6.0 
0.84 x 


Hence a lead angle of 40 deg. cannot be used, because 
1-9 in. is too small a diameter for such a large gear. 


Pitch diameter of worm = 





= 1.9in, 


to correspond with those of a rack engaging with an 
ordinary spur, thus providing an involute tooth profile 
on this particular section. But what is taking place on 
adjacent parallel planes ? 

he shape of the teeth of a rack-shaped worm, on 
one of these corresponding parallel sections, is peculiarly 
curved, and the wheel teeth, on these oo should be 
conjugate to suit, but this is impossible owing te inter- 
ference. On these other planes the worm wheel teeth 
are concave, in order that they may wrap round the 
threads of the worm, so that corresponding sections, 
on either side of the axial plane, in no way resemble the 
involute shape of tooth. Hence it follows that the 
transmission of true uniform velocity, which is a cha- 
racteristic of the involute gear, only applies to a section 
on the axial plane where the worm section is that of 
a rack, The constructive problem of the nature of the 
tooth contact on these other planes has, it is believed, 
never before been properly investigated. It can, 
however, be wnncenttehny solved by the application of 
the principle of the triangle of forces which must hold 
geod at every point where tooth contact takes place, 
and the application should be applied to every single 
phase of tooth contact, and not merely to one axial 
plane as has been the practice heretofore. 

The pitch surfaces of the worm and the wheel are both 
cylinders, and can therefore only touch at one point. 
The torque on the worm can be represented by a force 
P, acting anywhere longitudinally on the pitch surface, 
and in a tangential direction, as shown in Fig. 31. In 
the same way the torque on the wheel can be repre- 





sented by a force W acting in the same manner. 








lerations and re’ tions having to be absorbed 
by the elasticity of the gear teeth, thus lowering the 
efficiency of the gear and causing undue wear. 

To secure uniform velocity transmission between the 
worm and the wheel, the constructive problem of building 
up the correct tooth contours may, therefore, be stated 
as follows :— 

(1) Select a series of resultant forces capable of being 
resolved into components which must always be tan- 
gential to their respective pitch cylinders. 

(2) From a series of such resultants build up a tooth 
contour, working on the well-known fact that all re- 
sultants must always be normal to the tooth surfaces 
at their tive points of contact. 

In Fig. 32, P and W represent the tangential forces 
acting on the — cylinder of the worm and the wheel 
respectively about the point O, and R is the resultant 
of these, acting in the plane containing P and W. The 
relation between P and W, being determined by the 
ratio of the gears, is bound to remain constant, so that 
the angle which R makes to the axis of the worm will 
also remain constant. 


(To be continued.) 





RULES FOR THE BUILDING AND CLASSIFICATION OF 
Racine Yacuts.—Since 1908 racing yachts of the 
International Rating Classes have been built to scantlings 
prescribed by Lloyd’s Register of Shipping and other 
classification societies. ‘Lhe International Rules then 
drawn up have been recently revised by Lloyd’s Register, 
the Bureau Veritas and the Norske Veritas, in consulta- 
tion with the principal yacht designers, and the amended 
rules have just been published. They are obtainable 
at a charge of 10s. per copy from the secretary of Lloyd’s 
Register of Shipping, 71, Fenchurch-street, London, 
E.C., 3, who will also supply specification forms and forms 
of request for special survey of yachts intended for 
International Rating Classes. The forms are also 
obtainable from any of Lloyd’s surveyors. 





TEMPERATURE OF STEEL ExpPosep To THE SuN Rays. 
—The Engineering News Record, of New York, refers to 
observations made at Bilboa Heights, C.Z., during 
April, 1920, by Mr. H. G. Cornthwaite, of the United 
States Weather Service, to determine the maximum 
heating of steel or iron exposed to the sun’s rays. Most 
of the tests were made on steel blocks 2 in. by 2 in. by 
12 in., the temperature of which was indicated by a ther- 
mometer immersed in a mercury-filled }-in. hole in the 
centre of the block. The blocks were laid across a 1-in. 
board, 4 ins. wide, lying flat on a concrete pavement, and 
were sheltered from wind by an 8-in. board on edge, a 
few inches away on the windward side. The highest 
steel temperature was 133 deg. F., measured at 3.30 p.m. 
April 26. Mr. Cornthwaite considers that the exposure 
of the blocks represents approximately that found in 
the most protected sections o. steel structures exposed 
to the sun, and he estimates that under the most favour- 
able natural conditions possible in the Canal Zone the 
maximum temperature of exposed steel is not likely to 
exceed 140 deg. F. Comparing the climatic conditions 
with those of various parts of the United States, he 
estimates that the maximum exposed steel tempera- 
tures in the deserts of the south-west may reach 169 
deg. F. or higher. On account of the importance of 
such heating he suggests that measurements should be 
made at a few selected stations in different sections of 
the United States. Very noticeable effects, produced by 
expansion due to one-sided heating, have been observed 
in the case of the steel spillway gates of the Panama 
Canal, the leakage through which (a very small amount 
at any time) is greater in the daytime than at night ; 
this is due to the action of the sun shining on one side 
and causing the gates to buckle or warp slightly. Another 
set of measurements was made to compare the heating 
of blocks of steel painted with different colours. The 
curves representing the change of temperature of these 
several blocks throughout the day (April 20, 1920) are 
quite consistent pe indicate that for the particular 
paints used the results may be depended upon as approxi- 
mately correct. At the maximum, from 12 to about 
2.30 p.m., with the air temperature in the shade about 
88 deg. F., the temperature of the white, red, green and 
black blocks respectively were 112 deg. F., 114 deg. F., 
123 deg. F. and 128 deg. F. About 2.30 p.m. the steel 
temperatures began to p, though the air temperature 
was maintained for another half hour, when the sky was 
covered with thick clouds and there was a thunder storm 
in the distance. By 5 p.m., with the air temperature 82, 
the four blocks of steel showed temperatures of 88 deg. F., 
90 deg. F., 92 deg. F. and 94 deg. F., in the same order 
as previously given. In some earlier tests by Mr. 
Cornthwaite, under slightly different exposure and with 
different paints, the maximum difference between white 
and black blocks was 20 deg. F. 
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A NOTE ON LOCOMOTIVE BOILER 
TESTS. 


By Lawrorp H. Fry, M.Inst.C.E. 

Tuts article considers the methods to be adopted 
in analysing locomotive boiler tests. The purpose 
of such tests is to study the operation of the boiler 
through the range of power corresponding to service 
conditions, the main point of interest being to 
see how the relation between steam production and 
fuel consumption varies throughout this range. 
In other words, -to see how the boiler efficiency is 
affected by the rate of power output. This is a 
simple matter where only one boiler is in question, 
but if a comparison of several boilers is to be made 
it is important to select a proper method for 
analysing the test results. 

To arrive at such a method consider first the 
three fmain elements: (1) Output, measured by 
the amount and quality of steam produced ; (2) In- 
put, measured by the amount and heating value of 
fuel fired; (3) Boiler efficiency, measured by the 
ratio of heat in steam produced to heat in fuel 
fired. 

(1) Output.—The total output of the boiler is 
measured by the weight of steam produced and by 
the heat required to produce each pound of steam 
from the feed water as supplied. Usually the rate 
of output is important, and this is conveniently 
measured in pounds of equivalent evaporation per 


Fig.1. BOILER EFFICIENCY & RATE OF EVAPORA- 
TION PLOTTED AGAINST RATE OF FIRING. 
TESTS OF L 1s 
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hour when boilers not producing the same quality 
of steam are to be compared, or more simply by the 
pounds of steam produced per hour per square foot 
of heating surface. For comparisons between 
different locomotives, it is desirable to express 
the evaporation in terms of the heating surface. 
This, in the case of a saturated steam boiler, is 
readily done on the basis of pounds of steam pro- 
duced per hour per square foot of boiler heating 
surface. In the case of a superheated steam boiler, 
there is room for a question as to whether the 
evaporation should be referred to the evaporative 
heating surface only, or to the evaporative heating 
surface plus the superheater surface, or to the 
so-called equivalent heating surface which is found 
by adding one and one-half times the superheater 
surface to the evaporative surface. After careful 
consideration preference is given to the first-named 
basis of comparison. The reasons for this pre- 
ference are slight, but are thought to be sufficient 
to justify the choice. In the first place, the 
“equivalent heating surface” is ruled out as being 
a purely arbitrary quantity without any definite 
meaning so far as the boiler alone is concerned. 
The choice then lies between the evaporative heating 
surface, and the total heating surffce including 
superheater, and falls on the former because it 
permits a more direct comparison between saturated 
and superheater boilers. For example, if a saturated 
steam boiler and a superheater boiler having the 
same outside dimensions be compared it will be 
found that some of the tubes having been displaced 
by superheater flues the superheater boiler will 
have less evaporative heating surface than the 
saturated steam boiler, and of course will have in 
addition the superheater surface. If the two 
boilers are tested under similar conditions it will be 








found that when burning fuel at the same rate, 
the weight of steam produced per hour per square 
foot of evaporative heating surface will be the 
same for both boilers, therefore the saturated steam 
boiler having the greater evaporative surface will 
produce a greater total weight of steam per hour. 
In the superheater boiler the superheating surface 
will add additional heat to the steam so that the 
lesser weight of steam will carry practically the 
same total quantity of heat. That is to say the 
total hourly equivalent evaporation of the two boilers 
will be approximately the same. Since, however, 
the evaporative heating surface of the superheater 
boiler is less, the equivalent evaporation per hour per 
square foot of evaporative heating surface will be 
greater for the superheater than for the saturated 
steam boiler. It can therefore be said that in the 
case of boilers of the same size operating under 
similar conditions the weight of steam per square 
foot of evaporative heating surface will be the same 
for both, while the equivalent evaporation per hour 
per square foot of evaporative heating surface 
will be greater for the superheater than for the 
saturated steam boiler. A direct comparison of 
this sort is not possible if the evaporation is 
measured per square foot of total surface including 
superheater. 

(2) Input.—The total input is measured by the 
weight of dry coal fired and by its heating value 
per pound. In the majority of cases, however, it 


Fig.2 
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is sufficient to deal with the rate of firing in pounds 
of dry coal per hour. For the comparison of 
different boilers the rate of firing is conveniently 
measured in pounds of dry coal per square foot of 
grate area per hour. 

(3) Boiler Efficiency.—This is the heat in the 
produced steam, expressed as a percentage of the 
heating value of the fuel fired.. As has been pointed 
out above, one of the important points in a boiler 
test is to establish the relationship between the 
boiler efficiency and the rate of operation. This 
can be done most conveniently. by utilising the 
fact that the relation between the boiler efficiency 
and the rate of firing can be represented by a straight 
line. As an example Fig. 1 has been plotted from 
tests made at the Altoona locomotive testing 
plant with the Pennsylvania Railroad class L 1s 
locomotive. It is obvious from the figure that 
with boiler efficiency plotted against rate of firing 
a straight line fits the test results satisfactorily, 
and investigation shows that this is the case with 
any normally-designed locomotive boiler under ordi- 
nary working conditions. This fact is of consider- 
able assistance in an analysis of a series of test 
results, and leads also to other conclusions which 
are worth being examined and put on record. 

In the first place the assumption of a straight 
line for the relation between boiler efficiency and 
rate of firing automatically determines the form 
of the curve which must be used in Fig. 1 to represent 
the relation between rate of evaporation and rate 
of firi This comes from the fact that by fixing 
the boiler efficiency for a given rate of fring, we 

ily establish the amount of steam produced 
by the amount of coal fired. 

For example, in the tests represented in Fig. 1 
the coal had an average heating value of 14,140 








British thermal units per pound of dry coal, and the 
steam being produced at 205 Ib. per square inch with 
approximately 200 deg. of superheat may be taken to 
require 1,260 British thermal units for the 

duction of each pound from feed water at 70 deg. 
It therefore follows that 1 Ib. of coal used 

an efficiency of 100 per cent. would produce 


a = 11:2 Ib. of steam. Now the locomotive 


has 70 sq. ft. of grate and 4,017 sq. ft. of evaporative 
heating surface (exclusive of superheater), or 
57-5 sq. ft. of heating surface per square foot of 
grate. Therefore 1 Ib. of coal per square foot of 
grate is equivalent to 


foot of heating 





1 
575 
surface. Consequently, if used 
with ay oryrp~' of 100 per cent., 1 Ib. of coal 
square foot of would produce 0-0174 x 11-2 
= 0-195 Ib. of steam per square foot of heating 
surtace. From this it is merely a matter of simple 
proportion to find the actual rate of evaporation 
corresponding to any given rate of firing and to the 
boiler efficiency determined by that rate of 
For example, the straight line relation gives a 
boiler efficiency of 60-9 per cent. when 110 Ib. of 
coal are fired per hour per square foot of grate area, 
which makes the rate of evaporation 0-195 x 110 x 
60-9 
Too = 13-6 lb. of 
surface, 


= 0-0174 Ib. per square 


steam per square foot of heating 


Fig. 3 
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Table I, on page 126, shows the evaporation 
calculated as above for various rates of firing, the 
boiler efficiency for each rate being taken from the 
line in Fig. 1 which has the equation F = 84 — 
0-228 G, where F is the boiler efficiency in per cent. 
and G the rate of firing in pounds of dry coal per 
hour per square foot of grate area, The rates of 
evaporation thus found have been used to draw 
the smooth evaporation curve in Fig. 1, 

For use in the analysis of boiler teste it is con- 


venient to express in general terms the relations 
explained above. To.do this the following symbols 
are required :— 


F = Boiler efficiency in per cent. 


G = Dry coal fired per hour in pounds per aq. ft. 
of grate. 
W = Steam produced per hour in pounds per 


sq. ft. of heating surface, 
R in sq. ft. 

S = Heating surface in sq. ft. 
C =8/R = Ratio of hesting surface to grate 


area, 
K = Hosting velen:Miey serene t. a, per 


pound, 

k = Heat in B. t. u, to produce one 
, =" steam from feed water. 

00 


“K- 

Assuming the straight line relation between boiler 

efficiency and rate of firing we have : 

F=um-—nG. - . » @d) 
where m and n are constants for a given boiler 
design and a given fuel. 

Now the heat in the total coal fired per hour 
is G R K, and the heat utilised in steam production 
is WS k. 

Therefore 


Ko= 


WS8k 
F = 100 é .° 
GREK @) 
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which can be written From which it follows that derived above, relations between evaporation, 
ra W,100ck . (2a) Pp boiler efficiency and rate of firing are obtained. For 
G iam - ROG a4 (9) | convenience the equations are collected below. 
combining this with equation (1) we have and Boiler efficiency (F) in terms of rate of firing yer 
W 100Ck qu. Koc (10) square foot of grate area (G): 
GET Te. Pw —@ Fom-nG. (1) 


from which it ter that 


K 
¥ me . 
(mG Wy OE c (3) 


To simplify writing it is convenient to write K, 
instead of 1°° and this gives the equation (3) the 
form 





wa mc- nGe 
Cc 
Treating this as a quadratic equation for G and 
solving, we have: 


oo RA 5 ew .@ 


From equations (3) and (4) it follows that the 
curve expressing the relation between rate of 
evaporation and rate of firing is a parabola, and that 
with constantly increasing rate of firing the rate 
of evaporation rises to a maximum and then falls 
off. The maximum rate of evaporation is reached 
when m*—4K,CnW=0, which gives as a 
maximum rate of evaporation : 


Wwe = 


+ (3a) 





pee ol - (6) 
4KoCn 

If we write G wmax, for the rate of firing corre- 
sponding to the maximum evaporation, we have : 


m 
Te” - (6) 


and aby combining this with equation (7) it follows 
that if we write F w,,,, for the boiler efficiency at 
the maximum of evaporation : 


Fw, 


Gu,,,. = 


» (7) 


In the foregoing formule the rates of evaporation 
and of firing are measured in tegms of steam per 
square foot of heating surface and coal per square 
foot of grate area. This is desirable where different 
locomotives are to be compared, but it is also of 
value to compare total steam uction and total 
coal consumption. Formule this purpose are 
readily derived from those already given. 

Using the same symbols as before : 

WS = Total steam produced in pounds per hour, 

RG = Total dry coal fired in pounds per hour. 


Then equation (1) can be written : 
+z (GR) 


Fa m— - (1b) 


and in equation (3a) if for C we write its equivalent 
S/R and transpose, the equation takes the form: 


s) = ™ GR) — "(GR)" 3b 

(W 8) K, ‘ ) zr | ) (35) 
from which it is found by solving for (G R): 
J mt — 4K n/R (WS) 

GR) = R—— VM ABW RWS 4) 





The maximum total evaporation (W S),,,. and 
the corresponding rate of firing (G R)w,,,, are 
readily found from equations (5) and (6) to have 
the following values: 





(WS). = wien : . (6b) 
(GR)w,.. = a” : . (6b) 


If the values given for F and (W 8) by equations 
(1b) and (3) are plotted against (G R) as in Fig. 2, 
it will be seen that the resulting curves are exactly 
similar to those of Fig. 1, but with a change in 
scale. 
Before leaving the subject it is interesting to see 
the result of assuming a straight line relation between 
boiler efficiency and rate of evaporation instead 
of between boiler efficiency and rate of firing as 
above. 
In Fig. 3 the results of the same tests as in Figs. 1 
and 2 are plotted with the rates of evaporation as 
ebscissze, oe Sn ba ean 8. dawn to 
represent the boiler e points. 
In the general case this line has the equation : 
F= P-@ Ww . . (8) 
where p and g are constants. 


In the case of the L. 1s locomotive tests plotted 
in Fig. 1: 
F = 90°5 — 2-7 W. 


If these values of » and gq are inserted in equation 
(14) an equation is obtained, from which can be 
found the rate of firing (G) corresponding to any 
given rate of evaporation (W). From this equation 
the values in Table II have been computed. These 
values have also been plotted as the solid line curves 
in Fig. 3. To facilitate comparison the curves for 
boiler efficiency and rate of firing in Fig. 1 have 
been transposed and are re-plotted as broken lines 
in Fig. 3. It will be seen that there is not much 
to choose between the solid line and the broken line 
curves until maximum boiler outputs are reached. 
Here an important difference is found. The broken 
line indicates a continued increase in evaporation 
as the rate of firing is increased, while the full line 
follows the test results in bending sharply after 
a certain rate of evaporation is reached, indi- 
cating a maximum rate of evaporation which 
cannot be exceeded no matter how much coal is 
fired. This maximum evaporation is a definite 
and important characteristic of the locomotive 
boiler, and the fact that it is indicated by the 
formule based on the straight line relation between 
boiler efficiency and rate of firing, but not by the 
formule based on a straight line relation between 
boiler efficiency and rate of evaporation, makes 
the former set of formule the more useful. 
Now let us return to the application of this set 
formule to the Lis test results plotted in 
Figs. land 2. In this particular case equation (1) 
F = m — nG becomes 
F = 84 — 0°228G 
While we also have 
1260 x 100 
14,140 
Then inserting these numerical values of the 
coefficients in equations (5), (6), and (7), we find : 
From equation (5) maximum rate of evaporation 
= Wax = 15°1 Ib. /hr. per sq. ft. heating surface, 


From equation (6), rate of firing for maximum 
evaporation 


- (le) 


Ko = = 8°9 and C = 57°5, 


m 84 
2n 2x 0-228 


and from equation (7), boiler efficiency at maximum 
rate of evaporation 


G Vmax. 





= 183 lb./hr. per sq. ft. grate. 


84 


2 


In the total evaporation and firing plotted in 
Fig. 2, the maximum evaporation is found from 
equation (56) to be 60,500 Ib. of water per hour, and 
the corresponding rate of firing is found from 
equation (66) to be 12,810 Ib. of dry coal per hour. 
It is worth noting that in every case where a 
straight line is drawn for the boiler efficiency in 
relation to the rate of firing, this line, if produced, 
will cut the vertical for zero rate of firing (G = 0) 
at a value for the boiler efficiency which is equal 
to the coefficient m in equation (1), F = m — nG, 
and this efficiency is double that obtained at the 
rate of firing which corresponds to the maximum 
rate of evaporation. In the L1s tests, Fig. 1, 
we have efficiencies of 84 per cent. for zero rate 
of firing and 42 per cent. at 183 Ib. fired per hour 
per square foot of grate, which gives the maximum 
evaporation. This enables us to predict the 
maximum power of a boiler from a series of tests 
at moderate rates of firing. 
Summary.—The conclusions to be drawn from 
the foregoing may be summarised as follows :— 
Method of Plotting.—In studying a series of loco- 
motive boiler tests the best method of establishing 
the relations between the observed quantities is 
to plot the values of the boiler efficiency against | y, 
the rates of firing and to draw a straight line through 
the points thus obtained. This gives values for the 
coefficients m and n in the equation F = m — nG, 


F Wax. = ™ 42 per cent. 


Evaporation per square foot of heating surface (W) 
in terms of rate of firing per square foot of grate 
area (G) : 

mG —nGe 

Ky C 

Total evaporation (WS) in terms of total coal 
fired (G R) : 

(W 8) = 


w= - (3a) 


™ (GR) - 
K, | ) 
Boiler efficiency (F) in terms of total dry coal fired 
per hour (G R): 





- (3d) 


= ai n 

F=om mR e® i - (1b) 
Maximum Evaporation—The maximum evapora- 
tive capacity of the boiler will be reached at a rate 
of firing : 


R 


(G R) wmax.= = - (6b) 
2n 
the boiler efficiency being F wmax. = a 
and the maximum evaporation : 
R m2 
W 8)max. = ——— - (5b 
( max Kon (5b) 
TaBie I.—Boiler Efficiency and Evaporation in Relation 
to Rate of Firing, 
The values given in this table correspond to the smooth curves 
in Figs. 1 and 2, and are derived from the equation F = 84 — 


0-228 G, which assumes a straight line relation between boiler 
efficiency and rate of firing. The figures below the dotted line 
are for rates of greater than 183 lb. of dry coal per square 
foot of grate per hour, which gives the maximum rate oi 























evaporation. 

Dry Coal Evapora- 

Fired 5 Boiler tion a Total Water 
Sq. Ft. Efficiency. Sq. Ft. Dry Coal Total 
Grate. Heating Fired. Evaporated 

Surface. 

G F Ww (G R) (W 8) 

Ib.-hr. per cent Ib.-hr. Ib.-hr. Ib.-hr. 
30 77°6 4-6 2,100 18,400 
60 70°3 8-3 4,200 33,400 
90 63-6 11-2 6,300 45,000 
120 56-6 13-2 8,400 53,000 
150 49°8 14°7 10,500 59,000 
183 42-0 15-1 12,810 60,500 
210 37-0 14-7 14,700 59,000 
240 30-2 13-9 16,800 56,000 








Taste II.—Boiler Efficiency and Rate of Firing in 
Relation to Rate of Evaporation. 

The values in this table correspond to the full line curves in 
Fig. 3, and are derived from the equation F = 90-5 — 2-7 W, 
which assumes a straight line relation between boiler efficiency 
and rate of evaporation. The figures below the dotted line are 
for rates of evaporation greater than the observed maximum rate 
of 15-1 lb. equivalent evaporation per hour per square foot of 
heating surface 

















Evaporation per Coal Fired per 
8q. Ft. of Boiler Efficiency. Sq. Ft. 
Heating Surface. Grate Area. 
Ww F G 
Ib.-hr. per cent Ib.-hr. 
3 82-4 19 
4 79-7 26 
5 77-0 33 
6 74°3 42 
7 71°6 50 
8 68-9 59 
9 66-2 70 
10 63-5 80 
11 60-8 93 
12 58-1 107 
13 55-4 119 
14 52-7 134 
15 50-0 155 
16 47-3 176 
17 44-6 197 














Brazinian MANGANESE AND THE Nig ae StatTEes.— 
According to The age Age, New York, Judge 
coenveneel that the Steel i has purchased 
the manganese properties in Brazil, from which: it 
been recei ese for several years. He stated : 


« After long n iations we have purchased the Morro 
da Mina pro ies, about 300 miles from Rio de Janeiro, 
in the te of Minas Geraes. This mine contains a 


ery large Seaaiie of manganese ore. We are 
ess pleased with the purchase, as it makes the corpora- 
tion independent concerning manganese ore, an essential 
in the manufacture of iron and steel. We have been 
receiving shipments from the Morro da Mina for several 











and by inserting these values in the equations 


years.”’ 
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RECENT HYDRO-ELECTRIC POWER 
DEVELOPMENTS IN ONTARIO, CANADA. 
(Continued from page 99.) 

Stxce the conclusion of hostilities increased 
opportunities have offered for carrying out necessary 
alterations, additions and repairs to existing 
generating plant, while the gradual easing of the 
labour situation has rendered possible a resumption 
of work on a larger scale in connection with new 
power-development undertakings. Needless to say 
that after the strenuous and continual operation 
rendered necessary throughout the war, and more 
especially during the last year or so of its existence, 
considerable repairs and renewals were essential, 
while the changes in the nature and location of the 
demand for power rendered necessary a considerable 
re-grouping of the machinery on several of the 
systems operated by the Commission. Good pro- 
gress, considering the circumstances, has been made 
in all this work, especially that in connection with 
the utilisation of hitherto undeveloped water 
power, and of its further development at sites 

already partially exploited. 


ar 





Approximately 315,000 additional horse-power 
will become available as the result of new develop- 
ments recently completed, and at present in the 
course of construction. This will bring the total 
capacity of the plants under the control of the 
Commission up to about 573,000 h.p., or con- 
siderably more than double the power available at 
the time of the armistice. In addition to this, a 
further net increase of approximately 500,000 h.p. 
can, when necessary, be obtained by adding to the 
initial development of the new Queenston-Chippawa 
scheme simply by installing the necessary power 
units and diverting the flow at present utilised 
at the Niagara Falls power stations to the new 
station at Queenston. The latter, which although 
designed for an initial capacity of only 200,000 h.p., 
will have an ultimate possible capacity of over 
1,000,000 h.p., is by far the largest and most 
important operation which the commission has so 
far undertaken. As this project presents several 
interesting and unique features it is proposed to deal 
with it in some detail. 

Work on the preliminary surveys in connection 
with this undertaking was started in 1914, and it 
was not until two years later that the final surveys 
were completed. In 1917 the assembling of the 
constructional plant was effected, and the actual 
work of construction commenced. 


The general topographical features of this scheme 
are shown in the accompanying map, Fig. 3. The 
work, as briefly described in our issue of Decem- 
ber 3, page 734, involves the cutting of a canal 
84 miles in length from the Welland River, near 
Montrose, to the power-house site, which is located 
on the Niagara River just above Queenston, the 
direction of flow of the Welland River from its 
outlet at Chippawa to the point where the canal 
joins it, a distance of 4} miles, being thereby 
reversed. By this means connection will be estab- 
lished between a point on Niagara River above the 
Falls to a point considerably beyond the rapids 
below them. 

The normal mean elevation of Lake Erie is 
573 ft. and of Lake Ontario 245 ft. Of the total 
difference of 328 ft. in elevation between the two 
lakes only 23 ft. will be lost—10 ft. between Lake 
Erie and the intake at the mouth of the Welland 
River, 11 ft. between the intake and the tail-race 
and 2 ft. between the point of discharge of the tail 
water and Lake Ontario. The mean head avail- 
able will thus be 305 ft., as compared with 135 ft. 
to 175 ft. in the case of plants located at the Falls. 








single-runner type with cast steel scroll cases, and 
will run at 18741r.p.m. Power will be taken off 
the generators at 12,000 volts, and will be stepped 
up to 110,000 volts for long-distance transmission, 
Large ducts will lead cold air to the bottom of the 
rotors, and after the air has gone through the 
generators it will be carried away in flues. Each 
draught tube will be so arranged that the turbine 
runner can be dropped into it, loaded on to a car, 
pulled through the tunnel and lifted through the 
shaft by a crane. By this means repairs may be 
carried out with a minimum of delay and at much 
less cost than would be involved by dismantling 
the whole unit. Specifications for the generators 
call for 45,000-kw. machines of the vertical-shaft 
water-wheel. type, delivering 12,000-volt three- 
phase 25-cycle current. The weights of the rotating 
parts of both turbine and generator, together with 
the water thrust on the former, will be carried on 
water-cooled thrust bearings of the Michell class. 
Each machine will be equipped with a direct- 
connected exciter rated at 175 kw. at 250 volts. 
Contracts for two of these machines were let in 
February, 1919, to the Canadian Westinghouse 











Fic. 4. Niagara Goroe at Srre or Powmr Prant. 


The power-house site is located at the foot of an 
almost vertical cliff, in the gorge of which a view 
is given in Fig. 4, the gate-house being near the 
cliff edge and almost immediately above the power- 
house, The penstocks will thus be nearly vertical 
and only about 450 ft. in length, thus reducing 
both the cost of construction and the frictional 
head loss to a minimum. About 30 h.p. will 
be obtained from each cubic - foot - second of 
water used as compared with an average of 
14 h.p. in the case of existing plants located at 
Niagara Falls. 

With the exception of about 1} miles of earth 
section and an earth overburden of varying depth, 
the whole of the canal cut is solid rock. The rock 
section of the canal is rectangular, 48 ft., in width, 
with a wetted depth of 35 ft. The earth section is 
trapezoidal in shape and lined with riprap. Control 
works are in course of construction at the point 
where the canal joins the Welland River, but from 
there until the forebay location is reached the canal 
will be unobstructed. The forebay, excavation 
work on which is being rapidly completed, as will be 
seen from a recent view reproduced in Fig. 5. It 
commences at @ point some 2,400 ft. from the gate- 
house site, and widens gradually to 400 ft., which 
will be the approximate overall length of the gate- 
house. The initial development calls for four steel 
penstocks, each 14 ft. in diameter, and one exciter 
penstock 5 ft. in diameter. The equipment 
will consist to start with of four main units each 
having a capacity of 50,000 h.p. The turbines, 
which. will have a greater power than any single- 
| water turbine units yet designed, will be of the 








Company, Limited, of Hamilton, and are to be 
delivered on February 1 and May 1, 1921. 

In addition to the four main generators it is 
proposed to instal two smaller generators to furnish 
the power required by the plant auxiliaries, such 
as pumps, fans and cranes. The general scheme of 
main station connections will be to have one 
generator, one bank of transformers and one trans- 
mission line to constitute an operating unit, with 
provision for paralleling such units either on the 
high or low-tension sides. The number of such 
units which may be paralleled is dependent ;upon 
the design of the oil circuit breakers, which owing 
to the large currents carried will have to be specially 
developed, and upon considerations of safety in 
concentrating such large generating unite on the 
buses. w * 
Work on the construction ot the canal has pro- 
ceeded, considering the difficulties met with, very 
rapidly. The amount of material to be removed 
was estimated at 9,000,000 cub. yards of earth 
and 4,000,000 cub. yards of rock from the canal 
itself, and 2,000,000 cub. yards, chiefly earth, from 
the Welland River. The main equipment for the 
earth and rock excavation consists of three of the 
largest electrically-driven shovels, described and 
illustrated on pages 734 and 740 of our issue of 
December 3. In addition to these shovels there 
are five other electrically-driven shovels at work 
with bucket capacities ranging from { cub. yards 
to 44 cub. yards. 

In making the cut the usual procedure has been to 
start a pilot cut at one side of the canal with one of 
the smaller shovels and load into cars on temporary 
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rails at ground level, as shown in Fig. 6. This cut 
accommodates the track of the dump cars for the 
big shovel, which follows the pilot cut. Each 
loading track is connected at both ends to the main 
line of an electrically-operated railway which has 
been specially constructed to handle the large 
quantities of material to be disposed of. This 
railway is double track throughout its length of 
114 miles, and follows the left bank of the canal. 
It has a 2-mile spur line leading to the disposal area 
or main dump. In addition to the haulage of the 
dump cars, this line is called upon to accommodate 
large locomotive cranes with 60-ft. jibs, engaged 
in trimming the canal slopes, handling plant and 
similar work. In order to enable these cranes 
to operate it was found necessary to adopt special 
overhead construction in connection with the trolley 
wire so that the latter might be carried in such a 
manner as to avoid the risk of its being fouled 
by the crane jibs. This construction consists of 
double A-frame towers mounted on wheels and 
provided with sliding arms to support the trolley 
wire. The tracks under these towers are standard 
gauge, which enables them to be rolled on the main 
line and moved about as required with a minimum 
of trouble. The sliding arm also permits the with- 
drawal of the trolley wire to the side when necessary. 
The normal offset of the trolley wire from the track 
centre is 7 ft., the clearance thus permitted being 
quite sufficient for general purposes without 
materially interfering with the operation of the 
trolleys. 

The construction of this canal has presented 
several features of engineering interest both from 
the point of view of structural details involved and 
also from.that of the general scheme of work 
adopted, the latter having been drawn up with a 
view to the completion of the undertaking in the 
least possible time. As will be gathered from the 
map, Fig. 3, on page 127, the line of the canal 
is crossed by three railways, and the order in which 
the work has been opened up has been dictated 
largely by the location of these points of inter- 
section. Two of these are close together, a short 
distance south of a deep cut known as Whirlpool 
Gulch, It is just about this point in the canal 
that the heaviest earth cut in the whole of its 
length is encountered, a maximum of a 100-ft. face 
being attained for a short distance. The main cut 
at this part of the canal was taken by one of the 
three big shovels, the excavated material being 
dumped into the gulch instead of being taken to 
the maindump. This effected a considerable saving 
of rolling stock time. 

Since the short section of the canal between the 
Grand Trunk Railway main line crossin, and the 
Wabash branch is the location of the Y-junction 
connecting the main line of the disposal railway to the 
spur leading to the main dump, and since for this 
reason it could be excavated before the railroad 
crossings were constructed, this point was selected 
for starting a second large shovel. By this means 
it was possible to proceed with the excavation of 
the canal section while the bridges for carrying 
the railways over the canal were in course of con- 
struction. The completion of these bridges facili- 
tated the further progress of excavation by permit- 
ting the disposal railway to be carried under the 
tracks of the various lines concerned, thus avoiding 
delays to the disposal trains. With the completion, 
during last year, of the bridge carrying the Wabash 
branch line over the canal the way was cleared 
for the second of these shovels to work its way south, 
following the previously-completed pilot cut and the 
loading tracks for the dump cars which it accom- 
modated. 

North of the Whirlpool Gulch the cut is almost 
entirely in rock, and in addition to the canal 
excavation there is also that of the forebay. Work 
on the forebay was commenced simultaneously 
with that on the canal, the rock excavated being 
used for track ballasting and for concreting work 
in connection with the railway bridges and other 
structures. A large crushing plant, shown in Fig. 7, 
annexed, has been installed near the forebay for 
dealing with this material. This plant also supplies 
the aggregate for a large concrete mixing installa- 
tion located at the head of the cliff immediately 
above the site of the power station, which will 
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Fie. 5. Forespay EXoavarion. 














Fic. 7, Roox-Crussine Pant. 
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Fie. 9. Srcrion or CanaL Cut THROUGH Rock By SuLLIVAN CHANNELLERS. 














Fic. 10. Liparrwoop Caste Excavator Working oN WELLAND RIVER. 





_| provide the material for the construction of the 


latter, and also of the gate-house and other head 
works. By this means the concreting will be done 
wholly by gravity and at a minimum of expense. 

A system of conveyors has been erected to deal 
with the several materials between the 
plant, the sand dumps, the cement store and the 
mixer, thus reducing the cost of handling to a 
minimum. The crushing plant itself consists of a 
large primary crusher with 60-in. by 80-in. jaws, 
and a series of secondary crushers. Rock, just as 
it is picked up by the shovels after blasting opera- 
tions, is discharged by the dump cars into a large 
hopper lined with 2}-in. by 6-in. steel bars, laid 
flat, from which it is fed to the primary crusher 
and reduced to 8 in. in size. It is then delivered 
to a belt conveyor which carries it to three rotary 
crushers where it is further reduced to 2in. From 
these crushers the material passes through a screen 
which removes dust and over-size aggregate, and is 
then carried on a suspended belt conveyor over the 
storage pile. At the end of the storage pile is a 
bin for the receipt of the l-in. stone to be used in 
concrete work. The l-in. material is obtained by 
passing the over-sized aggregate, after it leaves the 
screen, into a small auxiliary rotary crusher, which 
reduces it to the required size. 

Rock excavation both in the forebay and in the 
canal section itself is being carried out by means of 
blasting operations in conjunction with compressed 
air channelling machines and drills; 15 duplex 
channellers, cutting to a depth of 20 ft. at one 
operation, were in use during 1918. A gang of these 
is shown in use in Fig. 8, annexed. The channelling 
machines and drills are provided with compressed 
air from 12 motor-driven units having a total 
capacity of 12,000 cub. ft. per minute at a pressure 
of rather over 100 lb. per square inch. Fig. 9 
shows a section of the canal through rock cut by 
the channelling machines. The rock section of the 
canal itself is being lined throughout its length with 
6-in. concrete lining so as to secure a maximum of 
flow. 

Work on the construction of the several bridges 
carrying the railways over the line of the canal 
has proceeded satisfactorily. During last year 
the double-track bridge carrying the Wabash branch 
of the Grand Trunk Railway was completed, and 
traffic was restored from the temporary timber 
trestle structure to the new bridge. The construc- 
tion of this bridge involved the placing of 3,000 
cub, yards of concrete and over 65 tons of reinforcing 
steel. As the level of this bridge is below the 
original ground level, concreting proved easy. Holes 
were sunk in the ground and steel sheet piling used 
for cofferdams. All that was then required was to 
set up a mixer with a loading hopper above ground 
level at the edge of the excavation and pour the 
concrete directly into the forms. During this year, 
also, a new bridge (not shown in the map, Fig. 3), 


,| to carry the electric railway from Niagara Falls to 


St. Cathrines, was completed, the construction of 
this bridge being very similar to that outlined 
above. Satisfactory progress has also been made 
on the construction of the large bridge carrying 
the Grand Trunk Railway main line, this work 
being completed during the present year. In adai- 
tion to this work, several of the temporary road 
bridges have been replaced by permanent concrete 
structures, and at the time of writing the work of 
bridge construction involved in the scheme has been 
practically completed. 

Excavation on the Welland River has been dealt 
with by a Lidgerwood cable excavator, fitted with 
a 3 cub. yard Andreson-Evans clam-shell bucket. 
The cableway has an 80-ft. head tower and a 60-ft. 
tail tower, and has a span of 800 ft. A novel 
feature in connection with this excavator is the 
method adopted of registering the exact digging 
position of the bucket. This is effected by a series 
of numbered electric lights on an indicator. These 
lights are lit by means of a circuit on the haulage 
drum, which is closed by contact, the circuit being 
made and broken by every revolution of the drum. 
The lights thua show the distance travelled by the 
bucket at any moment, thus obviating the danger 
of lost time through removing too much material 
from one spot. The indicator also greatly facilitates 





night work. 
(T'o be continued.) 
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THE MAINTENANCE OF JIGS AND 
GAUGES. 

Tue manufacture of interchangeable parts, or 
parts that are to assemble without the need of hand 
fittings, is quite inconceivable without the aid of 
what is now known as the “limit system,” which 
involves the use of jigs and gauges. The object 
ot the latter being to provide the operator with the 
extremes of the amount of errors that can be 
permitted in the work, without such errors giving 
trouble either in assembling or the functioning of 
the parts, it follows that adequate means should 
be taken to determine these extremes to the closest 
degree of accuracy. While this may be readily 
agreed to as obvious, strangely enough the point is 
often overlooked in practice. An actual instance 
has come to light quite recently, which emphasises 
the need of clearly understanding the point, appre- 
ciating it, and bearing it in mind. 

In the instance referred to the shop manager 
complained that his shop inspectors were a source 
of much trouble, holding up work which the opera- 
tors considered to be accurately finished according 
to the limits indicated on the drawings. Oninquiry, 
he admitted that there had been no inspection of 
gauges after issue, until complaints came from the 
assembly department—all that had been done was 
to make a superficial check with micrometer or 
vernier, when the gauges were returned to stores 
from time to time. It was not realised, therefore, 
that the cause of the trouble with the shop inspectors 
was probably due to the operators’ gauges having 
been worn beyond the limit of the shop inspection 
gauges. 

This case we believe to be only too typical of 
many, and reveals the weak link of inspection, i.e., 
the indifferent care of gauges, which, in this case, 
caused a breakdown in an otherwise well-controlled 
concern. This neglect was all the more remarkable 
because the shop manager had recognised the 
necessity of the very best methods of measuring 
in the tool room and tool inspection room, and had 
in use several sets of the well-known Johansson 
combination gauges. The tools were therefore 
manufactured for 100 per cent. efficiency, but only 
maintained at about 50 per cent. If the tool-room 
store examiner had been provided with a similar 
Johansson equipment all trouble would have been 
obviated. The cost of this equipment would have 
been very small compared with the cost of main- 
taining one or more extra fitters in the assembly 
shop to deal with the unsatisfactory parts. 

There is a very prevalent idea that the vernier 
is good enough for measuring jigs and gauges. 
Practical experience, however, goes to prove the 
contrary, as in vernier measuring two mechanics 
can rarely “feel” the same with so flexible an 
instrument, neither will the two agree as to what 
the scale indicates; add to these differences, the 
slight errors existing in the graduation and setting, 
of scale, and it will be found that with such means, 
and the best of fortune, a dimension may be obtained 
only within about 0-002 in. of actual size. 

These facts indicate that the controls of pro- 
duction, i.e., jigs, fixtures and gauges, &c., should 
be made and maintained by the aid of the most 
reliable means of measuring, and every effort should 
be made to ensure them being as near the absolute 
size as possible. Further, the final cost is less 
than the “ good enough "’ way, if the correct methods 
are employed. It is less costly to take a little extra 
care and trouble with one jig or gauge than it is to 
adjust the many faulty pieces which may be pro- 
duced from an incorrect gauge or jig. Whether the 
tools are for large or small production or for pieces 
demanding fine allowances or limits, or for crude 
mechanisms with wide limits, the “ good enough ” 
method will be found most expensive in the end. 

A jig-with an error of 0-002 in. may be thought 
good enough for a component that would just pass 
with an error of 0:01 in., but 20 per cent., of its 
efficiency is lost ; if we add to this, the errors which 
always creep in, due to wear and tear and dirt and 
swarf interferences, such a jig will be found to 
iid very poor work indeed. Again, suppose a 

it snap gauge is to be set to give a tolerance 
of 0°002 in., if the means for measuring this toler- 
ance are doubtful to a degree of even 0°00025 in., 





as much as 25 per cent. of the tolerance may be lost. 
It can also be presumed that a similar error would 
exist in the gauge for the hole, with the probable 
result that the components would not function 
together, as intended, without the aid of expensive 
hand fitting. To throw 25 per cent. of the tolerance 
away is bad business, yet it is being done regularly 
in many factories in this country. 





CONGRESS OF THE INSTITUTE OF 
TRANSPORT. 

Taat the Institute of Transport, when hardly 
more than a year old, should have been able to 
organise a Provincial and secure the 
attendance of nearly 500 of its members, is evidence 
alike to the energy of its management and to the 
interest taken by the body of members in its affairs. 
The Congress in question was held at Manchester, 
on Thursday, Friday and Saturday of last week, the 
Town Hall being placed at the disposal of the 
members for their meetings by the City Corporation, 
and hospitality extended to them by the Tramways 
Committee and by the directors of the Ship Canal 
pat on The programme, in all essentials re- 
sem those of similar functions of kindred 
societies. The first day was devoted to the reading 
and discussion of papers and terminated in @ 
conversazione at the Town Hall, while the subse- 
quent days were occupied in visits of professional 
interest. Among these may be mentioned the 
Ship Canal and docks, the electrified section of the 
Lancashire and Yorkshire Railway Company, and 
the train control system of the same company, 
the Manchester Corporation car sheds, the Trafford 
Park Industrial Estate, Messrs. Lloyds Bridgewater 
Packing Warehouse and, finally, the Liverpool 
Docks. The organisation of the whole of the 
arrangements was most creditable to all concerned, 
and the evident desire of the civic authorities and 
others to provide a hospitable welcome to the 
visitors was a gratifying token of their interest in 
the objects of the Institute. 

After a few words of welcome to the city by the 
Lord Mayor, Alderman William Kay, the chair was 
taken by Sir Henry Maybury, K.C.M.G., vice- 
president, the president, Lord Ashfield, being 
absent through ill-health. The opening of the 
proceedings was overshadowed by the news of the 
Welsh railway disaster, the members standing and 
passing in silence a vote of sympathy with all 
involved in a tragedy of such peculiar concern to 
many of them. The four papers which constituted 
the technical fare of the Congress were “ An 
Historical Survey of Mechanical Road Transport,” 
by Mr. C. le M. Gosselin; “ Behind the Scenes 
in a Railway Locomotive Workshop,” by Mr. J. W. 
Smith; “Roads and Road Transport,” by Mr. 
J. Cracroft Haller and ‘‘ The Problem of the Canals,” 
by Sir John Eaglesome, K.C.M.G. They were of 
very uneven value as contributions to the solution 
of those problems which it is presumably the object 
of the Institute to consider. The first two were 
largely in the nature of lantern lectures, the former 
historical in character and illustrating successive 
types of road vehicles from a design attributed to 
Sir Isaac Newton down to the modern motor car, 
and the other showing views of locomotive manu- 
facture as carried out at the Gorton shops of the 
Great Central Railway. Neither of these formed 
subject for discussion. 

At one time it seemed as if we might have 
had some interesting expressions of opinion 
as to the desirability of using high capacity 
wagons on British railways. It was stated by 
Mr. Bamber that owing to the assistance of the 
Ministry of Transport, it had been possible to induce 
railway companies to accept 50-ton wagons for 
point-to-point transport, and that such wagons, each 
carrying 22,000 bricks, or enough to build a house, 
were in service between Peterborough and London. 
The Leeds Forge Company were now building a 
number of 45-ton coal wagons for service between 
Durham and London. Such wagons had been 
welcomed both by 


consignors and consignees, the 
former readily agreeing to put down we’ 
bridges for them, and the latter as y 
to make special unloading hoppers to take 

advantage of them. A dozen wagons of this type 


would replace 50 of the usual small ones in the daily 











transport of 500 tons of coal, and need only be held 
an hour at their destination instead of the 10 or 12 
hours required to *‘turn round” small ones of the 
same aggregate capacity. Every year 36,000 little 
10-ton wagons finished their useful life, and they 
should be replaced with more modern and efficient 
vehicles. 


Mr. Marshall Stevens, M.P., emphasised the same 
point. He reminded the meeting that for years 
no wagons of less than 30 tons capacity had been 
built in the United States, and that 50-ton wagons 
were the usual size in that country. During the 
war he had offered to import thirty 50-ton wagons 
from the States for the carriage of 500 tons of 
nitrate of soda daily from Manchester to Gretna. 
The Ministry of Munitions, however, could not 
induce the railway companies to consent to them, 
but of this size would be running on our 
lines to-day if Sir Philip Nash, and the Ministry 
of had been in control of such matters 
atthe time. Every pair of towns of any importance 
in the country ought to be connected by a service 
of 30-ton box cars, as this would greatly reduce 
traffic costs. A subsequent speaker mentioned that 
twenty years ago the Lancashire and Yorkshire 
Railway Company had introduced 20-ton wagons, 
and they used 30-ton wagons themselves for loco- 
motive coal. 

Arising out of the same two papers, several 
features of road and canal transport came under 
discussion. Mr. H. H. Gordon, of the London 
County Council, argued for the imposition of a 
minimum speed limit for road traffic, no vehicle 
incapable of maintaining such minimum speed being 
permitted to use the roads during certain hours. 
Such a regulation would materially increase the 
transport capacity of the roads and do much towards 
the elimination of congestion of traffic. The small- 
ness of the clearance under certain main-road 
bridges was the cause of complaint by another 
speaker interested in road transport, some such 
bridges having a height of only 14 ft. 3 in. from the 
roadway. Advocates of canals pointed out that 
before the war the old Bridgewater Canal carried 
more traffic between Liverpool and Manchester than 
any one of the railways, and that the Rochdale 
Canal competed successfully with railways for 
traffic between certain towns. It was further 
claimed that the regular canal service of three to 
four days between London and Birmi m, was 
better than that afforded by the railways, but this 
statement was made to look somewhat insignificant 
by the remark that Birmingham ds were now 
delivered on the same day in London by means of 
road transport. Furthermore, only the previous 
day, a load of frozen meat from the Trafford Park 
Cold Stores had started at 2 p.m., reached Birming- 
ham at 11 p.m., and had been on sale that morning 
in first-class condition. 


The papers on “ Roads and Road Transport ” 


and “ The Problem of the Canals,” which were read 


after lunch, were much more gratifying to those who 
hope to see the Institute of Transport take an 
effective interest in the aspects of transportation 
which really need its consideration. The author 
of the first paper, Mr. Haller, is the Nottinghamshire 
County surveyor, and he confined himself practically 
to questions of the maintenance and improvement 
of roads to meet modern traffic conditions. How 
greatly the nature of traffic had changed during the 
last few years was proved by the fact that a recent 
census of the vehicles using the Nottinghamshire 
main roads, showed that 95 per cent. of the traffic 
was mechanically propelled. In the same county 
there are 408 miles of main roads, of which, before 
the war some 93 miles had been strengthened and 
surfaced with tarred slag. By the end of 1918, 
no less than 207 miles had been so treated. The 
present cost of surfacing roads with tar macadam 
was 7s. 6d. per square yard. The slag used for the 
purpose now cost more than four times its pre-war . 
price, and tar had risen from 2/. to 12. per ton. 


Mr. Haller, however, appeared to think that the 
tar macadam road was the only type commercially 
practicable, and he considered that in the interests 
ot road the Government might 
reasonably control the of tar until the national 
requirements were sa Concrete roads, advo- 


cated in some quarters, could not be put down for 
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less than 20s. per square yard, allowing for 6-in. 
concrete, and even if the cost could be faced, the 
practical difficulties of interfering with the traffic 
on narrow roads during the five or six weeks re- 
quired for the concrete to set were very great. 

Mr. Haller was authorised to inform the meeting 
that the forthcoming report of the Departmental 
Committee on Taxation and Regulation of Mechani- 
cally-Propelled Vehicles would contain recommenda- 
tions on the following lines :—The maximum weight 
of a traction engine, ready for the road and carrying 
fuel and water, shall not exceed 18} tons, and the 
weight on the back axle shall not exceed 14 tons. 
If the engine is fitted with a crane or winding drum, 
the gross moving load shall not exceed 20 tons, the 
maximum back axle weight not exceeding 15 tons. 
This class of engine shall be limited to the present 
maximum speeds of 2 m.p.h. through towns and 
4m.p.h. inthe country. A further recommendation 
will be that the maximum weight of a heavy motor 
vehicle, unladen, shall not exceed 7} tons, as against 
the present 5 tons, and that the axle weight shall 
not exceed 9 tons as against the present 8 tons. 
These concessions are more matters of form than 
of substance, because existing vehicles, even if 
they come within the present regulations when 
’ weighed “‘ stripped ” largely exceed the legal weights 
when in running condition. 

The paper contained many constructive sugges- 
tions for the improvement of our roads, most of 
which cause surprise that the defects referred to 
have not been remedied long ago. No reasonable 
person would question the advisability of having 
the control and administration of all roads in a 
county, apart from those in county boroughs, in 
the hands of a single authority. Again the fact 
that county councils have no powers to define 
building lines along roads, with the idea of making 
future improvements practicable, is a great defect 
of existing regulations, and one gathers from the 
paper that highway authorities at present have not 
the right to acquire land for the widening of roads 
or making new ones, nor can they do anything to 
prevent or improve dangerous corners, prescribe 
the nature and height of fences at such places, or, 
in fact, carry out many of the primary functions 
of a body which is supposed to control the roads. 
It is certainly to be hoped that the forthcoming 
Highways Bill of the Ministry of Transport will give 
some effective powers to the highways authorities 
and at least entrust the latter with the elementary 
rights necessary to justify their name. 

The contribution of Sir John Eaglesome to the 
proceedings of the Congress was a brief but very 
interesting history of the rise and fall of canals, 
with suggestions as to the conditions necessary 
for the existing canals to remain a useful factor in 
the economic life of the country. The ownership 
of the canals by the railways which is often regarded 
as the main cause of their decline, is shown to have 
been due, not to any desire of unprincipled railway 
directors to compass their ruin, but to the fact that 
the canal shareholders, fearing the competition 
of railway transport, brought pressure on Parliament 
only to sanction railway projects provided that the 
promotors would purchase the canal undertakings. 
Since 1873, however, no railway has been permitted 
to acquire the control of a canal, and since 1888 no 
interest in a canal might be acquired by a railway. 
But this is all ancient history, and the present 
problem is, to what extent is it possible or desirable 
to restore canal traffic to a more important place 
in the scheme of transport. The programme of the 
Royal Commission which was appointed in 1906, 
and considered the question for three and a half 
years, was altogether too ambitious, It involved 
the construction of a “cross” connecting the 
Midlands with the estuaries of the Thames, Humber, 
Mersey and Severn, the total length of the system 
including branches, being over 900 miles. 

The author of the paper advocated the closing 
of such canals as showed no reasonable prospect of 
ever becoming useful, but pointed out that their 
employment as motor roads, which had been 
advocated, was in general out of the question as 
they took a circuitous route, from town to town, 
following the contours of the country. The amalga- 
mation of the various canal companies, with a view 
to the institution of a properly co-ordinated system 





of management, he regarded as impracticable on 
account of their various financial standings. This 
appears a very ineffective reason against amalga- 
mation, for, as was pointed out in the discussion, 
the same argument might have been applied with 
equal force against the amalgamation of the 
numerous railway undertakings which now consti- 
tuted our great railway systems. Other suggestions 
centred about the revision of the statutory maxi- 
mum rates by some impartial authority. Sir John 
Eaglesome held that there was no fear for the future 
of short-distance canal traffic for material such as 
coal which could be delivered straight from barges 
into the works. Before the war the annual traffic 
on the 159 miles of the Birmingham Canals amounted 
to 7,000,000 tons, which compared well with the 
goods traffic per mile of the London and North- 
Western Railway. Birmingham, in fact, made very 
large use of canal transport although no barge 
carrying more than 30 tons had access to the city. 
This was the more deplorable because barges of 
100 tons or 150 tons could come up to Stourport 
on the Severn only 16 miles away. 

This paper and the previous one were discussed 
together, but the debate did not carry matters very 
much farther than had been done by the respective 
authors. So far as canals are concerned, the 
impression left on the mind was that they might 
well be made of more use than they are at present 
by the development of a greater community of 
interest, and by a more energetic system of manage- 
ment. One speaker attributed their decline princi- 
pally to the fact that the advent of railways found 
the canals controlled by old and conservative 
officials who failed totally to meet the conditions 
which confronted them. The railways were de- 
veloped by enterprising men who took advantage 
of every opportunity to develop traffic over their 
systems. They carried goods to a time-table, 
adopted a uniform gauge and uniform methods of 
working, and generally set about the problem of 
transport in an efficient manner. History, the 
speaker claimed, proved that success could only 
be achieved if the owner of the road was also the 
carrier, and made it his business to seek traffic. 
Water carriage on the canals would never compete 
with railways until it was served by an organisation 
such as the railways possessed. Canal traffic had 
many advantages, notably the ease with which 
barges could be loaded from a ship’s side and used 
for transporting grain in bulk. 

Another point made in the discussion was the 
very serious effect of the Eight-Hours’ Day legis- 
lation on canal traffic. It was not unusual for the 
commencement of a day to find 16 or 20 barges 
waiting to go through Hampsteadlock. The average 
time taken for a barge to get through the lock was 
15 minutes, so that the last man to go through had 
put in about 5 hours of his day’s “‘ work” before 
starting, and would only continue working for 
3 hours’ more. This sort of thing made canal 
charges unnecessarily high, and benefitted nobody 
at all. 

At the conclusion of the meeting a resolution was 
passed that a North-Western Section of the Institute 
of Transport should be established with head- 
quarters in Manchester, the organisation of this 
section being placed in the hands of the committee, 
who had made arrangements for the Congress. 





SELF-CONTAINED FLOUR MILLING PLANT. 
Even those who know little of the details of flour- 
milling machinery are aware in a general way that 
the plant is normally of a bulky nature, frequently 
occupying many floors of a mill and consisting of a 
number of machines, each ing out only one or 
two operations of the total through which the material 
passes in its transference from wheat to flour. The 
gradual growth in the complexity of milling egemnen 
since the introduction of the roller mill, has probably 
had more influence than anything else in the trans- 
ference of milling from the countryside and from the 
place in which the wheat is grown, to large milli 
centres in the towns. Other factors have naturally 
a bearing, but it is doubtful if the t milling trades 
of Minneapolis and Liverpool fom. sie grown up in 
the form they have if milling on a small scale had been 
able to hold its own from the point of view of cost and 
quality of product with the large centralised plant. 
The dudieipary for flour-mi to become concen- 
trated in large plants and in definite towns is of course 





only one instance of a process which has been operating 
in almost every industry, but there are various special 
reasons which make it desirable that in the milling 
trade the small plant should be able to hold its own 
with the In the case of the great quantities 
of foreign wheat which are milled in some of our ports 
it is probably correct to say that the overseas shipment 
of the wheat itself is technically a more desirable 
operation than the shipment of the flour which is 
produced from it. The wheat can be carried in bulk, 
and lends itself more readily to long transport without 
damage than the flour. one considers home- 
produced grain more particularly, however, there is 
much to be said in favour of the wheat being milled 
in the locality in which it is produced. There is a 
saving in transport of wheat and of the 


re-transport of a portion of the flour back to the 
neighbourhood of district in which the wheat is 
Town. 


A further factor also comes in in connection with 
the disposal of the bran and offals. In view of the 
efforts which have been made and are being made 
to render this coun more nearly poset kc 
in the production of food-stuffs, it is very desirable 
that these products should be retained in the Fyre 
side for the feeding of stock and poultry, and clearly 
the best way for this $0 be ensured is to mill the grain 
in the area in which it is grown. These various con- 
siderations make a milling plant of a self-contained 
nature and of moderate size an object of both interest 
and importance, and the of this article is to 
describe a plant of this which is manufactured 
by Messrs. A. R. Tattersall and Co., of 75, Mark-lane, 
E.C. 3, and Towcester, Northamptonshire. Although 
we have dwelt on the value of a self-contained milling 
plant particularly from the point of view of home-grown 
wheat, it is not intended to convey, that the “ Midget 4 
mill, as Messrs. Tattersall’s plant is called, is in be 
way restricted in its use to this type of service. The mi 
is suitable for installation in large plants in series equally 
with use on a small scale, and turns,out flour equal 
in quality to that produced by the more conventional 
os see ing plant. Midget mills are in use along- 
side and in the same building with “long’’ mills in 
London and elsewhere, and the plant has been intro- 
duced into a large number of countries, It has been 
very successful in Germany and the United States, 
and more plants are in use in the last named country 
than anywhere else. 

It will be understood that the Tattersall plant 
is a roller mill and, ag we have said, turns out as 
much flour of a quality equal to that of roller mills of 
the “long” system from any given sample of wheat. 
The plant has been reduced to moderate dimensions 
and a self-contained form partly by skilful detail 
design and the careful arrangement of the various parte, 
and ly by the use of the special fluted or break rolls 
which it incorporates. The total rolls through which 
the material passes in its transit through t 
consist of two pairs of these i uted el aod 
two pairs of smooth reduction ro The machine also 
incorporates four centri separators and two sieves. 
The small number of appliances through which the 
wheat is in its transference to flour in the 
Midget and the short distance which it has to 
travel owing to the Noy. Tm arrangement of the various 
parts, has caused the adjective ‘‘ short ’’ to be applied 
to milling carried out on a machine of this class, in 
contradistinction to “long” milling as carried out 
in plants of more conventional, type in which the 
various machines employed may be situated on four 
or more different floors of a mill, and may be connected 
by numerous elevators, worms, conveyors, &c. 

Before ing to the details of the Midget mill we 
should refer a little more closely to this question of 
the amount of handling the flour undergoes in its travel 
way the complete plant, as the makers of the mill 
base their claims of the eorecren of a superior flour 
largely on this point, a flour mill of the 
“ long’’ type the various roller mi , purifiers, 
re-dressers, re-purifiers, graders, and so on, may be 
situated on as many as six floors, and the flour in its 
traverse from one to the other may have to pass 
through thousands of feet of elevators, conveyors, 
spouts, &c. It is stated by millers of the “short” 
school that this very ponds Clocey handling to which 
the material is subjected results in the production 
of much “ attrition flour,”’ which is a fine dark flour 
formed by the reduction of much of the bran and other 
impurities. This material may be largely removed by 
further purification, but this again involves more 
machines and further handling. The mere fact of 
subjecting the flour to a large amount of transport in 
conveyors and similar appliances is claimed, however, 
to tend to reduce its quality quite apart from the 
question of the production of attrition flour. Excessive 
handling is claimed to reduce to some extent the 
natural flavour and aroma of the flour, ly 
owing to the loss of a proportion of the contents, 
and it is stated that the more direct and simpler process 
of *‘ short” milling produces a flour, which may be of 
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any designed degree of whiteness, and gives a better 
ro with a nutty flavour, retaining its moisture 
jonger. 

The sematters are somewhat outside our province, 


and may perhaps be left for discussion by millers, | 8™™ 


but it is necessary to make it clear that the short 
and simple of the mill does not result 
in pond are ae of a ma in any way resembling 
ae, ” flour, but that flour of any degree of 
whiteness and fineness can be made as in mills of more 
complex type. It will be evident from what we have 
already that the Midget will, owing to its relative 
simplicity and small size, should involve a smaller 
capital outlay in terms of output than mills of the 
* long” type, and it is stated by Messrs. Tattersall that 
including buildings and motive the cost is only 
about one-half, As the Midget may, if necessary, be 
installed in a single-storey shed, the difference in build- 
ing costs alone should be considerable. In the matter 
of production costs it is claimed that for a given output 
the overall charge is only about two-thirds that of 
« long ” milling. The self-contained and relatively 
small size of the Midget mill is well shown in Fig. 1, 
annexed, which illustrates an eight-unit plant put 
down in Mesopotamia for producing flour for the troops 
during the war. This installation incidentally illus- 
trates the convenience of a self-contained plant of this 
type for installation in out-of-the-way places. The 
whole thing can be shipped as a complete unit and 
installed with little necessity for skilled erection. 

A flow diagram illustrating the parts and opera- 
tions through which the material passes in a Midget 
mill is given in Fig. 2, annexed. As will be seen, 
the whole of the wheat is first treated in a pair of 
fluted rolls, the broken product passing to a scalper 
sieve which roughly separates the coarse material 
from the fine. The qparse passes on to a second pair of 
fluted rolis, while the fine is treated in a centrifugal 
dresser covered with silk gauze, which extracts any 
flour which may be present and passes on the residue 
to the smooth reduction rolls. The material from 
the second break rolls to a second centrifugal 
which separates the flour and bran, and on the 
residue to join the residue from the first break centri- 
fugal nd ge to the reduction rolls. There are two 
pairs of reduction rolls, as already stated, and as shown 
in the diagram, each is followed by a reduction centri- 
fugal which tes out the flour and on the 
— either for further treatment, in t - 7 of _ 

neem pe . Or to a separate outlet from the 
machine in the second. The. material coming from 
this outlet consists of fine sharps which consists chiefly 
of the ground inner skin of the wheat grain. The outer 
skin or husk of the oony produces the bran which 
is removed at an earlier stage as shown. The flour 
collected from the four centrifugals all runs together 
into a collecting conveyor ‘and leaves the machine by 
@ common spout. 

The actual arrangement of the mill is shown in 
Figs. 3 to 5, on 133. These figures well illustrate 
the com and self-contained nature of the plant. As 
will be seen, the overall dimensions of the mill illus- 
trated are about 15 ft. 8 in. long by 4 ft. 6 in. wide 
by 8 ft. high. These sizes co d to a mill with 
& capacity of 420 Ib. of flour an hour and requiring 
were. bbe eaten err it. aati sizes are —% 

a oa es of respecti 140 Ib. and 280 Ib. 
of flour an hour. The mill is dives by a single belt 
from the to be seen to the left hand side of 
* and in the front view, Fig. 4. The various 
rolls, centrifugals, conveyors and sieves are all driven 
directly or indirectly from the shaft on which this 
pulley is mounted. It is not necessary to trace through 
the whole of the drives, but the principal ones will 
indicated in the course of an explanation of the 
mechanism of the mill. Aas will be fairly obvious from 

. 3, the whole of the rolls are carried in the left-hand 
end of the machine and, as will be clear from Fig. 4, 
three of the four pairs are driven by a common belt 
carried over a pulley on the driving shaft, one unit of 
the fourth pair being mounted direct on this shaft. 

The two rollers of a pair are mounted diagonally 
with reference one to the other and run at different 
speeds in the case of the break rolls, the speed of the 
faster being two and a half times that of the slower, 
the second roller of each pair ‘s in each case driven 
by gearing from the first. They maintain the speed 
ratio of the rolls even if the mil) driving speed varies. 
The position of the gearing will be seen in Fig. 3. It ma: 
be said that it is the usual modern practice in “ long ” 
milling to have four pairs of break rolls. The reduction 
of the number to two, which is one of the special fea- 
tures of the Midget mill, is made ible, as we have 
already indicated, by the ial groovin ome | 
be ae, It org t perhaps be said that b 

are always grooved, ves being triangular 
in section and tn trite] ffoeh cme cad of 6 toll 
to the other. The teeth so formed advance 
one the other, so that each wheat grain is 
nipped between a pair of teeth and broken open. In 





the Midget mill the grooving of each roll is in inverse 
ratio to its speed. As the fast roll has two and a half 


times the speed of the slow, the slow has two and a half | Th 


times the grooves of thefast, This results in a constant 
inding action being maintained between the two rolls, 
so that they may be set fairly close together and the 
wheat berry completely opened out at the first opera- 
tion without any serious tendency taking place to 
cut up the bran and so introduce the necessity for 
purification by air currents later on in the flour 
manufacturing process, 

The rolls of this, as of other break mills, are arranged 
so that the distance between them can be adjusted, 
the adjusting arrangement forms, however, one of the 
patented features of the Midget mill. A not uncommon 
construction is designed so that the adjustment has 
to be carried out independently at each end of the 








forward and, falling from the end of the sieve, drop 
on to a chute and are carried to the second break‘rolls. 
e arrangement of these rolls in general follows that 
of thé first pair, and they need not be referred to in 
detail. The second pair of rolls is not followed by a 
sieve, and all the products of the second break are 
earried by the worm conveyor shown in Fig. 3,\to the 
second break centrifugal. 

The centrifugals consist of drum-shaped metal 
frameworks covered with silk sheet. Inside each 
drum there is a series of beaters carried by spiders 
from the central shaft. The beaters have notched 
edges, and run spirally with reference to the drum so 
that they also act as conveyors for the material being 
treated. Both the drums and the beaters rotate in 
the same direction, but the latter run at the higher 
speed. As the material enters the centrifugal at the 
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DIAGRAM OF “MIDCET™ ROLLER FLOUR MILL. 
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movable roll. In the Midget mill, however, each end 
of the movable roll is carried in a bearing which in 
turn is carried in an eccentric mounted on a swinging 
link. The eccentrics at each end of the machine are 
connected by a shaft on which they can rotate. To 
adjust either end of the roll independently the eccentric 
at that end is rotated on the shaft by means of a hand 
wheel. This adjustment is, of course, likely only to be 
required when first setting up. To move the roll as 
a whole, when it is desired to grind finer or coarser, 
the position of the shaft carrying the eccentrics is 
altered by the movement of a further eccentric which 
is controlled by a hand lever. A single adjustment by 
this lever is accordingly all that is normally required 
in adjusting the movable roll. 

As it leaves the first pair of break rolls the broken 
grain falls on to the ph meh sieve. This is a recipro- 
cating sieve arranged with apertures of such a size that 
the flour and smaller particles pass through and are 
carried by the worm conveyor to the first centrifugal, 
as shown in the flow sheet. The tailings pass to the 
second break roller. The sieve, which is not shown 
in Fig. 3, is set at an angle so that the tailings travel 


left-hand end it is picked up by the beaters which 
carry it along and at the same time fling it continually 
against the silk covering of the drum. The result is 
that the flour present passes through the silk and the 
larger matter travels forward and leaves the centrifugal 
at the right-hand end. The material which does not 
pass through the silk of the centrifugals leaves by the 
openings in the right-hand end disc. In the case of 
the first break centrifugal this material falls into a 

of rectangular cross-section, which can be 
seen in Fig. 3, and falls on to @ worm conveyor which 
carries it back to the first reduction rolls. 

The second break centrifugal, as will be seen from 
the flow sheet, separates out flour for the first two- 
thirds of its length, and after that separates the remain- 
ing mixture from the bran. This is for by 
fitting silk of a coarser mesh towards the end of the 
drum. The material which comes through the coarser 
silk is collected in a ial compartment, as shown in 
Fig. 3, and joining that which comes from the first 

i is carried to the first reduction roll. The 
bran leaves the centrifugal at the right-hand end and 





enters a passage which communicates with a spout 
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_ eseoaanemmane | at the bottom of the machine. From;this spout it is 
N carried away as may be required. The driving arrange- 

f ‘ ments for the break centrifugals may be traced out 
” from Figs. 3 to 5. As will be seen, the different speeds 

Fic. 5. for the beaters and the cylinders are obtained by driv- 
° 7 ing the former from the left-hand end and the latter 
from the right. It will be noticed from Fig.’ 3 that 
the shaft carrying the beaters of the first centrifugal 
has a small pulley at the extreme right-hand end. 
This carries a belt for driving a small centrifugal fan 
which is situated at the top of the mill at the right- 
handend. The belt driving this fan is shown in Fig. 5. 
This fan ventilates the roller and dressing sections of 
the mill by drawing air through them and exhausting 
to the open or into an exhaust chamber. This keeps 
the interior of the mill cool and free from moisture 
and prevents, by means of an air duct, the escape of 
dust into the room, and thus renders the operation of 
flour milling free from the injurious effects associated 
with old-time milling. 

The reduction rolls are of smooth chilled cast-iron. 
As in the case of the break rolls they are driven b 
gearing. The reduction rolls have relative pot‘ 
ol \ of 5 to 4, The rolls reduce to flour the semolina 

and larger particles of the wheat berry which have 
\ passed the break centrifugals. The travel of the 
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material through the rolls and the reduction centri- 
“s fugals will be clearly followed from Fig. 2, and it is not 
necessary to describe the action in detail. It should 
be said, however, that the reduction centrifugals are 

of the same construction as the break centrifugals, con- 
\ sisting of rotating silk-covered cylinders with internal 

beaters. The whole of the remainder of the flour 
| which has been ground passes through the silk of these 
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two centrifugals and the residue, consisting of fine 
is a sharps, leaves the last centrifugal at the end and is run 
away from the machine by a separate spout. As will 
be seen from Fig. 3, the whole of the flour produced 
falls into a common bin, at the bottom of the machine, 
in which a running worm conveyor collects it and 
carries it to the delivery spout. 

When the whole of the flour is run together in the 
way described, it is termed “straight-run”’ flour. 
It is usual in more complicated milling plants to divide 
the flour into several grades by tapping-off from the 
various centrifugals or equivalent devices, and the 
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same thing may be carried out with the Midget mill, 
to the extent of several flour qualities, by leading the 
output from different centrifugals to different spouts. 
It will be understood that in this description we have 
been concerned only with the actual flour manufacture. 
In a modern milling plant, however, the ey 
cleaning and treatment of the grain involves almost 
as much machinery as the flour-making, and it should 
be mentioned that Messrs. Tattersall construct a self- 
contained wheat washer and stone extractor, and also 
@ self-contained grain cleaner, which form suitable 
adjuncts to the Midget mill. 





INDUSTRIAL NOTES. 

Tue Executive Committee of the Miners’ Federation 
of Great Britain met last week under the chairmanship 
of Mr. Robert Smillie, to consider the question of 
decontrol of coal-mining. At the close of the meeting 
the following statement was issued : ‘“ The committee 
considered the statements made by Sir Robert Horne, 
President of the Board of Trade, at the last interview 
as to the necessity for de-controlling the mining 
industry, and it was resolved to inform Sir Robert that, 
after giving full consideration to his statement, the 
Executive cannot acquiesce in any proposal for de- 
control of the coal trade until the coal owners and the 
miners’ representatives are able to present to the 
Government a jointly agreed plan for the national 
control of the industry, which will effectively sub- 
stitute the present arrangements.” Under the strike 
settlement of November 3, an arrangement should be 
arrived at by March 31 next. A statement issued last 
Tuesday by the Mines Department is to the effect 
that the Government has decided to cancel on and 
from March 1 the directions of the Board of Trade 
dated August 25, 1920, as to pithead prices. This, it 
is added, will allow a month in which buyers and 
sellers can readjust their arrangements so far as! this 
may be necessary. 





Mr. Duncan Bailey, the managing director of Messrs. 
C. Roberts and Co., Limited, Horbury Junction Wagon 
Works, has been elected President of the Wakefield 
Chamber of Commerce, and in the course of his address 
to the Chamber stated that no one quarrelled with 
trade unionism as such, as long as it confined its work 
to raising the status of the worker. Unfortunately 
trade unionism was now very largely in tne bends 
of cranks and fanatics, and a iarge proportion of the 
present-day unemployment had been directly brought 
about by their mad antics. The trade unions were 
continually saying, with reference to unemployment, 
that every man and woman willing to work and to 
whom work was denied had the first claim for main- 
tenance by the State. But the only people who denied 
the right of work to men and women who were willing 
to work were the trade unions, and the latter, further, 
apparently could not see that for every man and woman 
they kept in the street they had to work all the harder. 
The maintenance of the unemployed had to come 
out of the commerce of the country. In the question 
of house building trade union selfishness could be seen 
in its blackest form. Something like 20,000,000/. per 
annum was being subscribed in small weekly contri- 
butions to trade union funds. If trade unionists, 
added Mr. Bailey, were so anxious to have control of 
industry, and if they were so certain that they could 
run it, why did they not apply a portion of those funds 
to the purchase and development of a coal mine, or a 
woollen mill, or an engineering works? They could 
manage it themselves and they would be entitled to 
have the whole of the profit, if they could make any. 
A large portion of that sum was now wasted in calli 
together everlasting meetings, frequently for the 
prerens of rebellion and disloyalty to the State, and 

or endeavouring to deal with subjects which under the 
constitution properly belonged to the House of 
Commons, 





A very similar note was struck by Mr. G. H. Roberts, 
M.P., at a meeting held last week, at Caxton Hall, 
Westminster, of the Industrial League and Council, 
when he said that many right-thinking Labour men 
were frustrated in their efforts to reduce unemployment 
by the revolutionary element in their midst which had 
for its purpose the entire break-up of society and was 
ignorantly and wantonly heedless of the real interests 
of the workers. It was stated that the element in 
question was only a minority; it, however, seemed 
to exercise a preponderating influence. To refuse to 
co-operate owing to class or political prejudice was 
criminal folly, and those who aspired to govern, added 
Mr. Roberts, could not escape responsibility even 
before the time to govern had arrived. 





The National Conference of the Labour Party and 
the Trades Union Congress, which was held in London 
on the 27th ult., as announced in eur last issue, was 
presided by Mr. E. L. Poulton, chairman of the Parlia- 
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mentary Committee of the Trades Union Congress. 
In the absence of Mr. J. R. Clynes, through illness, 
the main resolution was moved by Mr. Frank Hodges 
(Miners’ Federation). Previous to the moving of the 
said resolution, however, the chairman stated that 
in his judgment, the members of the present Govern- 
ment, in regard to the vital question of unemployment, 
had been guilty not only of grave neglect, but were 
also deserving of censure owing to their lack of fore- 
sight. Labour, he added, had decided not to be 
represented on the Government’s Committee of Inquiry, 
because of lack of confidence in the Government. 

The resolution stated that the growing volume of 





unemployment was largely due to the failure of the 





Government to secure the resumption of trade with 
Russia and Centra] Europe ; it condemned the Govern- 
ment for not having taken timely action for the pre- 
vention of unemployment; it called for immediate 
action on the part of the Government to] provide 
employment, or maintenance at not less than 40s. per 
week for householders and 25s. for single men and 
women, with additional allowances for dependents. 
It also said that the present international policy of 
the Government was ruining Britain; that we must 
live on good terms with the whole world if we are to get 
rid of our surplus—and other political catch phrases 
with which it is not our province to deal. “ It was 
a sad comment,” the resolution further stated, “ that 
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the British Labour Party had nothing more to show at 
this moment than a report and a resolution, but it was 
not the fault of the Labour Party.” The resolution, 
in short, lays upon the Government the whole responsi- 
bility for the present state of unemployment and the 
whole burden of meeting the difficulty. It was passed 
unanimously. 

Mr. J. H. Thomas, M.P., moved “ That the demands 
of Labour and Labour’s remedies outlined in the 
resolution and report should be sent to the Prime 
Minister, to every Member of Parliament, to the trade 
unions and local Labour parties, and that the Parlia- 
mentary Labour Party be requested to take steps, if 
the Government had not in the meantime taken satis- 
factory action, to bring the matter before the House 
of Commons at the opening of the session.” He 
further proposed that the conference should be 
adjourned until February 23, then to decide upon any 
ultimate action. This was also carried. In the mean- 








time the unemployed remain as they were, though some 
signs of slight improvement are said to be noticeable, 
The Amalgamated Engineering Union held last 
week in London a meeting at which about 500 dele- 
gates from all parts of the country assisted, to consider 
the refusal of the employers to concede the demands 
put forward on behalf of the men for an advance of 
6d. per hour on time rates, with an equivalent increase 
for piece-workers. The following resolution was 
adopted: “That this conference empowers the 
Executive Council immediately to open negotiations 
with the Employers’ Federation for the consolidation 
of wages ; further, to press for the 6d. per hour increase 
at the earliest favourable opportunity. Also, to get 
into touch with the other unions in the engineering 
industry, and endeavour to secure united action, with 
the object of obtaining our claim in accordance with the 
application.” The other unions referred to are the 


-of the inorganic comp 





Federation of Engineering and Shipbuilding Trades, 
and the National Federation of General Workers. 

Ata further meeting of the Amalgamated Engineering 
Union, a report was read, showing considerable 
unemployment in the industry, and a resolution was 
passed authorising the council to make a further levy, 
if necessary, with a view to alleviating distress. The 
council was also instructed to continue negotiations 
with the Engineering and National Employers’ Federa- 
tion with a view to establish a scheme whereby the 
industry would be responsible for its own unemploy- 
ment, and be empowered to take action, in conjunction 
with the Parliamentary Committee of the Trade Union 
Congress, the Labour Party, and other bodies, for 
solving the unemployed problem. 





The managements of the various Cornish tin mines 
have met the men’s representatives and have discussed 
with them the best means of tiding the industry over the 
present crisis. After considering the employers’ pro- 
posals for an all-round wage reduction of 10 per cent., 
the men’s trade union put forward the following 
alternative : Men earning 3l. per week to submit to 
a 24 per cent. reduction ; those earning 4/. to one of 
5 per cent.; those earning 5/. to one of 10 per cent. ; 
those earning 6. to one of 15 per cent. ; those earning 
7l. to one of 20 per cent. ; those earning 8/. to one of 
224 per cent. ; os earning 91. to one of 25 per cent. ; 
those earning 10/. to one of 27$ per cent. All salaries 
over 10/. per week to be reduced to 71. 5s. ; all chairman 
and directors’ fees to be suspended until the mines are 
able to pay their way; landlords to be requested to 
forego Royalties until the mines can pay dividends ; 
men on work of an abnormal nature, such as tunnelling, 
to be exempt from the above reductions, 

The employers expressed agreement with the principle 
ot sadeahell reductions and their pleasure that the 
higher paid men were ready to show consideration. 
This was the sign of a spirit that would enable the 
industry to be carried through the present severe crisis. 
The employers also agreed that the landlords might be 
asked to forego all dues until such time as the mines 
were paying again, but they did not agree that the 
men on special work be exempted from the reductions 
nor to directors’ fees being entirely suspended, agen | 
out that directors had much to do and were as muc 
entitled to remuneration as any other workers, They 
were already the lowest paid workers at some of the 
mines. 





Oup CEnTRALIANS,—The eighteenth annual dinner 
will be held at the Hotel Cecil, London, on Friday, 
February 11, 1921, at 7 p.m. Invitations to the dinner 
have been accepted by Sir A. Keogh, G.O.B., Mr. H. 
Mensforth, C.B.E., Professor Unwin, F.R.8., Mr. L. 
Pendred, the professors of the City and Guilds (Engineer- 
ing) College, and others. Tickets (price 15s. each) may 
be obtained from Mr. G. W. Tripp, Lyndhurst, Hayes- 
road, Bromley, Kent. 

Royat Society or Arts.—The — Society of Arts 
has been presented with the sum of 1401. by Mr. R. 
Le Neve Foster, for the purpose of founding a prize in 
commemoration of his father, Mr. Peter Le Neve Foster, 
who was secretary of the society from 1853 to 1879. 
The council have decided in consequence to offer a prize 
consisting of 101. and the Society's silver medal for the 
best paper on the ‘‘ Mineral Resources of China.”” Papers 
should be sent in not later than December 31, 1921, 
to the Secretary. 


Luoyp’s Reorster or Surpme.—The retirement 
of Sir Thomas L. Devitt, Bart., from the chairmanship 
of Lloyd’s Register, as announced in our issue of Decem- 
ber 17 last, on 807, has been followed by the election 
to that office of Sir John H. Luscombe, and Mr. J. Herbert 
Scrutton has been elected deputy-chairman and treasurer 
of the society. Sir John Luscombe, who is a well-known 
underwriter at Lloyd’s, was deputy-chairman and 
treasurer of the Register from July, 1904, to June, 1906, 
and again from July, 1919, up to the present time. He 
was elected a member of Lloyd’s in 1870, and has served 
as chairman of that body for several years. Mr. Scrutton 
has served on the Committee of Lloyd’s Register con- 
tinuously since the year 1905-6, and was vice-president 
of the C ber of Shipping from 1916 to 1918, inclusive, 
which were, of course, three exceptionally strenuous years. 





DETERMINATION OF CARBON D1i0xIpE IN CoaL,—A 
bulletin recently issued by the Lancashire and Cheshire 
Coal R ch A iation, and written by Messrs. 
F. 8. Sinnatt and W. Harrison, describes the method 
of determining the carbon dioxide in coal and also gives 
the results of several determinations. The matter is of 
importance in that it is not possible to ascertain the 
percentage of carbon in coal unless that occurring as 
carbonates, &c., is known. Certain coals, it appears, 
contain up to 5 per cent. of substituted calcium car- 
bonates, which is equivalent to about 0-5 per cent, of 
earbon or 74-8 British thermal units per pound, in 
calorific value. A knowledge of the amount of carbon 
dioxide occurring as carbonates is also useful as an 
auxiliary means of obtaining an idea of the composition 

ds p t in the coal. ies 
of the bulletin can be obtained at the price of le. each, 
from Mr. F. 8. Sinnatt, College of Technology, Manchester, 
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“ MENDOZA.” 


CONSTRUCTED BY MESSRS. SWAN, HUNTER AND WIGHAM RICHARDSON, LIMITED, SHIPBUILDERS, NEWCASTLE-UPON-TYNE. | 











THE new twin-screw turbine-driven steamship Men- 
doza, of which we give illustrations in Plate VI with this 
week’s issue, and on this and the opposite pages, was 
built and engined by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, at their Neptune Works, 
Newcastle-on-Tyne, and has been constructed to the 
order of the Société Générale de Transports Maritimes 
i Vapeur, of Marseilles, It is intended for their 
passenger service between France, Italy, Spain and 
South America. She is a handsomely-modelled vessel 
with cruiser stern, is about 470 ft. in length overall 
by 58 ft. beam by 34 ft. 3 in. depth. Her propelling 
machinery consists of geared turbines driving twin 
screws. Of our illustrations Fig. 1, Plate VI, shows 
a longitudinal section of the vessel, while Figs. 2, 3, 
4 and 5 show plans of the boat and promenade decks. 
The first-class deck plan is shown in Fig.6. The upper 
and lower deck plans are given in Figs. 7 and 8. Fig. 9 
shows the second lower deck and Fig. 10 the holds. 
The photograph reproduced in Fig. 11, above, shows 
the vessel on her trials. 

The Mendoza is fitted to carry 74 first-class passen- 
gers, 80 second class and 48 third class, besides about 
1,000 emigrants. She has insulated holds for over 
1,000 tons of meat besides large capacity for general 
cargo, and her speed on service is about 14} knots. 
On trial she attained a speed of 17 knots. 

The passenger accommodation has received a great 
deal of consideration, the public rooms being very 
comfortably fitted up. All parts occupied by passen- 
gers of all classes are specially well ventilated in view 
of the tropical nature of the vessel’s service. The 
decorative work of the principal saloons, staircases, 
&c., has been designed by Mr. A. Durand, of Portman- 
square, London. 

On the promenade deck there is a large music saloon 
and also a smoking room for first-class passengers. A 
roomy entrance hall and staircase leads from this deck 
to the first-class dining saloon. On the same deck are 
also two de luxe staterooms, each arranged for two 
passengers, with staterooms adjoining which can be 
put into communication with them forming enclosed 
suites, besides other statercoms for first-class pas- 
sengers for one, two and three persons respectively. 
The style of decoration selected for the reading room, 
a view of which is given in Fig. 12, is reminiscent of 
the later Georgian period, with panelling and enriched 
mouldings, painted in soft pearl grey. The arm chairs 
and settees are upholstered in old rose velvets and 
damasks. In the centre of the main wall is a large 
mirror, while in various other panels are gilt metal 
electric light sconces. The floor is of oak parquet. 

In the — room the Dutch Renaissance style 
has been adopted. A view of this room is shown in 
our illustration, Fig. 13, on page 137. There is an oak- 
beamed ceiling, and oak-panelled walls of a silver grey, 
relieved by introduction of large panel pictures, 








Fie. 11. Tae Vesse, on HER TRIALS. 








Fie. 12. 


carried out in blue and white Delft tiles, depicting 
scenes of Holland and its waterways. An amber- 
coloured glass has been adopted in the leaded panes 
of the windows and skylight. A novel feature is 
introduced by utilising the side of a light and air trunk 
to a lower deck as a large window, thus securing 
additional light, and breaking up the surtace of a dead 
wall. The floor is tiled. All the seating is upholstered 
in brown Morocco leather. Antique lanterns hang 
from the beams. 

The oak-panelled entrance hall is in the style of 
the time of William and Mary. Two pieces of skilfully 
executed carved work, after Grinling Gibbons, and an 
adequate amount of carving in the balustrading of the 
staircase, add to the effect of the decoration of this hall. 
The oak used for the panelling is of carefully-selected 

ined wood, and toned a rather unusual greyish 
rown, 

The dining saloon, of which we give a view in Fig. 14, 
is on the bridge deck, and has sitting accommodation 
for 66 passengers at small tables, the largest table 
accommodating six persons. It is decorated in the 
Louis XVI style. The panelling is painted in tones 
of antique ivory, with sufficient ornamentation intro- 
duced to relieve the otherwise severity of line. In 
the centre of the aft bulkhead, between the,;double 





First-Ciass ENTRANCE AND ReEapinG’ Room. 


entrance doors, is a large sideboard, made of sycamore, 
left in its natural colour. An oval’ buffet occupies 
the middle of the room. A mirror is"placed between 
the doors and the port and starboard sides. The 
chairs and tables are made in sycamore. The seating 
is upholstered in a soft aes velvet, with a small trellis 
design uncut; this colour is continued in the silk 
curtains of the windows, and the floor is covered in : 

Iden brown pile carpet. The proportioning an 
cuianguaant of oe and tables has ensured ample 
space for each passenger. Outside the dining saloon 
are two special cloakrooms for coats, hats and sticks, 
and there are more staterooms for first-class passengers 
on this deck. 

The second-class passengers, 80 in number, are 
accommodated in staterooms on the upper deck with 
a large dining saloon. And there is a very comfortable 
smoking room and ample promenade space for these 
passengers on the bridge deck. On the awning deck 
right aft are six rooms for 48 passengers of the economic 
second-class, with their dining saloon on the deck 
immediately above their staterooms. This accom- 
modation is shown in Figs. 6 and 7, Plate VI. a? 

The captain’s quarters are large and well” fitted, 
and there is excellent accommodation for the officers 
and engineer officers, commissaire, doctor, purser, 
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Fig. 13. First-Crass Smoxrne SaAoon. 





Fie. 14. Fmst-Ciuass Drytne Satoon. 


chiefjstewards, &c., &c. There is an operating room 
for the doctor, hairdresser’s shop, plenty of bathrooms 
for all classes of passengers, baggage rooms, &c. The 
sailors berth forward’ and} thejfiremen and !stewards 
amidships while each have separate messrooms. 

The ’tween decks, Figs. 8 and 9, are arranged for 
the carriage of a large number of emigrants, for whom 
on the deck above, Fig. 7, there are large galleys, with 
cooking arrangements, bakery, distribution store 
rooms, &c. There are also hospitals amidships, 
and infectious hospitals well isolated in the after part 
of the vessel. 

The principal cargo holds and ‘tween decks are 
refrigerated for the carriage of frozen meat, the re- 
frigerating machinery being by Messrs. J. and E. 
Hall, of Dartford. The cargo-loading and discharging 
appliances include twelve: 5-ton steel derricks and 
1 steel derrick to lift 10 tons, also 15 steam winches, 
including warping winch and 1 boat hoist. The 
steam . windlass is of the quick warping type. The 
steam steering gear is of the Wilson-Pirrie type made 
by Messrs. Hastie and Co., with MacTaggart Scott’s 
telemotor gear 

(To be continued ) 





Tue Prorerties or Steam: Erratoum.—On page 65 
ante and in the last equation in the second column the 
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GEODESY IN INDIA. 


Reviewtne “The Progress of Geodesy in India,” 
in two lectures given last month at the Royal Institu- 
tion, Sir Gerald P. Lenox-Conyngham, R.E., F.R.S., 
dealt with the work done since 1894, when General 
Walker published a summary of “‘ India’s contribution 
to Geodesy.” At that time the triangulation network 
marked the outlines of India proper, comprising the 
arc measurements right through India, but excluding 
Cashmere and Burmah. These countries have since 
been added, and the triangulation has been extended 
to Quetta and beyond into Beluchistan and Afghanistan. 
The difficulties, climatic and topographic, have often 
been extreme, even in Burmah. A link to the triangu- 
lation of Russian Turan has been also established 
finally from Cashmere across the Karakorum range, 
with stations 19,000 ft. above sea level, after vain 
attempts of effecting a junction across the Hindu Kush 
and the Plateau of Pamir; so far Siberian Russia 
has not been joined to European triangulations. 
The levelling of the country was disturbed by the earth- 
quakes of 1905 and 1916 and 1920; the former seem 
to have raised Dehra Dun, the original Indian survey 
centre in the Mirut district, south of the Himalaya, by 
5 in. Astronomical determinations of longitude 
brought out the fact of strong deflections of the plumb 
line amounting to half a minute of arc apparently in 
some cases. 

Such deflections, first studied in Russia in 1860, 





were ascribed to local anomalies of gravity, and 
particularly to the huge piled up mass of the Himalaya 
so compensated—as first suggested by J. H. Pratt in 
1852—by a deficiency of mass underneath the moun- 
tains, that no disturbance of the plumb line would be 
noticed at a distance of about 100 miles from them. 
It was also assumed that averages of determina- 
tions made at several points in a district would give 
more correct figures than observation at single stations. 
That view of local attraction was questioned by 
Sir Sydney Burrard in 1901, who suggested that a great 
deficiency of mass would hardly extend down to great 
depths, whilst a small deficiency might be very deep 
and might remain undetected, and that the deflections 
of the plumb line in India were systematic, indicating 
that there was an invisible range of great mass density 
underneath the Vindhya Hills crossing India for a 
distance of 1,000 miles from West to East. This question 
could only be settled by comparing the computed value 
of gravity y with the value of g observed by means of 
pendulums. The necessary half-second pendulums were 
obtained in 1904 from the International Institution for 
Geodesy at Potsdam, and the main geodetic work 
in India had since been pendulum research, as Sir G. 
Lenox-Conyngham explained in detail. He found him- 
self that these pendulums were not disturbed by the 
shooting in the Fort of Bombay close to his station, but 
that, owing to the traffic, work was impossible in day- 
time at Calcutta, which was practically built on a raft. 
According to the compensation principle of isostacy, as 
developed by J. F. Hayford, a pyramid extending down 
to the Earth’s centre on a base of unit area on the 
surface, should have the same mass all over the world, 
no matter whether the surface was mountain or sea, 
and at a certain depth from the surface—estimated 
at 70 miles—all differences as to mass density of the 
Earth should vanish. This view had been tested 
with some success in the United States, but matters 
seemed to be much more complicated in India. One 
of the main factors affecting the compensation was the 
rate of erosion of mountains. Burrard considered 
that a trough, about 100 miles wide, 50,000 ft. deep, 
now filled with earth of less than average density, 
at the foot of the Himalaya would account for the 
discrepancy from isostacy in India. Such a trough, 
once in existence, might be filled up by erosion ; it was 
more difficult to conceive how the trough could have 
arisen. 





“HEAT TRANSFER IN FLUES.” 
To THE EprTror or ENGINEERING. 

Srr,—On page 802 of your issue of December 17, 
1920, Mr. H. T. Tizard subjects my article on “‘ Heat 
Transfer,’’ which was published on page 265 of ENGINEER- 
1NG for August 27, 1920, to a somewhat raking criticism. 
I had hoped that my equations, which are based on a 
considerable body of reliable experimental data (not 
my own), might have received impartial consideration, 
but Mr. Tizard resists very imperfectly the primitive 
impulse to ’eave the ‘arf brick of criticism at the head of 
a@ strange equation! Mr. Tizard’s letter reminds me 
of the anti-Semitic campaign of the prophet Balaam, 
It opens with the statement that I am probably not 
sufficiently informed on the subject of heat transfer, 
that my equations are complicated and cannot be 
universally applicable, and continuing finds no merit, 
anywhere, an et, curiously enough, when towards 
the last an actual comparison is made with the equation 
proposed and preferred by Mr. Tizard, the results are 
found to be in close agreement. What more can Mr. 
Tizard ask? Surely the cursing has turned to blessing 

In view of the practical importance of securing a 
reliable and convenient equation for heat transfer, it 
seems worth while to set out the case for my equations 
and to compare them impartially with those proposed by 
Mr. Tizard. The three standards by which an equation 
for calculating heat transfer should be judged are : 

1. (a) The accuracy with which the calculated results 
conform to actual conditions. 

(b) The range of conditions through which the results 
remain accurate. 

2. The convenience with which calculations can be 
made. 

3. The accuracy with which the form of the equation 
represents the physical laws governing the processes 
involved. 

A comparison on this basis of the equations, given in 
my original article, called for convenience, the (F) equa- 
tions and of Mr. Tizard’s (T) equations follows : 

1, The (F) equation is based on over 220 experimental 
measurements of heat transfer. These include among 
others: Jordan’s experiments with flues of various 
diameters, and of circular and annular sections in which 
air was cooled, the inlet temperatures ranging from 
238 deg. to 736 deg. F., and the outlet temperatures 
from 147 deg. to 443 deg. F.; Nusselt’s experiments 
with air at pressures from 1-5 1b. per square inch absolute 
to 140 lb. per square inch absolute, with CO2 and with 
illuminating gas, the temperature range being from 
55 deg. F. inlet to 155 deg. F. outlet, the gas being heated 
in a steam-jacketed flue; experiments by the Babcock 
and Wilcox Company and others by Fessenden, both 
using products of combustion with inlet temperatures 
up to 2,340 deg. F. The accuracy with which the (F) 
equations represent the experimental data can be 
judged by the plots, Figs. 1 to 6, in the original article 
and ina similar diagram plotted for the Nusselt experi- 
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ments, In Figs. 1 to 5 it is obvious that there is a very 
clear straight line relation between log M and log W, 
M .being the coefficient in equation (Fl) and the 
pounds of gas flowing per hour. The coefficient M is 
related to the rate of gas flow by equation (F 2) in which 
occur two other coefficients B and m, which depend on 
the flue diameter. The relation between B, m and flue 
diameter is shown in Fig. 6. The points are derived 
one from each series of experiments, while the straight 
lines give the values adopted in equations (F 3a) and 
(F 3s). 

Here again the ment between experiment and 
equation is good, the only noticeable departure of 
the more accurate experiments from the straight-line 
law being the value of B for the Babcock and Wilcox 
experiments with the 2-in. circular flue. At this diameter 
there is also a point from Jordan’s series D, and this 
latter point was given preference because more probable 
values for flues of larger diameter are thus obtained. 
To see the possible error of the deviation, assume that 
the 2-in. flue has a wall temperature of 180 deg. F. and 
carries 400 Ib. of gas per hour with an inlet temperature 
of 2,300 deg. F. The line in Fig. 6 corresponding to 

uation (F 3a) gives 0-065 as value for the coefficient M, 
while the point in Fig. 6 corresponding to the experiments 
of Fig. 3 makes M equal 0-048. The corresponding 
values of the outlet temperature are 308 deg. and 225 
deg. F., making the temperature drop 1,992 dog. against 
2,075 deg., a difference of 77 deg. This is a difference in 
heat absorption of about 3} per cent., which is but little, 
if any, ater than the possible experimental error. 
With this single possible exception the (F) equati 


uations are pragmatically sound within a wide range. 
I shall always welcome criticism of the equations which 
is based on a proper study of their origin and purpose. 
Yours faithfully, 
Lawrorp H. Fry, M.Inst.C.E. 





« A CASE OF FALSE ECONOMY.” 
To THE Eprror or ENGINEERING. 

Sir,—I have read with t interest your leading 
article on what you describe as “A Case of False 
Economy.” Having been closely associated with 
mechanical transport in the Army for many years, 
the subject is one in which I take great interest, and 
I think I may claim to have a fair knowledge of it, my 
firm having supplied the first steam lorry that was 
ordered in 1900 and also entered vehicles in the various 
competitive trials that the War Office held prior to 
the war. 

One would imagine that the important part played by 
mechanical transport in the war was recognised even by 
Treasury officials, and in View of the proposed appoint- 
ment of a civilian professor or instructor, the Army chiefs 
are of opinion that in addition to their own well-trained 
and experienced motor transport officers, the service 
would benefit by having an engineer of civil experience 
to supplement the military side of the transport officers’ 
training by giving them a knowledge of the commercial 
aspect of transport as well, 

he subsidy-t lorry was built to meet the require- 
ments of the Mechanical T. rt Committees which 





represent the experimental data through the whole 
range of experiments with an accuracy which is within 
the limite of experimental error. The information given 
1s not sufficient to permit comparison of the (T) equations 
with all of the experiments. Mr. Tizard checks the (T) 
against the (F) equations in four cases in the medium 
high-temperature range and shows fair agreement, 
which is better with the small flues and low rates of flow. 
It would be interesting if Mr. Tizard were to give complete 
values for k so that the (T) equations could be tested 
against both high and low temperature experiments. 

2. From the point of view of convenience in practical 
application there is a good deal to be said for the (F) 
equations. They are complete in themselves and are 
shaped so as to permit a direct computation of either 
inlet or outlet temperature when the size and temperature 
of the flue and the rate of gas flow are known. In the 
(LT) equation, the first problem is to find the value of k, 
which, so far as can be gathered from Mr. 'Tizard’s letter, 
depends on the density, viscosity and specific heat 
at the mean gas temperature. The difficulty here is 
that the mean temperature is not known until both 
inlet and outlet temperatures are known. Hence direct 
calculation is impossible and the desired temperature 
must be found by successive approximations. 

3. So far as representation of the underlying physical 
laws is concerned there seems to be better than an even 
chance in favour of the (F) equation. The form of this 
equation was not chosen empirically or at random. 
It was developed by Hedrick and Fessenden (Trans. 
Am. Soc. Mech. Engineers, vol. xxxviii, 1916, page 407) 
from the assumption that the rate of heat transfer at 
any point along the flue was proportional to the amount 
of heat in the gas at that point, that is to its specific 


heat and temperature. Now, on this assumption, the Pp 


equation does not neglect the viscosity and heat con- 
ductivity of the gas, as these properties are simple 
functions of the temperature. Mr. Tizard’s criticism 
of the (F) equation on this score requires reconsideration. 
Of the (I) equations, (2) is derived from (1) by inte- 
gration in respect to (T), the gas temperature; while 
& the coefficient bringing in the effect of viscosity and 
density, and C p the specific heat, are treated as inte- 

tion constants, But in reality both k and C p are 
unctions of the gas temperature and as such should have 
been included in the integration process. This defect 
will either limit the range of accuracy of the (T) equa- 
tions, or will require a correction factor in the value 
assigned to the coefficient k. Mr. Tizard’s reticence as 
to the method by which he determines & leaves this 
point open. 

My feeling as to the (F) equations is that although 
the coefficients have been found on a purely empiric 
basis, yet the accuracy of the equation over a wide range 
of condition leads to the belist that a close representation 
of the fundamental law has been secured. In my article 
in ENGInrERING of August 27, 1920, I gave a table of 
values of the coefficient M for various combinations of 
flue dimensions and gas flow, to facilitate the use of the 
equation in practical work. It is obvious, if the article 
is read carefully, that the values given extend to larger 
flues and larger rates of flow than are covered by the 
experimental data. Mr. Tizard objects, and it may be 
noted that he could have made his point stronger if he 
had not misquoted the rates of flow. The objection is 
valid, but not serious. An intelligent user of the 
equations would, as a matter of course, move with 
caution in the values beyond tho oo experimental 
range, and at the same time would recognise that as 
the equations are all logarithmic in form the extent of the 
extrapolation must be measured on the logarithmic 
scale, 

If the Nusselt experiments are plotted as in the 
other cases, the rate of flow in a flue 0-868 in. in 
diameter runs from 1 Ib. per hour to 420 lb. per hour. 
At about 5 lb. per hour (log W = 0-7, and W/p = 1-8) 
the change from smooth to turbulent flow takes place and 
a break occurs in the relation between rate of flow and rate 
of heat transfer. It is only for higher rates of flow that 


the (F) equations are valid. 

In conclusion, it is quite possible that as additional 
experimental data is obtained the coefficients may 
require some modification, but even at present the 





ec ted purely of Army officers in pre-war days. While 
these officers, with the assistance of a series of very able 
secretaries who were Royal Engineers, undoubtedly 
succeeded in getting manufacturers to produce designs 
to fulfil their requirements (and on the whole it must be 
agreed that the design aes @ successful one — 
the war), it is possible that had the opinion o 
the commercial users of the motor lorry been rather 
more fully considered, there would have been a fair 
number of subsidy-type vehicles available at the 
beginning of the war instead of a few dozen. 

resumably the civilian engineer appointed as pro- 
fessor and instructor to the R.A.S.C. Training College 
would be expected to speak with as much weight and 
authority as any engineer in the motor industry. Do 
the Treasury Officials consider that they could obtain 
a man with these qualifications at the salary they offer ? 
I believe some of the head veterinary officers in the Army 
are paid three times as much. Which is going to be more 
important in the next war, the horse or the mechanically- 
propelled vehicle and the mechanism which will take the 


place of horses to move the _ ? 
ours faithfully, 


J. E. THornycrort. 
10, Grosvenor-place, London, 8.W. 1, 
January 31, 1921. 





Sunpuur is Sours Arrica.—Mr. T. G. Trevor, 
Inspector of Mines, Pretoria, bas recently emphasised 
the significance of the chemical industries and in parti-, 
cular the industrial importance of sulphur, according 
to The South African Mining and Engineering Journal. 
A paper of his explains the various forms in which 
yrites occur, and shows that South African conditions 
in this respect are such as to render it possible for the 
country to meet all its sulphur requirements for an 
indefinite time to come, South Africa has abundant 
supplies of coal, iron and sulphur, and these, he shows, 
are the three great essentials for industrial improvement. 





Automatic TELEPHONE TERMS AND DEFINITIONS.— 
The ay Standards Association has issued an 
interim list of British Terms and Definitions for use in 
connection with automatic telephone systems. The list 
has been prepared in conjunction with the Post Office, 
the Telephone Manufacturers’ Association and the Relay 
Automatic Telephone Company, and every effort has 
been made to arrive at agreement with the American 
Engineering Standards Committee before incorporation 
of terms in the British list. With few exceptions agree- 
ment has been reached with the American Committee. 
In case of difference the American term is given in the 
list, in brackets, after the British term. The work is 
being continued and a fuller list will be published at a 
later date. The list may be obtained for ls. 2d., post 
free, from the Secretary, the British Engineering 
Standards Association, 28, Victoria-street, Westminster. 

“THe Critica, SPEED oF A TURBINE SPINDLE:”’ 
Errata.—Our attention has heen called to one or two 
printer's errors which unfortunately crept into the 
article on the above subject on page 99 of our last issue. 
In column 2 the expression printed on line 7 as 

1 a a \2 
(is is 5 ° >) 


1 a a? 
is +$ +4) 
and in line 12, ¥; should be substituted for Y;. In 
wis 
4Et 
In column 3, 9 lines from the bottom, 


should read 


the same column, 6 lines from the bottom, for 


Wh 





read 





for 8° read = , and in the equation 7 lines from the 
T © 


bottom of this column a minus sign has been printed in 
place of the sign of equality. We greatly regret the 
occurrence of these errors, but their existence would be 
sufficiently obvious to the careful reader to prevent him 
from being in any way misled. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
_ Iron and Steel.—Though there is more hopeful Iecling 
in some quarters, it does not readily translate itself 
into solid business.. Bookings are exceptionally few, 
and are not sufficient to replace contracts quickly 
expiring. Prices continue on the downward grade in the 
market for raw and semi-finished materials. Following 
substantial reductions to attract business, further cuts 
have been made. Buyers, however, are few. The general 
policy seems to be to buy just sufficient for immediate 
requirements, and to wait until quotations reach rock- 
bottom before placing substantial contracts. There 
is a decline as compared with last week of 60s. per ton 
in basic steel, 20s. per ton in acid steel, 80s. in steel 
hoops, and bar iron and iron hoops 40s. Apart from these 
reductions, it is stated that some producers and merchants 
are di ing of stocks at less than production prices 
in order to keep establishments going. The question 
of the ome | down of more blast furnaces in South and 
West Yorkshire is under consideration. Efforts are 
being made to defer this as long as possible. Present 
indications are that a further reduction will be made 
in the price of coke, following the cut recorded a fortnight 
ago of 10s. 9d.a ton. With the difference between local 
and foreign quotations of basic soft steel growing greater 
oat local adjustments, business is stagnant, and 
difficulty is found in ing furnaces working two or 
three days a week. The vy engineering works have 
@ fair number of orders for plant for home installation, 
but business on export account is the reverse of brisk. 
Some of the railway departments are among those most 
actively engaged, but makers of tramway steel have not 
benefitted to the extent expected from requirements 
of provincial corporations for renewals in materials and 
rolling-stock. That branch of the tool industry supply- 
ing products to the engineering trade is beginning to 
feel the effect of the istration of new business, but 
otherwise there is still a brisk call for all classes of hand 
and edge tools. 


South Yorkshire Coal Trade.—Conditions at the local 
steam coal pits have somewhat improved during the past 
week, owing to the compulsory restriction of output, 
but there is still on offer an abundance of slacks for which 
no buyers can be found even at tempting prices. Large 
numbers of wagons are under load at railway sidings. 
No general improvement can be effected until an outlet 
is found for small fuel. The position of affairs at the 
blast furnaces does not improve matters. For best 
quality fuels the demand is about equal to the supply. 
Manufacturing requirements are not at the maximum, 
but may companies are taking a heavy tonnage. 
Gas and electricity concerns are anxious to build up 
reserves against the possibility of further labour trouble. 
In the household section, best qualities meet with a ready 
sale. Quotations :—Best branch handpicked, 37s. 2d. 
to 388. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 9d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 33s. 2d.; Derbyshire best large 
nuts, 32s. 8d. to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. 
to 32s. 8d. ; Yorkshire hards, 32s. 8d. to 33s. 8d. ; Derby- 
shire hards, 32s. 8d. to 33s. 8d. ; rough slacks, 28s. 2d. 
to 29s, 2d.; nutty slacks, 27s. 2d. to 28s. 2d.; smalls, 
238. 2d. to 248, 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Another 20s. cut in 
Cleveland pig-iron prices is no more than was generally 
looked for and, in fact, several merchants are somewhat 
disappointed that the drop was not more, declaring that 
even now quotations are too high to admit of successful 
competition with keen Continental rivals. For home 
purposes, No. 1 becomes 205s.; siliceous iron, 205s. : 
No. 3 G.m.B., 195s. ; No. 4 foundry, 194s.; No. forge, 
192s. 6d.; mottled, 192s. 6d.; and white iron, 190s. ; 
whilst for export, No. 1 becomes 210s. ; siliceous iron, 
2108.; No. 3 G.m.B., 2008.; No. 4 foundry, 199s. ; 
No. 4 forge, 197s. 6d.; mottled, 197s. 6d.; and white 
iron, 195s. 


Hematite Iron.—There is very little passing in East 
Coast hematite, of which there is a plentiful supply. 
The 208, reduction lowers rates for both home purposes 
and for despatch to foreign destinations to 222s. 6d. 
for No. 1 and 220s. for mixed Nos. 


Foreign Ore.—Business in foreign ore is dead idle. 
Nominally rubio, of 50 per cent. quality, is 40s. 6d. c.i.f. 
Tees, 

Coke.—Prices of coke have fallen in sympathy with 
drop in pig-iron. Blast-furnace descriptions are down 
5s., making average kind 54s. 6d. at the ovens, and low 
Se eagre sort 57s. at the ovens. Local consumers, 

owever, hesitate to buy on such terms. 


Manufactured Iron and Steel.—Business in finished 
iron and steel is on a very limited scale, and though 
manufacturers declare that present market quotations 
leave them but a small margin of profit, further sub- 
stantial cut in prices is looked for. Several firms are now 
short of work, and extensive closing down is threatened 
if specifications are not forthcoming in the near future. 
Crown bars are 25/. ; steel ship, bridge and tank plates, 
221. 108.; steel boiler plates, 29/. to 30/.; steel angles, 
211.; steel joists, 21/.; heavy steel rails, 211.; steel 
billets, 172. to 181.; black sheets, 25/.; and corrugated 
galvanised sheets, 28/. 


Shipments of Iron and Steel.—Shipments of iron and 


steel from the port of Middlesbrough during January 
totalled 44,688 tons, as compared with 35,949 tons for 








the previous month. The January clearances comprised 
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11,732 tons of pig-iron, of which 6,178 tons went abroad 
and 5,610{tons went coastwise; 6,047 tons of manu- 
factured iron, of which 6,014 tons went abroad and 
33 tons coastwise ; and 26,853 tons of steel, of which 
26,351 tons went abroad and 502 tons coastwise. 
Belgium was by far the heaviest recipient of pig-iron, 
taking 4,120 tons, Scotland coming next with 3,350 tons. 
India was the largest importer of finished material, 
receiving 5,281 tons of manufactured iron and 9,098 tons 
of steel. Other principal customers were: Australia, 
3,804 tons; the Argentine, 2,989 tons; China, 2,474 
tons; Japan, 1,972 tons; and Denmark, 1,867 tons. 





NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Scottish Steel Trade.—No change of any moment 
has taken place in the Scottish steel trade during the 
past week and the slackness at the various works is, 
if anything, more pronounced, Although prices have 
been considerably reduced it is doubtful if business 
of any respectable amount will be forthcoming, as buyers 
are continuing to hold back until they think the most 
favourable opportunity has arrived for them to enter the 
market. Had prices been reduced by an appreciable 
amount when it was decided that a lower level was 
necessary there would probably have been a fair tonnage 
placed, but with quotations having come down by one 
or two pounds per ton on several occasions recently 
consumers continue to hold off as long as possible in the 
hope of still better terms when they are ultimately 
forced to buy. Quite a number of mills are standing 
idle and the prospects of a revival in trade are not very 
rosy at the present time. There is practically no demand 
for any class of material, and inquiries for aftything are 
= followed up and great pains are exerted to secure 
the business. Export is also very dull. 


Malleable Iron Trade.—A 9 tone still prevails 
in the malleable iron trade of the West of Scotland, 
and business has not improved even at the lower prices 
now ruling. Continental competition is responsible for 
@ fair amount of the present dullness locally, but an 
improvement will most probably be noticeable in the 
near future. ‘‘Crown’’ bars are unchanged this week 
at 251. per ton, net, delivered Glasgow, but inquiries are 
negligible. 


Scottish Pig-Iron Trade.—The position in the Scottish 
pig-iron trade is almost without change but prices have 
an easier tendency. Orders on hand are far from heavy, 
and considerable improvement will be necessary or a 
further curtailment of output will come into force. 
Last week makers reduced the price of Scotch hematite 
iron by ll. per ton, making the price now 111. 10s. per 
ton, net, delivered steel works. No improvement in 
demand is reported yet, but in the case of foundry iron 
there is a shade more business passing. No. 1 is quoted 
12/. 5s. per ton, and No. 3 12/. per ton, ex-works. 

Scottish Shipbuilding.—The output from the different 
shipbuilding districts in Scotland during the past month, 
while fairly good, was not outstanding. The launches 


from the four areas were as follow :— 
Vessels. Tons, 
The Clyde... _ be 7 11,000 
The Forth 2 9,600 
The Tay oop ~ ove 2 1,080 
The Dee and Moray Firth ... 3 1,905 
Total 14 23,585 


The most interesting fact in connection with the past 
month’s output might be taken as the launch of the 
ss. Madoera, 9,300 tons, and of 5,000 i.h.p., the largest 
vessel floated on the East Coast of Scotland. She was 
built at Alloa by the Forth Shipbuilding and Engineering 
Company, Limited, for the Stoomvart Maatschappij 
Nederland, Amsterdam, and the engines are being 
supplied by Sir William G. Armstrong and Co., Limited, 
Newcastle-on-Tyne. New contracts are conspicuous by 
their absence and nothing new has been reported as 
having been booked this year yet. Certainly employment 
in the yards is still fairly good, but contracts on hand 
are being gradually completed, and with no fresh ones 
to take their places the outlook for the future is far from 
bright. 








Tue Farapay Socrery.—A joint general discussion on 
“The Failure of Metals under Internal or Prolonged 
Stress”? will be held during the afternoon and evening 
of Wednesday, April 6, 1921, in conjunction with the 
Institution of Mechanical Engineers, the Iron and Steel 
Institute and the Institute of Metals. Members desirous 
of contributing papers are requested to send them to the 
secretary for the consideration of the Joint Committee 
which is organising the discussion before March | next. 
An exhibition will be held in connection with this meeting. 
Members are invited to prepare any specimens whic 
will suitably illustrate the subject under discussion. 





*“‘Automotive Enoingerinec.”—The Standard Air 
Press, Limited, 36, Shaftesbury-avenue, Piccadilly 
Circus, W. 1, is issuing, at the price of 6d. net, in about 
26 fortnightly parts, a publication entitled Automotive 
Engineering, for the use of engineers. The first part 
has 12 pages dealing with the compression and expansion 
of gases, the properties of materials and testing, the 
design of laminated springs, practical aerodynamics, 
which explain the terms used and give formule for 
calculations. It gives also the composition, calorific 
value and other properties of 54 different classes of 
fuel oils. The publication may be expected to appeal 
to a very wide circle. 





NOTICES OF MEETINGS. 

Tue InstrITUTE or TRANsPORT.—Friday, February 4, 
at 5 p.m., at the Royal Society of Arts, Adelphi, the 
fourth of the series of lectures will be delivered by 
Sir J. G. Beharrell, D.S.0., Director-General of Finance 
and Statistics, Ministry of Transport, the subject being 


“Economics of Railway Transportation and Methods 
of Raising Revenue.” 





Tue InstrTuTion oF British FounpRyYMEN: LANcA- 
SHIRE Branou.—Saturday, February 5, at 4 p.m., in the 
College of Technology, Manchester, when Mr. 8. Langton, 
of Stockport, will open a discussion on “ The Casting of 
Brass and Aluminium.” 


THe Surveyors’ Instrrution.—Monday, February 7, 
when a paper will be read entitled ‘‘ The Acquisition of 
Land for Public Purposes in Egypt,’’ by Mr. Arthur H. 
Davis (Fellow). The chair will be taken at 8 p.m. 


THe Socrety or CuHemicat Inpustry.—Monday, 
February 7, at 8 p.m., at the Rooms of the Chemical 
Society, Burlington House, Piccadilly, W., a paper will 
be read by Dr. O. Silberrad on “The Erosion of Bronze 
Propellers.”’ 


Tre Socrety or EnNGIneers (INCORPORATED).— 
Monday, February 7, at 5.30 p.m., in the Apartments 
of the Geological Society, Burlington House, W., when 
the Right Hon. Lord Headley, B.A., M.Inst.C.E., will 
deliver his Presidential Address, and present the pre- 
miums awarded in 1920. 


THE CLEVELAND INSTITUTION oF ENGINEERS.— 
Monday, February 7, at 6.30 p.m., in the Hall of the 
Cleveland Literary and Philosophical Society, Corpora- 
tion-road, Middlesbrough. The following paper will be 
read and discussed, on ‘‘ The Electrostatic Deposition of 
Dust in Blast Furnace Gas and the Extraction of Potash 
therefrom,”’. by Mr. Ernest Bury and Mr. O. Ollander | 
(to be read by Mr. Frank Bainbridge, Skinningrove Iron | 
Company, Limited). 


Tue Royat Society or Arts.—Tuesday, February 8, 
at 8 p.m.: Extra Meeting, ‘‘ Some of the Problems of 
Unemployment,” by Mr. Ed. C. De Segundo, Assoc. 
M.Inst.C.E., M.Inst.Mech.E., M. Inst.E.E. Mr. George J. 
Wardle, C.H., late Parliamentary Secretary to the 
Ministry of Labour, will preside. Wednesday, February 
9, at 8 p.m.: Ordinary Meeting, ‘‘ Possibilities for the 
Improvement of Industrial Art in England,” by Pro- 
fessor William Rothenstein, M.A., Principal, Royal 
College of Art. Sir Frank Warner, K.B.E., President 
of the Textile Institute, 1918-20, will preside. 





Tue Instirvution or Eeorrican ENGINEERS 
(Scottish CeNTRE).—Tuesday, February 8, at 7.30 p.m. 
at the Rooms, 207 Bath-street, Glasgow. Paper, | 


** Automatic Protective Devices for Alternating Current 
Systems,”” by Mr. A. E. McColl. 


THe Instirrution or Locomotive ENGINEERS 
(Lonpon): Leeps Cenrre.—Tuesday, February 8, at 
7.30 p.m., at the Philosophical Hall, Park-row, Leeds, 
when # paper will be read by Mr. F. G. Moore on 
** Appliances and Methods adopted for Clearing Line | 
after Derailment.”’ 





THE INsTITUTION OF ELECTRICAL ENGINEERS, Nort | 
Mriptanp Centre.—Tuesday, February 8, at 7 p.m.,| 
at the Metropole, King-street, Leeds. Mr. G. A. Juhlin’s | 
paper on “Temperature Limits of Large Alternators ”’ | 
will be read and discussed. 


Tue Institution or Crivitn Enoineers.—Tuesday, 
February 8, at 5.30 p.m. The following papers will be | 
submitted for discussion: ‘“‘Cannon-street Bridge | 
Strengthening,” by Mr. George Ellison, O.B.E., | 
M.Inst.C.E., and ‘ Reconstruction of a Viaduct,”’ by | 
Mr. Frederick William Adolph Handman. And 
ballot for new members. Students’ Meeting: Wednes- 
day, February 9, at 6 p.m. The first of two lectures on 
““Machinery Applied to Mass Production,” by Mr. 
John Henry Barker, M.Inst.C.E. Members of all Classes | 
are invited to attend these lectures, 





Tue Institute or Cost AND Works ACCOUNTANTS,— 
Wednesday, February 9, at 7 p.m., at the Hall of the 
Institute of Chartered Patent Agents, Staple Inn, 
Holborn, an address will be given by Mr. H. W. Allingham 
on “The Position of Cost and Works Accountants in | 
Co-ordinating the Aims of Capital and Labour.” 


THe InstrruTion oF AUTOMOBILE ENGINEERS.— 
Wednesday, February 9, at 8 p.m., General Meeting of 
the Institution at the Institution of Mechanical Engineers, 
Storey’s Gate, London, 8.W. 1, when Mr. C. Macbeth 
will read a paper entitled “‘ Design and Manufacture of 
Pneumatic Tyres.”” The chair will be taken by the 
president, Sir Henry Fowler, K.B.E. Thursday, 
February 10, visit of the London Graduates to the works 
of C. A. Vandervell and Co., Limited, Acton, W. 3. 
The works can be reached from Shepherd’s Bush (Central 
London Railway) or Hammersmith Broadway (District 
Railway) and thence by Hanwell or other tram, booking 
to Acton Vale and alighting at “The King’s Arms.” 
Meet outside the works at 2.30 p.m. 


Tue AssociaTION OF ENGINEERS-IN-CHARGE.—Wed- 
nesday, February 9, at 7.30 p.m., at St. Bride’s Insti- 
tute, Bride-lane, Fleet-street, E.C. 4, a paper will 
be read by Captain W. P. Durtnall, ML Loc E., 
M.1.Mar.E., on “‘ The Super-Diesel Internal-Combustion 
Engine.” Captain H. Riall Sankey, C.B., C.B.E., 
R.E. (retired), M.Inst.C.E., in the chair. 


Tue IwstirvuTIoN or Etectrican ENGINEERS.— 
Thursday, February 10, at 6 p.m., at the Institution of 
Civil Bngineers, Great George-street, Westminster. 


|in respect to ordinary smalls the home 





Discussion on “ Electric Appliances for Domestic Pur- 


poses,”’ to be introduced by a paper by Mr. E. Griffiths, ' 


D.Sec., and Mr. F. H. Schofield, B.A., B.Sc., on “ Some 
Thermal Characteristics of Electric Ovens and Hot 
Plates.” 


Tue Instrrution oF Brirish FounpRYMEN, LONDON 
AND District Brancu.—Thursday, February 10, at 
8 p.m., at the Cannon-street Hotel, a paper will be read 
by Mr. Thos, Vickers, Secretary of the Cast-Iron Research 
Association, on ‘*The Co-operation of Science and the 
Foundry.” 


Tue Juntor Institution or Enotnerrs.—Friday, 
February 11, at 8 p.m., at Caxton Hall, Lecturette, 
** Notes on Some Limit Gauges,’’ by Mr. F. A. Simpson, 
Member. Slides and exhibits. 


THe Royat Institution or Great Britain.—Friday , 
February 11, at 9 p.m., a discourse will be delivered by 
Mr, F. W. Aston, M.A., D.Sc. The subject is “ Isotopes 
and Atomic Weights.’’ Afternoon Lectures, at 3 p.m. : 
Tuesday, February 8, the Hon. J. W. Fortescue, C.V.O., 
LL.D., on “* The British Soldier since the Restoration— 
(TL) In War”’ ; Thursday, February 10, Mr. W. A. Herd- 
man, C.B.E., LL.D., D.Sc., F.R.8., on “ Oceanography— 
(II) Problems of the Plankton ”’ ; Saturday, February 12, 
Mr. A. Fowler, F.R.8., Pres.R.A.8., on “ Spectroscopy — 
(I) Experimental Spectroscopy.” 


Tue Farapay Socrery: MAanonester MEETING.— 
Friday, February 11, at 6.30 p.m., a Joint Meeting of 
the Faraday Society and the Manchester Literary and 
Philosophical Society will be held at 36, George-street, 
Manchester. The meeting will be presided over by 
Sir Henry Miers, F.R.S8., President of the Manchester 
Literary and Philosophical Society and Professor Alfred 
W. Porter, F.R.8., President of the Faraday Society. 
The subject to be discussed will be “‘ Measurements of 
Surface Tension,’ and it will be opened by Dr. Allan 
Ferguson, reading the following papers on ‘“ Studies in 
Capillarity.”” I. “‘ Some General Considerations and a 
Discussion of Methods for the Measurement of Inter- 
facial Tensions’’; II. (with Mr. P. E. Dowson), ‘ On 
a Modification of the Capillary: Tube Method for the 
Measurement of Surface Tensions,” 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Important developments have taken 
place in the coal trade in the past week. The French 
Bureau des Charbons has made another big reduction 
in the prices at which they are prepared to sanction the 
import of British coal into France from February 1. 
The price of steam coal has been reduced by 25s., it: 
quality anthracite by 10s., coal scheduled in the January 
list at less than 30s. to a uniform level of 5s., and patent 
fuel by 30s., making best large 47s. 6d., best steam 
small 20s., and anthracite large 33s., and block patent 
fuel 358. These prices are in the majority of cases 
not only below current market values, but less than the 
cost of production, In fact, it is economically impossible 
for colliery owners to accept the new values. On the 
other hand the commercial committee of the South Wales 
coal owners have drawn up a schedule of minimum prices 
based on 59s, for best large and 20s. for No. 1 steam 
smalls, which they unanimously recommend should be 
adopted by the Coalowners’ Association and put into 
immediate effect. Whether the association will agree 
to this proposal remains to be seen. On the one hand, 
it is cqualioned economically wrong to adopt minimum 
prices and on the other that it is equally wrong to sell 
coal at less than the cost of production. tors 
say it is up to the Government to see that the cost of 
vroduction is brought down to a level which will enable 

ritish coalowners to compete with foreign competition, 
Another important impending change is the with- 
drawal of inland maximum prices as and from the 
beginning of next month and the withdrawal of inland 
allocations. What effect this will have remains to be 
seen. At present the maximum pithead, price of 
ordinary large for inland consumption is round 40s., and 
the export pithead value 52¢., a difference of 124., but 
rice is about 
328. and the export value 15s, or 17s. less, Foreign 
cargo exports in the past month totalled 924,000 tons, 
as compared with 1,318,000 tons in December. Of 
the January shipments, 357,000 tons were sent to 
France, 209,000 tons to Italy, 34,000 tons to South 
America, 72,000 tons to Spain, 25,000 tons to Portugal, 
9,000 tons to Greece, 96,000 tons to British coaling 
stations and 122,000 tons to other countries. A feature 
of the detailed returns is the resumption of exports to 
Germany, for 2,745 tons went to Hamburg and 2,489 
tons to Nordenhamn. Other notable shipments were 
6,082 tons to Colombo, 6,416 tons to Sabang and 5,374 
tons to Singapore. 


Tron and Steel Trades.—Except that there is a small 
inquiry from Scandinavia and Italy, the Welsh tin-plate 
trade remains inactive. Most of the mills are idle or 
on short time, and up to the present there are no signs 
of improvement. It is stated that only about three- 
quarters of the makers have expressed their approval 
of the proposed Central Selling Agency, and that in view 
of this the scheme is likely to be dropped. 





A Researcu InrormatTion Bureav.—The National 
Research Council of the United States has established a 
Research Information Service for supplying information 
concerning research problems, progress, laboratories 
equipment, publications, funds,andsoon, Itis intended 
to act as a clearing house for industrial and scientific 
research matters. The service is normally without 
charge. The secretary’s address is 1701, Massachusetts- 
avenue, Washington, D.C. 
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INDUSTRIAL AND ECONOMIC SITUATION 
IN GERMANY. 


In view of the question of reparation having 
been brought to the front so prominently in the 
past few days, two publications which we have 
received are full of interest. The first is a small 
book in the French language by Mr. Raphael- 
Georges Lévy, member of the French Senate and of 
the Institut de France, entitled “‘La Juste Paix,” 
giving “the truth concerning the Treaty of Ver- 
sailles,” and forming mainly a courteous refutation 
of a book by Mr. John Maynard Keynes. We must 
confess that we have not read the latter, but the 
case made out by the French senator is un- 
doubtedly a most able and most complete one. 
The second communication to which we allude 
forms a welcome supplement to the first, and 
is entitled “General Report on the Indus- 
trial and Economic Situation in Germany, in 
December, 1920,” by Mr. J. W. F. Thelwall, 
commercial secretary to H.M. Embassy, Berlin, 
and Mr. ©. J. Kavanagh, British Commercial 
Secretary, Cologne, issued by the Department of 
Overseas Trade. Both these communications come 
at a very appropriate time, in view of the recent 
inter-allied conferences in Paris, and the meetings 
last week in London of the Miners’ International 
Federation, to enlighten the general public on the 
question of Germany’s guilt, and on the real value 
of her assertions as to her incapacity—or, we 
may say, her capacity for repairing the damage of 
her own creation—and also on the real state of 
affairs in that country. 

Coal shortage has formed a subject for complaint 
on the part of Germany for many months past, 
and the plea still continues to be put forward 
with great insistence. We have never believed that 
she has ever had an insufficiency of coal for her 
works, and the figures given and the statements 
made in the British report confirm our views in this 
respect. This report says that a certain proportion 
of the difficulties encountered in this connection 
arise from bad distribution, failure of transport, 
bad commercial markets at home and abroad, lack 
of orders, seasonal depression, deficiency of raw 
materials, &c.; a part of these difficulties it is in 
the power of Germany to remedy without outside 
aid. That she can do so is clearly indicated by 
the report, which states that, compared with 1919, 
railway traffic conditions are much improved, 
adding “the achievement of German industry and 
of the Government Departments concerned is very 
fine, and shows how great the productive power of 
the former is if it chooses to make an effort.” 
Among the illustrations given to prove this is one 
to the effect that the coal situation for the “ re- 
fining” industry has been considerably eased by 
the turning over to the utilisation of brown coal 
briquettes, and the building during the war of large 
power stations at brown coal quarries, thus having 


provided industry with an economical source of 
electricity. 

Further, it is stated, much attention has been 
devoted by the rolling mills to the utilisation 
of brown coal, and considerable activity has been 
displayed in modifying plants to burn this fuel, 
the production of which in the Cologne Basin 
has been considerably increased. But our readers 
are not to infer from these statements concerning 
brown coal and its utilisation that there is a lack 
of black coal in Germany, for such is not at all the 
case; they simply show that Germany is putting 
her industrial house in order on economical lines. 
Germany is still rich in both black and brown coal, 
as can be gathered from the figures of output for 
1913 compared with those of the present day, 
and is quite able to supply the “reparation coal” 
demanded by the Treaty of Versailles. In this 
connection the number of miners employed also 
is instructive. According to the British report, 
the average number of miners at work in Germany 
during 1913 was 601,700, including 390,600 in the 
Ruhr district, whereas the total for December, 1919, 
was 724,597, excluding the Saar, but including 
471,359 in the Ruhr district. It is not out of place 
here to note that the German coal exports amounted 
in 1913 to 34,573,500 tons, or 3,428,400 tons above 
the total for 1912. Germany’s average annual 
increase in coal exports was over 2,425,000 tons for 
the six years from 1907 to 1913. On the basis of 
these figures her present coal exports, had there 
been no war, would be over 50,000,000 tons per year, 
or over 4,000,000 tons per month. Her exports for 
August last were 2,422,979 tons and for September 
2,423,266 tons, consisting mostly of coal to the 
Allies. That the situation for her is not more 
satisfactory—she would evidently prefer exporting 
coal in the usual commercial way to supplying 
** reparation coal ’’—is no fault of any of the Allies. 

The question of iron ore supplies is again a vexed 
question which Germany will probably continue 
to put forward for many months to come, but she 
does not lack home iron ore to the extent she pleads, 
as we pointed out briefly in the course of a former 
article.* At the present time, says the British 
report, ores are arriving in such quantities as blast 
furnaces can deal with on their present allotment of 
coke, but, it adds, steel production is considerably 
ahead of pig-iron output, partly due to imports 
of foreign pig, but chiefly owing to the utilisation 
on a large scale of scrap iron. Pig-iron is not 
made simply for the pleasure of making pig-iron, 
but for converting it into steel ; as Germany obtains 
her steel chiefly from scrap, and as she has seen to 
it that she has scrap to last her over a good while, 
she is not so badly off after all from the metallurgical 
point of view. At all events, she is not in a worse 
situation than,we are in this country from the iron 
ore standpoint, as is shown by the following 
extract from the review by Messrs. William Jacks 
and Co., on “‘ The Iron and Steel Trades in 1920,” 
which says:# “The broad fact remains that the 
Cleveland district has seen its best days as a mining 
district. Steel-makers have solved the problem of 
producing high-class steel from basic iron manu- 
factured from Cleveland ironstone only to find that 
the output of the ore is on the wane.” And, we 
may add, Cleveland steel makers have probably 
much less scrap to work up than have the German 
steelmakers. Condolence with Germany’s situation 
in this respect is, therefore, somewhat out of place. 

Moreover, still according to the British report 
the German rolling mills in general are well occupied 
and, though suffering from a shortage of fuel and raw 
materials, a fair export turnover has resulted. 
The tin-plate industry is well supplied with orders. 
Structural engineers continue to be well employed 
and are reported to have orders in hand for foreign 
account; the coal strike in England resulted in 
orders being placed in Germany, and manufacturers 
were found willing to make fixed quotations and 
favourable deliveries. Manufacturers in Germany 
find little difficulty in working to British standard 
specifications, although the less stringent specifica- 
tions of the Prussian railways, which, previously, 
did much to help the industry, work in their favour 
when accepted by foreign clients. The prejudice 
against basic material that was prominent in 
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England, but non-existent in Germany, was not 
only injurious to the British manufacturer quoting 
in foreign markets, but of assistance to the German. 
Another interesting statement which points to 
the excellent situation of the German metal- 
lurgical industry is to the effect that blast furnace 
and steel works appear to have continued without 
the large new issues of capital which have been so 
prominent a feature of the “‘ refining ” and engineer- 
ing trades, ‘and the explanation is partly to be 
sought,” the report adds, “in the ready market they 
found for their produce as well as in the good profits 
obtaining from export.” All these remarks are 
liable to cause foreign ironmasters to view the 
German metallurgical situation with a certain 
amount of envy. 

‘And the German engineering industry would 
appear to be in a better situation still, for we read 
in the British report that engineering and allied 
trades show considerable improvement in regard 
to the supply of raw materials, ‘‘ cast-iron and steel 
being more plentiful on the market owing to an 
improved home production, imports, and also to a 
slump in demand.” Further, manufacturers of 
specialised plant have been busy on foreign account. 
The coal strike and high prices in England and the 
inability of British manufacturers to quote fixed 
prices and deliveries have resulted in orders being 
placed in Germany for locomotives, oil mills, rolling 
mills and electrical plant. A perusal of company 
reports shows that good dividends are being paid. 
The German market is very receptive for foreign 
orders, and every effort is made to meet the require- 
ments of customers. 

Nor does Germany’s activity in iron and steel 
production and in every branch of engineering 
preclude her from carrying out research work, 
for she is said to have recently brought out a 
new alloy styled “electron,” suitable for light 
castings; it is said to have a tensile strength of 
12 kg. to 15 kg. per square millimetre (7°6 tons to 
95 tons per square inch), with an elongation of 
3 to 4 per cent. Among the non-ferrous metals, 
copper, lead, nickel and tin markets are said to 
have re-established themselves as nearly as possible 
on previous lines, whilst zinc interests are expec- 
tant in regard to future developments in Australian 
supplies. 

Germany, as stated above, is admirably situated 
for the economic generation of electric current 
owing to the large resources of brown coal. She 
utilises the brown coal on the spot for the genera- 
tion of current and her overland power transmission 
schemes went hand in hand with the development 
of her war industries. These favourable conditions 
will play an important part in the further economic 
development of the country. In point of fact, it 
may be said that, in combination with her activity 
and also with the concentrated effort which 
proceeds from the pooling of interests and of 
experience on the part of manufacturers German 
trade is again rapidly coming to the front, 
and the term “German trade” includes not only 
the industries briefly referred to above, but also the 
dye and other chemical and various industries at 
which Germany appears now to be working with 
extraordinary energy. 

As stated in the commencement of this article, 
the Miners’ International Federation met in London 
last week. Among the foreign delegates present 
were Messrs. Hussemann and Hué, for Germany. 
The official statement issued after the last meeting 
pointed to the fact that stocks of coal to the extent 
of 900,000 tons in the Ruhr and 300,000 tons in 
Upper Silesia, had now accumulated, and added that 
transport facilities should be improved and overtime 
in the mines suppressed, &c. The preceding meeting 
unanimously resolved that “ the socialisation of the 
mining industry in every country was of supreme 
importance,” and “it called upon the workers to 
redouble their activities in favour of the exploitation 
of mines by the community.” The figures above 
given by the German labour delegates point to the 
abundance of coal in Germany ; in regard to trans- 
port, conditions are better now than they were and 
are sure to improve still if Germany only wills it. 
In the matter of socialisation, the British report 
says: “ If any proposal is placed before the German 
working man which will safeguard him and his 
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will ensure for him a modicum of comfort, he is 
likely to accept it and not to bother much about 
saddling himself with responsibilities of adminis- 
tration. He has had time to learn since the revolu- 
tion that it is possible to possess authority and yet 
to be very badly off ; now he will probably be more 
eager to obtain rather the substance of a steady 
employment and wages than the shadow of a 
position which he is unable to fill. As long as the 
considerable privileges which Labour has already 
acquired for itself are confirmed, it seems probable 
that it will arrive at a compromise with the employers 
on the question of socialisation, and that the latter 
may be settled without the political and industrial 
disturbances which were at first anticipated.” 
As far as German labour is concerned, therefore, 
British labour would seem to be “ preaching in the 
desert.’’ German labour has benefited directly and 
indirectly by our coal strike, and would most pro- 
bably view further strikes in this country with the 
greatest satisfaction. 

With regard more particularly to the book by 
Mr. Lévy, and very briefly, the French writer says 
that Mr. Keynes appears to object mostly to the 
clauses of the Treaty of Versailles “‘ which transfer 
intolerable financial burdens from the shoulders 
of the victors to those of the vanquished.” 
Mr. Lévy fails to see why the latter should have 
better treatment then the former; he, further, 
refutes Mr. Keynes’ low evaluation of the damage 
caused by Germany in Northern France. He also 
points out how, shortly before the war, German 
statesmen, bankers and economists extolled the 
richness of their country and its marvellous deve- 
lopment, how the German works were second only 
to those of the United States, &c. He gives an 
abstract of the étude published in 1913 by Dr. 
Helfferich—former Director of the Deutsche Bank, 
also former Minister of the Interior and Minister of 
Finances, in which this German expert dealt in 
detail with the great wealth of Germany as a 
whole. Mr. Lévy also states that the German iron 
and steel works were running at the date on which 
he wrote his book—a few months ago—at almost 
the two-thirds of their former capacity, whilst the 
French were running at only a quarter of theirs, 
and he has the impression that the German people 
as a whole are conspiring to maintain silence 
in regard to their output in order to move foreign 
nations to pity. That is also most decidedly our 
own conviction. Further, how there can be found 
men to assert that Germany should be treated 
kindly at the expense of the Allies passes conception. 





THE STORAGE AND THE SUPPLY OF 
ENERGY. 

Ir is well that practical and commercial engineers 
should turn periodically to the study of pure 
science, to note whither it is leading, and to 
examine whether the normal paths of humdrum 
evolution now being somewhat rigidly followed in 
commercial work still provide the best solution of 
our needs, or whether the recent discoveries in 
physics and chemistry may not supply alternatives 
capable of practical and profitable development 
and thus contribute to the improvement of our 
economic position. Particularly at the present 
time is such a review desirable, and in no direc- 
tion more so than where questions relating to 
the storing and supply of energy are concerned. 
The Watt Anniversary lectures of the Greenock 
Philosophical Society have, in the past, often 
been the occasion for a review of possible paths 
of advancement opened up by pioneering investiga- 
tors pursuing the lines of work in which James 
Watt has left his immortal mark, and the last, 
delivered in Greenock on Friday, the 21st ult., by 
Dr.William Cramp, Professor of Electrical Engineer- 
ing in the University of Birmingham, follows this 
tradition. 

On every hand at the present time, we are con- 
fronted with the necessity of considering alternative 
supplies of energy, and this is generally recog- 
nised in view of the certainty that our available 
stores of fuel are becoming exhausted. The average 
depth of the coal workings increases steadily 
year by year, and although improved methods 
and appliances might for some considerable period 
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have discounted the additional costs which this 
circumstance would otherwise entail, the time 
must ultimately come when the cost of fuel would 
rise to what in pre-war times would have been 
regarded as a prohibitive figure. As matters have 
turned out the working miners have hastened this 
inevitable development by many decades. Realising 
that as matters stand most of the power needed in 
our industries must be generated from coal, they 
have seized the opportunity to exploit to their own 
benefit the needs of the other industries of the 
country. The nation is thus faced with the 
problem of developing either some alternative 
source of power or of taking steps to improve most 
materially its hitherto somewhat wasteful use of 
its fuel. The main point brought out in Dr. 
Cramp’s lecture was the very large economies which 
could be effected were storage of energy more 
generally practicable. Methods of storing energy, 
he pointed out, commonly involved its transforma- 
tion from one form to another, or a reversal of pro- 
cesses naturally occurring. This led him to a slight 
discussion as to the nature of energy, and he 
evidently is inclined to accept the view frequently 
expressed that in the ultimate all energy is 
kinetic. Whilst as a proposition in physics this 
view is probably true, the concept of potential 
energy is at least mathematically convenient and 
possibly necessary. In Lagrange’s equations of 
motion, which have formed the basis for the mathe- 
matical treatment of chemical and _ physical 
problems, the potential energy enters into the 
equations in quite a different way to the kinetic 
energy. Indeed, Dr. Cramp, after expressing the 
view above recorded, really comes back to the con- 
cept of potential energy. He argues that all 
energy is derived from certain natural attractions 
or forces, which are not fully explained, but which 
are' fully recognised as generally following the 
inverse square law. In order to obviate possible 
discussion as to the precise nature of the inter- 
action between centres of force, the lecturer 
proposed to substitute for the term “traction” 
Professor Soddy’s term “ tractation,” of which he 
said three forms are known: (1) The tractation of 
masses which we call gravity; (2) atomic tracta- 
tion, perceived, for instance, in chemical affinities ; 
(3) electric tractation. 

Whether at the bottom all three varieties are 
not really in their essence electrical is, no doubt, 
a moot point. According to one theory mooted 
some few years back gravitational attraction arises 
simply from the circumstance that the attraction 
between two equal charges of electiicity of opposite 
sign 1s slightly greater than the repulsion between 
two equal dissimilar charges. From the practical 
standpoint, however, there is, Dr. Cramp points 
out, one very marked distinction. Gravitational 
tractation can be usefully employed over a range 
of distances far greater than can the atomic 
or electrical tractations. Moreover, not merely 
can we reverse easily operations effected by 
gravitational tractations, but we can often effect 
the reversal with considerable efficiency. On the 
other hand any form of energy storage based on 
the reversal of operations effected by gravity 
implies the use of voluminous plant. Could we 
reverse economically the operation of converting 
coal into CO, and found thereon a system of storing 
energy, this energy would be stored in an excep- 
tionally compact and convenient form. The de- 
composition of CO, into oxygen and carbon is, of 
course, chemically feasible, even if, for the present 
at any rate, commercially impracticable , but so 
far no method has yet been successful in reversing 
the disintegration of the radioactive elements. 
Theoretically this should, it would seem, be possible, 
since Poincaré pointed out many years ago that 
when a radio-active gas—such, for example, as the 
radium emanation—decomposes, there is necessarily 
some absorption of energy. If from one atom two 
are formed, each wil], when in equilibrium, have the 
same kinetic energy as the combination had, before 
the partnership was broken. At low temperatures the 
absorption of energy thus involved is incomparably 
smaller than that liberated by the disruption of 
the atom; but if the temperature of the gas be 
sufficiently raised a point must be reached at which 
the kinetic energy to be supplied to the atom 
ejected will exceed that liberated by the disrup- 
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would then be endothermic instcad of exothermic. 
so that radium would tend to combine again 
with the partner from which it had separated. 
Dr. Cramp pointed out that could such an opera- 
tion be effected and controlled the energy storage 
capacity of a few grammes of matter would 
be stupendous, since the field of force inside the 
atom is extraordinarily strong. The force with 
which a single one of the interior electrons is 
retained is, he stated, measured in pounds, which 
corresponds very much to a pin’s head weighing a 
ton. 

Compact systems energy of storage would 
undoubtedly have an immense industrial signifi- 
cance, and with efficient storage Prof. Cramp claims 
that a small electric plant could compete success- 
fully with the proposed super power stations, but 
it should perhaps be borne in mind that with the 
latter it should be commercially possible to extract 
from the fuel used the valuable nitrogen compounds 
and hydrocarbons which would necessarily be 
destroyed in the case of small isolated plants, where 
the cost of recovery and marketing such products 
would be prohibitively high. 

As illustrating the great practical advantages 
arising from the possibility of storing energy 
economically, Dr. Cramp compared the case of a 
gas company manufacturing gas at a fairly uniform 
rate, and storing this gas in gas-holders to be 
drawn upon at the periods of greatest demands, 
with th>t of an electric power station dealing with 
peak loads equal to three times the average load, 
and pointed out the enormous cost of effecting the 
equalisation of loads in such a case by the em- 
ployment of storage batteries. 

On the other hand, nature stores an equivalent 
quantity of energy in a few grains of coal, her 
methods being much cheaper and less cumbersome 
than any hitherto realised by man. In short, he 
observes that: ‘“‘ Energy is stored economically 
both as regards space and cost in proportion 
as the forces against which displacement is effected 
approach those of the ultimate structure of the 
universe. Thus displacements against the forces 
of gravity are less economical than displace- 
ments against molecular forces, and these are less 
economical than displacements against forces 
within the atom.” The prize awaiting mankind 
when it succeeds in controlling atomic energy is 
accordingly of stupendous value, but Dr. Cramp 
is evidently a believer in the moral control of the 
Universe, for he holds, and many thinking men 
will agree with him, that we shall not be allowed 
to achieve this aim till our ethical advancement 
makes us worthy of the trust. 

If, however, energy could well be stored it is 
interesting to reflect upon the great strides that 
would be made. Of the cost of power a large pro- 
portion is directly due to the fact that the output 
factor is such a small fraction of the maximum 
reasonably and continuously possible. Hence to 
produce and deliver a definite number of units of 
power, the capital and depreciation charges of a 
large plant have to be paid as well as allowance made 
for the inefficiency of a generator running at less 
than full power. So considerable, in fact, are these 
considerations that cases are not infrequent in which 
a small power unit attached to a factory, where a 
good load factor obtains, can often compete quite 
successfully with current brought in from an outside 
source where insufficient differentiation is made 
between customers with good and bad load factors. 

With increasing fuel costs, engineers are turning 
their attention to the sun and tides as potential 
producers of power, where again unquestionably 
the great question requiring a solution for a satis- 
factory harnessing of these sources is that of storage 
generally. Dr. Cramp makes an appeal to the 
present-day engineer to give to these questions the 
same close attention as has been directed to the 
economic use of known fuels. The discovery of 
the latent powers of the atom, which now excite 
so much interest, must not, in short, lead to a 
neglect of the more practical and imminent pro- 
blems concerning storage. Gveat and extraordinary 
as has been the progress made in probing into the 
recesses of the atom, we are still only on the border- 
land of the research. 
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THE DEVELOPMENT OF THE AERO 
ENGINE. 

Berore proceeding to the consideration of the 
future development of the aero engine, which 
formed the subject of the third* and concluding 
Howard lecture, delivered at the Royal Society of 
Arts on Monday last, the 3lst. ult., the lecturer, 
Mr. A. E. L. Chorlton, gave some particulars of the 
large and important engines produced during the 
final stages of the war, or since the termination of 
hostilities. Most of these engines were, however, 
shown at the Aero Exhibition last year, and were 
illustrated and described in the articles on that 
exhibition, on pages 106 and 137 of our last volume. 
It is, therefore, unnecessary to repeat the informa- 
tion here. 

In dealing with the future development of aero 
engines, the lecturer first exhibited a table showing 
the normal performance of a number of representa- 
tive engines of various types, and also giving the 
calculated performances with the piston speeds and 
brake mean effective pressures increased. The 
engines dealt with in this way were the 240-h.p. 
Puma, the 300-h.p. Hispano-Suiza, the 350-h.p. 
Rolls-Royce Eagle, the 400-h.p. Liberty, the 450-h.p. 
Napier, the 238-h.p. B.R.2, and the 400-h.p. Jupiter. 
With normal piston speeds and mean effective pres- 
sures, the weights of these engines ranged from 
1-75 lb. for the Jupiter to 3-37 lb. for the Rolls- 
Royce Eagle, both weights, of course, being per 
brake horse-power. With normal piston speeds, but 
with brake mean effective pressures increased to 
130 Ib. per sq. in., the weights of these two engines 
would be 1-47 Ib. and 3-21 lb. per brake horse-power, 


\and the outputs to 475 brake horse-power and 367 


brake horse-power, respectively. The effect of 
increasing the piston speed to 2,000 ft. per minute 
with normal brake mean effective pressure, would be 
to render the B.R.2 the lightest engine, the weight 
working out at 1.6 lb. per brake horse-power and the 
output to 310 brake horse-power, while by increasing 
both the piston speed and brake mean-effective 
pressure to the values previously given, the weight 
of this engine would be further reduced to 1-17 lb. 
per brake horse-power and the output would be 
increased to 425 brake horse-power. The Rolls- 
Royce Eagle engine, with both these modifications, 
would develop 376 brake horse-power and would 
weigh 3°13 lb. per brake horse-power. It would not 
of course, be possible, the lecturer explained, to make 
these changes in existing engines, but the calcula- 
tions served to indicate one direction in which pro- 
gress might be made with suitable modifications in 
the design. 

In the best aero engines of the present time, the 
lecturer continued, thermal efficiencies of over 30 per 
cent. were obtained, while with high-compression 
stationary engines, thermal efficiencies of 36 per 
cent. had been reached. Within the limits imposed 
by mechanical considerations, it would be possible 
to increase efficiency by raising the compression 
ratio, although in most cases this ratio was already 
as high as the fuel employed would permit. In the 
constant-volume cycle, the thermal efficiency might 
possibly be increased by extending the expansion 
ratio, raising the compression ratio (using a fuel less 
liable to detonate than ordinary petrol) super- 
charging, stratified working, and by regeneration, 
t.e., by utilising the heat lost in the jacket and ex- 
haust. Constant pressure and dual cycles, and also 
direct injection of the fuel, might also be employed 
with the same object in view. The extension of the 
expansion ratio might be effected by varying the 
piston travel during successive strokes by suitable 
mechanical devices. Atkinson’s link motion, the 
lecturer pointed out, was an early example of such 
a device, but was not suitable for aero engines. 
Another method, which could readily be applied to a 
radial engine, was to employ an eccentric mounted 
on the crankpin and rotated in suitable phase. 
This had been done in one of the Clerget engines, 
and, in the Zeitlin engine,t the device had been 
employed to compensate for altitude. Compounding, 
the lecturer considered offered little possibilities 
in aero engine work, and he thought that better 





* The first and second lectures of this series were 
reported on pages 81 and 110 ante. 
+ See page 138 of our last issue. 








results were likely to be obtained by arranging for 
extended expansion in the same cylinder. . 

It was quite possible to increase economy hv 
raising the compression ratio if special fuels con- 
taining a high proportion of toluene, or other 
aromatic hydrocarbon, were employed. By this 
means the ratio at ground level might be increased 
from 4-85, the maximum permissible with a light 
paraffin petrol, to 7-05, the indicated thermal 
efficiency being thereby increased from 31-1 per 
cent. to 37°3 per cent., but higher compression 
ratios could only be employed with direct injection 
of the fuel. The addition of cooled exhaust gas 
to the cylinder also afforded a means of increasing 
the compression ratio, or of allowing more difficult 
fuels to be utilised. Its employment, the lecturer 
mentioned, should be carefully considered in con- 
nection with the use of surplus hydrogen as a fuel 
for airship engines. Although hitherto used only 
to a small extent, supercharging, in Mr. Chorlton’s 
opinion, is likely to be employed for economy, 
increase of power and altitude correction, and for 
high altitude work, he considers that the alternative 
method of forced induction will certainly come into 
use. The extra charge, the lecturer mentioned, 
might be obtained by utilising the exhaust pressure 
in the engine cylinders. 

The possibilities of stratified working, next re- 
ferred to by the lecturer, have been recently dealt 
with in these columns in a paper by Mr. Ricardo, 
read before the Royal Aeronautical Society (see 
page 57 ante), so that it is not necessary to cover 
this ground again. Reference should, however 
be made to some results obtained by Mr. Chorlton 
in 1913 with a large gas engine of the two-cycle 
type running at a low speed. The volume of the 
cylinder was 8:49 cub. ft., and the volume of the 
mixture 3-44 cub. ft., the remainder of the cylinder 
volume being occupied by exhaust products. The 
mean results obtained in four tests were as follows : 
Heat supplied, 5,843 British thermal units per 
indicated horse-power hour ; indicated horse-power 
83-8 at 87-5 r.p.m.; mean-effective pressure, 
30-7 Ib. per square inch; and indicated thermal 
efficiency, 43-5 per cent. The low speed in this 
case allowed stratification to be carried out with 
more than usual accuracy. 

Regeneration, as now employed in some sta- 
tionary engines, the lecturer said, would be difficult 
to apply to aero engines, and, on account of the 
additional weight required, its use, he considered, 
would probably be confined to airship engines. 
Airship work would also probably be the field in 
which engines working on the constant-pressure 
cycle would find their most useful application, 
since, in this work, weight is of less importance 
than fuel economy. Direct fuel injection, employed 
in all high-compression engines, could be used with 
other types as well, and was of quite sufficient 
importance to justify a thorough investigation, 
since, in addition to its advantages as regards 
performance, it materially reduced the risk of fire. 
Employed with comparatively low-compression 
engines of the constant-volume type, the fuel 
being injected during the suction stroke, very high 
mean-effective pressures have been obtained, thou 
the economy, under these conditions, was probably 
less than that given by the usual carburettor. 
The results obtained, however, are regarded as 
distinctly promising. 

The mechanical development of aero engines, 
Mr. Chorlton pointed out, would proceed by over- 
coming the difficulties which now impose limits 
on the speed of revolution, and, more particularly, 
by the gradual elimination of risks from over- 
stressed parts. The difficulties of increased speed 
were mainly in connection with big-end beari 
main bearings and valve gear. To illustrate the 
importance of the big-end bearing and its limiting 
effect on speed, the lecturer compared four different 
types of engine, viz., the six-cylinder vertical, 
twelve-cylinder vee, twelve-cylinder fan, and nine- 
cylinder radial, each of the engines having cylinders 
of 1,200 cub. in. capacity, a stroke/bore ratio of 
1-17, and a piston speed of 2,000 ft. per minute. 
The speeds of these engines would be 1,715 r.p.m., 
2,140 r.p.m., 2,140 r.p.m., and 1,960 r.p.m., re- 
spectively, and the centrifugal loads acting on the 
big-end bearings would be 1,490 lb., 2,120 Ib., 
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2,720 lb., and 5,480 lb., respectively. Assuming 
crank-pin dimensions in reasonable agreement 
with average modern practice, the pressures on the 
big-end bearings work out at 200 lb., 433 lb., 495 Ib., 
and 632 lb. per square inch for the four engines, 
and allowing for the rubbing velocity, the load 
factors, for centrifugal loading only, would be 
3,770, 8,700, 10,150, and 14,150 lb. ft. sec. respec- 
tively. It would thus be possible to increase the 
speed of the first three engines by 55-5 per cent., 
18 per cent., and 12 per cent. without exceeding the 
load factor of the fourth engine, and increasing the 
speed of the vertical engine by about 50 per cent. 
would make its weight per brake horse-power 
approximately equal to that of the radial. 

In any engine other than the radial type, the 
most heavily loaded bearing is, however, the centre 
crankshaft journal bearing, and the load factor 
for this bearing in the Liberty engine, the lecturer 
stated, was as high as 24,670 lb. ft. sec. The 
corresponding figures for the intermediate and 
end-journal bearings were 13,650 and 11,900 Ib. 
ft. sec., while that for the gib-end bearing was 
13,500 Ib. ft. sec. These figures, it should be 
noted, are for the total loading of the bearings, 
including fluid pressure, inertia effects and centri- 
fugal loading. It would thus appear to be possible 
to use load factors as high as 24,000 Ib. ft. sec. 
continuously, if ample lubrication is provided 
in conjunction with an efficient system of oil 
cooling. Mr. Chorlton also called attention to the 
fact that, although bearing pressure depended 
on the projected area of the bearing, the load factor 
was influenced only by the length, and could not 
be reduced by increasing the diameter, since a 
rm ddification of this nature was accompanied by a 
corresponding increase in rubbing velocity. 

After dealing with the design of valve gears for 
high speeds, the lecturer went on to consider the 
trend of cylinder design, dealing particularly with 
the possibilities of air cooling. In this connection 
he referred to the experiments at Farnborough 
initiated by Dr. A. H. Gibson, and continued by 
Major G. H. Norman. These experiments, he 
said, had led to the conclusion that an air-cooled 
engine could now be built having a brake mean 
effective pressure of 120 lb. per square inch, weighing 
not more than 2 lb. per brake-horse power, with 
a fuel consumption not exceeding 0°55 Ib. per 
brake-horse power hour, and capable of standing 
full load under the same conditions as a water- 
cooled engine. 

Two-cycle engines, the lecturer continued, had 
made but little progress in aviation work, mainly 
on account of their high fuel consumption and the 
difficulty of dissipating the extra heat. In charging 
the cylinder, some of the fuel escaped and some 
inert gas remained in the cylinder to heat the 
charge, reducing its efficiency and rendering it 
more liable to pre-ignition. The advent of direct 
fuel injection had, however, materially altered the 
situation, and the lecturer thought there was now 
much greater possibility of the two-cycle type being 
used for aero work, as well as for land transport. 
Fuel economy, he thought, would not be so good as 
with the four-cycle type, but a consumption of 0°6 lb. 
per brake-horse power hour should be obtained 
and the light weight possible would render the two- 
cycle type suitable for comparatively short flights 
of three hours’ duration or less. At present, how- 
ever, he thought that only well-known types were 
likely to be employed for civil aviation work. 

After referring briefly to the possible improve- 
ments in materials of construction due to advances 
in metallurgy, the lecturer dealt with the special 
requirements of engines for airsh'p work, mentioning 
that for a flight of 100 hours’ duration, the weight of 
fuel required would be about ten times the weight 
of the engine; fuel consumption was, therefore, 
of far greater importance than engine weight High- 
compression, direct-injection engines would be suit- 
able for this class of work, but they would require 
to be made lighter, and possibly of the opposed- 
piston type, before they could compete effectively 
with the most economical forms of constant-volume 
engine. 

In conclusion, the lecturer thought that engines 
weighing only 1 Ib. per brake-horse power would be 
used in the not far-distant future for three-hour 
flights, but such engines, he said, must be as simple 








as possible, and must also be readily removable from 
the machine, in order to be successful in commercial 
aviation. Finally, as an indication of the import- 
ance of these latter points in service, he exhibited a 
table showing the time run, between overhauls, 
by various engines, and the relative time required 
for a complete overhaul, taking that necessary for 
the overhaul of the 140-h.p. Clerget engine as unity. 
The times run varied from 15-1 hours in the case 
of the 140-h.p. Clerget engine, to 103-2 hours in the 
later Rolls-Royce Falcon engines, the time required 
to overhaul the latter engine being three units. 
The 160-h.p. Beardmore engine ran 48-1 hours and 
required one and a half time units for overhaul, 
while the average figures for a number of different 
engines of the Hispano-Suiza type was 40-3 running 
hours with two time units for overhaul. The ratio 
of hours run to time units required for overhaul was, 
however, highest in the case of the 110-h.p. Le Rhone 
engine, since the running hours given by this engine 
were 54°1 and the time required for overhaul only 
half a unit. 


CLOUDLAND STUDIES. 

ALTHOUGH only the first part of the discourse on 
“Cloudland Studies,’ which Sir James Dewar, 
F.R.S., delivered at the Royal Institution last 
Friday, directly dealt with clouds, clouds played 
an important part in the novel researches on radia- 
tion and on the atmosphere of cloudland to which he 
presently proceeded. Sir James did not throw 
cloud photographs on the screen, but the clouds 
which he produced in the lecture hall exemplified 
some of their peculiarities as well as their fascinat- 
ing beauty. 

The “hot cloud” first shown was a steam jet 
rushing upward from a vertical tube; the lantern 
beam falling through the steam showed that the 
uncondensed water vapour was invisible imme- 
diately above the orifice. A “cold cloud” was 
produced by pouring liquid air on a basin full of 
water; beautiful snowy - white billows formed 
over the water, from which the movement of a fan 
separated delicate cloud wisps. Peculiar clouds 
were seen when a rain of drops of liquid oxygen 
fell down upon the water from the roof of the hall. 
Very black clouds were produced when a basin of 
liquid air was placed in a box, in front of the lantern, 
and the liquid was stirred up by a wheel ; the heavy 
vapours escaping over the edge of the basin made 
the condensed moisture of the room sink in heavy 
clouds. To produce rising clouds the experiment 
was modified; gaseous hydrogen was bubbled 
through the liquid air, and the hydrogen lifted the 
clouds of condensed moisture. The clouds did not 
rise when the bubbling gas was air itself. Cirrus 
clouds were imitated by illuminating the moisture 
vapours, sinking from the basin, through a horizontal 
slit; the direct streak of light was intercepted by 
the wall of the dark box, but the diffused light was 
allowed to pass out, upward at an angle, through a 
hole in the wall, and fine feathery clouds were seen. 

Passing to early researches on atmospheric 
moisture and solar radiation, Sir James referred to 
the work—insufficiently appreciated now, he said— 
of Sir John Leslie, with which he had himself become 
acquainted through David Forbes, and of Pouillet. 
Leslie (died 1832), invented the differential thermo- 
meter and the Leslie cube, Pouillet the pyrhelio- 
meter, and extraordinarily accurate work was done 
by them with their instruments. By their aid the 
amount of energy, which the Sun radiates into space 
and which the Earth receives from the Sun, was first 
determined. The Earth received about one two- 
billionth of the total solar energy. How the solar 
energy was maintained, we were still speculating. 
The energy emission had been believed to be con- 
stant, but Sir James had subsequently more to say 
about this point. By solar constant we meant the 
quantity of heat energy in gramme-calories which 
1 sq. cm. of the Earth surface would receive per 
minute when exposed to vertical sun rays, provided 
there were nothing between the Sun and the surface 
of the Earth and in our atmosphere intercepting 
part of that solar energy—a quantity more easily 
defined than determined, of course. Pouillet, who 
first determined that constant at Paris, in 1837, by 
day and night observation, was well aware of the 
influence of clouds and their depths. In his 
pytheliometer the bulb of a mercury thermometer 








was encased in a box of silver, coated with soot ; 
the thermometer stem was contained in a tube filled 
with water, and the whole apparatus was so mounted 
that the sun rays always fell vertically on the box. 
Pouillet’s final value for the solar constant was 
1-76 calories. Later estimates by apparently more 
perfect methods gave higher values (Violle 2-5, 
Langley 3, Savelioff 3-4, Crova nearly 4, in round 
numbers). But the determinations of this century 
again reduced the figures; in 1902 C. G. Abbot, 
F. E. Fowler and F. Langley proposed the value 
2-08, and last year’s determinations by Abbot and 
his staff gave the figure 1-93, so that Pouillet would 
have been correct within 10 per cent. 

In their researches, Leslie and Pouillet also 
determined the “‘ zenith temperature,” which we 
should now define as the “‘ black body” tempera- 
ture of a portion of the sky near the zenith if it 
were like a black body able to absorb and to emit 
all radiations received without reflecting or trans- 
mitting any radiation. Leslie placed the black bulb 
of his differential thermometer in the focus of a 
mirror exposed to the zenith. Pouillet’s actino- 
meter, also for nocturnal studies, was insulated from 
all radiations except those from above by silver en- 
velopes separated from one another by swansdown, 
and he gave a formula for his zenith temperature 
z= t — 9d/4, where t was the Earth’s temperature 
and d the difference between his actinometer 
reading and the Earth temperature. How that 
formula was deduced, Sir James remarked, was not 
known ; Pouillet’s lowest value for Z was — 15-7 
deg. C. 

What Pouillet could not allow for in those days 
before spectrum and black-body studies was the 
energy variation with the wave-lengths of radiations, 
the shifting of the maximum of energy emission 
towards shorter waves in the spectrum as the 
temperature rises, and the general energy relation of 
Stefan’s law, according to which the energy emitted 
increases with the fourth power of the temperature 
of the radiating body. Showing the Lummer- 
Pringsheim curves of black-body radiations at 
0 deg., 10 deg., 100 deg. C., Sir James gave the 
following figures for the wave-lengths in » (1 # = 
0.001 mm.) of the maximum energy emitted at 
various temperatures: boiling water, 8; melting 
ice, 11; solid carbon dioxide, 16; boiling oxygen, 
32 «; boiling nitrogen, 37 +; melting oxygen, 
574; boiling hydrogen, 146; melting hydrogen, 
195 #; boiling helium, 586 +; lowest temperature 
produced, 2 deg. C. absolute, 1,465 u. 

Nor was the transparency of gases and liquids 
to different radiations understood in those days. 
That low-temperature radiations are not stopped by 
liquid air Sir James demonstrated in a strikingly 
simple way. A vacuum-jacketed glass sphere, 9 in. 
internal diameter, was filled with liquid air; the 
glass was wrapped with black velvet leaving two 
windows opposite one another uncovered. A warm 
plate of iron was held in front of the one window, a 
thermopile facing the other; the galvanometer in 
circuit with the pile was at once deflected, showing 
that the heat rays had penetrated through the 9 in. 
of liquid air and the four walls of the glass vessel. 
Yet when the lantern beam was passed through 
liquid oxygen, the spectrum showed five strong 
absorption bands in the visible region. The 9 in. 
of liquid air would represent a large proportion of 
the atmosphere. How Sir James has been able to 
utilise this transparency to low-temperature radia- 
tions of liquid oxygen and also of rubber membranes, 
which have the additional property of being imper- 
vious to gases when themselves at very low tempera- 
tures, for the construction of a wonderfully sensitive 
thermoscope, he had explained last year.* He now 
showed how this thermoscope has been used since 
then in determining zenithal temperatures at day 
and night throughout the past year. Professor 
Dewar remarked that he had for this purpose spent 
his holidays on the roof of the Royal Institution, 
observing by preference on Saturday evenings and 
Sundays, when the traffic was not heavy and the 
atmosphere was fairly free of dust, and he had 
sometimes found the London sky more free from 
clouds and dust than he had expected. 

The thermoscope is a small cylindrical capsule or 
cell of metal, containing charcoal saturated with 





* See ENGINEERING, January 23, 1920, page 122. 
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liquid oxygen (not liquid air) and closed above by 
a fine rubber membrane. This cell is immersed in 
about 5 cm. of liquid oxygen contained in a U- 
shaped vacuum-jacketed vessel; we will call this 
vessel the tube. The tube is lowered into a spherical 
oxygen container, also of the Dewar type; the 
mouth of the vertical tube is normally kept closed 
by a “‘ stopper,” consisting of five plates of polished 
aluminium, strung on a wire; this very loosely- 
fitting stopper keeps the evaporation of the liquid 
oxygen down. When an observation is to be taken 
the stopper is lifted out, so that the tube mouth 
is exposed to the radiation from a sector of the sky 
near the zenith covering about 10 deg. or 15 deg. 
This radiation falls down the tube on the 
membrane as soon as a metal lid (trap door) 
is lifted, which is done by turning a milled wheel. 
A metronome is started so that the radiation 
may act for half a minute, and the three-way 
cock is opened which connects the cell to the 
almost horizontal pressure gauge of U-shape ; 
gas is liberated in the cell by the heat received, 
and the manometer column rises. This gives 
the zenith reading. The cock is closed, and the 
pressure zero is re-established by admitting a little 
oxygen (dried and pure) into the cell. While this 
observation was made, the “‘dome’”’ of the apparatus 
a hemisphere of brass, about 6 in. diameter, black- 
ened inside, had been lying on the top of the roof, 
exposed to the same radiation and acquiring the 
Earth temperature. The dome is now put over the 
apparatus, so that the black inside radiates down 
upon the cell; the cock is opened again, and an 
earth-radiation reading is taken, again for half a 
minute. In order to prevent cooling of the cell by 
the tiny ice crystals of condensed moisture— all 
convection currents are downward in this apparatus, 
of course—a little caterpillar of horse hair, stuffed 
inside with uranium nitrate, is suspended in the 
tube, and a small bag containing the same salt is 
occasionally raised and lowered in the tube; the 
uranium nitrate attracts the ice crystals. 

In demonstrating the use of the instrument 
Professor Dewar first put on the black dome, which 
was at a temperature of about 15 deg. C.; the 
manometer deflection was E=3 cm. He then 
removed the dome and exposed the cell to the sky 
(the roof of the building), for 15 seconds as before, 
and obtained a deflection Z=2 cm.; the ratio 
Z/E was %, which, at an Earth temperature E; = 15 
deg., would correspond to a zenithal temperature 
Zt of — 14 deg. C. How this is deduced, we shall 
presently indicate. Professor Dewar then placed 
a dish containing solid snowy CO,, at — 84 deg., 
on the apparatus ; the deflection indicated that heat 
still passed from that snow down to the liquid 
oxygen. If liquid oxygen had replaced the dome, 
there would have been no differential deflection ; 
if liquid nitrogen or hydrogen (of lower temperatures 
than liquid oxygen) had replaced the dome, the 
differential heat flow would have been upward. 
The method thus determines the differential heat 
interchange, which in our atmosphere is of a very 
complex character. The Sun heats the Earth and 
the air, the Earth sends the heat back, but much is 
intercepted in either case by visible and invisible 
vapours of water and carbon dioxide, possibly 
methane, and dust. During the day the heat flux 
is mostly downward, during the night upward. To 
arrive at the real radiation values, we try to eliminate 
the intercepting influences. Professor Dewar’s 
Z and E; are the theoretical black-body tempera- 
tures of zenith and Earth, and Z and E the corre- 
sponding radiation fluxes. The ratio Z/E is equal 
(Zt/E,)* according to Stefan, and the Z is found 
with the aid of a Stefan curve drawn for the parti- 
cular Earth temperature (e.g., of 15 deg. C., ete.) 
The Z/E ratio will be = 1 if the two heat fluxes 
downward and upward are equal. During the night 
the Earth loses more heat than it gains, and Z/E 
will be a small fraction ; so it was also, e.g., on last 
August bank holiday after a heavy downpour 
clearing the atmosphere. On the other hand a 
warm cloud or haze will make the ratio greater 
than 1. The many tables of Professor Dewar’s 
observations showed all this, and also the small 
fall in temperature immediately following sunset, 
the striking rise of zenithal temperature accom- 
panying sunrise (from — 30 deg. up to — 21 deg.) 





and many other interesting features. The lowest 
zenithal temperature was so far observed on a 
June day, — 42 deg. C. His method, we should 
add, differs entirely from others to be mentioned. 

Dwelling upon the importance of such researches, 
Professor Dewar stated the American observations 
of 1902 already had made it very probable that 
the solar constant was not really constant, but 
varied in the course of weeks and days by 5 per 
cent. or more. We were thus unable to say any- 
thing as to its secular constancy. That variability 
had been confirmed fully by later observations. 
The first determinations had been made at Washing- 
ton. The apparatus had then been perfected and 
removed to the clearer atmosphere of Mt. Wilson 
in California, especially also to test the influence of 
the depth of the atmosphere. Being there disturbed, 
however, by haze, they had established another 
observatory at Calama, in Northern Chile, at an 
altitude of 2,200 m. (west of the Andes chain) and 
had last summer removed the Mt. Wilson station to 
the Harqua Hala mountain in Arizona, 5,800 ft. 
high. The instruments used were bolometers of the 
strip kind, Angstrim compensation-pyrheliometers*, 
and its most recent modification, the honeycomb 
pyranometer of Abbot-Aldrich. In this instrument 
a ribbon, } in. wide, 0-001 in. thick, of therlo (an 
alloy of 85 per cent. of copper, 13 per cent. of 
manganese, 2 per cent. of aluminium, resembling 
manganin) is so bent as to form 200 triangular cells ; 
the radiation enters the cells, is reflected to and fro’ 
in them, and is finally sent back once more by a 
mirror, to be compensated by a current through 
the ribbon. These observations, taken also on 
Mt. Whitney (4,420 m.), in Algiers and in other parts, 
and supplemented by meteorological observations 
at the 89 weather stations of the United States, 
proved a variation in the solar constant which was 
fairly parallel with atmospheric temperature 
variations. 

The most remarkable confirmation of the solar 
variability, Sir James stated, had last year been 
obtained by Dr. Guthnick at the Babelsberg Obser- 
vatory, near Potsdam. Plotting the brightness of 
Saturn by photoelectric instruments, from January 
to May, Guthnick observed brightness fluctuations 
which accorded within 1 per cent. with the solar 
radiation values obtained at Calama and which 
could not be accounted for by known causes. Now 
the solar radiations might either vary, and yet be 
the same in all directions at the time ; then all the 
planets should equally be affected. Or the changes 
might be unequal in different directions ; then the 
change would come round to different planets at 
different times, as the Sun rotated about its axis, 
and would not strike the Earth, e.g., at the same 
time as Saturn. The observations accorded with 
this latter assumption. 

Finally Sir James turned to future aspects of 
these problems. We believed that the higher 
atmosphere should be richer in the lighter gases 
and poorer in the heavier gases than the lower 
atmosphere. But so far we had no proof for that 
assumption. The sounding balloon which Cailletet 
sent up from Paris on February 18, 1897, to,a height 
of 15,500 m., brought down air practically of the 
same composition as our air; his copper container, 
of 6 litres capacity, was originally evacuated and 
opened by clockwork at the maximum height, known 
from previous experiments. On the other hand, 
the spectrum of a meteorite which Pickering 
obtained showed the lines of hydrogen and helium. 
But our estimates of the height of the atmosphere, 
based upon observations of meteorites and of 
aurore, were very uncertain. We wanted means 
of collecting samples of air at high altitudes, and the 
experiments of Robert H. Goddard, of Clark 
University, Worcester, Mass., promised to supply 
us with those means. Goddard sent up rockets. 
The rocket was a steel chamber communicating 
through @ narrow orifice with a funnel-shaped 
nozzle; the chamber contained cartridges of 
explosives ; the jet of powder gases rushing out of 
the chamber drove the rocket up. One point was to 
increase the ratio of the mass of the propellant to 
the mass of the rocket. Goddard had increased the 
jet velocity from 1,000 ft. to 7,500 ft. per second. 


* This instrument was used by Scheiner in 1908 on 
the Gorner Grat, in the Alps, 3168 m. high. 





He had actually sent—when describing his experi- 
ments in 1919—a rocket up to a height of 490 ft. 
By using multiple charges successively to be ex- 
ploded, he should be able to send a rocket weighing 
11 Ib. with a velocity of ejection of 5,500 ft. per 
second at least up to the 10 km. level—the altitude 
to which meteorologists attach importance—and it 
should be possible far to exceed that height. Such 
rockets could carry air collectors, to be opened above, 
and parachutes to make them drop again gently. 

Sir James concluded his lecture, as he opened it, 
with quotations from Shelley’s Cloud and other 
poems, as he had done years ago when giving the 
juvenile lectures on Clouds in the same place. 
He was sure of general sympathy when he expressed 
his regret that the means of the Royal Institution 
did not admit of his continuing his low-temperature 
research on the former lines. Mr. W. J. Green, 
B.Sc., was in charge of the demonstrations. 





NOTES. 
Gaver TxsTINe. 

Tue experience in connection with the use of 
gauges which the special demands of the war brought 
to many shop people who were previously but little 
acquainted with them, are likely to permanently 
modify many of our manufacturing processes. 
It is to be hoped, however, that it may be generally 
realised that a gauging system, unless the gauges 
are maintained at proper standard, may be worse 
than no system at all. Sir Henry Fowler, at the 
dinner of the Institution of Automobile Engineers 
last week, told a story about the purchase of motor 
cars and’ spares from a well-known firm, and the 
spares proving not to fit the cars. This instance 
was probably due to inefficient gauge maintenance. 
We deal with this subject of keeping gauges up to 
standard elsewhere in this issue, and need not 
pursue it here, but the subject is one that adds 
interest to the booklet recently published by the 
National Physical Laboratory. This booklet deals 
with the gauge-testing work which is carried out 
by the Metrology Department of the Laboratory. 
The general conditions under which manufacturers’ 
and other gauges are tested, the limits necessary 
for certification in the two grades which the Labora- 
tory recognises, the prices charged for testing and 
other necessary information are given, and it is 
to be hoped that the publication may get into the 
hands of many shop people and may be utilised. 
It is doubtful if the valuable work carried out at 
the National Physical Laboratory is known to the 
generality of manufacturers as it should be, and 
this useful and practical publication may perhaps 
introduce its work to some to whom it is little more 
than a name. 


Frenow Rartway Srartistics. 


Statistics which cover the working of the five 
French railway companies (Nord, Est, Orleans, 
P.L.M. and Southern) for the year 1919 are pub- 
lished in the Revue Générale des Chemins de Fer. 
The total length worked of the five systems is 
30,079 km. (18,694 miles), the total authorised 
length being 33,251 km. (20,665 miles). The total 
share and bond capital is 18,763,349,305 francs 
(750,533,9721.) or about 564,294 francs per kilo- 
metre (36,3191. per mile) of authorised lines at 
the pre-war value of the franc, é. e. 25 francs to li. 
sterling. The railways have cost, including the rolling 
stock, a total of 16,647,737,426 francs (665,909,4951. ). 
The total traffic receipts amounted in 1919 to 
2,722,914,048 francs (108,916,560/.) and the total 
expenditure to 3,228,487,287 francs (129,139,4902 ), 
leaving an excess of expenditure over receipts of 
505,573,239 francs (20,222,930/.), a ratio of operating 
expenditure to receipts of 118-5 per cent. Per 
kilometre worked the figures were the following : 
Receipts, 90,525 francs (5,832/. per mile) ; pence | 
ture, 107,333 francs (6,908. per mile), equalling 
deficit of 16,808 francs (1,076l. per mile). 
Per train-kilometre the receipts were 13-24 francs 
(17s. per train-mile), and the expenditure 15-70 
francs (20s. 2d. per train-mile), equal to a loss of 
2-46 francs (3s. 2d. per train-mile), The five 
railways carried in the year} 11,286,464 first-class 
passengers, 44,931,701 second class, and 278,287,959 
third class, who together travelled a total distance 
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of 15,804,230,608,km. (9,822,393,000 miles), equal 
to an average distance per passenger of 47-24 km. 
(29-35 miles). The total passenger receipts, less 
tax, were 122,008,969 francs (4,880,358/.) for first 
class, 168,560,931 francs (6,742,437/.) for second 
class, and 481,080,533 francs (19,243,2211.) for third 
class passengers. The average receipts per passenger 
per kilometre were 4-886 centimes (0-78d. per 
passenger-mile). The average receipts of the goods 
train traffic on the five systems were 4-88 centimes 
per ton-kilometre (0-77d. per ton-mile). 


Om Fort SystTems. 

The subject of oil-fuel has been forced into such 
prominence, that the various societies have all 
thought it advisable to have papers on the question, 
with the result that there is a danger of it being 
rather overdone. Hardly any other matter of 
interest to the engineering profession has enjoyed 
such a boom in the Societies’ circles, and it is a 
little difficult now-a-days to find much new to 
relate. A paper read before the Royal Society 
of Arts by Mr. A. F. Baillie, on Wednesday last, 
covers much the usual ground, but also gives some 
interesting figures, which are not always easy to 
get at. After dealing with the three main methods 
of using oil fuel, viz., the air jet, steam jet, and 
pressure jet systems, the author passed on to ap- 
plications to steamships, locomotives, &c., and also 
mentioned the system employing both coal and 
oil firing. The author then dealt with the con- 
sumption of industrial furnaces. In this connection 
he stated that billet-heating furnaces using the air- 
jet system, with air and oil preheated by the exhaust 
gases showed a consumption of 9 lb. of oil per 100 lb. 
of metal heated for drop stamping. In heating 
furnaces for nut-making the consumption was found 
to be about 4 Ib. of oil per 100 lb. of metal heated, 
and for bolt-making about 4} lb. A test on a bolt- 
making furnace 9 in. by 12 in. by 20 in. resulted 
in 400 to 500 gross of bolts of from ? in. to 1 in. 
per week on a consumption of 300 gallons of 
oil. Rivet-heating is another suitable application 
of oil fuel, and tests show for some furnaces on this 
work a consumption of 10-3 lb. of oil per 100 Ib. 
of metal heated. The use of oil fuel for pot furnace 
work is also another valuable industrial application. 
A tilting crucible furnace is said by the author 
to take about 10 Ib. of oil per 100 lb. of gunmetal 
melted, an open-hearth furnace about 11+8 Ib., 
and a lift-out furnace about 12-5 Ib. of oil. Stock 
converter furnaces for melting cast iron and steel- 
making take about 15 Ib. of oil per 100 lb. of metal 
for melting only, but the total including lighting 
and heating up runs to about 40 lb. In glass works 
the tank-type of furnace takes about 37 lb. per 
100 lb. of finished glass. The author concluded 
with figures from an Italian plant of open-hearth 
Siemens basic furnaces of 55 tons capacity. With 
an output of 150 tons of steel per 24 hours per 
furnace, the oil consumption ranges from 16-5 tons 
to 18-75 tons or from 11 Ib. to 12+5 lb. per 100 lb. 
metal. The air pressure for atomisation was four 
kilos. per square centimetre. 


Tue VULCANISATION OF RUBBER. 


In the original vulcanisation process, which 
Goodyear introduced in 1839, the rubber is dipped 
into molten sulphur or mixed with sulphur, and 
then heated or exposed to the action of superheated 
steam under pressure at about 140 deg. OC. The 
process has little been changed in its main features, 
although it restricts the manufacturer in the 
selection of filling and colouring agents and hence 
in the production of delicate artistic effects. 
Organic compounds and coal-tar colours cannot 
bear the action of steam of 140 deg. C. in the 
presence of sulphur, and the manufacturer has to 
make the best of mineral pigments and of in- 
° ic compounds such as chalk, barytes, kiesel- 
me OF clay, &c. Sulphur chloride “ cures” rubber 
in the cold; but this agent is itself destructive to 
many organic compounds, and vulcanisation by 
other materials, notably by selenium, has so far 
not proved successful. A new vulcanisation process 


due to Messrs. 8. J. Peachey and A. Skipsey, was 
recently described by its inventors before the 
Manchester Section of the Society of Chemical 
Industry. It has long been known that the two 





and | hydrogen sulphide H,S, mutually decompose 


one another, sulphur and water being formed. 
Peachey and his colleague observed that when this 
reaction takes place in contact with rubber, i.e., in 
the rubber itself, the sulphur liberated in the 
atomic condition combines with the rubber and 
vulcanises it in the cold. Sulphur is inclined to 
polymerise, and the polymerisation which is counter- 
acted by heat seems to be essential for vulcanisation. 
It is no good to mix the sulphur prepared by this 
method with the rubber after its deposition. Indeed, 
the discussion of the paper brought out the fact that 
the presence of free sulphur, such as always con- 
tained in antimony sulphide (a red pigment for 
rubber) and in ultramarine, as disadvantageous to 
the new process. In the dry treatment the rubber 
is first exposed to SO, in an enclosed chamber ; 
a short exposure to air follows in order to give the 
merely adsorbed SO, time to escape from the surface. 
The rubber is then treated, in another chamber, 
with H,S for about 30 minutes. A special drying 
process to remove the water formed is not required ; 
the water which is said not to become liquid during 
the reaction diffuses out rapidly. This is remark- 
able. There would not be much water in any case, 
since 2-5 per cent. of sulphur suffice for the 
vulcanisation. But one feels a little doubtful as to 
the time effects of moisture; all ebonite slowly 
turns weakly acid when exposed to light. Mr. H. L. 
Terry mentioned, however, that he had found the 
rubber vulcanised by this process perfectly sound 
after six months, and that he had moreover been 
unable to de-vulcanise this rubber by the action 
of hot alkali, whilst cold-cured rubber (heated with 
sulphur chloride after Parkes) could easily be de- 
vulcanised, because the vulcanisation was confined 
to the surface. Mr. Peachey added that if any 
acidity should show 1t could be removed by treat- 
ment with ammonia ; an excess of SO, is, of course, 
avoided. In the wet process the SO, is dissolved 
in benzene, the H,S remaining us. The new 
process has so far not been utilised for the vulcanisa- 
tion of thick specimens (an inch or so). But it is 
a rapid process, answering well with delicate organic 
colouring matters and for admixing resins, gums, 
&e., to the rubber. Technically it is also note- 
worthy that rubber can be vulcanised in solution 
by this process. When the rubber is dissolved in 
benzene or naphtha, and the solution is treated with 
H,S gas and then with SO,, dissolved in the same 
solvents, the liquid sets to a stiff jelly in a few 
minutes; on evaporating the excess of solvent, 
the rubber is left vulcanised. Thus, for instance, 
boots have been fitted with rubber soles or heels 
without requiring any stitches or nails, and these 
soles (and whole rubber boots) are said much to 
surpass leather in durability. 
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Pure Mathematics for Engineers. By 8S. B. Garss, 
B.A. With an introduction by H. A. Wess, M.A. 
In two , 48. 6d. each. London: Hodder and 

Stoughton, Limited. 1920. 


WitH the demand for better-trained foremen and 
managers in engineering works, and with the 
recognition of the necessity of bringing scientific 
discovery and research to bear on our national 
industries, has arisen the complaint, that progress 
is hampered by the conservative element in our 
universities and public schools, who have insisted 
on the retention of stereotyped methods and obso- 
lete systems. Educational reform is loudly de- 
manded, but the prayer for the adoption of modes 
of teaching that would invest a subject with greater 
interest and tend to the advantage of both teacher 
and pupil, has been largely unheeded. It is urged, 
that the class of text books most in vogue, prepared 
on long-established models that satisfied earlier 
students and engineers is no longer satisfactory. 
A plan is needed for the teaching of mathematics 
in a less detailed and more general form, whereby 
the student may reach his goal in a quicker and 
more practical manner, though some of the mental 
discipline and logical training have to be sacrificed. 
Modern teachers who perceive the possibilities of 
science in enlarging industrial power are inclined 
to produce their own text books, covering the ground 
more or less partially and introducing greater 
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diversity than is desirable or convenient. The 





aUthor’s contribution to revised manuals aims at 
OCcupying an intermediate position between the 
Work of the pure mathematician—university- 
trained by methods that have been approved by 
tradition and experience—and that of the engineer, 
who designs with little other assistance than can 
be found in an engineers’ hand book. 

If the merit or the advantage of such books con- 
sists in selecting the steps which lead the pupil most 
swiftly to a goal, the author may be considered to 
have scored a success. Some may think that he 
has indicated a path rather than constructed a 
well-beaten track. Probably this method of teach- 
ing will grow in favour, though apparently the 
results will be superficial rather than thorough. 
Whether it would be possible to draw up an authori- 
tative mathematical syllabus, that would indicate 
appropriate courses and obtain general recognition 
from the responsible guides for training those who 
will have to use mathematical processes may be 
doubted, but it would be convenient, if some agree- 
ment could be reached by science teachers, in- 
dicating the scope and form of presenting the 
mathematical material that would best adapt itself 
to that field of activity, which will occupy a large 
space in the reconstruction of engineering industry. 

The contents of the book are easily indicated. 
In the first volume elementary algebraical processes 
are explained, introducing the solution of simple 
equations of one or more unknowns. Some remarks 
on quadratics follow, and the graphical derivation 
of roots is explained. The construction and use of 
logarithms come under consideration, requiring 
some remarks on expansion in series. A chapter is 
devoted to angular magnitude, the definition of 
circular functions and some ordinary trigono- 
metrical formule. 

The second volume marks a great step in the 
student’s progress. He is introduced, perhaps a 
little abruptly, to the general principles of differ- 
entiation and integration, but the application of 
the integral calculus to selected problems is reserved 
for a later chapter. The third and fourth chapters 
attack the discussion of analytical geometry of finite 
and of small quantities. The sixth chapter in 
which is given a glimpse of Fourier series might have 
been usefully extended, for here the student is 
dealing with very practical matters. The volume 
concludes with a useful chapter on measurements, 
units and dimensions. It should be stated that 
well-selected examples are attached to each chapter. 

In compiling such a treatise, the task of selection 
must have been difficult and the author must regret 
that he has found no place for matters that will 
engage the attention of the future engineer. Vector 
analysis and hyperbolic functions, so. useful to the 
electrician, find no mention. The omission marks 
an unfortunate gap in that mathematical landscape 
which the author invites the student to contemplate, 
urging “that a bare and undeveloped landscape is 
better than no landscape at all.” The view of the 
landscape offered need not, however, prove a 
deterrent to further examination, for this glance 
will show that many objects, both in the near and 
far distance, will well repay further investigation. 





Modern History of Warships. By Wii11aM HovGAArp, 
Professor of Naval Construction and Design, Massa- 
chusetts Institute of Theology, M.I.N.A. London: 
E. and F. N. Spon, Limited, 57, Haymarket, 8.W. 1. 
[Price 42s. net. 


An intelligent study of the historical development 
of warships is a natural and necessary part of 
the complete education of all students of naval 
architecture, and in particular of all those whose 
business it is to design or to operate modern war 
vessels. Moreover, the fact that the various steps 
in the evolution of each of the various types of war 
vessel, as we now know them, were in very large part 
due to theoretical considerations or became possible 
as a result of improvement in materials of con- 
struction or equipment rather than as a result of 
experience under war conditions, invests such study 
with peculiar interest at the present time. The 
real test of such theories can only come when vessels 
are employed under active service conditions 
and when they are subjected to the supreme test 
of battle. The conclusion of the greatest war of 
all time, during which war vessels of all types were 
continuously employed on war service for over 





four years, is therefore a peculiarly appropriate 
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time to review progress, to evaluate if possible 
present achievement in design and construction, 
and to consider the probable lines of future develop- 
ment in the light of recently-acquired experience. 

Previous to the Great War the amount of in- 
formation gained from practical experience of 
naval warfare was relatively slight, and it is certainly 
a fact that even during the progress of the Great 
War the actual naval engagements rarely followed 
the generally anticipated lines. The use of sub- 
marines as developed by the Germans was certainly 
not seriously contemplated by the Great Powers, and 
as a consequence defensive measures for merchant 
shipping were, in the early days of the submarine 
war, practically non-existent. The wonderful de- 
velopment in the sphere of usefulness of the destroyer 
was likewise a revelation, and necessitated the rapid 
building of a large number of these craft. The 
comparative ineffectiveness of the torpedo when 
fired from surface craft and the enormous develop- 
ment of the use of mines were also responsible 
for modification of preconceived ideas; in fact, 
the fund of experience accumulated during the 
war is so vast that a considerable time must 
necessarily elapse before the final deductions from 
it can definitely influence naval design, construc- 
tion, or strategy. 

In tracing the development of modern war 
vessels Professor Hovgaard has chosen as his starting 
point the adoption of iron as a substitute for wood 
in hull construction, and the introduction of the 
steam engine as an auxiliary to the then universal 
sail. Chapter I is appropriately devoted to a short 
introductory statement of the reasons which led up 
to the introduction of iron and steam and to a 
description of some of the earliest vessels in which 
these were used. 

The evolution of the modern warships classed as 
battleships, cruisers, vessels of special types, gun- 
boats, torpedo vessels and submarines, is dealt 
with in detail in Chapters II to VII. The alter- 
nating successes of the armour manufacturer and 
the artillerist ; the improvements in iron and the 
introduction of mild steel; the invention of the 
screw propeller, the increasing efficiency of the 
steam engine and the development of the Whitehead 
torpedo all initiated important steps in the evolution 
of modern warships of all classes, by enabling the 
designer to incorporate each new invention or 
improvement in his designs, or by compelling 
modification to meet new or improved weapons. 
Thus the increasing power of guns was responsible 
for a corresponding increase in thickness of armour 
and consequent reduction of area protected for 
the same weight of armour. This in turn led to 
the grouping of guns in such a position that they 
could be completely protected by the minimum area 
of armour, and in this way the first “‘ casemate ” 
arrangement was evolved. The substitution of 
mild steel for iron enabled a very substantial 
reduction in hull weight for equal strength to be 
made, and this saving became available for increas- 
ing armour, guns or machinery as desired. Con- 
temporaneous with this augmentation of strength 
per unit of thickness, and therefore of weight, in 
steel as a hull constructional material, there were 
the great advances in the shot-resisting power of 
armour—first the introduction of the compound 
system, and next by a wonderful series of experi- 
ments in carbonising the armour, heat treatment, 
chilling, &c. At the same time the ordnance 
engineer was active in the mechanism and method of 
manufacture of guns, and in the perfecting of the 
mountings to secure greater striking power, while 
the chemist did much to influence design by the 
high explosive behind the projectile and the greater 
bursting effect. The development of the Whitehead 
torpedo from its earlier and unreliable form to an 
offensive weapon of great power and precision, and 
the subsequent development of the torpedo-boat, 
had also the effect of retarding somewhat the 
development of the capital ships of that time owing 
to the fear that such defensive measures as could 
be adopted were quite inadequate. By no means 
the least important factor in the successive stages 
of development has been the steady advance made 
in the efficiency of propelling machinery. The 
continuous increase in power per unit of weight has 
exercised .an enormous influence, not only on the 
design of capital ships but has made-possible the 





development of the modern battle cruisers, torpedo- 
boat destroyers, and other special craft of great 
speed, while the development of the submarine 
practically dates from the introduction of a satis- 
factory petrol motor. 

Commencing with armoured battleships, Pro- 
fessor Hovgaard traces the evolution of each class 
of war vessel, following the influence of each new 
invention or improvement and analysing the 
reasoning upon which each new line of thought 
involving modification of existing design was based. 
As this line is followed in dealing with the navies 
of each of the maritime Powers, the result is a most 
interesting and instructive history of the develop- 
ment of modern war vessels in which the author 
notices the influence of the developments in one 
navy upon the vessels designed for other navies. 
The successive stages of development are well 
illustrated by ,profiles and deck plans showing 
disposition of guns and armour of type ships, while 
a short summary of war experience of each type 
of war vessel appropriately concludes each chapter. 
In summing up the results of war experiences of 
submarines, the author concludes as follows: 
‘As matters now stand, the submarine is an 
important link in the naval defences, but the 
capital ship remains as before, and probably will 
be for some time to come, the supreme type of war- 
ship in all countries for whom control of the ocean 
is under certain circumstances a necessity.” ‘“ In 
smaller navies intended for strictly defensive 
purposes the submarine is of relatively greater 
importance than in larger navies.” With this 
conclusion we agree. 

A short chapter on “Aircraft” describes in some 
detail airships of the rigid and semi-rigid types 
and seaplanes, and includes a short account of the 
work of these craft on the naval side of the war. 

In a chapter on “ Design and Construction of 
Hull” the variation of size, form and weight 
distribution are investigated. The effect of in- 
crease in speed in the direction of increase in length 
and breadth, and in fining the under-water form 
is pointed out. The fact is enforced that increase 
in speed necessarily involves a higher freeboard 
in order to provide a dry gun platform; this, in 
turn, involves a higher centre of gravity due to 
the increased height of guns and armour above 
the water line. Systems and materials of con- 
struction are touched on, and the author expresses 
the opinion that the future is likely to see increased 
breadth adopted and the protective bulge more 
generally fitted. He also points out, and illustrates 
with concrete cases, the dangers of fore and aft 
watertight bulkheads close to the shell * unless 
provision be made for symmetrical flooding in 
case of damage. Not less important than the 
changes in design of hull and armament, and 
indeed to a large extent dominating both, are the 
successive stages in the design of warship machinery. 
An outline of these changes, considered mainly 
from the. point of view of their influence on the 
design, is given in Chapter X. The enormous 
advances made possible by the adoption of water- 
tube boilers, turbines, and oil fuel are pointed out, 
and the present position of the internal-combustion 
engine, and electric and other forms of power 
transmission are touched upon. No record of 
war experience is included in this chapter, which 
is perhaps unfortunate, as the question of the 
reliability of the propelling machinery is of vital 
importance in all classes of war vessels, and must 
of necessity take a very prominent place in all 
questions affecting design. Ordnance, Ammunition 
and Armour are also dealt with, and their evolution 
and methods of manufacture are described in an 
able and interesting manner. 

Tn a final chapter the author sums up the situation 
as it appears from a consideration of all the available 
information, and sets forth his views on the prob- 
able developments of the near future. In battle- 
ship design he regards speed and gun power as 
the chief essentials, and predicts an increase in 
speed over the 21 knots or 22 knots now usual, 
and an increase in size of main armament over the 
14-in. or 15-in. nowcommon. Secondary armament 
of 6-in. guns and anti-aircraft battery effective 
up to an altitude of at least 10,000 ft. are also 
regarded as indispensable. Vertical armour is now 
sufficiently heavy, but horizontal armour may 





require to be increased to meet the great angle of 
fall of projectiles fired at extreme ranges. More 
efficient subdivision of hull to meet submarine and 
mine dangers, increase in beam to give greater 
initial stiffness, conning towers improved in roomi- 
ness and protection, and increased radius of action 
are also regarded as likely. Battle cruisers must 
have at least 20 per cent. more speed than battle- 
ships, should have guns at least equal in calibre 
to battleships, but the number of guns carried, 
and weight of armour may be reduced as compared 
with battleships. With these main conclusions, 
based as they are upon the solid foundation of 
logical reasoning and in the absence of any new 
invention of first-class importance either in guns 
or machinery, we do not think many will find 
fault. Professor Hovgaard has made several 
notable contributions to the literature of naval 
architecture, and the “Modern History of War- 
ships” is not the least valuable of these. To all 
interested in naval architecture we commend the 
volume as a thorough and reliable description 
of all the stages of progress in the evolution of 
modern warships, excellent alike in analysis of 
cause and effect, and in the arrangement and 
presentation of the various steps which marked 
the progress of warship design down to the present 
day. 


The Manufacture of Sugar from the Cane and Beet. By 
T. H. P. Heriot, F.1.C., Lecturer on Sugar Technolog 
at the Royal Technical College, Glasgow. Illustrated. 
London: Longmans, Green and Co. 1920. [Price 
248. net.] 


Tus is another of the series of monographs on 
industrial chemistry, whose object, under the 
guidance of Sir Edward Thorpe, is to demonstrate 
the relation of practice to theory. Sugar-making 
is an old industry in which practice and necessity 
devised a procedure, so independent of theoretical 
principles, that processes became traditional, and 
each sugar producer followed in the steps of his 
predecessor. Sugar-making, therefore, furnishes a 
good instance of illustrating the main purpose of 
the series, and Mr. Heriot has ample opportunity 
to demonstrate that successful practice depends 
upon the application of rigorous scientific principles 
that are not the outcome of factory rules and 
precepts. The development of the beet sugar 
industry, carried on under the invigorating influence 
of acute competition, has resulted in the application 
of improved methods and machinery, whose adop- 
tion has reacted on the cane manipulation and com- 
pelled the introduction of economic processes to 
which the sugar makers of the past were indifferent. 
Progress in other sciences has accumulated know- 
ledge, and sugar production has benefited from 
sources that seem sufficiently remote. For instance, 
when Marggraf discovered that the Silesian beet 
could be made to yield sugar on a commercial scale, 
and his pupils founded a factory that produced 
6 tons of sugar per annum, at a cost of 2s. 4d. per 
pound, the plant yielded but 5 per cent. to 7 per 
cent. of sugar, or about one-half that of the sugar 
cane, and the extracted beet juice contained so 
much saline impurity that it was difficult to cause 
the sugar to crystallise when the}juice was con- 
centrated by boiling. To-day the modern sugar 
beet contains about 20 per cent. of sugar, a Wigner 
content than that of the best sugar cane. 

result has been achieved by judicious selection of 
seed, and in later times by following the biological 
principles enunciated by Mendel. The reduction 
of the objectionable salts has been effected mechani- 
cally. By growing the plants closer together, 
the area from which the mineral food could be drawn 
has been diminished, consequently the mineral 
impurities being divided among a larger number of 
roots, each root contains less. Attempts to improve 
cane culture have been of later date than in the case 
of beet, and the objects sought to be obtained by 
selection and crossing have been different, but 
hardly less successful. Resistance of the cane to 
disease, to drought, and to excessive rainfall, have 
influenced operations, and these qualities have 
proved amenable to scientific treatment, as well as 
those affecting the milling quality of the cane and 
the suitability of the crushed cane for fuel. In the 
Hawaian Isles, under the most favourable con- 
ditions of irrigation, the yield of commercial sugar 
is,as much as 6 tons per acre, In Germany, from 
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beet, the return is about one-third of this quantity. 
The point to be noted is, that in neither case could 
such high returns have been obtained without 
adopting a culture indicated by scientific investi- 
gation. 

A popular belief is prevalent that cane and beet 
sugars are distinct substances, but the differences 
are only in appearance, the chemist recognising no 
distinction, and when the two sugars are refined 
and crystallised in the same manner, all the super- 
ficial differences on which the distinction is based 
disappear. The author indulges this popular beliet 
to the extent that he presents the practices adopted 
in the two industries separately, enabling the reader 
to follow and contrast the analogous operations in 
either industry, though differences in the raw 
materials necessitate variations in the treatment. 
For instance, in the extraction of the juice from the 
raw material two processes generally different are 
employed. With sugar cane a form of mill which 
effects its work by pressure without grinding action 
will maintain its position, though economically less 
perfect than the devices adapted to beet. The 
diffusion method employed in the latter case is a 
practical application of dialysis. The beet root 
is cut into thin slices which are immersed in hot 
water, when the sugar will diffuse from the plant 
cell until it is uniformly distributed through the 
water and the beet juice. With a fresh supply 
of water, the process of diffusion is repeated, and 
again one-half of the remaining sugar -will be 
extracted. Thus by repeated extractions the 
quaatity of sugar left in the cells can be reduced 
below any assigned amount. The thoroughness 
and the simplicity of the process appealed to the 
West Indian planter, and for a time the two pro- 
cesses were in active competition. The value of the 
by-product determined the choice of method. The 
crushing of the cane effected by the cane-mill 
leaves a residue (bagasse) rich in fibre and valuable 
as fuel. This bagasse has been partially dried by 
the extraction of the juice and can be used for 
steam production without any subsequent drying 
process. The diffusion process, however, gives 
a fibre saturated with moisture, and to extract this 
water a powerful mill is required in addition to the 
diffusion apparatus. The waste beet after due 
treatment finds a market as fodder, there is no 
similar market for bagasse. There are other con- 
siderations connected with the collection and 
storing of the raw material, which make the dif- 
fusion method unsuitable in the cane industry, but 
it is not necessary to enter into those here. If the 
European methods of working could not be adopted 
in their entirety, the sugar-cane manufacturer has 
profited in two directions by the improved methads 
introduced into the beet sugar industry. He has 
been induced to employ the principle of multiple 
mills, and also the combination of milling with 
saturation, or washing of the bagasse, either during 
milling or subsequently. It is not easy to compare 
the relative efficiencies of the crushing and diffusing 
methods, but more juice is left in the bagasse than 
in the refuse beet. In some factories, the discarded 
slices of beet contain only 0-1 per cent., but the 
limit is often 0°4 per cent. The author’s discussion 
of mill capacity and mill efficiency is very illu- 
minating, and throughout the after operations 
of evaporation and crystallisation the importance 
of control and economic working is duly emphasised. 

A comparison between the methods of boiling 
and treating the cane juice as followed throughout 
long ages and those that obtain to-day, demonstrates 
the extent of the modifications introduced by 
scientific investigation and research. The art of 
sugar boiling, acquired with difficulty and treasured 
as a precious asset by the happy possessor, consisted 
originally in simply heating the juice in an iron 
vessel over a wood fire, the ashes from the fire being 
added from time to time to the contents of the 
boiling pot, causing a coloured scum to rise to the 
surface, afterwards removed by skimming. The 
wood ashes were known to be necessary, but their 
action in precipitating the non-sugars in the juice 
was not understood, and consequently no generic 
improvement was ible. When it became 
known that the chemical action was due to the 
potassium carbonate in the wood ashes, other 
alkalies, as carbonate of soda, were used for the 


has remained in use to the present day as the puri- 
fying agent for cane and beet juices. It is the 
foundation of many processes designed to effect 
specific results. In connection with carbon dioxide 
to precipitate the excess of lime in the form of 
insoluble carbonates, it is used in the carbonisation 
process, and in a somewhat different way the same 
clarifier plays an important part in the defecation 
and sulphitation processes. 

It is, of course, impossible to follow the details 
of sugar manufacture, so well described by Mr. 
Heriot, but it would not be difficult to show that 
the methods adopted in the beet industry have 
gradually permeated and beneficially influenced 
the manufacture of cane sugar. Again it should 
be noted that the improvements have not been the 
outcome of the experience of the tropical sugar 
planters. Apparently secure in their monopoly 
and their profits, they had little, inducement to 
seek after new and more economical methods. The 
great increase in the sugar production of the world 
has been due to scientific research, undertaken by 
men who had no practical acquaintance with the 
art of sugar manufacture. The botanist has 
worked at the improvement of the plant and 
greatly increased the sugar content. The chemist 
has enormously improved the methods of sugar 
extraction and subsequent treatment. He has 
brought knowledge and skill to bear on the improve- 
ment of the analysis of saccharine materials and has 
elucidated many problems that have facilitated 
manufacture. The engineer has shown how to 
erect plant that could successfully handle enormous 
quantities of raw material and reduce the expenses 
of production. 

Naturally the cane planter has profited by much 
of the European work, though in many cases not to 
the extent he should have done. A comparison of 
the output of sugar from India and from Java is 
not flattering to those engaged in the sugar pro- 
duction in the former country. In Java, the area 
under sugar cultivation is only one-seventh of that 
devoted to the crop in our dependency, but there 
is little difference in the annual production. Java 
is not only able to satisfy her own needs, but exports 
largely, and mainly to India. The reason for this 
difference is easy to see. In Java, the cultivation 
of the cane is sedulously cared for, and the manu- 
facture is carried on in central factories, where 
the processes are chemically controlled at every 
stage. In India, the cultivation and the prepara- 
tion of the sugar are alike in the hands of natives, 
who are content to follow very primitive methods, 
with the result that both the yield of cane per acre, 
and the available sugar extract from the cane, 
are undeniably low. Where Java can produce a 
ton of sugar, the Indian native output is only about 
1} cwt. In some districts, where modern methods 
are practised in India, the sugar production amounts 
to little more than half that of Java. Recently 
it has been announced that the Government has 
appointed a Commission of Inquiry into the con- 
ditions and prospects of the Indian sugar industry, 
but much time must elapse between deliberation 
and achievement. 

Mr. Heriot is well known for his earnest appeal 
on behalf of national interests in sugar production, 
and it is to be hoped that the present work, con- 
veying much information in an agreeable manner, 
will direct increased attention to a subject that 
narrowly concerns the prosperity of the Empire. 
We have, it is to be hoped, escaped from the baneful 
influence of German domination, that deliberately 
sought the impoverishment of our Colonies by the 
pernicious method of dumping State . subsidised 
sugar on our markets. Before the war, we imported 
approximately 2,000,000 tons of sugar, of which 
less than 4 per cent. was of Colonial manufacture. 
Under the exigencies of the war, Colonial pro- 
duction has no doubt increased somewhat, but 
the whole position requires to be reviewed and the 
trade carefully fostered. Mr. Heriot’s book should 
have a revivifying effect, for accurate scientific 
information will prove more effective than sub- 
sidies. There is no doubt the Empire could furnish 
the total supply of sugar the world needs, if the 
industry were properly organised, adequately 
financed, and inspired with energy. The advantages 
would not stop at the re-establishment of our 
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Colonies, for enlarged trade would react in a variety 





of ways. We have not been able to mention, far 
less to describe, the machinery required in a modern 
factory, but the most superficial reading of Mr. 
Heriot’s work would show that the engineering 
construction must be on a large scale, while increased 
activity would permeate the factories of agricul- 
tural implements. Moreover, the possibilities of 
by-products are quite bright. By the consideration 
that the author bestows on this side issue he 
evidently thinks the prospect alluring. Much of 
the bagasse has now to be used as fuel, and on some 
estates the supply is found insufficient, but with 
larger schemes and more economic production, 
it is probable that methyl alcohol, acetic acid and 
acetone might profitably be produced on a com- 
mercial scale by the destructive distillation of waste 
bagasse. The demand for alcohol is continually 
increasing, and hydrolysis of the cellulose and 
fermentation of the resulting glucose is a hopeful 
source of further supply. Ammonia and potash 
manures seem also possible, if energy will replace 
stagnation, and a settled invigorating policy infuse 
confidence and ensure progress. 
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Tue Sussex Iron Inpustry.—The Sussex iron 
industry, which has now been extinct for a long period, 
formed the subject of an interesting paper read on the 
27th of last month before the Newcomen Society, a body 
which exists for the study of the history of engineering 
and technology. The subject is quite an appropriate 
one, for the fact runs the chance of being forgotten by 
engineers that Sussex formed at one time the centre 
of a pioneer industry of this character. The author of 
this paper, Mr. Rhys Jenkins, traces the industry from 
prehistoric times down to about 1658, when it was at its 
height. He gives a closely condensed mass of historical 
data. Facts point to the ore having been worked in 
Roman times, but records are scanty until the thirteenth 
century onwards. The exact date of the introduction 
of the blast furnace is not definitely known, but it was 
probably first used in Sussex in the fifteenth century, 
though it had been in use on the Continent for many 
years prior to that time. It appears that about the end 
of the fifteenth century several of the leading craftsmen 
in the ironworks were French, 40 such being traceable in 
records, to which fact is probably due our adoption of 
French words among our technical terms connected with 
ironfounding. In other cases Frenchmen were ordinary 
employers. The paper went in some detail into the 
casting of the cast-iron guns in England, first successfully 
attempted here by Ralph Hogge and Peter Bawde in 
1543, at Buxted. Guns had been cast long before on 
the Continent. Of these two Hogge appears to have 
been the ironmaster, while Bawde was the master 
founder, and was familiar with the casting of bronze 
guns. This art developed to a considerable extent, even 
to the building up of a large export trade. It was not, 
however, the largest part of the Sussex industry. The 
export trade was gradually rendered prohibitive by 
restrictions and attention was turned in a greater degree 
to ral work, with results that are well known. 
In fess, of 35 furnaces and 45 forges, 27 furnaces and 42 





forges were in Sussex, 7 furnaces and | forge in Kent, and 


1 furnace and 2 forges in Surrey. 
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THE MECHANICAL LOADING OF SHIPS.* 
By H. J. Sern, of Shanghai, Member. 
(Continued from page 120.) 

Bett Conveyors. 


To an engineer of the Mersey Dock and Harbour Board 
belongs the credit of inventing the belt conveyor. His 
first idea of moving grain by means of a worm screw was 
abandoned because the capacity was too low and the 
power consumed too hi After numerous experiments 
with various mechanical devices, Mr. G. F. Lyster decided 
that a rubber and canvas belt was best adapted to his 
P'During th he perfected the “ tri 

uring the same year he ec e “ tri ip 
or throw-off carriage, which is still used for decheging 
the load at right angles to the belt. 

_ For moving minerals along the level or on an inclina- 
tion not exceeding 20 deg. above or below the horizontal, 
the belt conveyor transcends all its rivals both for 
simplicity of construction and economy of first cost, 
while its proved capacity for handling iron ore at the 
rate of 2,000 tons per hour by no means exhausts its 
possibilities. 

After the outbreak of war it was believed, not without 
reason, that the Turks would make a determined effort 
to capture or block the Suez Canal, which manceuvre, if 
successful, would have thrown all the work of coaling 
steamers for the Far East on the South African ports. 
In preparation for this possibility, the South African 
Administration for Docks and Railways gave orders 
for the construction of a large belt conveyor shipping 
plant at Durban with a teed capacity for loading 


coal into steamers at not less than 30,000 cub. ft. per | 


hour. The fact that the South African Government 
chose a belt conveyor when they required a plant to 
ship coal at the rate of 700 tons per hour during a time 
of great national danger is of more than ing interest, 
although in their case it was probably a Lrwvese J sequence 
because in gold-mining the problem of transporting many 
thousands of tons o rock daily through the various 
processes in the reduction department had resulted in 
the triumph of the belt conveyor over all other methods. 

Belts ; Life and Capacity.—In the first place the 
durability of the moving of a belt conveyor is 
greater than generally supposed, although a few moment’s 
reflection on the amount of work an auto-car tyre will 
stand up to should convince anyone what the life of 
similar material ought to be when working under more 
favourable conditions on a conveyor. 

A belt 30 in. wide made up of 8 plies of cotton duck 
faced and filled with rubber is known to have elevated 


2,000,000 tons of coal while working at a — of 460 ft. 
per minute at a South African colliery. The best per- 
formance of this inclined conve was 3,000 tons in 
10 hours, and it should be noted no guide idlers were 


used. The author changed a belt afteg it had been in 
commission for five years loading iron ore into steamers 
on the Spanish-Mediterranean coast. The speed of this 
belt was 300 ft. per minute. A similar belt, 42 in. wide, 
with ¥ of rubber on the working face, shipped 3,000,000 
tons of ore at another Spanish port and made the record 
of 1,500 tons carried in 1 hour. 

Makers should be willing to tee the life of a 
48-in. belt at not less than 1,000,000 tons of coal carried 
if allowed to supervise the erecting of the plant. 

There are several types of belting suitable for con- 
veyors, and for all of them there is claimed some 
superiority. But the choice of a belt for this class of 
work depends on several considerations. If the con- 
veyor has to work in the open air, or carry wet material 
or stuff containing destructive acids, then the author 
considers it a waste of time to against a rubber- 
covered belt. 
class of belt material for his icular the matter 
is easily settled, because belting will quite well on 
@ conveyor if joined up in two or more pieces by “‘ Bristol” 
lacing. This test is conclusive, as sections can be 
be ed while working under exactly the same con- 

itions. 

Generally ing, a low-priced belt is false economy, 
and it is worth noting that the most expensive bran 
retain their market. 

. bs mm pe belt failures come usually under three 
ings :— 

1. Wearing so thin that it is unsafe to run them any 
longer. 

2. General break-up, through lack of adhesion to bind 
the layers of canvas together. 

3. Bad treatment of the belt, erally at the edges, 
through excessive use of guide idlers (to overcome bad 
alignment of the working parts) causing stripping of the 
rubber cover which allows moisture to enter and attack 
ber fabric. oe 

he failures suggest the remedy uired, 
When examining a sample of robber belting, the 
tton duck should be e so that the num of 
yarns*’can be counted in the warp and filler, to make 
sure that the belt is almost as strong across its width as 
along its length. A good rubber and canvas belt made 
with cotton duck weighing not less than 30 ounces per 
square yard should be equal to a breaking strain of 
400 Ibs. per inch per ply. This means that ultimate 
tensile strength of a six-ply belt, 24 in. wide, will be 
about 25 tons, Such a belt would work well on a con- 
veyor when stressed to 2 tons by the tension load and 
drive. A rubber and fabric belt, 30 in. wide by 2,000 ft. 
in length, working on a conveyor nearly 1,000 ft. long, 
at a speed of 350 ft. per minute, and loading coal at the 
rate of 200 tons per hour, will stand a drive of 60 brake 
horse power when using tandem pulleys, without unduly 
stressing the belt. "The author has installed belts 


* Paper read before the Institution of Mechanical 
Engineers, January 21, 1921. 








If an engineer is in doubt which is the best | i 


48 in. wide, weighing 12} Ib. per foot-run, to load 800 
tons of coal per when running at 500 ft. per minute, 
A belt 60 in. wide, capable of carrying 3,000 tons of 
iron ore per hour, is quite a practical ition. 
The quality of rubber used on the wor! 


belt should be ee of 

3 in, to 9 in., before breaking, and the belt will give the 
best results if in a flexible condition with the rubber 
rendered not too hard by over vuleanisation. The 
adhesion of the rubber face to the canvas should require 
a force of not less a — for 1 minute ae 
separate 1 sq. in. ‘“*frictioning between the 
layers of canvas should require a force of not less than 
16 Ib, for the same purpose. A really first-class belt 
would better these conditions easily. 

The best results cannot be expected from any make 
of belt unléss the structure and mechanical portions 
of the belt are designed to comply with certain con- 
ditions favourable to the belt. There is little information 
of any practical value on the subject of belt conveyors 
to be found in engineering handbooks, and one of the 
weed ho paper _—_ enable named 8 city 

princi ions of the conveyor in some detail w 
i me of this class, 

Competition will cause makers to cut thi too fine, 
for which engineers are ly to blame, use as 
customers they will be inclined to purchase in the 
cheapest market. A belt conveyor with a stated capacity 
of 500 tons per hour, should be capable of handling 
5,000 tons in 10 hours, instead of 100 tons in 12 minutes 
of exceptional circumstances, which is a distinction with 
considerable difference. 

The best si for belt conveyors is still open to 
argument. The author, considering all things, favours 
from 300 ft. per minute for smaller sizes, up to 500 ft. 
for the larger. The s should not be less than 
300 ft., because the trajectory of the load after leaving 
the belt at lesser speeds, falls too rapidly towards the 
vertical to ensure the whole of the stream be dis- 
charged clear of the head pulley. On the other d, 
with speeds exceeding 500 ft. per minute, it is difficult 
| to deliver the load to the belt without serious abrasion. 
| The ideal way of loading would be to let the material 
| come to rest on the belt whilst it was tra along 
| the same plane, and at the same speed at which belt 
|was running. This would reduce abrasion to the 
|minimum, and although such conditions are almost 

unattainable in actual practice, yet se eronarmany should 
not be lost sight of when designing feed hoppers for belt 
| conveyors. 
| Feed Hoppers.—The mistake should not be made of 
to discharge down an of, say, 
vertical, to deliver mi on a belt 
running up an incline of 20 deg. from the horizontal. 
Instances of the kind can be found with the result that 
| the “boiling” which takes place before the load comes 
to rest, has a serious effect on the life of the belt, and is 
the cause of a deal of spillage. A bad belt conveyor 
means either faulty design, poor erection, or a bad feed 
hopper. The angle of an inclined belt should flatten 
ouledtie into the horizontal from 5 ft. to 15 ft. (according 
to width) before reaching the feed from the hopper. 

Regarding hoppers, the funnel may be considered a 
hopper of sorts, but it will not serve a belt conveyor. 
Sharp sand flowing through a sluice gate is the idea to 
follow. .The discharge end of a hopper should have a 
vertical face. The sides may slope, but they should 
terminate in a channel with vertical sides of the same 
depth as the discharge opening in the front plate and 
then to zero, where it joins up, or forms part, with 
the rear slope. The bottom of the channel should lie 
at an angle sufficiently steep to deliver the material 
through with momentum enough to carry 
it over 

f stream 





building a hop 
40 deg. from t 


ov te which will change the direction 
of the into something approaching the horizontal. 
ism fails here, of course, as elsewhere, because 
aittoan sand or sti aot, nothing less than a 
verti is issible. 

The ‘ehich will not choke at times has not yet 
been built. When dealing with sand, crushed rock, or 
small coal, it is easy to get an even feed from the hopper 
to the conveyor ; but iron ore or rock varying in size 
from dust to 18-in. cubes, is a more difficult matter, 
unless there is sufficient fine stuff to float the large lumps 
singly through the outlet. A wagon-load of lump rock 

ill sometimes form an arch and choke the hopper until 
the keystone is dislodged by poki To prepare for 
this, several poker holes about 2} in. in diameter, should 
be cut out in the region where wedging takes place, and 
be covered by a circular plate secured with a single bolt, 
so that it can be piahed aside when necessary to allow 
the insertion of a steel bar for levering up the wedged 
stone until the arch collapses. A lot of ti is wasted 
on most hoppers by trying to clear obstructions through 
the opening 1 of attacking the trouble at its source 
by this simple arrangement. 

© patience is necessary with new hoppers. Speak- 
ing from experience the author has wasted time and 
money making alterations to new hoppers which later 
on had to be restored to their original form. The 
difference in the action of mineral running through a 
hop worn th and bright compared with the 
‘ormance when the plates were new and covered with 
mill scale and paint must be watched before it can be 
fully realised. . M ‘ 

During erection it is usual to see the machine parts 
guarded i the weather, while the hopper plates 
are tumbled into any odd corner to corrode at will. A 
coat of red oxide after riveting up is completed is d 





width to two pieces abreast and the 
gate saguation in-aalen any choking; but it is not 
ible to get the same duty from the machine as when 
ed by a constant stream of smaller material, and some 
oy aap amr aden map digepenedenge «peat . 
t is not uncommon to see a conveyor, which could 
easily 500 tons of household coal, installed and i 
without success to do the same duty on large run 
bunker coal. To expect the same result in both cases 


is unreasonable. 

Power Required.—The author has devised formula 
from tical experi which will give the average 
duty that may be expected under different working con- 
ditions as well as the maximum which may be expected 
when all is favourable. It will be noted that the 
constants given do not v proportionately with the 
specific gravity of the mi to be conveyed, the author 
having made an effort by the use of the former to give 
& more exact indication of the tonnage likely to be 
conveyed under various conditions than would otherwise 


be ——_. 

the other hand the constant used when 
horse-power remains always the same as for maximum 
loading capacity because it is certain that any plant 
will be loaded to spilling point at times and the motor 
po pan capable of carrying the greatest load when 
called upon, 

Furthessere, the incidental ing of a belt is often 
the time chosen by the operator for shutting down the 
plant, so there must be a sufficient margin of power in 
reserve—especially on an conveyor—to enable 
this overload to be started up again from rest without 
trouble. For somewhat similar reasons all inclined 
conveyors should be driven through worm to 
overcome any tendency of the belt to run back w 
sto in an over! ——- _ author h... 

inspect two conveyor shipping ts 

which were earning an unenviable ion during the 
first year of the war because caused the circuit 
breakers to trip, or blew out the fuses and stopped the 
plant, which could not then be restarted until a con- 
siderable amount of coal had been shovelled off the 
inclined belts. The number of men which had to be 
kept on hand, the noise, the mess and confusion can be 
a Now another 10 h.p. or so on the motors 
would have increased the original costs very little and 
certainly would not have increased the running costs, 
while the customer would have been satisfied instead of 
being very much the reverse. Here in makers are 
not altogether to be blamed because clients are more 
likely to be attracted by a tender for a plant with a 
75 brake horse-power motor than a similar one where 
100 brake horse-power is called for. As a matter of 
fact the running costs will be less with the latter. The 
large motor will remain cool and be equal to all emer- 
ncies, whilst the smaller one would run hot when over- 
oaded and be often shut down from the same cause. 

The formula given by the author has arranged 
to meet these contingencies, and alth the resultant 
figures may be at variance with some ’ ideas on 
the subject, yet the figures given may be taken as a 
reliable guide, being the pol of experience 
with the difficulties they are in’ to avoid. 

It will be understood that although the motor has 
sufficient margin to <— =< the exceptional circum- 
stances that are sure to yet the power consumed 
will be aa mer to average of the load con- 
veyed. here is, of course, a limit to the power which 
may be employed, namely, the maximum pull the belt 
will allow the driving pulley to exert without injury 
to the fabric. Belts built of cotton duck wei 
30 ounces to the square yard may be stressed to 30 Ib. 
per inch ply with safety. This side of the problem is 
also taken care of by the formula given. 

Structure, Pulleys and Idlers,— ing now to the 
structural portion of the conveyor it may be stated that 
many belts are damaged thro desi, not i 


gners allowing 
sufficient clearance between return belt and the 





foundation, especially in the region of the tail of 
inclined conveyors. Numerous examples could 
if allowed, 

nother cause of a is the stringers 
which carry the idlers too close to the of the belt : 


8 in. of clearance on each side is not too much, Dust, 
especially if damp, is likely to build up on the tread of 
the tail pulley and throw the belt badly to one side 
before the trouble is noticed, with the result that the 
belt edges rub hard on the structure if sufficient clearance 
has not been allowed for. 

The greatest menace to the life of a conveyor belt is 
the guide idler. If the belt is compelled to run within 
narrow limits by the liberal use of guide idlers, damage 
is certain. Unequal loading, due to the stream of 
mineral not falling central from the mouth of the r, 

side of the belt most loaded to sink to 
peat od gl ey ny This variation is of little conse- 





to be all that is necessary. en the plant to work 
the hopper end of the conveyor is upon as 4 
evil—a dirty place to be avoided because of 


necessary evil 
the dust, but if conveyors had souls the psychology of the 





ho would fill volumes. 
opper plates should have the working faces polished 





of forcing bel ~ line ‘by guilos In ly all 
ing the t into li ¥ nearly a 
Se eee neem’ Und ai totemeh aan hoy 
were run without side idlers, : 

If there is a place for guide idlers it is where they are 
rarely found, namely, along the return. What the 
returning belt is doing cannot be seen easily, and as it is 
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running on flat idlers and without load, it can be kept in 
line with but little wear on the edges. It is also logi 
to suppose that if the return is running central 
will be little trouble with the troughed portion providing 
the belt is kept under proper tension. In most cases 
attention to alignment of pulleys, or the feed from 
the hopper, will produce better results than fitting 
guide idlers. Other causes of ‘‘ snaky " running may be 
insufficient tension or the placing of the drive too near 
to the tail pulley. 

it is not conducive of 


When tri are yeteg ve A 
the best reoules' 00 put the belt under the best tension 
for straight running. ‘The cure in such cases is to tilt 
the troughing idlers towards the direction in which the 
belt is running by placing wooden wedges with 4 in. 
of taper under the idler brackets. This tilting has the 
effect of making the centres through the pulleys follow 
converging lines, and this overcomes the tendericy to 
snaky running by causing the slack to be taken up in sag 
between the troughing idlers. 

Bend pulleys on a belt conveyor cause a deal of spillage 
in their vicinity. The most efficient remedy, and the 
least harmful, is to replace the pulley by a nest of 
troughing idlers pitched about 12 in. apart and mounted 
on steel channels bent in the form of a quadrant, whose 
radius is about 6 ft. centred over the knuckle-pin if the 
conveyor has a movable arm. About five idlers will be 
sufficient. When the movable portion of the conveyor 
is luffed up to its highest position, Fig. 16, annexed, 
only one idler on the quadrant will be in operation, but 
as the conveyor arm is lowered to the horizontal or 
beyond it, as often happens in a shipping plant, as in 
Fig. 15, one idler after the other comes into com- 
mission and the angle is turned while the trough is 








and a tread of pure rubber 
face. The belt weighs 12} 
total weight of over 9 tons. 

The plant consists of four units :— 

1. A fixed dumper capable of delivering coal to the 
conveyor in any quantity up to 1,000 tons per hour, 
by hoisting and tipping railway wagons of any size up 
to a maximum of 80 tons gross weight. 

2. An inclined belt conveyor about 200 ft. in — 
which turns by an easy radius from an angle of 9 deg. 
under the hopper to 20 deg. for the remaining portion. 
This conveyor is driven through worm — on the 
head pulley by a 65 brake horse-power variable speed 
motor, and elevates the coal 60 ft. before discharging into 
the automatic weighing machine. 

3. The “ weightometer’’ is fixed near the extremity 
of the third unit which is an horizontal belt conveyor 
525 ft. in length between centres running parallel to the 
= wall on an elevated gantry. This belt also is 


in. thick on the working 
. per foot-run, and has a 





for a working day of 10 hours. The total weight of the 
structure and machinery is nearly 800 tons and the cost 
about 50,000/., excluding the cost of the’ foundations. 
The power used is 500 volts continuous current and 
the motors used on the plant aggregate 700 brake horse- 
power. The actual current consumed on the ave 

under maximum working conditions being uispreclannioty 


150 kw. 
. Wacon Dumpers. 

Loading coal direct from railway wagons to steamers 
by staiths worked hydraulically for a long time held 
favour in this country and many engineers of the old 
school still look with a jealous eye on any rival scheme, 
but it is now generally admitted that electrical appliances 
are more economical units. 

Comparisons.—If it is assumed that 19 cub. ft. of 
water under a pressure of 750 Ib. to the square inch is 
equal to 1 brake horse-power hour, then it may be con- 
cluded for the sake of comparison that taking a basis 





iven by @ 65 brake horse-power motor in a 
similar to the former except that it is geared to run 
25 per cent. faster than the second unit to avoid any 
risk of flooding the belt even if this has happened to the 
first conveyor. This third unit is fitted with an auto- 
matic tripper which runs on rails fixed the full length of 
the gantry and discharges the coal at any point along the 
runway as required by the travelling tower or fourth 
unit. 

4. The travelling tower is a substantial structure 
bee gy 150 tons and designed to run along the quay 
wall at 80 ft. per minute by electric motors red to 
both the front and rear bogies. The duty of this tower 
is to carry a telescopic and hinged belt conveyor capable 
of discharging coal at any point over a horizontal plane 





Fie. 15. 42-In. Movasie Beit Suaiprinc PLANT. 
Loaprine Capacrry 500 Tons per Hour. 


maintained. Even this method has some effect on the 
life of the belt, but it is not much, and the advantages 
due to the absence of spillage far outweighs the slight 
increase in running cost. 

Skirt Boards.—Another point of spillage is where 
the feed is delivered to the Pelt. This can be cured by 
fitting skirt plates at the same distance apart as the 
width of the opening in the feed hopper, to which they 
should be firmly bolted. The plates are then splayed 
until they terminate about 2 in. inside the edge of the 
belt. The under edges of these }-in. steel plate skirts 
should be filed half round and commence with the heel 
only } in. from the belt and rising gradually to the point, 
which may be 1} in. or more above the belt. If finer 
adjustment is required, a piece of wood or belting planed 
to a feather-edge can be bolted to the skirt plates so that 
the edge is just clear of the belt. Slotted holes in these 
boards will allow for adjustment as they wear. The 
skirt plates must be firmly fixed at both ends to the 
permanent structure and braced in the centres also for 
the larger sizes. Their length will range from 5 ft. to 
10 ft., according to the size of conveyor and the nature 
of the load. 

Skirt plates have some effect on the life of a belt, 
but so do roads wear out the tyres of auto-cars. 
The life of conveyor belts should™be guarded by all 
means, but in the end it becomes a problem in profit 
and loss and should not be allowed to me an obses- 
sion. 

The system of belt conveying may be perfected 
because all its faults can be eradicated. All the mechani- 
cal parts will run for years without repair. The belt is 
an expensive item to renew, but the cost must be com- 

with the work it will do. Serious damage to belts, 
ike railway collisions, will sursly happen, but the 
extended use of the one is not cae to be more impaired 
than the other on that account. ‘The system stands on 
its ability to transport material in bulk with greater 
rapidity and economy than any other method. Given 
good erection and attention to the details mentioned, 
the belt conveyor for this class of work stands unrivalled. 

Durban Conveyor.—The belt conveyor erected 
by the author is the coal-shipping plant at Durban,* 
which was completed in 1917 at a cost of nearly 50,0007. 
excluding the cost of the foundations. It is igned to 
load anything from a lighter to the largest vessel afloat, 
and delivers the coal in a continuous stream which can 
be varied from 200 tons to 800 tons hour to suit the 
ship's requirements. The belt used is 48 in. wide, made 
with eight plys of cotton-duck rubber filled and covered, 





* Enorveerme, August 17, 1917, page 166. 








of hoisting coal 25 ft. before it can be tipped the hydraulic 
hoist will dump 4} tons, the electric hoist 5} tons, and the 
belt ae; 74 tons per brake horse-power. 

_ It may be stated here that a belt conveyor could be 
installed for half the cost of a dumper, and the former 
unit would have the advantage of being easily constructed 














Fie. 16. 42-In. Fixep Bert Surprrne Pant. 
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measuring 500 ft. in length by]22 ft. in width or to any 

tg in a vertical pare 500 ft. in length and reachi 

rom just above rail level to 60 ft. above the water line. 

In other words, to any point that could be required by 

the or liner afluat without the necessity of moving 
ar 

The conunes can be telescoped in or out, lowered or 
elevated, and the tower moved to and fro whilst the plant 
is loading coal. The seven electric motors on the 
travelling tower, together with those operating units 
Nos. 2 and 3, are all controlled by one man in an elevated 
cabin where he has an uninterrupted view of the loading 
operations. 

The machinery of this conveyor is fool-proof. Either 
belt conveyor shutting down from any cause trips the 
circuit breakers of all the motors behind it, and they can 
only be restarted in their proper sequence. Remote con- 
tro o buttons arranged to shut down the whole plant 
on the instant are placed in various positions in case of 
need. Each motor is provided with hand-guard cut-outs 
by which the system can be shut down from any motor 
without any risk of being started up again through 
ignorance of the situation by the main operator. 

The contract specified for the erection complete and 
maintenance for six months before acceptance. The 
latter period ended in 1917 when the plant was taken over 
7 the South African Administration for Railways and 


The loading record, so far as the author is aware, 
remains at over 800 tons for 1 hour and 7,000 tons 


ing | the necessity of moving the steamer, 
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Dumper vor Tipprine 75-Toxn Wacons, DurBaN. 


to run along the wharf and load into all hatches without 
This increases the 
mooring capacity of a wharf nearly 50 per cent., and as 
each foot of wall represents so much capital invested the 
consideration is a very important one. 

Wagon dumpers can, of course, be made capable of 
propelling themselves along the wharf, but the cost is then 
prohibitive compared with the belt system. This state- 
ment implies no inherent objection to wagon dumpers, for 
the author has installed one of the largest machi of 
the latter type. But the fact that the North-Eastern 
Railway Company scrapped a double hydraulic hoist at 
the Victoria Docks, Hull, and replaced them by two 
belt conveyors, leaves no doubt which type of loader 
they found most economical. > st 

omparisons between home and foreign coal shipping 
records are difficult. In this country the small end 


tipping type of wagon is used almost exclusively, whilst 
large side tipping and bottom ae cn Saga more 
favour abroad. Two electrical staiths in Glasgow are 


reported to have tipped 70,604 wagons containing 556,419 
tons of coal in twelve months. This gives an average of 
7-88 tons for British wagons. 

Two electric dumpers on the American Atlantic sea- 
board claimed the world’s record in loading coal by 
dumping 930 wagons containing 45,500 tons at an 
average rate of 1} minutes per wagon. These figures gre 
an average of nearly 49 tons of coal per he 
rate of loading implied, namely, 1,677 tons per hour 
for each hine, t be beaten by any dumper 
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existing in this country. Other sensational ag Poe have 
been published from time to time, but twenty-four years’ 
experience installing big plant has made the author 
icious of freak conditions assisting these wonderful 
pablianinsts. In an engineering court of inquiry, the 
number of tons loaded in a year, divided by the number 
of hours work for which the operators have been paid, 
would be considered better evidence than stray para- 
phs from the technical press. The best loadi 
oa for the United om of which the author 
is aware is 4,000 tons in 12} hours by an hydraulic tip 
in a South Welsh port. 

The author found the larger wagons running on a 
metre-gauge over the South African Railways to have 
&@ capacity equal to 35 tons of coal and a weight 
of 80 short tons. Here lies the secret of the different 
methods of tipping the contents, for while it is easy 
to tip the small British wagon up endwise without 
damage, the greater weight of foreign wagons if thrown 
on one pair of wheels would strain the horns, and axles, 
and perhaps displace the springs. With the larger t 
of wagon mounted on two sets of bogies end tipping is, 
of course, out of the question. Our American friends 
might remember that when laughing at our ‘“‘ match 
boxes on wheels.”’ 

Side-Tipping Dumper.—The electric wagon dumper 
installed by the author at Durban, Fig. 17, page 150, 
deals with 75-ton wagons or two smaller wagons aggre- 

ating not more than that amount. The dumper is 

esigned for hoisting and dumping 1,000 tons of coal 
per hour as a maximum. But in actual practice short 
bursts at the rate of 1,300 tons per hour have been noted. 
There would be no difficulty in maintaining an average 
of 800 tons per hour. 

The total labour force employed on the machine is 
four persons, namely, one operator who controls the 
master switches in a house placed high enough to give 


him a complete view of all the operations, one driver | 


watching the hoists and automatic electrical contactors, 
one greaser in the engine rooms and one man who watches 
the “ mule’’ or mechanical shunter and applies the brakes 
if for any reason the “ mule ” fails to follow and overtake 
the wagon ascending the incline. Four men to dump 
1,000 tons of coal per hour. It would require more than 
that number of timekeepers to check up sufficient men 
to move thaé amount in a day by manual labour. 

The dumper consists essentially of a rectangular 
framework which supports a cradle capable of holding 
an 80-ton wagon whilst rotating it through an arc of 
150 deg. and discharging the contents over the side 
without the necessity of opening any doors. When the 
wagon has rotated to a position where the coal begins 
to run, the side coincides with a large steel apron which 
is carried the full length of the dumper so that the coal 
slides from the wagon without any fall to cause breakage. 
This apron has a holding capacity of 140 tons, which 
equals the contents of four wagons and so serves as a 
reservoir between the intervals of tipping. It narrows 
towards its lower end and concentrates the sliding coal 
towards the apex where the mineral passes through a 
narrow chute in @ constant stream of manageable pro- 
portion. Large rounded cobs of coal with a tendency to 
run wild from the wagon are brought to heel by a special 
baffle plate placed for that purpose. 

When the loaded wagon is pushed to its proper position 
on the dumping cradle it is clamped and held to the side 
of same automatically, before hoisting and rotation 
commences, by a series of counterweights working in 
— which form part of the dumper framework. 

hese weights also serve nearly to balance the weight 
of the c ie when empty. 

Operating the Dumper.—The operation of working 
the dumper is simple in the extreme, for the movements 
of securing the wagon to the cradle, hoisting and rotating 
them both until the coal is discharged, then lowering 
the empty wagon and unclasping it from the cradle, is 
started, accelerated, decelerated, limited and stopped 
by electrical devices, the driver having only to move a 
master switch to set going the cycle of operations. 

The two hoisting drums are driven by two continuous- 
current motors of 150 brake horse-power, each working 
at 500 volts and being interconnected through gearing to 
act as one unit giving a maximum rope speed of 100 ft. 
per minute. 

These motors have to handle high peak | and a 
constantly varying demand for power, and also serve 
as dynamic brakes during the lowering of the empty 
wagon. Wide speed variations are necessary and 
absolute safety and control if the current should fail 
at any moment during operations. This safety is 
secured by powerful solenoid brakes capable of holding 
the,load on the instant in any position it may be when 
the current fails. Fool-proof devices are fitted to all 
terminal points. The rapidity of the automatic electrical 
movements allow a cycle of operations to be completed 
in a little less than 2 minutes. 

The loaded wagons are delivered to the dumper from 
@ gravity grid pao yard whence they are released at 
the proper intervals by lifting the brakes. The gradient 
increases after passing the points at the neck and the 
wagons gain sufficient momentum to climb some distance 
up the inclined track which forms the dumper approach. 

At the foot of this incline the running wagon 
over a pit which is the “ stable’ where the “ mule” or 
mechanical shunter stays when at rest. After the wagon 
has passed over the pit the mule emerges behind the 
wagon and runs along a narrow gauge placed between the 
main track until it overtakes the wagon before it comes to 
rest on the incline and completes the aie by pushing 
the wagon before it until the proper position on the 
cradle is reached. The same action serves to push 
Saletan or eee 

ine where it runs by the acquired velocity to the 
grids where trains of empty trucks are made up. 

The arrival of the loaded wagon at the spot desired on 





the cradle operates mechanism which automatically 
cnealy: Cie wheels in wag rig writgeng crpneet the 
™m disengaging a friction clutc presen ey 4 
drum, which action allows the mechanical shunter to 
drawn rapidly back to its stable by counterweights 
ing on a tail rope, 

The ‘‘ mule” haulage drum is fixed in the dumper en- 

gine house under the cradle, and it is driven bye 1 


“ee 
ng| motor similar to the two peroeny described. 


haulage rope passes from t and around bend 
sheaves leading to a line of rollers fixed between the 
r mnie ” track. tan, Gow ot apuaeen between wagon 
and mule is absor' y a specially designed spring head. 

The total weight of the structure and machinery of 
the dumper is 260 tons and the cost, including erection, 
but excluding foundations, was a little over ,000. 


(To be continued.) 





DEVELOPMENTS IN TRANSMISSION.* 
By Captain 8. Bramury-Moorz, M.C, 
(Concluded from page 124.) 

Determination of Points of Contact on Central Plane.— 
Fig. 33 is a simple application of these forces, the point O 
being the contact point of the two cylinders lying on a 
“central plane’’ at right les to the worm axis and 
containing the wheel axis. In this particular case the 


38. FORCES ACTING IN A 
HORIZONTAL PLANE 








Fig.34. FORCES ACTING IN A 
VERTICAL PLANE (NEAR SIDE) 
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1.38. DETERMINATION OF POINT OF CONTACT 
PITCH CYLINDER WHEN @=90 DEGREES 
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plane P W R is tangential to both cylinders, Fig. 34 
represents & view of the same plane when moved through 
90 deg. round the worm pitch cylinder, the point O still 
being on the pitch cyli of the wheel and also on the 
central plane so that W may still remain tangential to 
the wheel. 

Fig. 35 represents a similar view when the plane is 
moved round the pitch cylinder in the opposite direction. 
In all these three cases it will be observed that. W. is 
tangential to the wheel cylinder, and that both P and R 
are, in ev case, tangential to the worm cylinder. 
It will be further noted that the point O in each case 
lies on the line of intersection of the wheel cylinder and 
the central plane. When these conditions are fulfilled, 
and the 
are obtained. 

It is now necessary to ascertain all the possible inter- 
mediate positions in which the fundamental conditions 
still obtain. Let AB be a line on the central plane 

ential to the worm cylinder. Then the uisite 
conditions are fulfilled if the centre O of the forces always 





* Paper read before the Institution of Automobile 
Engineers, January 12, 1921. 





8 remains constant, three points of contact \ 





Is! 
lies on A B, and the plane is always tial to the 
worm cylinder and in such a position the force P, 


acting at right angles to the axis of the worm, is always 
tangential to its cylinder, the same relation holding good 
between W and its wheel ! 

Fig. 36 illustrates an intermediate example, 
and Fig. 37 shows a series of resultants forming a “ zone 
of contact’ which contains all the possible points of 
contact and vides for the correct relation between 
P and W. Jp. ten wanndtente Be cee Senqumial bo the 
worm cylinder, it follows that they only touch at one 
point, hence beyond this point they pro outwards 
and provide for points of contact outside or beyond 
the periphery of the worm cylinder. These external 
points of contact, necessitate the building up of a tooth, 
the contour of which is controlled by the zone of contact, 
the latter being normal to the tooth surfaces at their 


Fig.35, FORGES ACTING IN A 
VERTICAL PLANE(FAR SIDE) 














Fig .36. FORCES ACTING 1 
INCLINED PLANE “a 











respective points of contact. From the above it will 
be obvious that the zone of contact does not lie on the 
ee See but stands proud in the 
orm of ge ~~ a —_ ® series of in- 
numerable straight lines, whi combined together, 
provide a curved surface, all these lines being tangential 
to the worm cylinder and lying at a constant le 
to the worm axis in addition to cutting the line A B on 
the central plane. 
Determination of other Points of Contact on Pitch 
38 it will be obvious that one point 


a) 


inders. Move the contact point 

an 6 equal to 90 . Then the point of 

contact will have moved in the e pie be tm 

cylinder’ Ss penis G, and ave 0; at right angles 
at t it C, iw at 

to it. Energie in ney mee 

B and let O be the intersection of the forces P and 
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point of contact after it has been moved em 90 .,| being independent of any ser | movement of the Radius of ih cylinder x (cos @ — 1) 
and the length ED is its distance from A eaceiel |aroree gene’ The actual points of contact will be the BD= oe x op 
‘ intersection of the worm tooth and the zone. It is, Fi i 
Then ED = OE cot 8 ore, to ascertain, in accordance with = Radius of pitch cylinder x (ccs @ — 1) . og g 
: 6 the rotation of the worm, the location of the points sin — 6 
And OE = 0; D; = Radius x tan — of contact along the resultants R on any outside portion 8 
of the worm 4 = Radius of pitch cylinder x tan — cot 8 
P 6 . P 2 
Therefore ED = Radius x tan— cot 8, Let D, (Fig. 41) be any such point located at any 
2 radius M D; from the axis of the worm and making jer A as already shown in connection with Figs. 38 and 39. J 
In Fig. 39 the le @ is less than 90 deg. Draw AB oe @ with a plane MN containing the worm ax Straight Line Generation.—Let O J the surface of 
as before and from D; 0; tangential to the worm cylinder at right diahes to the wheel axis. From Dj; draw | the worm thread moving in the direction of the arrow 
at the point D; and cutting A B at 0;. Project a view | DjF tangential to the worm pitch cylinder in a direction | as shown in Fig. 42, and let P, W and R represent the 
on a plane parallel to D; 0; and project 0) to cut AB orn to the supposed rotation of the worm, so that | forces acting on it. If the worm thread 0 J be moved 
at the point O. From O draw the forces P, W and R represents the force P. This line intersects A B 


as before. Project D, until it cuts O P at E and inter- 





1 
at 0O;. Project a view on a plane parallel to FD; and 


Fig.39. DETERMINATION OF POINT OF CONTACT = Fig. 40. NCLINED PLANE WITH 


ON PITCH CYLINDER WHEN 01S LESS THAN 90 DEG? 





Fig. 41. DETERMINATION OF POINT OF 
CONTACT OUTSIDE PITCH CYLINDER 
WHEN 6 IS LESS THAN 90 OEGREES 








42. THE STRAIGHT LINE O.J (LYING 
ON THE THREAD CONTOUR OF THE 
Fu. WORM) ENSURES UNIFORM 
VELOCITY TRANSMIS SION 


Fig. 
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Biechio. Yo ult R- 
sects the resultant R at D. Then D is the point of 
contact and ED its distance from the cen plane. 


Then E D = Radius x tan ¢ . cot 8 as before. 


Contact Points External to ‘Vorm Cylinder—aAs R is 
the single force which produces the same effect as the 
combined action of the two forces P and W, and as R 
snog bo. engynen. inte any two forces such as P; and W) 
or Pe and We, it follows that P and W may act at 
point (in the same ) along R as shown by the 
in Fi ence the contact point between 

i here along the resultan 


if com- 
. It is there- 
cylinder 


die. 
the 
t R, 





A SERIES OF COMPONENTS 
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Fig.43. PLAN OF F.J WORM INDICATING 
SYSTEM OF STRAIGHT LINE GENERATION 
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Fig .44. DETERMINATION OF POINTS OF CONTACT 
SIDE PITCH CYLINDER OF ORDINARY TYPE WORMGEAR 








complete the construction as in the case of Fig. 39. 
From D; draw D;G parallel to A B meeting MN at G. 
Draw G H parallel to D)0;, intersecting the line A B 
at H. Then, as before, D is the new point of contact 
and E D its distance from the central plane. 











Then ED =OEcots 
And EO = 0,:D; = GH 
Let the angle FMD; os 
Then the srg) FMG =o-— 
But the angle FMG = the angle GHC 
Therefore the angle GHC = ¢ — 6 
Now HG tj 9 cs 
sin (¢— 0) 
But GC = GM—MC 
And GM = MD, cos 6 
Therefore GC = MD; cos @— MC 
MD, cos @ — MC 
AsHG =OE 
Therefore E D we_MD; 008 6 ~ MO wot 8 
sin (¢ —@) 
So that 
Radius of x cos @ — _ Radius of 
E D — contact point pitch cylinder | oot 8 
sin (¢ — 9) 
Note that when the point of contact is on the pitch 


cylinder 


at a uniform rate longitudinally, parallel to its Taxis, 
in the direction of the arrow as shown, then it would 





1q.45. DEVELOPMENT OF THE LINES OF 
CONTACT BETWEEN WORMAND WHEEL WITH 
THE ORDINARY TYPE OF WORM GEAR 
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1g.46. DEVELOPMENT OF THE LINES OF 
"ACT BETWEEN WORM AND WHEEL 
WITH THE F.J.TYPE OF WORM GEAR 
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drive the worm wheel in exactly the same manner as if 
it were caused to rotate at a uniform rate, because all 
i ti are identical. If, therefore, the worm 
rotate uniformly in the direction P, then the point O 
will move uniformly in the direction W; hence the 
point of contact between the worm and the wheel must 
move uniformly along the resultant R. 

Now the line O R touches the worm cylinder only at 

the point O. Any other point of contact between the 
worm and the wheel along the resultant R will, there- 
fore, be on a portion of the worm thread em othe 
above the worm cylinder. But R is in the 
plane contained by W and P, and as any point of contact 
along R is an intersection of the worm thread O J 
the resultant OR, it follows that the worm thread 
must be of such a contour that it lies along a straight 
line O J at right angles to R and therefore inclined at an 
angle 8 to the plane A B. Clearly the angle § is equal 
to the lead angle of the worm, 
43 shows the positions of the straight lines EF 
G (corresponding to O J) on the threads of a left- 
worm, It is interesting to note that, with this 
ign of worm gear, there is no thread below the 
of the worm, and consequently throat diameters 
diameters of worm wheels are identical. 


pa nas age Ba 0 
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radius. The circular angle is, of course, shown 
in the end view of worm, omy ere to the tooth 
contour at its point of contact. order to draw a 
diagram of the zone of contact of the ordinary t worm 
gear it is to ascertain the distances of various 
— of contact at various radii from the central plane. 
hese may be ascertained by drawing a di m similar 
to that shown in Fig. 41. hus, in Fig. 44 let X EY 
be the end view of a portion of the worm thread from 
which it is required to ascertain the distance of the 
point of contact E (on any radius M E situated at any 
angle @) from the central plane. Draw SET at the 
circular pressure angle @ to the radius ME. From E 
draw EK perpendicular to SET. Then EK repre- 
sents the normal to the tooth at its point of contact. 
Now EK cuts the line AB at K. From E draw 
E G parallel to A B and GA parallel to EK. Then the 
angle G A B = the angle E K B == ¢ — 0. As before :— 
Distance « = E K x cotan. lead angle on radius M N. 


BuEK =|Ga=sx—9C_ 
sin @ — 0 
= ME cos @— MC 
ME cos @ — MC 
sin (@ — @) 
radius M N. 
From this formula the graphs shown in Fig. 45 have 
been plotted, and from the formule already aa in 
connection with Figs. 38 to 41 the graphs shown in 
Fig. 46 have been plotted. These show the lines of 
contact along the zone for the F. J. worm gear. 
Comparison of the Two T’ of Worm Gear.—Figs. 45 
and 46 should be carefully compared. In Fig. 45, 


And GC 


Therefore z = x cotan. lead angle on 


Fig. 49. 
Fig.47. ZONE oF Contact Fig. 48 NEW POSITION OF ZONE OF CONTACT 





load. The ribbon-like area, outlined on the plan view 
and ing across the threads of the worm, marks 
the “‘ zone of contact’ between the gears when the worm 
is rotated in the direction of the arrow shown in the end 
view. The intersections of the worm threads and the 
zone give the lines of contact between the worm and wheel 
teeth, and at no point outside this zone is there any con- 
tact between worm and the wheel. In Fig. 47 
the actual contact between the worm thread A the 
wheel is marked by the line 1—1A, and that between 
the worm thread B and the wheel by the line 2—2A. 
After the worm has been rotated to an angle of 45 deg. 
as shown by Fig. 48, there is only one line of contact 
between the worm and the wheel as i by the 
line marked 1—1A, It will be noted that the lines of 
contact in both end views in Figs. 47 and 48 are un- 

ical, and P ged irregular contact is detrimental 
to the running gears. 

Figs. 49 and 50 show the zone of contact with David 
Brown & Sons’ new type of F. J. worm gear. The plan 
view in Fig. 49 shows the worm in such a position that 
the drive is taken by the three threads A, B and C, 
whilst Fig. 50 shows the two threads A and B in simul- 
taneous contact with the worm wheel. The actual lines 
of contact between the worm and the wheel in Fig, 49 
are marked 1—1A, 2—2A, and 3—3A, whilst in Fig. 50, 
after the worm has been rotated through an le of 
45 deg., the new lines of contact are shown by the line 
1—1A and 2—2A. With this design of worm gear the 
regularity of the lines of contact as shown in the end 
view is in marked contrast to that of the contact lines 
shown in Figs. 47 and 48. 

The worms illustrated in Figs. 47 to 50 are as like as 
possible, both types having four threads, the only real 
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which shows the lines of contact for the ordinary type 
of worm gear, the zone of contact is actually interrupted 
near the central plane, and almost the waele of the con- 
tact takes place on the approaching side of the worm 
wheel, which means that if the worm be placed in en- 
gagement with the wheel, contact between their teeth 
takes place on the extremities of the worm, when, in 
many cases, the centre teeth have practically no contact. 
There is also a duality of the lines of contact, which, 
during the revolution of the gear, gradually travel 
towards each other, meeting just beyond the central 
plane where contact entirely ceases. 

In Fig. 46, which shows the zone of contact for the 
F. J. worm gear, it will be noticed that the lines of con- 
tact are re and uniform, with no duality and no 
objectionable interruption. Fig. 45 demonstrates the 
very imperfect form of tooth contact obtained from 
the ordinary type of worm gear, which is ight sided 
on the linear section. In the year 1913 both Mr. F. J. 
Bostock and the author knew of these defects. The 
solution and the remedy were, however, discovered 
by Mr. Bostock, and it was entirely due to his efforts, 
in conjunction with the facilities afforded by Messrs. 
David Brown & Sons, that this new form of F. J. worm 
gear has been evolved. The author had the —— 
however, of watching the mathematical develo t 
of the present invention (which entailed great labour 
and a many months), a brief outline of which 
has now m made public for the first time. 

The difference between the ordinary and the F. J. 
type of worm gear can be best illustrated—to those 
who are ngt keenly interested in mathematics—by 
taking a concrete example of each case as shown in 
Figs. 47 to 50. These illustrations show two plan views 
of each type of worm, with a sectional view of 
each worm in mesh with its worm wheel just above. 
Figs. 47 and 48 show the nature of the contact between 
an ordi type of worm and wheel. Fig. 47 shows 
the worm in such a ition that the drive is taken by 
the two threads A and B, whilst Fig. 48 shows a different 
position, the worm having been rotated through an angle 
of 45 deg., thus causing the thread A to carry the entire 
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difference between them being in the shape of the tooth 
contour. In both cases whenever the worm is revolved 
through an angle of 90 deg., the line of contact 1—lA 
will sweep across the zone of contact until it takes poe a 
the position 2—2A, because when a four- 

worm moves a quarter of a revolution (or 90 deg.) the 
thread A will naturally take up the position of the thread 
B. In the F. J. system it will be seen that the point 1 
at the root of the worm (end view) falls into the position 2 
after a Speed of a revolution (see Fig. 50). Thus, 
the act contact travels in the same direction as the 
worm, and this new action between the teeth of the 
gears reduces the ordinary rubbing velocity to a minimum 
which decreases frictional losses and considerably in- 
creases the efficiency of the drive. 

With the ordinary parallel type of worm gear, how- 
ever, the point of contact 1A actually moves in the 
opposite direction to the rotation of the worm to the 
point 2A (see Fig. 47), thereby increasing the rubbing 
velocity. One of the uliar characteristics of the 
ordinary type is that the extremities of the lines of 
contact, see plan view of worm in Fig. 47, travel from 
the position 1 and 1A towards each other until they 
meet and vanish just beyond the point 2 and 2A. 

The end view of the F. J. system (Fig. 49) shows the 
point A always moving from left to right, in the same 
direction as the rotation of the worm, whilst with the 
ordinary type (Fig. 47) the point A moves very slightly 
from right to left, actually against the rotation of the 
worm. The high rubbing velocity which occurs on the 

ints 1A, 2A (Fig. 47), together with the a 
ines of contact which induce a concentrated load, 
tend to produce the worst possible conditions on the 
leaving side of the worm wheel. This explains the well- 
known fact that when a worm gear of the ordinary type 
is overloaded, or is imperfectly lubricated, pitting first 
takes place on the leaving side of the wheel, and on this 
side only, whilst those portions of the teeth on the 
entering side remain unmarked. It is believed that this 
is the time that this phenomenon of uneven wear 


on the teeth of the worm wheel of the ordinary parallel | and 


system has been fully explained. 





tor their 2 i i : hie Baad 
or their courtesy in preparing worm 

and for providing the lantern slides, and Mr. Bostock 
for his kind assistance in the preparation of the latter 
portion of this paper. 





SURFACE CONDENSERS.* 
By Mr. Luraze D. Lovexm, Member. 


ENGINEERS as a rule are always deeply interested in 
the conversation of natural resources, whether it be 
in connection with either 


marine or i 
and while for a long time the to 
lead in economies, ‘‘ and 80 on account of the 
available,” the marine field has received 
its share of attention in various since the 


advent of the turbine. 

In the earlier days, when the old reci engine 
held full sway, it was useless to vacua 
ou tines wen ne eet ee Celene Sania” nee 
vacuum on account of large volumes of steam to 
eared for. In other words, any vacuum above 25 in. 
pie! Mh min edn). La Recipe Pio | Ti a meth y 
might expect, to design o' ordinary recipro 

such as to make it incapable o' 


cat: 
somteasacliy expaetinn deb ateats Santen than 
to. 

Every engineer knows the great 
steam as far as possible providing i 

i and the steam turbine 
the limit in this respect. This has 

id for surface condenser designing, 
strides have been made by many 
direction during the past few years. 

The stationary of the world, wi 
wonderful research ies at their command 
the further advantages in being able to make exha: 
tests on actual installations, undoubtedly led th 
for i ving vacuum and also for taking care of other 
losses incident to high vacuum, and the marine engineer 
pa fa aovindbline be ney se tosurdaig high a 
e ce means for ins vaccum 
under decidedly different conditions. 


The marine engineer has an un’ supply of water 
ot his commaand with he’ goo! ober than the annvunt 


uses. 
methods for using the 
costs money, and therefore giv 
an advan 
Other items that the marine 
seriously are hey and s , so that 
or 


ign would be impossible for a ge pee 
more particularly to tubes above fin. diameter 
used; in fact, all condenser tu for marine w 
are practically confined to two sizes, namely, ¢ in. and 
j in. outside Themater. 
Apart from the design of condensers for steam turbines, 
i ve shown little interest in i 


of late 


iF 


e 


E 
‘ 


E 
e 
B 
5 
s 


: 


if 
ehh ct 
ding gb 


turbine designs the amount of steam can readil 
determined with a reasonable degree of accuracy without 
weighing. Therefore the figure given me by our engineering 





na before the Society of Naval Architects 


a, at the New York meeting, 
November 11 and 12, 1920. 
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d ment from trial data sheets will be used. (See | series of tests on single tubes, § in. outside diameter, | results showing a heat transfer of about 1,000. This 
Tables I, II and IIT.) laced inside of tubes of varying diameters, With a/ clearly proved the advantage of having ample{steam’ 

These condensers have shown such uniformly Fin. tube, about 4 ft. long, placed inside of a tube about | space between the tubes, so it was decided to design a 
results as to leave little further to be desired. Con-| 1} in. inside diameter a temperature rise of 60 deg. F.| surface condenser with tubes spaced well apart at the 
densers of this same principle have been designed and | was obtained. By placing this same § in. tube inside a | entering rows and to d this ing to 
built for use in connection with reciprocating engines, | tube 2 in. inside diameter, a temperature rise of 100 | normal at the point where the condensate left the tubes. 
and the tests made prove the principal to be correct. deg. F. was obtained with the same steam pressure and| T 


he experiments on the various appliances showed 
TABLE I.—A.1.8.C—MACHINERY INSTALLATION AND OUTFITTING DIVISION. 
TEST FOR EFFICIENCY, U.S.A.T. “‘CANTIGNY.” MAY 20, 1920. HULL No. 670. 
Enermxsk Room Loo Sszer “CO.” 


From 3-hour readings taken from 3-hour full-speed natural draught river trial. From 24-hour readings taken from 3-hour full-speed induced draught river trial. 
raught—forward, 17 ft.; aft, 21 ft. 9 in.; mean, 19 ft. 44 in. Propeller; Diameter, 18 ft. 6 in.; pitch, 17-086 ft. 










































































Vacva. Temperature of 
Cooling Water. Turbine Exhaust. 
“ane BPM | a) 
Time. ro- Air Port Side, Condenser, Top of Condenser. Stbd. Side, Condenser. Circu- Pressure} _Con- 
meter. | Bjector a Dis- on | densate. T 
b) Dry Turbine | lator, Radojet emp. 
(Rado- | suction. Exhaust. Sea, | charge iam Absolute | Corrs. 
p.m. Tre). Aft. | Centre. |Forward.| Aft. | Centre. |Forward.| Aft. | Centre. jrorwara. — Pressure. hd ~ 4 
Natural Draught. 

12.49 _ _ 28-87 | 29-00! 28-86 29-03 | 28-92; 28-90 28-80 | 28-81! 29-02 28-81 28-95 -s 59-5 78-0 — 84-0 —_ _ 
1.19 —_— 29-4 28-84 | 28-96) 28-82 28-98 | 28-87| 28-85 28-78 | 28-78) 28-98 28-77 29-00 235-0 | 59-0 76-0 150-0 82-0 — _ 
1.49 30-07 29-6 28-87 | 29-00) 28-85 29-02 | 28-90) 28-89 28 28-82) 29-00 28-80 29-00 245-0 | 58-5 76-0 150-0 83-0 1-07 _ 
2.19 30-07 29-5 28-90 | 29-02) 28-87 29-00 | 28-92) 28-90 28-82 | 28-84) 29-01 28-81 28-095 250-0 | 58-5 76-0 150-0 84-0 1-12 -- 
2.49 30-09 29-6 28-85 | 28-98) 28-85 28-90 | 28-90) 28-90 28-80 | 28-83) 29-02 28-80 28-85 240-0 | 58-0 77-0 155-0 83-0 1-24 _ 
3.19 30-09 29-6 28-85 | 28-98) 28-85 28-96 | 28-92) 28-93 28-82 | 28-85) 29-00 28-80 28-95 250-0 | 57-0 76-0 155-0 82-0 1-14 _ 
3.49 30-08 29-6 28-90 | 29-01; 28-91 29-05 | 28-95) 28-93 28-84 | 28-83) 29-03 28-84 28-97 250-0 | 57-5 76-0 155-0 82-0 1-11 _ 

— --| 80-08 29-55 28-87 | 28-99) 28-86 28-99 | 28-91) 28-90 28-81 | 28-82) 29-01 28-80 28-95 245-0 | 58-3 76-6 152-5 82-9 1-136 88-0 
ion... — a +0-12 |—0-07| +0-10 | —0-07 |+0-03) +0-05 | +0-16 |+0-13| —0-09 | +0-10 
Corrected 
Average 30-08 29-55 28-99 | 28-92) 28-96 28-92 | 28-94) 28-95 28-96 | 28-95| 28-92 | 28-90 28-95 245-0 | 58-3 76°6 152-5 82-9 1-136 83-0 
Induced Draught. 
4.19 30-08 29-6 28-88 | 29-00) 28-92 29-08 | 28-92) 28-90 28-82 | 28-80| 29-08 28-89 28-98 245-0 | 57-0 76-5 155-0 82-0 1-10 -- 
4.49 30-03 29-7 28-85 | 28-98) 28-80 29-00 | 28-86) 28-88 28-80 | 28-79) 29-00 28-81 28-90 255-0 | 57-5 77-0 155-0 84-0 1°13 _— 
5:19 30-02 29-7 28-87 | 20-01} 28-86 29-04 | 28-90) 28-90 28-80 | 28-81} 29-02 28-81 28-90 260-0 | 58-0 76-0 152-0 82-0 1/12 _— 
5.49 30-02 29-6 28-89 | 29-04) 28-88 29-05 | 28-92) 28-91 28-82 | 28-83) 29-03 28-83 28-92 275-0 | 50-5 77-0 155-0 84-0 1-10 _ 
6.19 30 -02 29°6 28-80 | 28-92) 28-90 29-02 | 28-82) 28-85 28-78 | 28-76) 29-00 28-80 28-97 275-0 | 60-0 78-5 150-0 83-0 1-06 _ 
6.49 80-02 29-6 28-78 | 28-90) 28-88 29-00 | 28-81) 28-80 28-73 | 28-72) 28-99 28-80 28-89 265:0 | 60-0 78-0 156-0 81-0 1°13 _ 
Average ..| 30-03 29-63 28-85 | 28-98) 28-87 29-03 | 28-87| 28-87 28-79 | 29-02) 28-79 28-82 28-93 260-8 | 58-7 77-2 153-7 82-7 1-121 82-5 
cae _ —_ 4+0-12 |—0-07) 40-10 | —0-07 |+0-03| +0-05 | +0-16 |+0-13| —0-09 | +0-10 
lorrec . 

Average 30-03 29-63 28-97 | 28-91) 28-97 28-96 | 28-90) 28-92 28-95 | 28-92) 28-93 28-92 28-93 260°8 | 58-7 77°2 153°7 82-7 1-121 82-6 






































For main engine room log see Sheet “ A.” For lubrication oil data, and turbine bearing temperatures, see sheet “ B.” For fire-room log, see sheet “ D.” 
Forward radojet only was used throughout the trial. 
The overboard discharge temperature was taken near the overboard delivery valve, so as to insure a thorough mixing of the water. Condenser was cooling all exhaust steam from 
a G.E. turbine, rated 6,000 shaft horse-power, with steam consumption of 12 lb. per shaft horse-power, equalling 72,000 Jb. of steam condensed per hour, Assu that 
circulating pump delivered 7,774 gallons of water per minute, 54 Ib. of circulating water condensed 1 Ib. of steam. 


by J. A. WILSON. 


















- ‘ab _ “ ” can 66 7 Ted 
Fig.6. SECTION THROUGH LOVEKIN Vian Table II Data on Condenser on “B Ship Cantigny. 
CONDENSER FOR PACIFIC ¢/ my T 
TYPE TRANSPORT. ff 4 No. Item. _ ~ 
nA Unit. 
) 1 Run No. wd me ka 1 2 
2 Barometer oe -. in Hg.| 30-08 80-03 
3 | Average vacuuminshell.. ,, [ 28°94 28-93 
4 Absolute press in shell .. ,, 114 1-10 
5 Corresponding temperature, ts 
deg. F. oe oe ..| 88-2 82-1 
6 Inlet water temperature, ti 
Tf) a o¢ ws ..| 58-3 58-7 
7 Discharge water temperature, 
to, deg. F. ” a ..| 76°6 77-2 
S| te—te .. a, ., Ate) ee 23°4 
9 | te—to .. “9 ee 6-6 4-9 
10 (te —ti)+ (ts—to) .. oa 83-7727 4°7755 
11 log e (ts — ti) + (ts — to) iN 1+3279 1+5687 
° («s ae — (ts —to)=T.R...| 183 18-6 
mperature { Item 12 . . 
difference, ++ tem 11 18-¥6 ines 
14 Surface, outside .. . .8q, ft, 8,011 8,011 
15 | Steam condensed. . . -Ib,/hr, | 72,000 72,000 
16 | Circulating water -» 9, {3,888,200 |3,888,200 
17 Heat per pound of steam B.t.u. 988 909 
18 | B-t u.per hour (17) x (15) 645 759 
sq. ft. x deg. TDS) x 0%) 











Velocity of circulating water through tubes = 4°37 per ft, sec. 


that it was a serious mistake to —- an enclosure with 
as many tubes as it could hold call this a proper 
surface condenser design, as nothing could be gained by 
having the steam or condensed vapours traverse & mass 
of tubes after it had been condensed. Why not endeavour 
to produce a design whereby a maximum inlet area 
between the tubes could be obtained, so that with a 
volume of steam pe whe ear por to a vacuum of 28} in. 
we would have a velocity of ut 100 ft. second or 
less? Instead of the conventional me’ of per- 
mitting this steam to travel through a bank of tubes 
after it had already been condensed and allowing the 
cold circulating water to cool the condensate un- 
necessarily “‘as it does in all condensers of ow 
design,’’ it was decided to reduce the h of the 





Number of Tubes tv Pass 1144 








1656 of tubes to about half of Tn — y = ae = 
: mber of T 7 7 i densate to drained from said bank o' 

Total Number of Tabes #00 Hot Strainer to prevent fo permit the conder from ont 

Total Cooling Surface...........8000Sq.Fe. mai Fem pti ab tubes at its maximum temperature, ‘* which should be 


approximately that of the temperature o 
to the temperature of the vacuum.” 
Realising the great value of reducing the volume of 

Connection air and non-condensable vapours, a liberal cooling 
chamber was provided of efficient form, this chamber 
It might be interesting to some of the author’s| the same conditions of test. This showed conclusively | also to d any vap that r ined and the 
associates to learn the reason for his departure in con-| that the steam space surrounding the § in. outside| condensate from this chamber to fall into the common 
denser design instead of following the beaten path which | diameter tube was a most important factor. condensate space, where it would be removed at the 
is so easy. ‘Therefore, a few facts in connection with; The author then ran a series of tests with varyi bottom of the shell. When used for battleships or the 
his work in this line will be given. velocities of water and, much to his amazement, ob like this air cooling space was enlarged, thereby pro- 

During the years 1907 to 1910 the author made some | a heat transfer of about 2,750. An apparatus was then | viding about 40 per cent. of the total tube ace, 
very interesting and instructive tests in heat transmission built having about 100 tubes, § in. outside di , | This enabled the outer portion of the condenser to serve 
for various purposes. These were followed by numerous | with the conventional tube layout, and this apparatus|as a primary condenser and the so-called air cooling 
tests on the same apparatus by the OTT | Experi- | was tested exhaustively by the engineers at the ery & seco! condenser. 
ment Station at Annapolis, Maryland. 1915 he made | station on both vertical and horizontal positions, Thus, when the turbines are operating at less than full 
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TRIALS OF LOVEKIN SURFACE CONDENSERS. 


TABLE III.—vU.8.A.T. “Cawtiery.”’ 
Twelve hours endurance trial at sea: ship light. 


Huu. 670. Aveusr 16, 1920. 
August 14 and 15. “Condenser Data.” 





























STEAM. TEMPERATURES. Vacuum. 
Time. 
Throttle Tempera Over Con- Turbine Turbine 
, Pressure. ture Sea. Bhd. densate. | Exhaust. | Exhaust. Radojet Barometer. 

p.m. 

9.30 190-0 494-0 62-0 81-0 89-0 92-0 28-60 28-75 30-10 
10.00 195-0 492-0 64-0 82-0 87-0 91-0 28-62 28-78 30-10 
10.30 193-0 486-0 60-0 79-0 86-0 87-0 28-90 29-00 30-10 
11.00 193-0 480-0 67-0 86-0 84-0 92-0 28-50 28-65 30-12 
11.30 193-0 490-0 638-0 87-0 94-0 96-0 28-10 28-30 30-12 
12.00 193-0 492-0 68-0 87-0 92-0 94-0 28-50 28-62 30-12 
a.m. ‘ 

12.30 193-0 494-0 66-0 85-0 90-0 91-0 28-62 28-78 30-12 
1.00 191-0 496-0 66-0 84-0 90-0 92-0 28-60 28-75 30-12 
1.30 194-0 494-0 68-0 87-0 93-0 96-0 28-40 28-56 30-12 
2.00 194°0 496-0 67-0 86-0 92-0 94-0 28-42 28-58 30-11 
2.30 194-0 494-0 69-0 86-0 92-0 94-0 28-45 ' 28-60 30-11 
3.00 195-0 494-0 68-0 87-0 93-0 96-0 28-25 28-42 30-11 
3.30 193-0 492-0 68-0 85-0 94-0 94-0 28-35 28-55 30-11 
4.00 193-0 492-0 68-0 88-0 94-0 94-0 28-40 28-58 30°11 
4.30 193-0 496-0 67-0 85-0 93-0 28-25 28-38 30-11 
5.00 193-0 404-0 67-0 84-0 91-0 93-0 28-50 28-62 30-11 
5.30 196-0 494-0 63-0 80-0 90-0 91-0 28-65 28-78 30-11 
6.00 196-0 490-0 63-0 80-0 88-0 89-0 28-75 28-85 30-11 
6.30 193-0 488-0 63-0 83-0 89-0 90-0 28-70 28-80 30-11 
7.00 195-0 484-0 61-0 82-0 89-0 91-0 28-70 28-82 30-12 
7.30 193-0 489-0 61-0 82-0 89-0 93-0 28-50 28-60 30-12 

Average j 193°47 491-47 65-42 84-09 90-42 92-5. 28-51 28-65 7 rm 














Brake horse-power = 6,477. 


load, ‘“‘ and particularly at steam capacities below half 
that of full load,” the peimeny condenser can do all 
the work and retain its hegt in the condensate instead 
of falling over a bank of tubes equal to about one-half 
the diameter or depth of the condenser, for no other 
purpose than to reach the bottom of the condenser, 
so that it can be drained off by the pump. Draini 
tae condensate off in, stages after it has been con 
appeared to be more rational, and the test data confirm 
this belief. 

It is a matter of common occurrence with this con- 
denser to have the temperature of the condensate and 
the temperature corresponding to the vacuum within 
a fraction of a de , and where the temperature of the 
outboard delivery is kept within 5 deg. to 8 deg. 
temperature corresp Sing to the vacuum, the con- 
densate continues to keep close to the temperature 
corresponding to the vacuum. If a wider range of 
temperatures be used, the results are very pronounced ; 
that is, if the outboard delivery temperature is within 
12 deg, to 14 deg. of the temperature of the vacuum 
in the condenser, the condensate will invariable show 
10 deg. to 12 deg. higher than the temperature of the 
outboard delivery, thus poeticn I that when pumping 
more circulating water through the condenser the 
temperature of the condensate still remains high. It 
has long been known that infiltration of air t h 
cast-iron condenser shells is the source of t trouble 
and annoyance with high vacua. In order to reduce 
this to a minimum we made tests without any coa' 
on the shell, then with one coat of bitumastic enamel, 
and finally with two coats of enamel. The effect of 
the final coat was an improvement of nearly ! in. of 
vacuum under the same conditions. 

Particular attention is called to the air channel way 
in these condensers, it being formed of two plates running 
the entire length of the space between the tube sheets, 
these plates being —— apart and having their sides 
perforated with small holes over the entire plate. This 
is done so as to sevens ang. ain ponwete Deng panes 
in any part of the condenser. the condensate 
pump and air ejectors are used, such as is shown on the 
pro surface condenser for United States battle 
cruisers, it will be noted that the condenser head is 
cut away so as to clear the air ejector connection. This 
makes @ very —_ connection and yet prevents the 
air pipe bei with water. In order to ascertain 
the height of the water in the condenser shell, a water 
gauge glass can be connected between the condensate 
suction pipe and the shell which will readily show the 

t of condensate, if any, within the condenser shell. 

t will be noticed in the 

angle bars are placed in the lower edges of all the drain 
plates. These angle bars are not continuous but simpl, 
consist of short pieces with clear spaces of equal 
between them so as to t the formation of a con- 
tinuous sheet of water entire of the 
running into the condensate which might interfere 
somewhat with the vapour air entering the secondary 





zone, 

It is almost unnecessary to stats that the design of 
a surface condenser for ps and the like which 
are subjected to their maximum speeds for compara- 
tively short intervals of time is an entirely different 
proposition from thet of the 
the maximum is run the greater 
Tn a case of the battleships we 
greater amount of water through 
in the case of a merchant ship, for the reason that the 
cost of p ing the water for the 
vessels run i i 
than offset by the i 
can be obtained by using more water. 

In conclusion, I wish to emphasise the fact that had 
the marine engineers of the world fully understood 
the principles of surface condenser ——- during the 
past twenty-five years, as well as they to-day, the 


Water rate = 10-95 lb. per brake horse-power. 


of the | 9 





Total steam condensed, 70,923 lb. per hour. 


surface condensers for most of our reciprocating engines 
in the merchant service could have been built with 
from 25 per cent. to 50 per cent. less surface and still 
have had the same reserve factor for dirty tube surface. 
This would have been a valuable conservation of both 
our physical as well as our natural resources 43... § . . 





Rattways AND Roap TRANsPortT.—It is announced 
that the Minister of Transport has appointed a committee 
to inquire into and advise upon the question of the 
railway companies running road transport services for 

traffic. The committee is to inquire into the 
uestion as to whether the companies should have 
limited or general powers in this connection, and, if 
limited, under what conditions they should be allowed 
to exercise them. The committee has a strong element 
in it of parties interested more especially in road trans- 
port, though Mr. J. H. Balfour Browne is appointed 
chairman, and the railways are directly represented 
by Mr. C. Aldington, general manager of the Great 
Western Railway, and Mr. A. Watson, general manager 
of the Lancashire and Yorkshire, and London and 
North-Western Railways. 





Tue SépeRBERG ContiInvovus ELzoTRopDE For Fur- 
NAcEs.—As early as 1909 Mr. Séderberg, a Norwegian 
engineer, made experiments with a continuous electrode 
for metallurgical furnaces, which he called self-baking, 
because the electrode was replenished while in its 
holder, as the lower end was consumed during operations, 
The experiments were resumed during the war by the 
Aktieselskab Fiskaa Verk, and favourably reported upon 
in 1919 by Professor J, W. Richards of —— University, 
Pennsylvania, in conjunction with essrs. Farup, 
of Kristiania, and Nystrém, of Trollhattan. The 
advantage gained is that the electrode is all used up 
in the furnace, and that the short ends need not be 
thrown away or joined up with new electrodes. The 
Séderberg e' © is made in its sheet metal holder, 
@ new length being added as required, say, every three 
or four days. The holder is a cylindrical or prismatic 
sheath, if possible of the same material as the furnace 
product, e.g., steel, in which it melts; this sheath is 
perforated and provided with internal ribs, It is filled 
with ordinary electrode material, coke, anthracite, tar 
and pitch; the anthracite is previously graphitised. 
When a new length is wanted these warm materials are 
stamped into the holder by a hand press or a pneumatic 
device. The lengthened electrode is lowe into the 
furnace, and the current is slowly turned on ; the current 
first passes through the sheath, which gets hot and heats 
the materials, the gases escaping through the perfora- 
tions. As the current is increased, the carbon mass 
becomes more and more baked and within 24 hours or 
more the electrode will be ready for use. We should 
have mentioned that the new of sheathing is 
soldered or riveted to the old sheath. It has been found 
advisable to perform the operations in a special chamber, 
above the furnace room, the electrode passing through 
a hole in the floor of this room. The electrodes are 
round or rec in section, up to 850 mm. diameter 
and 265 mm. by 530 mm. In ferro-silicon furnaces these 
electrodes (Stahl und Hisen, December last, 1599 
to 1603) have been worked since last September with 
currents of 23,000 amperes, 4-07 amperes per square 
centimetre. et ee seen ae the pve rm 

Co: ion, of Anniston, ama, electrodes 
eh an ae have been used since last summer ; 
the sheathingjhas a thickness of 1-05 mm., the section 
length is 115 mm., and {the sheath weight is about 50 kg. 
per metre, while the electrode carbon weighs 780 kg. 
per metre. Particulars of runs are givén in the journal 
quoted. The electrode consumption is said to have been 
reduced from 63-6 kg. per ton of ferro-manganese to 
28-3 kg. per ton. 





CATALOGUES. 


Saws.—A list of power-driven hack-sawing machines, 
hand-saw frames, and saw blades comes from the 
Henry G. Thompson and Son Company, New Haven, 
Connecticut, U.S.A. 


Aluminium.—The British Aluminium Company, 
Limited, 109, Queen-Victoria street, London, E.C. 4, 
send a useful illustrated and di ioned ket list 
of sections. 


Medical Electric Batteries—A further catalogue of 
electric batteries for medical use comes from Messrs. 
Watson and Sons, Limited, Parker-street, Kingsway, 
London, W.C. 2. It contains very full and clear descrip- 
tive matter and sufficient illustration. 


Building Construction.—A new illustrated and priced 
list of fencing, railing, steel principals and all parts, 
as well as complete buildi ranging from sheds and 
cot to electric car sheds, is to hand from Messrs. 
David Rowell and Co., Limited, 10, Howick-place, 
Westminster, London, 8.W. 


Electric Fittings —A comprehensive list of reflectors, 
lanterns and general fittings comes from the Sun Elec- 
trical Company, Limited, 120, Charing Cross-road, 
London, W.C. 2. These fittings are suitable for use 
with }-watt lamps and cover a great range of require- 
ments. 

Engine Governors.—A detailed technical discussion of 
the action of various t of engine governors is given 
in a catalogue of the governor (Eastwoods’ patent) 
issued by the Universal Valve and Chemical Accessories 
Company, Dudley Hill, Bradford. The matter is 
illustrated with diagrams and will interest engineers. 


Benzole Motor Spirit.—The importance of benzole as 
@ motor fuel is evidenced by a list of supply garages 
where the spirit is stocked, issued by the National 
Benzole Company, Limited, 30, Grosvenor Gardens, 
London, 8.W. 1. ‘who have also issued a useful little 
pamphlet on lubrication. Both publications contain 
much useful information stated in practical terms. 

Liquid Fuel Burning.—A 68-page catalogue describing 
burners and other appliances for firing liquid fuel has 
been issued by Kermodes, Limited, 35, The Temple, 





Dale-street, Liverpool. It deals exhaustively and 
precisely with the pressure-jet, air-jet and steam-jet 
types of apparatus and with their various industrial and 


marine applications, 


Steel Wheels.—Pressed, rolled and forged steel wheels 
for steam and electric rail service, flywheels, gear blanks, 
turbine bucket wheels, shaft couplings and similar pieces 
are illustrated and fully dimensioned in a comprehensive 
list received from the Consolidated Steel Corporation, 
New York, U.S.A., whose London Office is at 139, 
Fenchurch-street, E.C. 3. 


Motor Car Tyre Pump.—A power-driven piston 

mor of compact design and adapted to be permanently 

to a motor car chassis for the purpose of inflating 

the tyres is shown in a leaflet catalogue issued by Messrs. 

Brown Brothers, Limited, Great Eastern-street, London, 

E.C. 2. This pump is also supplied on a stand, with 
either belt pulley or electric motor, for use in a garage. 


Electric Furnaces.—A new design of electric furnace 
is lucidly explained in a catalogue received from Auto- 
matic and Electric Furnaces, Limited, 281, Gray’s Inn- 
road, London, W.C. 1. The furnace provides for the 
detection of critical temperatures and is fitted with an 
excess temperature cut-out. Six sizes, ranging from 
13 in. to 23 in. long, 2} in. to 16}. in. wide, and 1 in. to 
6 in, high internally, are listed. 

Rotary Pump.—A type of rotary pump with fixed 
hollow axle and body rotating on the Sale te illustrated 
in a Means a from the makers, Mr. A. E. Shiner, 
2, Holborn Buildings, London, E.C. 1. This pump may 
be fitted directly into a pipe line or be with the 
usual bedplate and connections. A belt, chain or 
toothed gear engages the casing, the overall size of 
which is about the usual pulley diameter. 

Insulating Material.—A descriptive catalogue dealin 
with the natural 9: a growth, manufacture an 
application of cor! es material for cold stores, 
ice-making plant, dairy and other produce rooms, railway 
vans, ship holds, &c., comes from Newall’s Insulation 
ame, | Limited, 31, Moseley-street, Newcastle-on- 
Tyne. It is written for the —— of giving possible 
buyers the fullest general and practical information on 
= subject and forms a technical handbook of real 
value. 


Car Heater.—A motor-car heater made of aluminium, 
and automatic in action, is described in a catalogue 
received from the Arc and General Equipment Company, 
Limited, Hartham-road, Holloway, London, N. 7. The 
heat is extracted from the exhaust gee and circulated 
through either a foot rest or foot muff. The heat may 
be regulated to any degree from maximum to nil and 
the appliance is light, compact and agreeable in —— 
ance. An illustrated account of the appliance will be 
found on page 472 of our last volume. 


Water-Tube Boilers.—A catalogue of Root water-tube 
boilers suitable for the hi pressures comes from 
the makers, Messrs. Conrad Knap and Co., Limited, 
11, Queen Victoria-street, London, E.C.4. These boilers 
are made either for brickwork setting or with iron casing, 
and all the tubes, fittings, &c., are interchangeable, so 
that any part may be by @ new spare part 
without skilled ehews. boilers _ made in ne 
Sor soem teenepes. 2. eaureres., and sizes capable o 
pve ing 25 h.p., 30 h.p., 80 h.p. and 100 h.p. are 

strated in the omeve=* A copy of the catalogue in 
Spanish is also available. 


Fes. 11) 1921. ] 
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THE HUMPHREY, PUMP. 


Theoretital Investigation into the Rate of Working, 
Power and Efficiency of the Humphrey Pump under 
Different Delivery Heads. 

By W. Jonn WALKER, Ph.D., B.Sc. 

A METHOD, due to Mr. H. M. Martin, has already 
been given in this journal,* of analysing the per- 
formance of a Humphrey pump, but since that time 
no further published results of either experimental or 
theoretical work on the subject have appeared in 
this country. The following notes are offered, 
however, in the hope that they may stimulate 
interest in a very fascinating problem. 

In the paper to which reference has just been made 
the hydraulic efficiency of the pump is the main 
concern. Here the problem is approached in a 
somewhat different manner with a view to deter- 
mining the relations which hold between several of 
the more important thermodynamic and hydraulic 
quantities involved. The values of the former 
and the rate of working of the pump, appear to be so 
peculiarly dependont upon the various hydraulic 
conditions under which a pump is set to work, and 
not upon mechanical controlling devices, that it 
seems worth while to determine the relative, if 
not the actual nature of this dependence. In view 
of the fact that the hydraulic efficiency may easily 
be maintained up to 80 per cent. with a short play- 
pipe, the ideal case, assuming no friction, is taken 
as the basis of the calculations made in drawing up 
the tables and curves given here. The conclusions 
drawn from these will be but little affected by the 
friction factor. Only the four-cycle type of pump 
with a 25-ft. play-pipe is considered, but the general 
method of analysis applies also to the two-stroke 
type. The important factors in the performance 
or design of any pump. are: 

1. The rate of delivery. 
2. The delivery head. 


In the Humphrey pump, the prime mover is so 
essentially a part of the pump itself, that, in addition 
to tlie above, the more important thermodynamic 
quantities involved require also to be evaluated. 
Of the latter the most important are : 

(a) The mean pressure during the compression 

stroke. 

(b) The mean pressure during the expansion 

stroke. 

(c) The thermodynamic efficiency. 

(d) The horse-power developed. 


The compression ratio of the pump obviously 
depends upon the head under which the pump 
works, but in order to simplify the. calculations 
involved, the compression ratios in the examples 
worked out, of which the results are given here, are 
fixed, and the corresponding heads deduced from 
these in each case. 

Fig. 1 shows the pump cycle. An explosion 
initiated at 1 drives water out of the combustion 
chamber and so up the delivery pipe. From 2 
to 3 the kinetic energy of the water increases until 


the pressure equals the delivery head. After | to 


reaching point 3 (atmospheric pressure) the water, 
by virtue of its kinetic energy continues to move 
up the delivery pipe until volume v, — v, is com- 
pletely discharged. When the kinetic energy of the 
water is entirely expended and fresh water has filled 
the volume v, — v) the water column returns from 
0 to 5 and closes the exhaust valve by impact, 
the remaining motion of the water being one of 
retardation up to 6, owing to the cushioning effect 
of the trapped exhaust The water column 
then returns, and about point 5 the inlet valve 
opens and the mixture of air and gas is drawn in, 
which on the next forward swing is compressed 
from 0 to 1. Here, the compression volume 9, is 
taken as 1°5 cub. ft. and the diameter of the play- 
pipe as 2 ft. 

In the ensuing calculations advantage is taken 
of a diagram already publishedt from which most 
of the pressure, volume, temperature and energy 
values for a gaseous mixture may be deduced 
assuming the specific heats to vary as given below : 

Ke = B + ST = 220 + 0-0623T ft.-Ibs. per Ib. per deg. C. 

Kp =A +S8T = 317 + 0-0623 T ft.-lbs. per lb. per deg. C, 





* See ENGINEERING, February 11, 1910, pees 181. 
t Inst. of Mech. Engineers Proc., December, 1920. 





Where K, and K, are specific heats at constant | 
pressure and constant Ydlime respectively, and ‘' 
is in degrees Centigrade absolute. 

Thé work done from 0 to 1 may then be shown 
to be :— 


{Pi 1 — Povo) { » ( )} = 
‘ees > sgl el Pi v1 + Po vo) | Ww 
where 
y = Ee = 1°43 
R= Ky — Ke = 97 
and 
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The mean pressure from 0 to 1 is therefore equal 

















We 
vo — M1 
Assuming p, as 14 Ib. per square inch absolute, 
and obtaining values of p, from the diagram already 
mentioned, the following table gives the relation 


between the delivery head H and the compression 
ratio r. 


p= 








Pi Pe H 
r Lb. per Sq. in. | Lb. aba Tn. | Feet of HoO 
Absolute. Absolute. Absolute. 

2 36 18-6 48-0 
3 63 23-9 55-2 

6 156 33-6 77-7 

g 226 38-0 87: 
10 296 40°4 93- 














Fig. 2 shows this relationship in a curve from 
which it is apparent that the compression ratio 
inereases much more rapidly for a given increase of 
head at high heads than at low heads. This indi- 
cates the necessity of throttling or by-passing some 
of the delivery head during the compression stroke 
in order to prevent excessive compression pressures 





under high heads. 


The maximum velocity V, during the com- 
pression stroke is:evidently given by : 


~ = pe (1) ~ tn) — [(2=e4 = ) 


X 
(a +7R an + por) | 
The relation between r and V, is as follows :— 











Oa Ve 
¥s Cub. Ft. Ft. per Second. 
2 2-42 2-23 
3 3-00 7°20 
6 4:70 16-70 
~ 5-67 19-50 
10 6-83 22-70 











next that the energy evolved by the 

















explosion is 0°5 x 10° ft.-Ib. per the follow- 
ing values of p, v, and v, are 0 from the 
energy — 

r gee us. Oud’ Ft. cub Ft. 

2 160 9-12 30-67 

3 245 11-98 35-33 

6 618 23-25 40-67 

8 710 29-08 60 «33 

10 900 36-82 72-50 








The values of v, in the above table are obtained 
from the relation : 


ma ata — rete} {1+ spire tps) } 


The maximum scales V, during the expansion 
stroke is given by : 


Pe (v4 — 2) = 





WV _ {Pom fate 
29 ear 
{i+ ry (72% + mom) } — Pe (Um v2) 
The values are given in the next table :— 
r On Vv, 
Cub. Ft. Ft. per Second. 
2 7°35 13°4 
38 8-57 17°3 
6 12-17 28°1 
8 13-75 48 
10 17-05 38-4 





It should be noted that, although the pressures 
and volumes derived will be relatively the. same in 
any installation where the delivery head is fixed, 
provided the same gaseous mixture is used, the 
velocity of the water column will vary approximately 
inversely as the length of the play-pipe, so that the 
high velocities deduced here could be diminished 
in practice by the use of a longer play-pipe. 

The number of cylces per minute is given by : 


Ve x Ve x 60 x +637 
3 Ve(vn — 01) + Ve (v4 —0) 


assuming the mean velocity for each stroke to be 
equal to : or 0-637 of the maximum velocity and 


also that the velocities during the exhaust and 
suction strokes are the same as that during the 
compression stroke. The latter assumption cannot 
be far from actual fact. The former is based on an 
elliptical distribution of velocity with regard to 
time throughout each stroke. 

The thermodynamic efficiency of the pump, 





assuming variable specific heat is given by : * 
1 
1 Y¥-1 AT 
vf —Ty1™ ahead ret "} 
where 


sly 


and T,, the final suction temperature is esswiined 
333 deg. C. absolute or 60 deg. O. 
The horse-power of the pump is given by: 
= _92°4 x (% — 0%) (H — 34) N 
H.P. 33,000 
The following table gives the values of N, H.P. 








* The Philosophical Magazine, September, 1917. 
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and » for the pump as calculated from these 
formule :— 








r N. | H.P. | ” 
2 28°7 14-2 0-359 
3 38-0 61-5 0-415 
6 46-6 185-0 0-497 
8 87-9 224-0 0-533 

10 33-2 265-0 0-558 





The whole of the foregoing analysis applies, of 
course, only to a pump in which there is no control 
over the effect of the delivery head upon the com- 
pression ratio of the pump. 

Figs. 2 and 3 include the graphs derived from 
the tables. The most interesting of these is that 
showing the variation of N with compression ratio. 
Although water velocities are always higher, the 
higher the compression ratio, the value of N attains 
@ maximum at a compression ratio in the neigh- 
bourhood of 6 to 1. This is due to the relatively 
greater rate of increase of the volume v, as the 
compression ratio is increased. 





THE RECONSTRUCTION OF 
WARRINGTON BRIDGE. 

Tue advent of the war in 1914 prevented a 
number of important engineering works in this 
country receiving the attention they merited from 
engineers, or that they otherwise would probably 
have obtained, A case in point is the reconstruc- 
tion of the Warrington Bridge of which we propose 
to give a few details. This bridge has a clear span 
of 134 ft. and is 80 ft. wide, being similar in the 
latter respect to Westminster Bridge. It is the 
lowest road bridge spanning the River Mersey, 
and it accommodates all the West Coast road 
traffic between the North and South. 

The new structure is the sixth bridge known to 
have spanned the river at this point, and a brief 
reference to its predecessors may be of interest. 
Little is known of the first bridge, except that it 
was standing in the reign of Edward I. A charter 
was granted for the second bridge to be built by 
Edward III, and this was finished about 1369. 
Timber, stone and lime were used in its construc- 
tion, It was still standing in the reign of Richard II, 
but in 1465 the records show that no bridge was then 
in existence. Earl Derby built the third bridge of 
red sandstone. It had four arches, and was erected 
for the visit of Henry VII, who opened it in July, 
1495. This bridge lasted for over 300. years. 





Fie. 1. Warrineton New Brivas. 


Early last century, Mr. Thomas Harrison, a local 
architect, designed a permanent timber structure 
having a single span of about 150 ft. This was 
ultimately built, but owing to its great rise, this 
bridge was very steep, and dangerous to horse 
traffic. Roughened iron plates were laid on the 
roadway, but the bridge was still far from satis- 
factory. About ten years after completion, one 
of the abutments collapsed during the night, and 
the bridge had to be removed. A temporary bridge 
then did service for some time, till the same architect 
designed a stone bridge of three spans, which was 
completed and opened in 1837. For some reason, 
this bridge was made very narrow, being only 
24 ft. wide between the parapets, and soon became 
quite inadequate to carry the heavy and increasing 
amount of traffic. The fact that this bridge had 
been very well built, and that it was in a good 
state of preservation, was responsible for various 
proposals put forward in recent years, to widen 
it with cantilevers, &c., but it was eventually 
decided to remove the old structure and to sub- 
stitute a bridge of a single span, so that the hindrance 
to navigation, due to piers, might be removed. 

Designs were consequently invited in September, 
1909, for a single-span structure, and the late 
Mr. John J. Webster, of Westminster, was appointed 
to adjudicate between the large number of plans 
submitted. After careful investigation of these 
and the detailed calculations, and some discussion 
as to the merits of steel versus reinforced concrete, 
the design of Messrs. The Considére Construction 
Company, of Westminster, was chosen. This 
design consisted of a reinforced concrete structure 
having eight elastic arched ribs spanning from piled 
abutments, and supporting the deck by means of 
short columns spaced at suitable intervals. 

We give in Fig. 1, above, an illustration of this 
structure after completion, while Figs. 4 to 9, on 
pages 159 and 172, are various views taken during 
construction. Figs. 2 and 3, page 159, show inter- 
esting features to which reference is made below. 
As will be seen from Fig. 1, this parabolic elastic 
arched bridge is a very graceful structure, and 
forms a good example of bridge design and con- 
struction on modern lines. 

The outstanding difficulty in designing such 
bridges is the impossibility of accurately deter- 
mining the stresses due to the shrinkage of the 
concrete and the initial settlement during con- 
struction. M. A. Considére dealt with this point 
in a letter which appeared in these columns on 
May 6, 1910 (vol. lxxxix, page 578), where he also 








explained the principle of a very ingenious solution 
of the difficulty which he proposed. This suggested 
method was adopted in the above bridge. It 
consists of introducing temporary hinges at the 
springings and crown of each arched rib. The 
bridge is then free to settle under its own weight, 
without any possible overstrain of the ribs; more- 
over, the design is thus considerably simplified, 
since for all the dead loads (which of course con- 
tribute principally to settlement) the static solution 
of the three-pinned arch can be employed, and the 
thrust at the abutments accurately and easily 
determined. These temporary hinges were formed 
by reducing the sectional] area of the concrete ribs 
to 360 sq. in., and heavily reinforcing this small 
area with short longitudinal rods, enclosed by 
closely pitched steel spirals. It is calculated that 
the concrete enclosed in these spirals was subjected 
during construction to an actual compressive stress 
of over 1,500 Ib. per square inch. This stress, of 
course, could not have been permitted but for the 
great increase in resistance afforded by the manner 
in which it was reinforced. 

It is evident that, with the very abrupt change 
of section at the temporary hinges, a great con- 
centration of stress takes place in the ribs adjacent 
to these reduced areas. This is provided for by 
placing a suitable number of shearing rods across 
the ribs on each side of all the hinges. 

After the construction of the bridge, that is when 
the whole of the dead load had been placed upon the 
structure, the hinges were carefully filled in with 
concrete, and thé normal section of the ribs made 
good, 

The manner in which these temporary hinges 
were introduced will be clear from our illustrations. 
Fig. 2 is a section of one abutment which shows the 
hinge introduced at the springing. For the sake 
of clearness the reinforcement is left out in this 
drawing. Fig. 5 shows a view of the temporary 
hinge left in one of the ribs, also to be seen at the 
left-hand end of Fig. 9, page 172. The centre hinge 
is also to be seen in the latter view, while the 
drawings, Figs. 3 and 4, show details of the rein- 
forcement at this point. The main reinforcement 
of the arch ribs consists of groups of bars surrounded 
with coils, disposed towards the upper and lower 
sides of each rib. The special reinforcement 
alluded to above provided at the hinges is similar 
and follows the arrangement shown in Figs. 3 and 4 
which, as stated, actually depict a centre hinge. 

For the heavy rolling and superloads specified, 
a graphical solution of the elastic theory was used, 
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Fig. 2. DETAIL OF ABUTMENT. 
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moments obtainable, under any combination of 
the loads specified, were found for each section. 
To these were added the moments due to variations 
of temperature (+ 30 deg. F.) and an envelope of 
maximum moments then plotted. 

The reinforcement for the ribs was calculated in 
accordance with the method of M. Considére, and 
the concrete spiralled to take the very high com- 
pression. The longitudinal reinforcement is sym- 
metrically arranged, there being 15 rods each at the 
intrados and extrados throughout the length of the 
ribs, with seven additional rods added to the top 
and bottom of each of the ribs at the springings. 
There are seven continuous steel spirals, 8 in. in 
diameter, at the top and bottom of each rib, and 
also transverse reinforcement, in the form of small 
stirrups, and lateral ties at 9-in. spacing. 

The thrust from the ribs at the supports was very 
great, amounting to over 350 tons for each of the 
intermediate ribs, and it was therefore necessary 
to provide adequate abutments. These were 
arranged by placing bracketted counterforts oppo- 
site each of the ribs which distribute the loads from 
the latter, to an inclined foundation slab resting 
on virgin ground, and also on to reinforced concrete 
piles driven into hard clay, and arranged in rows 
of nine, in line with each of the ribs. This arrange- 
ment will be clear from Fig. 2, while the pile tops 
are to be seen in Fig. 7, page 172, the pile-driving 
gear being illustrated in Fig. 6, annexed. The 
piles were driven to an inclination approximating 
as closely as practicable to the direction of the dead 
load thrust, combined with the weight of the earth 
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filling above the foundation slab, the latter amount- 
ing to 266 tons per rib. 

With this arrangement, there remained an 
unbalanced thrust tending to cause the whole 
abutment to slide outwards. This force was 
provided for by turning up the outer edge of the 
foundation slab, and supporting this by horizontal 
beams bearing on the counterforts. Any movement 
of the abutments was thus prevented by the re- 
sistance offered by the earth at the back of the 
inclined and vertical faces of the latter slab. The 
foundation slabs are situated 9 ft. below low water- 
level, and it was therefore necessary to construct 
them with cofferdams. For these steel sheet piling 
was utilised. 

The bridge was constructed in two portions, 
sufficient width being erected on the down-stream 
side of the old bridge to allow traffic to pass over. 
When this portion was in use, the old bridge was 
pulled down, and the new bridge completed. 





Training walls were built on both sides of the river, 
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and by this means the flow of the river was regulated, 
and silting successfully prevented. These walls 
were composed of a thin vertical wall with a 
horizontal base slab, and supported by counterforts, 
the whole resting upon reinforced concrete sheet 
piles, and being tied back at intervals by means of 
reinforced concrete ties and anchor slabs. 

One of the difficulties met with during con- 
struction was in connection with the centering. 
In order to allow navigation to continue, a clear 
waterway of 30 ft. had to be left in the centre, and 
the head-room could not be reduced by more than 
6 in. To overcome this difficulty, composite 
girders of 50-ft. span, of wood and steel, were pro- 
vided, and from these the whole of the centering 
for the reinforced concrete work was slung. This 
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arrangement is clearly seen in Figs. 8 and 9, page 172, 
and also in Fig. 10 on the same-page. 7 

An allowance of 4 in. was made in the setting-out 
of the timber centering, for deflection of :the ribs 
during construction, and it is interesting to note 
that the actual settlement at the crown, one month 
after the centering was struck, was 3 in., and after 
eighteen months of traffic, the total settlement has 
increased to 4 in., which agreed with the amount 
provided for. 

As explained above, each of the ribs was provided 
with tem flexural hinges, and designed as 
a three-pinned arch for the whole of the permanent 
dead load. It was therefore necessary for this 
condition to obtain after the placing of the concrete 
deck slab and paving. This was accomplished b 
omitting @ transverse strip of the concrete sla 
across whole width of , directly over 
the erown hinges. In order to further facilitate 
the free movement of the ribs under the above 
condition, the vertical columns resting upon the 
ribs and sw the deck beams, were made as 
thin as possible in the direction of the span of the 
bridge. In this. way the minimum resistance was 
offered to any relative movement longitudinally 
between the deck and the ribs. Fig. 10, page 172, 
gives a view showing the small columns supporting 
the deck, and work on the deck proceeding on the 
left. The reinforcement of the columns seen in 
Fig. 8 is carried up to the deck. 

Before the temporary hinges were finally con- 
creted in, the timber centering was lowered, and 
in order that this should be both uniform and gradual 
steel screws were under the supports. 
With the object of eliminating, as far as possible, 
any initial stress due to shrinkage, the concrete in 
the ribs was placed in sections, and key spaces 
left over the supports of the centering. These 
key spaces were filled in after all the sections had 
been completed. The total quantities of materials 
used in the construction were as follows: Steel, 
242 tons; concrete, 2,400 cub. yards. 

When the bridge was completed, five tramcars, 
weighing 12 tons each, and two steam-rollers, one 
weighing 20 tons and the other 15 tons, were 
crowded as closely as possible on to the centre of the 
bridge. Under this total dead load of 95 tons, the 
deflection at the centre of the arch was about 
gy in. After this, a 20-ton steam-roller, followed 
closely by five loaded tramcars, were run as fast 
as possible over the bridge. Under this rolling load 
of 80 tons the deflection was about ,), in., and the 
total movement due to vibration ,\,in. These tests 
proved the efficiency of the new bridge to be all that 
was required, while that care had been taken to make 
its appearance pleasing, may, as we have said, 
be seen from Fig. 1, which is a view of the finished 
structure. The contractors for the work were Messrs. 
Alfred Thorne and Sons, of Westminster. 





RECENT HYDRO-ELECTRIC POWER 
DEVELOPMENTS IN ONTARIO, CANADA. 
(Concluded from page' 129.)' 

Tue magnitude of the Queenston-Chippawa 
project has to a large extent overshadowed other 
very important power it work of the 
Commission. But the activities of the Commission 
have by no means been limited to the carrying 
through of this one development. Other works 
have been undertaken, which reach an aggregate 
of well over a further 100,000 h.p. 

Of these the largest is the Nipigon River develop- 
ment in connection with the Port Arthur system. 
The increasing demand for power in the growing 
towns of Port Arthur and Fort William has for some 
time been receiving the attention of the Commission, 
and during 1917 and 1918 surveys were made with 
a view to determining the most practicable method 
of coping with this. As a result of these investi- 
gations a power site was selected between Lake 
Jessie and Camp Alexander, about 13 miles north of 
Lake Superior, where a total head of about 115 ft. 
was found to be available, giving a potential 
development of about 100,000 h.p. As, however, 
this total is considerably in excess of the present or 
immediately-prospective requirements of the dis- 
trict in question, and as the most economical 
scheme of development is to utilise this head in two 
stages, the initial undertaking has been limited 





to the employment of a 72-ft. head at a place called 


| Cameron’s pool. 


Owing to the remote location of this site it was 
decided; to instal a, temporary hydraulic plant. to 
provide light and power for the construction of the 
major undertaking. Arrangements were also com- 
pleted with the Canadian Northern Railway to 
build an extension of its line from Cronyn station to 
the Cameron Pool site so as to facilitate the delivery 
of material and equipment. This preliminary work 
was completed early in 1919, and work on the main 
scheme was immediately proceeded with. 

The initial development consists of two 12,500- 
h.p. single-runner vertical turbines operating under 
a 72-ft. head at 120 r.p.m., direct-coupled to 
two 10,600-kw., 12,000-volt, three-phase, 60-cycle 
vertical generators. As in the case of the Queenston 
development, the weight of the rotors and the 
water thrust are carried on water-cooled thrust 
bearings of the Michell class. The current will be 
stepped up to 110,000 volts through three trans- 
former banks, each consisting of three single-phase 
transformers. The generators have a guaranteed 
power factor of 80 per cent., with a temperature not 
exceeding 110 deg. C. in any part, the insulation 
being guaranteed not to deteriorate at 150 deg. C. 
Direct-connected exciters are provided for above 
the thrust bearings. These have a rated capacity of 
125 kw. at 250 volts. 

The construction work in connection with this 
development consisted of the erection of a large. 
dam with ultimate provision for five sluices. After 
passing the intake the water enters the forebay, 
passing thence a distance of 350 ft. to the rocks. 
The headworks are of reinforced concrete, from 
which supply pipes, also of reinforced concrete 
carry the water to the turbines. The turbines are 
set in scroll cases formed of the same material, and 
the draught tube, which is also of reinforced con- 
crete, discharges into a tail race some 1,000 ft. in 
length. 

Although the present installation consists only 
of two power units giving a total horse-power of 
25,000, full provision has been made in the per- 
manent work involved to increase the capacity 
of the plant as and when required merely by putting 
down the requisite generators and turbines and 
making such minor alterations as may be necessi- 
tated thereby. An ultimate installation of six units 
is provided for, which will yield a maximum horse- 
power of 75,000, while by utilising the remaining 
head available, a total of at least 100,000 h.p. 
could be obtained. 

Another undertaking of very immediate moment 
to the important industrial areas in the south-west 
portion of the province is the recent extension 
to the plant of the Ontario Power Company at 
Niagara Falls. This plant has been owned and 
operated by the Commission since August, 1917, 
and as a result of the large increase in the demand 
for power during recent years it was decided to 
increase the capacity of this generating station, 
as an emergency measure, to the extent of 40,000 
h 


-p. 

The end in view in undertaking this development 
was to obtain the additional power so urgently 
required in the shortest possible time, and many 
of the most interesting features from an engineering 
point of view in connection with this scheme have 
their origin in this. 

According to the treaty with the United States, 
Canada is entitled to 36,000 cub. ft. per second 
of the total flow at Niagara for power development 
purposes. Water utilised at the Falls themselves 
has an average head of some 155 ft., and is capable 
of developing 14 h.p. per cubic feet per second. 
By the utilisation of the total treaty allowance 
at Niagara Falls an ultimate development of about 
500,000 h.p. could be attained. By the elimination 
of the whole of the existing power development 
at Niagara Falls, and by diverting all of the treaty 
allowance to the Queenston-Chippawa development, 
over 1,000,000 h.p. could be developed from the 
same flow. In view of this fact the existing develop- 
ments at the Falls themselves may be regarded as 
more or less temporary expedients. As the demand 
for power in south-western Ontario increases it will 
eventually reach a point when it will exceed the 
provision of the existing plants and of the initial 
installation of the Queenston-Chippawa develop- 





ment. When this point is reached it is likely the 
Commission will divert the treaty water from the 
existing plants at the Falls to the Queenston 
generating station, thereby obtaining advantage 
of the greater head available, and utilising the 
flow to the best advantage. The logical outcome 
of this policy will be the eventual abandonment 
of the stations at present located at the Falls. 
In designing the extension to the Ontario Power 
Company’s plant these future contingencies, together 
with the immediate necessity of providing additional 
power, were the governing factors. 

Work on the extension was commenced in March, 
1918, and was completed within twelve months 
from that date, increased power to the extent of 
over 40,000 h.p. being made available thereby. 
Some idea of this undertaking, temporary though 
it may be, can be gathered from the fact that it 
involved the removal of 133,000 cub. yards of earth 
and 14,000 cub. yards of rock, and the construction 
of the largest wood-stave pipe in the world. The 
latter is 13} ft. in diameter and has a length of 
6,700 ft. 

The plant of the Ontario Power Company pre- 
viously consisted of an installation of 14 turbines, 
seven with a rated capacity of 11,800 h.p., five rated 
at 15,000 h.p., and two at 16,000 h.p., making a 
total of 189,600 h.p. Water was supplied through 
two 18 ft. conduits, each 6,600 ft. in length. The 
new extension consists of two 20,000-h.p. turbines 
with direct-coupled alternators of 15,000 kw. 
capacity with a 75 per cent. power factor. Turbines 
and generators run at 187*5 r.p.m., the latter 
delivering three-phase, 25-cycle current at a voltage 
of 12,000. 

The wood-stave circuit is constructed of 4-in. 
by 6-in. British Columbia fir, is built in two sections, 
and banded with { in. steel bands. The pipe is 
supported by timber saddles spaced at 4} ft. centres. 
Connection is made with a 20-ft. thimble at the 
gate-house by means of a reinforced concrete reducer 
25 ft. in length. The connection between the 
wood-stave pipe and the concrete reducer is made 
by means of another steel thimble 13-5 ft. in 
diameter and 6 ft. long, which projects some 2 ft. 
into the reducer and | ft. 6 in. into the pipe. The 
union between the wood and the thimble is sealed 
by tightening bands around the staves. Connection 
with the surge tanks and penstocks is made by 
means of a steel distributor 179-5 ft. in length with 
a diameter of 13-5 ft. The penstocks, of which 
there are two, are 10-5 ft. in diameter, and control 
is effected by four Johnson hydraulically-operated 
valves. A unique feature of the extension is the 
surge tank. This is of the Johnson differential 
type, and has the largest diameter and the greatest 
height of any similar tank not equipped with an 
auxiliary spillway, its outside diameter being 60 ft. 
and its height 78 ft. The tank is constructed of 
steel plate varying in thickness from } in. at the 
top to 1 in. at the bottom. The internal riser is 
12 ft. in diameter and 60 ft. in height and is built 
throughout of }-in. plate. The roof of the tank 
is of wood supported by steel roof trusses which are 
connected by anchors with turnbuckles to the 
riser to prevent vibration during the load changes. 
The bottom of the tank is of }-in. steel plate resting 
on a carefully-levelled bed consisting of a 2-in. 
grout course spread over a thin concrete footing on 
the solid rock, 

The new turbines are of the double runner central 
discharge type with spiral casings. The turbine 
gates are operated by vertical servo-motors, which 
are controlled by actuators, the latter being equipped 
with distance speed controllers, hydraulic hand 
controllers, gate-limiting device, manual speed 
adjuster gate, opening indicator and tachometer. 
The oil for operating the servo-motors is furnished 
by a helical-gear rotary pump delivering 62°5 
gallons per minute at 200 lb. per square inch 
pressure. 

The additional 40,000 h.p. which became avail- 
able when this extension to the plant of the Ontario 
Power Company was placed in operation during 
March, 1919, has done a great deal to relieve the 
power shortage in the south-western part of the 
province, and should enable the Niagara plants 
to cope satisfactorily with the growing requirement 
of the districts served by the system until the 
Queenston-Chippawa development is ready to 
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deliver power. But in other parts of the province 
the extension of the various systems and the 
increasing demand for power has for some time 
taxed existing plants to the utmost. Conditions 
in this respect have been particularly acute in the 
case of the Central Ontario system, the extension 
to the plant of Healey Falls, whereby 5,600 
additional horse-power became available, having 
only partially relieved the situation. This ex- 
tension was completed during September, 1919, 
and consisted of the installation of one Wellman- 
Seaver-Morgan turbine of the power above specified 
operating under a head of 72 ft. at a speed of 240 
r.p.m. This wheel is of the double-runner centre- 
discharge horizontal type, and is direct-connected 
to a 3,750-kw. generator. The turbine is supplied 
by a steel penstock 12 ft. in diameter. 

The power demands on the system have, however, 
called for some considerable time for more drastic 
treatment then the extension of existing plants 
is capable of affording, with the result that the 
development of a new site is at present under way. 
This site is located at Ranney’s Falls, on the Trent 
River, and when completed the present undertaking 
will make available a further 10,000 h.p. This 
represents an increase of about 25 per cent. upon 
the power at present at the disposal of the con- 
sumers served by this system. 

The site in question lends itself admirably to 
development. When the Trent Canal was con- 
structed by the Dominion Government a dam was 
built a short distance above Ranney’s Falls to 
maintain the level in the upper reach, and an 
artificial waterway terminating in locks was con- 
structed by means of which the canal traffic gains 
access to the lower reach of the cana]. At the time 
of the construction of this dam it was intended to 
make use at some future time of the difference 
in level of the two reaches, and as a part of the wall 
on the river side of the canal there was installed 
a reinforced concrete sluice-way with five overflow 
sections, each 20 ft. in length. Advantage is being 
taken of this existing construction in the present 
power development scheme. 

The total difference between the regulated levels 
of the reach above the dam and the lower reach is 
48 ft. In winter, however, the water in the lower 
reach is frequently lowered as much as 7 ft., giving 
an effective head of 55 ft. during a part of the year. 
The plant has been designed for a flow of rather 
over 2,000 cub. ft. per second. 

From the outside walls of the sluiceway gravity 
retaining walls with an average height of 20 ft. 
will extend to the gate-house, a distance of some 
120 ft. The gate-house and power-house will be 
of reinforced concrete throughout. Four head- 
gates of the Stoney sluice type will be provided, 
two for each power unit, the water being carried 
from the gates to the turbines by reinforced concrete 
supply pipes 35 ft. in length. There will be two 
turbines of the single-runner vertical type direct- 
connected to their generators, each having a capacity 
of 5,000 h.p. under a head of 47 ft., when running 
at 120 r.p.m. The turbine casirigs will be of the 
scroll type, moulded in concrete, and about 30 ft. 
in diameter. The generators will be three-phase, 
60-cycle 6,600-volt machines of 4,500-kw. capacity, 
at 80 per cent. power factor. The tailrace will be 
about 250 ft. in length, and will involve a certain 
amount of dredging. But for this all the work 
will be dry, and it is not anticipated that any 
difficulties will be met with in the work of con- 
struction, the whole development being extremely 
simple and straightforward throughout. 

The increased power demand in the eastern part 
of the province, which is served by the Rideau 
system, has been met by a comparatively small 
new development at High Falls on the Mississippi 
River. Work was commenced in 1918, and was 
completed in the present year. The scheme of 
development comprised the raising of the level 
of the river by means of a dam above the falls. 
A head of 80 ft. was made available by this means, 
provision being afforded at the same time for storage 
‘capacity to meet daily load fluctuations. The 
river has a watershed of 450 sq. miles, and is capable 
of maintaining a mean flow of 280 cub. ft. per 
second. 

The dam is of concrete gravity section. Water, 
is taken directly from the intake into a canal running 


a short distance to the headworks. A wood stave 
pipe, 10 ft, in diameter, carries the water to the 
turbines. The latter are of the double-discharge 
type, operating under an 85 ft. head at 300 r.p.m., 
and are capable of generating 1,200 h.p. at that speed 
Two of these units are at present installed, one 
driving an 875 kw. generator, the other operating 
two 350-kw. machines. Provision is made for an 
installation of a further turbine of similar capacity, 
bringing the total output of the plant up to 3,600 h.p. 
In addition to the foregoing the Rideau system 
has been further augmented by the purchase in 
May, 1919, of the Carlton Place generating station, 
which has a rated capacity of 900 h.p. 

The increased load on the Eugenia system has 
been dealt with by an extension to the Eugenia 
Falls plant of a 4,000-h.p. turbine operating at 
720 r.p.m. under a head of 550 ft. This unit, 
which is direct-coupled to a 2,810-kw. generator, 
was put into operation during the latter part 
of last year, the additional power thus obtained 
being sufficient to cope with the present load 
conditions on the circuits served by this system. 

The extension to the Eugenia Falls generating 
station practically concludes our summary of the 
present and recent activities of the Hydro-Electric 
Power Commission of the Province of Ontario 
in so far as the practical work of power generation 
and distribution is concerned. Considerations of 
space prohibit much more than an outline of the 
work being given. In each of the several schemes 
of power generation we have’ dealt with many 
details of considerable engineering interest have 
been involved which it has been possible only to 
touch upon. For example, the foot-step bearings 
employed to carry the weights of turbine rotor 
and alternator armature, together with the water 
thrust, in the large 50,000-h.p. units which are to 
be installed in the Queenston power station, are 
features of considerable interest. The same may 
be said of the design of the generators, but details 
such as these are hardly within the scope of the 
present article, which aims only at a broad review 
of the situation as regards the hydro-electrical 
developments in this Canadian province. 

The use of electricity by the rural population is 
making great strides, and the Commission is doing 
all that is possible to foster this movement and to 
cater for it. On the farms current is being used 
for lighting and for power purposes to a steadily 
increasing extent. Electric milkers, chaff cutters, 
churns, threshing machinery and other agricultural 
appliances are being adopted wherever the requisite 
power is available, and to meet this demand the 
construction of rural distribution lines is being 
pressed forward. The day is, perhaps, not far 
distant when the machinery on all but the outlying 
farmsteads of the province will be operated by 
eectricity, to the immense advantage of the 
industry. 

Another activity of the Commission which we 
are unable now to refer to at length is the valuable 
original research work which is being carried out 
continually in its laboratories. This covers practi- 
cally the whole field of electrical engineering and, 
in addition, those of the mechanical and civil 
engineer as well. The Commission has at present 
in hand, or has recently completed, works which 
represent a development of a total of over 300,000 
h.p., involving the installation of some of the largest 
and most powerful single hydro-turbine generating 
sets ever built. These works have involved a good 
deal of research of an unusual nature. 

Although much interesting detail has, of necessity, 
been omitted from this brief review, in indicating 
the scope and magnitude of the work of the Com- 
mission we have given some idea of the very 
important bearing which water power has on the 
industries of the Dominion of Canada in general 
and of the province of Ontario in particular. 





WELLS AS A SOURCE OF SUPPLY. 

Ir has been said that “Life is an aquatic 
phenomenon,” that is, every living thing, whether 
animal or vegetable, depends on water for its life. 
Without water there would be no life. All places 
where human beings congregate and dwell are at, 
or near, sources from which a potable supply of 





water can be obtained. The original London 


clustered round the hill on which St, Paul’s Cathe- 
dral now stands, and obtained its water supply from 
the river and streams passing it, and from ‘wells 
sunk into the sands overlying the London clay. 
Later on water was obtained from wells which 
pierced the clay to the sands and chalk below. It 
was only when improved methods of obtaining, 
distributing and purifying water were devised, so 
that water from distant sources could be brought 
to the city, that the original London spread to the 
greater London it now is. Although the benefits 
of a protected water supply are great yet it may 
happen, particularly in arid countries, where water 
is scarce, and towns and villages are inefficiently 
drained, that the introduction of a copious water 
supply to a town which had previously a scanty 
supply, or none at all, has an unfavourable effect 
on the public health, unless an effective drainage 
system is also introduced or exists. Moreover, 
if the soil is porous, the introduction of a copious 
supply to a town unaccompanied by efficient 
drainage will raise the sub-soil water level to 
marked degree and predispose the place to malaria. 
In India there have been a great many instances 
where a protected water supply, just sufficient for 
drinking and household p has had a marked 
effect in improving the health of the community ; 
where, as in other cases, a copious supply without 
efficient drainage, although it has eradicated cholera 
and other water-borne diseasés has been followed by 
malaria, and a general decline in the public health. 
Where a well or several wells are proposed to 
be used as a source of water supply to a village 
or town, the tributary area of the well particularly 
if sunk into recent alluvium, requires careful in- 
vestigation. If a supply of water is required for 
irrigation occasional failure is not disastrous. 
In the “insecure” tracts of Deccan India where 
irrigation wells and tanks fail one year in every 
eight or ten years, the crops obtained during the 
other years more than compensate for the loss of 
one year’s crop. Scarcity or famine is only ex- 
perienced after a failure of the rains in two or three 
successive dry years. In the case of a public water 
supply, failure of supply cannot be regarded with 
the same equanimity ; so that the minimum supply 
of a source, and not its average supply, should be 
taken as the available yield from the source. In 
areas of more or less constant moisture, where the 
source of supply is from wells, it is possible that the 
natural ground storage may tender the yield 
ordinarily quite uniform, so that the draught from 
the wells can more or less exceed the minimum 
yield, and the effect of dry years be disregarded ; 
yet in areas of uncertain rainfall, particularly 
where the depth of the water-bearing soil is not 
| great, ‘and where the proposed draught from the 
well nearly equals its estimated yield, it will be 
advisable to neglect this element of ground storage. 
The tendency is to waste and in arid climates 
where potable water is valuable the people must be 
accustomed at the initiation of a public water supply 
to economy. A constant draught in excess of the 
yield from a well may in a year of extreme dryness 
result in failure of supply ; and if the ground water 
store is depleted it may take months and years for 
the water to accommodate it, say, to the new 
conditions. Even in this humid country numerous 
wells along the coast have been abandoned, owing 
to the constant draught, in excess of the yield, 
draining the soil of the storage of past years, so 
much so that the salt water from the adjacent sea 
has entered the depleted soil, and rendered the wells 
brakish, a condition from which, as far as our 
present experience goes, a well never recovers. 
Turning to the tributary area of a well, we may 
consider a pocket or basin of water-bearing soil 
surrounded on all sides, except at the surface by 
impermeable soil, the only source of supply to the 
ground water being that portion of the rainfall on 
the exposed surface which percolates down to and is 
retained by the ground water. The supply that 
can be expected from this basin will normally be 
the average annual rainfall, less calculated — or 
observed losses. These — are chiefly ae 
tion by vegetation, and soil evaporation, the 
ate an on the nature of the soil, and the depth 
of the ground water-level below the surface. If the 








climate is arid, and where the variation between 
the years of low rainfall and the average rainfall is 
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great, it will be safer to assume as the supply avail- 
able, the mean rainfall of the three successive 
driest years, less the losses mentioned above. 
As a particular example, if the basin was situated 
in the area of insecure rainfall in the ceded districts 
of the Madras Presidency and Deccan India, the 
statement below shows statistics of rainfall at five 
towns scattered over that area :— 








Mean 
' oie 
ean wes 
Maximum | Minimum 
Name of Town.| Annual Three 
Rainfall. Rainfall. | Rainfall. Oonsect- 
tive Dry 
Years. 
in, in. in. in. 
Bellary .. ° 19-0 35-02 7°23 13-09 
Adoni .. of 26-28 63-31 11°25 19-37 
Auantapur oé 20-29 87-12 3-90 14-52 
fasleh a 32-01 58-50 9-46 19-99 
Kai ri as 24-49 38-84 6°45 16-98 

















The number of periods of consecutive three dry 
years in which the mean of the three years is below 
the mean annual rainfall is seven, during the forty- 
eight years records. 

It is obvious that a water supply to any of these 
towns from percolation wells sunk into water- 
bearing strata, which depend solely on that portion 
of the rainfall which percolates to the ground water 
for its replenishment, will be extremely precarious. 
In a year of minimum rainfall it is probable that the 
whole supply will be lost by soil evaporation, and 
in the periods of successive dry years the replenish- 
ment to the ground water must be very small 
indeed. So that unless the water-bearing soil is of 
great depth, and the area of the exposed surface 
of the basin comparatively large, other sources of 
supply should be looked for; or the supply to the 
town restricted to the estimated minimum yield. 
The number of wells required to obtain this supply 
from the area under consideration will depend on 
the size of grain of the water-bearing soil, and on its 
porosity. The larger the size of grain and the 
greater the porosity the less the number of wells 


a 

the case of ground water flowing to some 
distant outlet, let y be the height of the level of the 
ground water plane above a horizontal impervious 
stratum, and z be the distance from any origin 0 
(vide Fig. 1). If the slope of the ground water 
plane is uniform, the velocity along the ordinate y 


will equal 5% x M, where M is the modulus of the 
water-bearing soil, or 


dy 
v- 7 x M. 


The discharge per 1-ft. width of the section of 
ground water soil at right angles to the direction of 
flow will be 
dy 


q=yM rr 
or 
qdx=Mydy, 
Integrating both sides 
qzv= 3 Myic, 
Similarly for any other distance z, from o and 
ordinate y; 
qIzw= 4+My.2 +c 
. S$ @-mq 2-4 
= tangent of the slope of the ground-water plane 
x mean ordinate x the modulus of the water- 
bearing soil. Or if s = tangent of the slope of the 
ground-water plane to the horizontal 
q= Mys.andv= Ms, 

The diagram, Fig. 2, due to \Professor Schilter, 
illustrates the flow of ground-water towards a well, 
and the effect of the well on tae lines of flow. The 
lines of ground-water flow are represented by equi- 
distant parallel lines, and the lines of flow into the 
well by radial lines forming equal angles with each 
other. The arc A B is the boundary, down stream 
of the well, from which no flow of ground water 
enters the well. It has already been shown that the 
velocity of flow into a well from any distance z 
from the axis of the well due to the draught from the 
well for any head A is 

MA 


a9 # log, 2 
r 





Where D is that distance from the axis of the well 
where the draught from the well shows no appreci- 
able effect on the level of the ground-water plane, 
and r is the radius of the well. Ifs is the normal 
slope of the ground-water plane the velocity flow 
of the ground water towards the well may be 
represented by 

ve = MS cos 0 
.*. the total velocity of flow towards the well in 
any direction, or 


o*™ O40 Mint, 


+ MS cos 6 


2 log, — 
> 


At B, vide Fig. 2, cos @ = —-landv = 0. 
h 


8 log 
, 


vor 0B= 





If 6 = 90 cos 0 = OandO0A = D. 


There ore where there is a- flow of ground water 
towards a well, the“tributary area of the well is 


Fig.1. 
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(6695. 8.) \ \ 
a strip 2 D in width extending as far as the ground- 
water. Contours show a fall of the ground-water 
plane towards the well. If H is the depth of the 
water-bearing stratum, or depth to which the well 
has been sunk into the water-bearing stratum, the 
volume of ground water flowing towards the well 
will = 2D H x the velocity of flow of the ground 
water, or 
Q=2DH x Ms. 


And this quantity is the maximum permanent yield 


of the well. If the draught from the well is in 
excess of this amount the well will in time fail. 
That is for a definite quantity of water to be drawn 
from a well for an indefinite period of time there 
must be an actual flow of ground water towards 
the well. The ground water in the tributary area 
may be replenished by :— 

(1) Rainfall on the exposed area which has 
penetrated to the ground water. 

(2) Flood water of rivers over or alongside of the 
tributary area, which periodically replenishes the 
ground water. 

(3) Surface flow of flood water which has been 
stored in reservoirs which feed the ground water 
by percolation. 

(4) Percolation from irrigation from water drawn 
from a distance source. 

The actual estimation, for an extensive scheme 


of the yield from ground water is difficult. , Rain 
is the chief source of ground water, but the catch- 
ment is often ill-defined. The only safe method is to 
actually ascertain the ground water contours over 
as large an area as possible. Five square miles at 
least. The hydrographical survey of this area is 
carried out by careful observations of the water 
levels of all wells in the area. 

The observations should be made if possible before 
the wells are drawnon. A note should also be made 
of those wells at which there has been heavy pump- 
|ing, or any considerable draught made on them. 

If old records are available the original water level 
in the well before being put to use will be most 
valuable. The fluctuations of water level during the 
seasons of the year should, if possible, be recorded. 
The geological sections of the wells should, if 
possible, be ascertained and recorded. The in- 
formation obtained from existing wells should be 
| augmented by sinking a series of boreholes at such — 
| places that with the observed water levels in the 
| existing wells ground water contours of the area 
under investigation can be drawn. The steepest 
| slope, observed from the ground-water contours, 
| will be that of the general direction of ground-water 
flow. The ground-water contours should show, 
| if possible, the levels of the ground-water plane at 
| the season of the year when the ground-water level 
| is at its lowest. Where time is available the lag 
|or time of replenishment of the wells after con- 
| tinuous and heavy rain should be noted. Observa- 
tions at Ootacamund, South India, showed that the 
range of ground water level for percolation wells 
from the end of the monsoon to the end of the dry 
weather period was 8 ft., the supply to the wells 
lagged two months after heavy rain. At the 
Kohlfrist the period by which the curve of output 
followed the curve of rainfall depended on the 
strata. The average of all observations was 
twelve months. In the case of humus it was only 
3 hours. The velocity of flow of the ground water 
can be ascertained from the slope of the ground- 
water plane, and from the size of grain of the water- 
bearing strata, as ascertained from the bore holes. 
The velocity may also be found by sinking a series 
of pipes at right angles to the general direction 
| of flow, and one or more pipes a fixed distance of 
| about 100 ft. above this line. A coloured liquid or 
a solution of permanganate of potash is poured into 
| the upper pipes, and water is drawn from the lower 
pipes till the water changes colour ; the time taken 
| in the transit gives the velocity of the ground water. 
| Or a solution of salts is poured into the upper pipes 
and water is drawn from the lower pipes until the 
salt is detected. The best method is to obtain the 
value of M from a yield test of a well sunk in 
the area to the full depth it is proposed to sink 
the permanent wells. Then if L be the length to be 
occupied by a line of wells at right angles to the 
direction of flow, the ground water supplying the 
wells will be : . 








Q = MHs(L+2D) 


The statemen€ below shows the mutual inter- 
ference of a number of wells arranged in a row. 
The wells are assumed to be 6 in. diameter through 
the steining of which water passes as easily as 
through the soil, and the head pumped to is assumed 
as 10 ft. :— 














! 
Distance | Distance | 
Apart Mutual Apart | Mutual 
of the Wells Interference, of the Wells Interference, 
in Feet. per Cent. in Feet. per Cent. 
100 65-8 600 14:0 
200 45-0 1,000 6-4 
400 24-0 











If the area is not periodically fed by floods from 
rivers or streams over the area, or adjacent to it, 
but depends for its supply on rainfall alone, the 
estimated yield ascertained by the ground flow 
should be compared with the amount of rain which 


is estimated to replenish the ground water. The 
Kohlfrist experiments give the average output of 
wells as 42 per cent. of the average rainfall. The 


wells at Brooklyn, Long Island, U.S., yield 28-5 
per cent. of the rainfall. The sand dunes in Holland 
30 per cent. to 40 per cent. of the rainfall. 





The British Association have laid down the 
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following questions to be answered in the case of 
reports on wells :— . 

(1) The exact position of the well. 

(2) When was it sunk. 

(3) What is the total depth of the well. 

(4) What is the depth of water below ground 
surface (i) end of winter (ii) end of summer. 

(5) At what time of the year is the water level in 
the wells highest, and at what time of the year is the 
water at its lowest level. Is this level stationary 
or are there signs that the level is rising or falling. 

(6) What is the character of the water. 

(7) Give the strata as far as possible through which 
the well has been sunk. 

(8) Does surface water percolate into the well ? 

(9) How long does it take before wet weather 
causes the water in the well to rise ? 

(10) Any further remarks. 

The time available, and the funds allotted for 
the investigation generally limit the amount of 
detail information that can be collected. In the 
absence of detail data as indicated above, the 
simplest procedure is to sink a test well at the site 
where it is proposed to sink the permanent wells; 
which site is selected from a series of borings in the 
neighbourhood of where the supply is required. 
The well should be sunk to the full depth it is 
proposed to sink the permanent wells. The well 
should be then pumped dry or to its critical head 
and the time taken for the well to recoup to its 
original level, or nearly its original level noted. 
The safe yield will be the total quantity pumped 
for the sum of the time occupied in pumping out the 
well and the time taken by the well to recuperate. 
That is if 30,000 gallons are pumped out of the well 
in 3 hours and the well takes 9 hours to recuperate, 
the safe yield from such a well will be 30,000 gallons 
in 12 hours. In observations for recoupment the 
last few inches take a considerable length of time 
and an allowance of 3 in. to 6 in. may be made 
according to the nature of the water-bearing 
stratum. The coarser the material the less the 
allowance to be made. It is obvious that the yield 
test should be made at the end of the dry weather 
and just before the rainy season setsin. In England 
the lowest level of ground water is usually in 
autumn, and the highest or most rapid rise in 
February. The number of wells for the permanent 
installation will depend on the extent of the water- 
bearing strata as disclosed by borings; and the 
installation will generally consist of a line of wells at 
right angles to the general direction of ground- 
water flow. No draught in excess of the safe yield 
should be taken from each well, assuming that the 
wells are their full distance of 600 ft. to 1,000 ft. 
apart. 

Where wells are sunk through the older 
formations, all rocks, whether igneous or sedi- 
mentary, however massive or solid, are traversed 
by fissures or joints which are liable to be opened 
out, by the mechanical and chemical action of 
ground water, or by movements of the earth’s crust. 
Although certain rocks are permeable, and when 
tapped by wells yield water, the movement of ground 
water across long distances must take place in a great 
measure through fissures and passage ways larger 
than the pore spaces of the rocks themselves ; 
and the mathematical treatment of flow becomes 
inapplicable, except when dealing with small areas 
of permeable rocks. Often more especially the 
igneous rocks are decomposed and disintegrated 
to a considerable depth, sometimes water perco- 
lating down some fissure or joint may cause dis- 
integration at considerable depths below the surface, 
and a disintegrated layer of rock may be found 
below solid rock. Generally the decomposition is 
least near the solid and unaltered rock, and the 
disintegration gets greater as the surface soil is 
approached. Above the alluvial valleys in what 
may be termed the rock area of a country, on steep 
slopes and along beds of streams, the surface soil, 
and sometimes the disintegrated subsoil is washed 
away, while on the plains there may generally be 
found a deep surface soil underlined by a thick 
stratum of disintegrated rock. In such formations, 
where there are no permanent streams near which 
@ well would generally be sunk, the lowest part of 
the centre of a valley if broad and open with 
easy slopes, or the junction of two or more such 


valleys, is the most suitable place to sink a well. 


In Decean, India, where trap predominates, there 
are flat-topped hills of considerable area where 
water is often found in the subsoil owing to the 
copious rainfall soaking into the ground, and as the 
percolation and soil evaporation is very slow the 
subsoil always holds some water. A question that 
often arises, in ‘these “ Rock well” areas, more 
especially in the case of irrigation wells, is whether 
an increased supply of water.can be obtained by 
deepening a well, increasing its diameter, or driving 
adits or headings from the well. Increasing the 
diameter may give a slightly larger cone of depletion, 
but the possibility of tapping additional fissures is 
remote. Lateral adits give better results, but at 
least three or four adits must be driven in different 
directions to make the possibility of tapping fissured 
rock more certain, and in countries where funds, 
pumping appliances, &c., are not available, these 
adits are expensive and not easy to make. The 
simplest and most economical method is to deepen 
the well. The local well sinkers in India excavate 
the hard rock as far as their primitive appliances 
and explosives enable them to do so; and then 
widen the well as far as their finances permit to 
obtain storage. As there are numerous joints and 
fissures in the hardest rocks it is possible that a 
water-bearing fissure may be tapped in deepening 
the well, thereby connecting it with a remote under- 
ground reservoir of decomposed or disintegrated 
rock. Where a well has already been sunk and 
an increased supply is found necessary, the simplest 
procedure, in order to ascertain the possibility of 
there being water-bearing fissures at a greater depth 
than the well, is to sink a 4-in. or 6-in. borehole 
inside the well to a depth of 50 ft. or 100 ft., or to 
a greater depth if required, and “ torpedo” the 
well. That is exploding a charge of 100 quarts 
or even 200 quarts of nitroglycerin at the bottom 
of the bore, The nitroglycerin is lowered into 
the borehole in a series of canisters, 34 in. to 5 in. 
diameter and 10 ft. in length. The charge is 
exploded by a “Go Devil squib” holding about 
a quart of nitroglycerin and furnished with a per- 
cussion or time fuse. 

In the “ rock well” area as ‘distinguished from 
the alluvial areas, the underlying rock has not the 
same capacity for holding and storing water as the 
alluvial deposits, such as sand and gravel have, 
it is therefore of the utmost importance that the 
water should be conserved in the subsoil as far as 
possible by constructing “tanks” or small reser- 
voirs with earthen dams, across valleys or lines of 
surface drainage above the wells, so as to impound 
the surface flow which would be otherwise lost, and 
increase the percolation to the well. In the 
Cuddapah district of the Madras Presidency, 
South India, the restoration of an ancient tank, 
so as to hold up some 20 ft. of water, improved the 
supply to all the irrigation wells in the area com- 
manded by the tank, some 400 acres. The subsoil 
was the tilted shales and limestone of the Cuddapah 
series of the Vindhyan formation. In another case 
a reservoir constructed by throwing an earthen 
dam across a valley filled with talus and debris 
from the hills forming the sides of the valley, 
impounded only 4 in. of an annual rainfall of 40 in., 
in a humid climate near the coast. The remainder, 
except for one or two exceptional falls which passed 
off in floods over the weir, percolated to the ground 
water, so that when the reservoir failed in a year of 
extreme dryness, a fairly sufficient supply for the 
needs of the town was obtained from an infiltration 
gallery below the reservoir. In the case of irriga- 
tion wells the tanks are small affairs consisting of 
earthen banks holding up some 5 ft. to 6 ft. of water 
and passing extraordinary floods round their flanks 
over paved by-washes. Even if these tanks are 
beyond the funds of a cultivator, and the well is 
of some depth and diameter, the natural surface 
drainage can be diverted into the well and a portion 
thus passed back into the subsoil. In this way a 
large amount of ‘water may be stored in the subsoil 
during the wet or rainy season. The well may re- 
quire periodically clearing of silt unless the surface 
water is first passed through a settling pond. In 
tracts where igneous rocks obtain, ground water is 
chiefly stored in the decomposed and disintegrated 





areas; wells, therefore, in this area should be 





sunk or blasted out in places where there appears to 


be a considerable amount of disintegrated rock 
and surface soil at as high a level as possible above 
the bottom of the well. In the formations later 
than the igneous rocks water-bearing strata are 
usually found in the tertiary rocks composed of 
alternate layers of sand, clay, gravel and loose 
sandstone. The upper and middle chalk are 
permeable almost throughout their mass, but they 
hold water like a sponge, and part with it under 
pressure into fissures, which are the chief sources 
of supply to wells sunk in the chalk. In the upper 
chalk the beds of flint act also as passage-ways for 
the water. Those valleys down which the greatest 
surface flow would take place if the strata were 
impermeable are generally the most suitable sites 
for locating ,wells in chalk formation. The lower 
chalk is not so permeable as the upper and the 
middle chalk, but contains many fractures or 
ruptures known as “smashes,” in which water 
percolating from the upper chalk may be stored. 
Wells in chalk generally consist of unlined boreholes, 
12 in. to 36 in. in diameter, sunk 200 ft. to 400 ft. 
or more into the chalk. The upper portions of 
the well are widened to allow for the pumping 
appliances, and are lined with impervious masonry 
and cast-iron tubes. The upper and the lower new 
red sandstone are also water-bearing formations, 
except the red marl found in upper new red sand- 
stone. These formations contain more water than 
chalk, but wells sunk in them are chiefly supplied 
by fissures. Green sand varies in permeability, 
and in a loose condition acts like sand, and is subject 
to “ blows” if the “ critical velocity ” is exceeded. 

Protection.—The writer of this article many 
years ago, when in charge of famine relief works 
in South India, had, among his other duties, to 

rovide drinking water at various centrés where 
gangs of famine coolies were working. The 
district was not connected then by railway to any 
capital town where pumps, pipes and other facilities 
for obtaining and distributing water could be 
obtained, and also all famine charges had to be 
kept as low as possible so that local means of pro- 
viding a protected supply had to be utilised. At 
each centre of work one or more “‘ drinking 
water wells” were selected in consultation with 
the village magnates, and a guard placed over the 
wells to prevent people approaching their vicinity. 
Accredited water men were then selected from the 
highest cast in the neighbourhood, and they were 
provided with new earthen pots and ropes so that 
they and they alone should approach the wells 
and draw water from them. The supply was dis- 
tributed to the famine coolies from large earthen 
pots placed under shady trees, which were from time 
to time replenished by the water men. The method 
of distribution was as follows. Two forked ‘sticks 
were placed so as to support a short piece of bamboo 
split in half, the coolie or anyone employed on the 
work who wished to quench his thirst, placed his 
hands and mouth at one end of the bamboo, ‘and 
the water man poured water down the split bamboo 
to him from the other end. On inquiry of one 
of the water men as to why this method of distri- 
bution was adopted, and why he could not pour 
water from his pot directly into the person’s hands, 
the following reply was received: “I am a caste 
man, and if I pour water from my pot into that 
man’s hands, even if my pot does not touch him, 
some water may splash back from his hands on to 
my pot and pollute it. If I then use the pot to 
draw water, the well will get polluted.” The 
water man was a high caste man imbued with 
sanitary laws which were incorporated in his 
religion. The coolie might be of inferior caste, 
of the lowest caste: he was possibly dirty and 
“unclean”; so the water man thus “ protected ” 
his water supply. 

In civilised countries where funds are generally 
available a protected water supply is regarded as 
essential to a community, but the pioneer engineer, 
and the engineer providing water supplies to 
villages and hamlets in the East has to rely on his 
own resources to protect the source, and the 
distribution of drinking water. In the 
source it is well in all cases to obtain local informa. 
tion as to the sources of water generally 
used by the people. Their reason for the use of a 
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particular source is often beyond our knowledge of 
what constitutes a good or bad water. The people 
in the extreme south of India will say that the 
water of the Cauvery river is beneficial to their 
bodies as it contains gold. The water of the 
Tambrapani River, further south, is not so beneficial] 
as it contains copper. It is true that the upper 
reaches of the Cauvery drain the uplands of Mysore, 
which are composed of granite and quartz rock, 
and where gold is found; whereas the River Tam- 
brapani drains the Western Ghats, where the 
predominant rock is laterite overlying synite. 
It is also remarkable that the crops irrigated by 
the water of the Tambrapani produce the heaviest 
crops in the Madras Presidency ; the out-turn per 
acre being nearly 30 per cent. above the average 
for the whole Presidency. Some people will drink 
from ponds covered with a dense mass of green alge 
and declare the water beneficial to the digestive 
system. Others, again, say that the water for 
the household should be drawn before the sunrise 
and should be stored in clean copper vessels. The 
Indian as a rule prefers river oc running water to 
water from wells. Most of the large rivers are 
sacred, which may account for this popularity ; but 
the chief reason is possibly that the river, and stream 
waters, are softer than well water, and are therefore 
more appreciated by a people the greater part of 
whom are vegetarian in diet. It is generally 
advisable to allow the inhabitants of a village to 
obtain their supply directly or indirectly from their 
acoustomed source, unless the possibilities of 
pollution. are so great that purification can only 
be obtained at a great cost.. If a stream or river 
not subject to great pollution by towns or vi 

on its banks, is the usual source of supply to a 








, sinking a well in the water-bearing soil 
adjacent to the river or stream, with the precautions 
to be mentioned later, will enable the inhabitants 
to obtain the water they are accustomed to, with 
the advantage of filtration through the soil before 
use. For a small community a well is the most 
suitable and economical source of potable water 
supply. Such a well or system of wells should be 
situated at a considerable distance from cesspools, 
slaughter houses, midden or other rubbish and 
refuse heaps, graveyards, drains whether open or 
closed, and from the natural storm-water outlets, 
particularly from houses. Experiments have shown 
that the level of ground water has been lowered 
by moderate pumping a distance of over 1,000 ft. 
from a well. Colonel King, Indian Medical Service, 
some time Sanitary Commissioner to the Govern- 
ment of Madras, quotes a case where a well in sandy 
soil has been contaminated by sewage from a distance 
of 500 yards; and has laid down that where per- 
colation wells are used as sources of public water 
supply an area of at least 500 yards round each well 
should be protected from all possible sources of 
pollution ; and the well steining should be absolutely 
impervious from the surface to a depth of at least 
25 ft. into the water-bearing soil. It is also 
advisable for further protection from spill water 
that the outer circumference of the steining is 
puddled a thickness of 1} ft. to 2 ft. and extending 
toa depth of 10 ft. from the ground surface. A 
masonry platform, some 10 ft. diameter, should be 
built round the well over a puddled foundation 
connected with the puddled collar round the}. 
steining; and a small masonry drain should lead 
off the spill water from the platform to the nearest 
natural surface drainage course, to prevent stagna- 
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Fig. 6 . PLAN VIEW WITH 
STRIPPING PLATE REMOVED. 
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tion of water round the well. The well should 
be generally covered and fitted with a pump ;. and 
here the difficulty arises.. It is surprising how 
easily these pumps are broken by the rural popu- 
lation of the East, and this is followed by the cover 
of the well being broken open, and pots and buckets 
indiscriminately let down for water. An easily- 
manipulated and foolproof pump is a great desidera- 
tum for rural water supplies in India, Failing 
pumps the well must be provided with buckets so 
that the people do not let down their own pots and 
vessels for water. The ideal sanitary percolation 
well is where the steining passes through a stratum 
of clay or other impervious strata of some depth 
before striking water-bearing sand. Shallow wells 
are most liable to pollution from houses, farms and 
cultivated lands. Subsoil wells obtain a supply 
from a greater depth, and pollution can be avoided 
by proper care, as detailed above. Deep-seated 
wells are sunk to reach water-bearing strata at 
a depth from the surface where the water is generally 
free from organic pollution, unless a fissure in the 
rock should bring surface polluted water to the 
well. The water of deep-seated wells is generally 
hard owing to the dissolved gasses and minerals 
it has derived from the rocks through which it has 


passed before reaching its present position. 




















ADAPTABLE MOULDING AND CORE- 
MAKING MACHINES. 

Ons of the drawbacks common to most moulding 
machines of the usual types is that a separate machine 
is needed to accommodate each size of pattern plate and 
moulding box used, so that, to cover the range of work 
of an gn foundry, a series of several machines 
must installed. Their installation is thus only 








FEB, II, 1921.] 





ENGINEERING. 


165 








HAND-POWER MOULDING MACHINE. 


‘CONSTRUCTED BY THE ADAPTABLE MOULDING MACHINE COMPANY, ENGINEERS, BIRMINGHAM. 

















Fic. 


Fig. 9 . MACHINE SET IN POSITION FOR RAMMING. 
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feasible in comparatively large foundries, or in small 
foundries in which the range of work is limited. This 
drawback has, however, been overcome in the mouldi 
machine illustrated above, on the opposite page, 
on page 166, since it can be quickly and easily adjusted 
to take boxes and pattern plates of any size within a 
comparatively wide range. It can thus be employed 
for a great variety of work, and as it is also easily 
portable and operated entirely by hand power, it is 
eminently suitable for use in the smaller foundries 
which have hitherto employed hand moulding only. 
Figs. 1 and 2 show the machine, which is appro- 
priately known as the “ Adaptable,” and is by 
the Adaptable Moulding Machine Company, Stanhope- 
street, Birmingham, in its simplest form, and also serve 











to illustrate the main features of its design and con- 
struction. As will be seen, it consists of a vertical 
cylinder mounted on a circular cast-iron baseplate and 
carrying at its upper end a cylindrical casting with its 
axis horizontal; this casting has a flat upper surface 
forming the machine table. In the horizontal cylinder 
slide two other bell-ended cylinders, which carry 
the end plates of the machine and can be adjusted 
in the direction of their axes by means of a right 
and left-handed screw operated by a key. This screw 
is shown in Fig. 1, which also shows the rods bolted 
to the end frames and fitting in holes in the central 
casting, to serve as guides, Inside the vertical cylinder 
is a plunger supported by a large helical spring, and the 
plunger can be raised or lowered by means of a crank- 
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pin working in a slide and operated by a handle, The 

lunger carries a crosshead and to the ends of the cross- 
cal shaft two vertical tee-headed pillars are attached, 
the pillars, one of which is lettered a in Fig. 2, ing 
through the bell-ended castings in the same plane as 
the end plates of the machine. It is on these pillars, 
which, of course, rise or fall when the handle of the 
machine is turned, that the pattern plate is mounted, 
It will be noted that the working parts are practically 
all enclosed so that they are well seotoshed, from the 
sand, 

In using the machine for simple pattern-plate 
moulding the end frames are first adjusted to the length 
of the pattern plate and the latter is secured to the tee 
pillars. With the pattern plate raised to its highest 
position the adjusting strips are moved vertically and 
secured by means of bolts passing through slots as shown 
in Fig. 2,80 that the lower edge of the box, which rests 
on the top of the adjusting strips, is flush with the 
face of the pattern plate. box is then filled with 
sand, and rammed by hand, after which the pattern is 
withdrawn downwards by turning the handle of the 
machine and the finished mould is then removed. 

The half-tone engraving, Fig. 3, shows a similar 
machine fitted with a double-lift attachment for use in 
that class of work with which it is necessary to ba. gy J 
@ stripping plate. A good example of such work is 
the moulding of an air-cooled petrol engine cylinder, 
since the thin and closely spaced cooling fins on the 
pattern cannot be withdrawn from the sand in the 
ordinary way without breaking the mould. The 
machine illustrated is shown fitted for moulding a 
motor-cycle engine cylinder, and it will be noticed 
that the pattern is made in two main parts, The pattern 
for the body of the cylinder is made up as the stripping 
plate, which is attached to the stationary adjustin 





strips of the machine, while the fins, in the form o 
semicircular plates of metal, are mounted on another 
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plate fixed to the movable tee pillars. Slits cut in the 
stripping plate enable the fins to pass up through it 
into their normal position when the handle of the 
machine is turned. In this case the moulding box 
rests on a — of elevating brackets which are raised 
when the pillars are lowered, and vice versa, This move- 
ment is effected, in a simple manner, by means of a roller 
chain at each end. This chain is not visible in Fig. 3 
but it can be distinguished in Fig. 15 on this page, 
which illustrates another machine fitted with a simi- 
lar attachment to be referred to iater. The ends 
of the chain are attached to the lower ends of the 
guide bolts of the elevating brackets, while the central 
portion passes over two fixed rollers and round a 
rod mounted on the movable tee pillar. As this 
rod is pulled down with the tee pillar, it, of course, 
draws up the ends of the chain and with them the 
brackets supporting the moulding box. From our 
description of the general arrangement of this attach- 
ment, the method of making a mould with it will be 
obvious, since it will be evident that as the fins are 
drawn downwards the moulding box is raised clear 
of the pattern, while the stripping plate provides the 
necessary support for the sand at the moment of 
parting. 

An example of the use of the standard machine 
with a stripping plate is illustrated in Figs. 4, 5 and 6, 
which show the method of making the moulds for 
small belt pulleys in large quantities, all of equal 
diameter but of various widths of face. The pattern, 
in this case, is made in three parts, of which the two 
forming the rim, boss and core print are fixed together 
by bolts passing through slots as shown in Fig. 4. 
These parts are mounted on a plate carried by the mov- 
able tee pillars, while the remaining part, which forms 
most of the web of the wheel, is in the form of a forked 
pillar and is mounted on the table of the machine. 
Figs. 4 and 5 are, respectively, longitudinal and trans- 
verse sections through the patterns as mounted on the 
machine for producing four moulds simultaneously in 
« single box. By examining these illustrations 
together it will be seen that the part of the pattern 
forming the boss and core print is in the form of a 
bridge piece placed along a diameter of the pulley, and 
that it can slide in between the arms of the fork, which, 
of course, remains stationary anc serves, as shown on 
the right of Fig. 5, to support the projecting portions 
of the sand during the withdrawal of the rest of the 
pattern through the stripping plate. An adjustable 
stop is provided to limit the withdrawal movement, as 
is best shown in Fig. 5. The method of adjusting the 
machine and pattern for the production of pulleys 
of different widths will be clear from an inspection of 
Fig. 4. 

For moulding from double-sided or ‘“ match” 
pattern plates, which are used when the two parts of 
the mould are dissimilar, the standard machine is fitted 
with a turnover attachment, and a machine so - fitted 
is illustrated in the half-tone engravings Figs. 7 and 
8; drawings of the attachment, are reproduced in 





Figs. 9 to 12. For this work the 
double-sided pattern plate is secured 
by bolts and flynuts to angle bars 











mounted on trunnions carried on 
the end plates of the machine. The 
height of the trunnions, and con- 
sequently that of the pattern plate, can be adjusted by 
means of bolts passing through slotted holes, and the 
plate can be locked in the horizontal position with 
either face uppermost by a pair of simple latches ; 
an inspection of Figs. 7 and 8 will make the arrange- 
ments clear. The lower part of the moulding box is 
first placed on the pattern plate on top of the machine, 
as shown in Fig. 8, and rammed in the usual way. The 
plate and box are then turned over so that the box 
hangs downwards, support for the latter being pro- 
vided by means of pin grips lettered 6 in Figs. 9, 10 
and 12, which engage with pins, or dowels, fixed to 
one of the boxes or with bolts passed through holes in 
lugs on the other box. The pattern plate, it should be 
noted, now has its other face uppermost ready for 
making the upper part of the mould. The construc- 
tion of the pin grips just referred to is very ingenious 
and effective, and is illustrated separately in Figs. 13 
and 14. In these figures the device is drawn to half 
its actual size, and it will be seen that the gripping 
members are six in. steel balls resting peony d in 
holes in a conical-ended tube. The balls are held 
up to their work by a surrounding female conical part 
so that the device resembles a quick - change drill 
chuck. Its design, however, is such that the grip is 
only effective to resist a downward pull and can easily 
be released by pulling up the central tube and with it 
the six balls. 

For the purpose of withdrawing the moulding box 
from the pattern plate a wooden draw board, shown 
in most of our illustrations of- the attachment, is 
provided. The construction of this draw board is 
best shown in Figs. 9 and 11, and from the former 
it will be seen that, in its lowest position, the draw 
board rests on two angle-bar runners bolted on to the 
table of the machine. The board can, however, be 
raised by the movable tee pillars into the position shown 
in Figs. 10 and 12, and, in this position, the pin grips 
are released by the operator. The board is then 
lowered, the moulding box descending with it, and 
both are afterwards withdrawn from the ine, as 
shown in Fig. 7, so that the box can readily be removed. 
The whole process is, of course, repeated with the other 
half of the mould. Attention should, perhaps, be 
called to one constructional detail with this 
attachment, viz., the vee brackets bolted on to the end 
plates of the machine to give lateral support to the 
tee pillars in the raised position; these brackets are 
best shown in Fig. 7. 

The machines described so far, have all been of the 
standard size, which can deal with boxes up to 20 in. 
wide, but a larger machine is also made for boxes up 
to 26 in. wide. Both sizes give a maximum straight 
draw of 6 in., but with the double lift attachment, a 
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total draw of 12 in. can be obtained. One of the larger 
machines fitted with double lift and turnover attach- 
ments is illustrated in Fig. 15. As shown, it is fitted 
for making cores requiring a draw of nearly 12 in. 
The core box, mounted on the trunnion, is filled, 
rammed, covered with a plate and turned over, and the 
draw is effected by lowering the draw board through 
6 in. and simultaneously raising the core box an equal 
distance. The arrangements will, however, be clear 
from the illustration, in conjunction with the fore- 
going descriptive matter, without further explanation. 

Another of the firm’s products, illustrated in Fig. 16, 
was designed for producing piston cores, and has, we 
understand, been found extremely satisfactory for this 
and for other similar work. The core box, seen on the 
right-hand side of the figure, is made in two parts split 
longitudinally, the parts being mounted on turned steel 
rods on which they slide freely, and by means of the 
hand lever and link mechanism, clearly shown in the 
illustration, the box can be opened or closed at will. 
The turned-steel rods carrying the box are mounted 
on a shaft turning in trunnion bearings, the weight being 
balanced by an adjustable counterweight seen on the 
left of the illustration. The box, resting on an adjust- 
able support, is filled and rammed in the postion shown 
and afterwards turned over so that the top of the box 
rests on the circular table on the left of the illustration. 
By operating the hand lever the box is then opened 
leaving the core standing on the table, as shown, after 
the arm has been returned to its original position. It 
will be evident that cores can be produced very rapidly 
on this simple machine with quite unskilled labour. 








Gas Pressure IN Coke Ovens.—Since no coke oven 
is absolutely —— there will be leakage inward or 
outward. When the gas pressure in the oven exceeds 
the external pressure, gas escapes and is lost, and carbon 
is deposited in the heating flues. When the pressure 
excess is outside, air gains access and burns part of the 
gas, and the rising tem ture destroys some tar, &c. 
Discussing these problems in Glick Auf (pages 901 to 
906 and 925 to 930), A. Thau recommends working with 
a slight positive pressure in the retort in all cases for gas 
and coke production, with or without steam. He denies 
that slight suction is advantageous to the yield of by-pro- 
ducts, and he does not rec d pr regulation 
by keeping a gas flame alight on the branch pipe from 
the main. In measurements and analyses en on & 
Koppers coke-oven plant he finds that suction on the 
oven may go together with pressure in the main, the 
pressure having its minimum at the doors and its 
maximum in the main. Thau rather recommends 
control flames at the observation holes of the doors, 
and he describes a membrane micromanometer for this 

se, not overlooking the difficulties, however, which 
it from its use with the hot tarry gas. 
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INDUSTRIAL NOTES. 

A MEMORANDUM issued by the British Common- 
wealth Union shows that the percentages of trade 
unionists reported as unemployed at the end of each 
month in 1920 were as follow :— 


January 2-9 July.. 14 
February 1-6 August 16 
March 1-1 September 22 
April 0-9 October 3°3 
May .... 1-1 November 3-7 
June 1-2 December 61 


At the end of 1919 the percentage was 3-2; at the 
end of 1912, the best pre-war year, it was 2-3; and 
at the end of 1908, the worst pre-war year, 9-1. 





The British coal output during 1920 was 229,295,000 


tons, the a number of persons employed in the| Mr. Lloyd George also referred to the above decision 
coal-mining industry being 1,204,300. latest | of the builders in his speech at Birmingham last 
weekly outputs were as follow: To January 1,/ Saturday. He said he did not like the decision of the 


3,263,100 tons; to January 8, 4,344,500 tons; to 
January 15, 4,897,700 tons; to January 22, 4,691,600 
tons; to January 29, 4,606,700 tons. 





The Secretary for Mines has announced that for the 
current month, the amount of the wages advance 
payable to colliery workers under the strike settlement 
of November last will be as follows :— 

1s. 6d. for workers of 18 years and over. 
9d. for workers of 16 and 17 years. 
63d. for workers under 16 years. 

These figures compare with 3s. 6d., ls. 9d. and 
ls. 37d. for the month of January. 

In accordance with the terms of settlement an 
adjustment has been made for loss of output owing to 
the Christmas and New Year holidays, but even so, 
the rate of output during the period on which the 
February wage is based was substantially below the 


rate in the preceding test period. This is mainly | 
attributable to idle time on account of trade depression. | 





A number of conferences have been held lately 
between the Amalgamated Engineering Union and the 
National Union of Railwaymen with reference to the 
standardisation of the wages of railway shopmen. 
No settlement has been arrived at. The Amalgamated 
Engineering Union claim the right to negotiate for all 
skilled mechanics, quite independently—in regard to 
railway shopmen—of the N.U.R. Negotiations between 
the two unions are still p ing. 


A portion of the Skelton Iron, Steel and Coal Com- 
pany, Stoke-on-Trent, has been inactive for sgme time, 
owing to trade stagnation, and it is now reported that 








unless a change for the better occurs, the whole of the | 


works will be shut down in a very few days. 
reason for this is the high 
merchants in this country bei 


The 


the price it costs our steel works to manufacture. 





fallen in arrear during the war had now been virtually 


com , leaving quite a large volume of labour 
available for houses. 





Speaking at Bedford last Friday, Dr. Macnamara 
said that the building operatives’ decision would come 
before the Government. He added that there were 
at the present time over 64,000 building operatives 
registered as unemployed, about half of whom were 
labourers; 25,514 were painters; 3,524 carpenters ; 
1,808 plumbers and 238 bricklayers. The registers 
sh that there were vacancies for 5,576 bricklayers. 
He emphasised, and very rightly so, the fact that the 
extension of bricklaying, plastering and tiling would 
enhance the opportunities of employment for the 
other trades. 


Builders’ Union when they refused to allow ex-service 
men who were out of a job to go and help with the 
bricks and the mortar to build houses a shelter 
for their fellow-workers. ‘‘ I admit I don’t like it,” 
he added, “it is not worthy of them. It is no use 
their eoying ‘ What will become of us? Each trade 
for itself.’ That is not the way to act for men of the 
same land, men of the same race, men of the same 
ae4 who fought together through the great conflict 
‘or the great common purpose.” 





The Joint Committee of the Parliamentary Com- 
mittee of the Trades Union Congress, the Labour 
Party, the Co-operative Union, the Triple Alliance, 
the Federation of Engineering and Bhipbuilding 
Trades, the National Federation of General Workers 
and the Federation of Building Trades ratives, 
which was —— to investigate the high cost of 
living and the causes contributing to it, issued its 
report last Friday. This says that the committee is 
strongly of the opinion that, for the purpose of redeem- 
ing a substantial proportion of the National Debt 
there should be imposed a graduated levy on all forms 





of accumulated wealth. The levy should be devised 
to raise at least 4,000,000,000/. Persons whose 
aggregate ions from all sources are valued at | 
less than 5,000/. should be exempted from payment of 
the levy. The committee believes that a scale varying 
from 1 per cent. on total possessions above the exemp- 
tion level of 5,0001. up to 50 per cent. of the largest 
fortunes could be made to yield the said 4,000,000,0001. 
The proceeds of the levy would be used as follows: 
(a) Where the levy was paid in Government securities 
it would result in direct cancellation of those securities. 
(6) The proceeds derived from the payment of the levy 
in other forms would be devoted, in the first place, 


| 
| 


price of British steel, | to the extinction of the Floating Debt. (c) The next 
ng able to procure and | Priority should 
to sell Continental steel in the British market at half | ¢xternal debt. (d) The remainder of the yield of the 
| levy should be devoted as it was paid to the cancellation 


be given to the repayment of the 


of the remainder of the internal debt. The committee 


Mr. Austen Chamberlain, Chancellor of the Ex- | further recommended variations in the taxes on a 
chequer, speaking at Birmingham last week, said that | "umber of products. 


after examining as carefully as could be done the 
prospects of the coming year, the Cabinet had come to 


the conclusion that the country could afford not to | 


renew the excess profits duty; it would, therefore, 
not be extended beyond the period for which it was 
operative under the present law. All businesses 
except those begun since the commencement of the war 
will pay the tax for a period of seven years beginning 
with the first accounting period in which they fell 
within the scope of the tax. In the case of businesses 
commenced since the outbreak of war, he pro 

that the duty should not run beyond December 31 
last. Mr. Chamberlain added that he saw the way 
not only to abolish the excess profits duty but also 
not to impose any new tax in lieu of it, or to add any 
new taxes for the coming financial year. 





In the matter of the Government’s dilution scheme 
for the admission into the building unions and the 
training of 50,000 ex-service men, to which we referred 
in former issues, the unions voted as follows :— 


Against the proposal 310,000 votes 
For ba he 2,500 votes 


This result was duly communicated to the Minister of 
Labour in a letter which stated that there was and had 
been an ample supply of labour to meet all require- 
ments; the demand for bricklayers had resulted in 
over 9,000 of these men returning during 1920; it was 
anticipated that an additional 5,000 to 6,000 would 
return during the next few months; the bricklayers 
had accepted during the last few months rough 2,000 
juveniles and apprentices, and hundreds of disabled 
ex-service men been absorbed; at the t 
time there were in round figures 50,000 building trade 
py nehes unemployed; building work and repairs 
of factories and industrial establishments which had 





In the course of a speech which he recently made in | 
Glasgow, Sir Alfred Yarrow said he held a very pessi- | 
mistic view of the immediate future, but an optimistic | 
view of the distant future provided everyone put their 
backs into their work. Everyone had, now, to work | 
harder than ever in order to make up for the loss which | 
the war had entailed. It was greatly to be regretted, | 
Sir Alfred added, that the industries of this country | 
had been disturbed by some classes of people reducing | 
their output and, at times, causing strikes which not 
only stopped the particular industry affected but | 
involved other industries as well. The turmoil between 
Capital and Labour was mainly due to the gradual 
elimination of the man-to-man talk of a generation 
ago, this being now i omeoey by cold impersonal 
relationships, and he believed it was wise for the | 
capitalist and the artisan—the two parties to the | 
business of production—to meet together. If our men | 
were given facts to think over, they would see the 
—_ which existed in destructive theories, for the | 

ritish workmen were an intelligent class. It appeared | 
to him necessary to substitute statesmen for politicians ; | 
the present was no time for fighting economic laws, 
or, as politicians had been doing, for attempting to 
avoid them. This country should not forget, in dealing 
with its difficulties, Sir Altred further stated, that 
before the war and before the appearance of such new 
craft as submarines and aeroplanes it was made safe 
by the Navy; now, however, the fact of being sur- 
rounded by the sea was a drawback, since this country 
had to protect its food supplies, which came from 
distant parts, whilst self-contained countries were, in 
this respect, more favourably placed. In order to 


increase our well-being, we had to produce com- 


modities for sale abroad as cheaply as, if not more 


| * Zenith ”’ friction winch, of vertical 
| hammers, 





cheaply than, our competitors. At present, about 


85 per cent. of the cost of the com nodities we manu- 
factured represented the cost of labour, and unless our 
labour costs, in proportion to what was produced, bore 
favourable comparison with the labour costs of other 
countries, the inevitable result would be that the centre 
of industry would leave this country for those countries 
where costs were lowest. 





AROHITECTURE AND CERAMICS. 

A tecture on the above subject was delivered at 
Hanley Town Hall, on January 24, by Professor Beres- 
ford Pite, M.A., F.R.1.B.A., of the Royal Coll of 
Art, South Kensington. The lecture was for 
by the Art Section of the Ceramic Society. 

Professor Pite briefly alluded to the development of 
architecture in four ve stages, commencing with 
wooden construction, then to stonework 
construction and covered and thence to 
what he termed the eclectic era. The last-named 
began at the Renaissance and still continues. The 
connection between architecture and ceramics is of 
comparatively recent origin. It is only forty or fifty 
years since lish architects began to appreciate terra- 
cotta. A notable example is the Natural History 
Museum, built under the superintendence of Mr. Water- 
house who had the brickw: dressed (that is, decorated 
and enriched) with a terra-cotta facing. One good 
reason for such treatment would be Geatitine, for the 
In b Sidings sith lone mouldings ot pe yea 
n buildi wi same c § 
cupende Geel bo TONMNE tay Ue HAMIOE exe of the 
same mould, Terra-cotta in such cases performs the 
duty of stonework, but it is cheaper and cleaner than 
stonework 

fi he possi- 


Not long afterwards—some forty years ago—t! 
bilities pry mo brickwork attracted attention. A wall 
made of ordinary bricks, a stuccoed wall, and a wall 
made of glazed bricks, give different impressions to an 
observer. There seems no reason for lining a brick 
wall with tiles shaped like bricks, and the tiles may as 
well be squares or hexagons, It must surely be better 
to ignore structural relations and to make free use of a 
totally different form. 

In these times ferro-concrete is largely used, especially 
for large buildings, replacing both bricks and stones in 
these reinforced concrete buildings, The problem is to 
relieve the v unattractive appearance of these dull 
grey masses of Portland cement. Professor Pite sees 
here @ great opportunity for a ceramic centre like the 
Potteries district, and sugg that they should pass on 
from decorating pots and other vessels to the decoration 
of a whole building. The ceramic industry in his opinion 
has @ unique opportunity of performing a real service 
to the community. The ferro-concrete carcase is ready 
to be clothed with a garment of t and beautiful 
colour, capable of great ba Regular tterns 
could be used without fear. With complete disregard 
of architecture, the structure might be covered with the 
rich colouring of an Ottoman or Persian carpet, as no 
doubt it would have been in like circumstances by the 
Persians. The completion of ferro-concrete buildings 
supplies opportunities for artists, colourists and ceramists, 
and the lecturer hoped they would attempt to seize them, 
Also there are opportunities of modelling in relief, It 


| behoves them to try to solve this ferro-concrete building 


problem by providing appropriate decoration, which is 
very much wanted. At South Kensii m the Govern- 
ment has erected a large ferro-concrete building to form 
the new science museum, but lack of funds caused post- 
ponement of the stone casing. The lecturer > 
speaking as an architect, that the much thinner ceramic 
coating required would make it cheaper than a stone 
dressing, besides being more effective. He strongly 
urged those concerned to take the lead in a great industry, 
based upon a healthy outlook on life—an outlook that 
was not always looking backwards but upwards and 
onwards. 





Street Pminc Memoranpa.—A little pocket book 
containing a lot of interesting and useful data has come 
to hand from the British Steel Piling Company, Dock 
House, Billiter-street, E.C. 3. This little book contains 
tables and peo age eng ge eget = 
kind useful to neers ing wit and pile- 
driving operations. The whole of the dist 0 peeve or 
so are concerned with general matter such as the loads 
piles will take, discharge of sluices, notes on pile-driving 
and withdrawing, durability of timbers, calculations 
and sizes for walings and struts, retaining earth by piling, 
water pressure, wharf construction, &. Some at 
the latter end of the book give iculars of the 
lers, pile-driving 
derricks, pile shoes, &c., concluding with notes 
on concrete-mixing plants. 





Tae Lanprs Users’ Hanpnoox.—A pamphlet which 
will be welcome to many machine users has been b 
to our notice by Messrs. Alfred Herbert, of Coventry, 
who are agents in this country for the Landis Machine 
Company of Wa ’, Pa., U.S.A. This pamphlet 
deals with the operation of the well-known screwing 
machines by this firm ; it is well illustrated and clearly 
written, and gives instructions on the working of the 
machines, the setting of the chasers, and so on, in an 
admirable manner. hepttons are devoted, among other 
subjects, to the grinding of the chasers; the care of 
rotary and stationary dieheads; six and eight chaser 
heads ; the Landis automatic diehead and so on, as well 
as to cutting continuous threads on staybolts, rods and 
tubes. The whole is completed by a comprehensive 
not — should add considerably to the value of the 
little work. 
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THE WALKER-WESTON SYSTEM OF ROAD REINFORCEMENT. 


(For Description, see opposite Page.) 








SIX-CYLINDER PETROL OR PARAFFIN 
MARINE MOTORS. 


Tue internal-combustion marine motors which are 
built by Messrs. Gleniffer Motors, Limited, of Temple 
Works, Anniesland, Glasgow, form an interesting series 
of engines of good workmanship and design, and embody 
many special features. The engines are built with one, 
two, four or six cylinders, the cylinder dimensions in 
each case being 6 in. bore by 8 in. stroke. This 
standardisation of bore and stroke enables many parts 
to be used in common throughout the engines and at 
the same time gives a range of output from 124 brake 
horse-power to 75 brake horse-power when the engines 
are run on paraffin and from 15 brake horse-power to 
90 brake horse-power when they are run on petrol. 
Each size of engine incorporates a reverse gear, which, 
as will be seen from the illustrations on Plate VII, is 
very neatly worked into the engine unit. Figs. 1 to 6 
on that Plate illustrate the six-cylinder 75 brake 
horse-power to 90 brake horse-power model, while 
Fig. 7 shows the 25 brake horse-power to 30 brake 
horse-power size. The latter illustration is of interest 
as showing the uniformity of design which runs through- 
out the series of engines, but in describing the details 
of the models it will be convenient if we confine our 
attention to the six-cylinder engine shown in Figs. 
1 to 6. 

The main features of the general lay-out of the engine 
will be followed from Figs. 1 to 4. The cast-iron 
cylinders are made in peirs, with detachable heads. 
As will be seen from Fig. 4, the valves are set at an 
angle of about 35 deg. to the vertical. This arrange- 
ment has been adopted in order to avoid a square 
pocket in the combustion chamber and to improve the 
efficiency of combustion. The valves, which have 
cast-iron heads, are carried on the port side of the 
cylinders. They are operated through adjustable 
rocking lever tappets which have rollers running 
on the cams. The cam shaft is driven by machine-cut 
helical gears which lie entirely within the base chamber. 
The valve stems and springs ave also totally enclosed 
in an oiltight casing which can easily be removed for 
inspection. The whole arrangement is clearly shown 
in Fig. 4. The crankshaft is 2} in. in diameter and the 
main bearings are 4} in. long. These latter are of 
die-cast white metal and are fitted with loose liners 
to facilitate adjustment. The bearings are carried 
by the main base chamber, which extends to the after 
end of the reverse gear. 

It is interesting to note that the 2j-in. dimension 
for the diameter of the crankshaft has been adopted 
throughout the [whole range of engines down to the 
single-cylinder 12} *brake §horse-power size. This 
policy greatly assists in the standardisation of parts, 
which is maintained throughout the series of engines. 
The matter is carried further, moreover, by making 





Fre. 1. 


the connecting rod big-end bearings interchangeable 
with the main bearings and with all similar bearings on 
each size of engine. The connecting rods are of the 
usual H-section with phosphor-bronze bushes at the 
top ends and the pistons are of cast-iron with case- 
hardened gudgeon pins, which are held in position by 
contracting rings round the pistons. Ignition is by 
high-tension magneto driven by helical gears which 
lie entirely within the base chamber. The position of 
the magneto can be seen in Figs. 2 and 6, while the 
detail of its drive is shown in Fig. 5. When the engines 
are arranged to run on petrol a Zenith carburetter 
is used, and when they are fitted for paraffin a patented 
form of vapouriser, which is shown diagrammatically 
in Fig. 13, is employed. In each case a centrifugal 
governor acting direct on the throttle is fitted, and a 
hand control lever which regulates the speed at which 
the governor acts. 

The vapouriser is designed to take advantage of 
the fact that the temperature at which paraffin can be 
completely vapourised is a function of the pressure at 
which vapourisation takes place. The lower the pressure 
the lower will be the temperature necessary to cause 
vapourisation. Any throttle-controlled engine running 
on no load, or dead slow, will show a partial vacuum 
between the throttle and the cylinder, but in the 
Gleniffer vapouriser the throttle is so arranged that the 
fuel is subjected to this partial vacuum from the 
moment it leaves the jet until it enters the cylinder. 
Vapourisation under this reduced pressure naturally 
takes place at a lower temperature than would be 
possible under atmospheric pressure. The arrange- 
ment of the various parts of the vapouriser will be 
followed from the diagrammatic sketch given in Fig. 13. 
The throttle controlling the admission of the air is 
shown at the top of the figure at a. From here the air 
passes down the exhaust jacketted pipe c, where it 
is heated and passes the jet chamber d and the choke 
tube in which the jet nozzle is placed. After passing 
the jet and picking up the fuel it passes through the 
exhaust-jacketted vapouriser chamber e and to the 
outlet f. The spring-loaded valve } is arranged to let 
cold air pass direct to the outlet f and mix with the 
heated mixture from c when the engine is running on 
full load. 

The lubrication of the engine is also a special feature. 
The flywheei acts as a pump and lifts the oil from the 
lowest point of the sump, throwing it into a collecting 
chamber in which there are two small buckets which 
catch the oil. From these brackets it is led by copper 
pipes to cups above all the main bearings. The over- 
flow from these cups supplies the troughs at the bottom 
of the crank-case, into which the scoops on the con- 
necting rod big-end caps dip. The splashing of the 
big-ends in the troughs lubricates the other working 
surfaces of the engine. The arrangement of the water- 
circulating pump—a detail of the engine to which we 





have not yet referred—can be clearly seen from Figs. 
land 3. It is eccentric-driven at half the speed of the 
engine, and is made of gun-metal throughout. 

The patented reverse gear is shown in considerable 
detail in Figs. 8 to 10, but in order to describe its 
operation it will be well to refer in the main to the 
diagrammatic sketches given in Figs. ll and 12. These 
have been added in order to make the operation of the 
gear somewhat more easy to follow. One of the 
outstanding features of this gear is that it never requires 
adjustment, any wear which may take place not 
affecting its operation in any way. Referring to 
Fig. 12, @ represents the after end of the crankshaft 
of the engine, while 6 is the driving member of the 
clutch which is incorporated in the flywheel. Secured 
to the driving member 6 there is a driving bevel ¢, 
the details of the connection being shown in Fig. 8. 
This driving bevel gears with two intermediate wheels 
d, d, which in turn gear with the driven bevel e, which is 
keyed to the driven shaft f. The spindles carrying the 
intermediate wheels d, d, are mounted on a drum g. 
The mechanical details of the arrangement will be 
followed from Fig. 8. On the outside of the drum two 
helical keyways r are cut. One of these is shown 
diagrammatically in Fig. 11, which is a sketch of the 
outside of the drum. They can also be seen in Fig. 9. 

Still referring in the main to Fig. 12, it will be seen 
that sliding on the outside of the drum g there is a 
double clutch member hf. The inner surface of this 
member carries two keys which engage with the key- 
ways r in the outer surface of the drum. These keys 
can be seen in Fig. 9. This double clutch member h 
may be moved into frictional engagement either with 
the driving member 6 or the fixed member | which 
forms part of the fixed outer casing of the gear. The 
member fh is operated by the lever p acting through 
a pair of sliding blocks in the groove turned in the 
sleeve, which is connected to the member h by long 
studs. The details of the mechanism actually 
employed will be followed from Figs. 8 to 10, the only 
essential difference between this arrangement and the 
diagrammatic form shown in Fig. 12 being that the 
clutch is actually operated through a hand wheel and a 
vertical shaft carrying a fork which embraces the 
sleeve member. 

With this detailed reference to the various parts 
involved the operation of the reverse gear will be 
understood without difficulty. When the member A 
is moved into engagement with the clutch member 6, 
it is driven by it and the member h in turn drives the 
drum g through the keys working in the keyways r. 
As a consequence the whole arrangement revolves 
together without any relative motion between the gear 
wheels and the propeller shaft is driven in the direction 
in which the engine is running. When the gear is once 
thrown over into this forward direction it tends to stay 
there, owing to the action of the keys in the helical 
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Fig.4. SECTION A.B 
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keyways, which thrusts 4 to the left. To obtain the 
reverse, the member h is moved into contact with the 
fixed member 1. This brings the drum g to a standstill 
and causes the shaft f to revolve in the reverse direction 
owing to the action of the gear wheels. Again in this 
position, once the gear is thrown over, the keys in the 
helical keyways tend to thrust the member A into 
contact with the member 1, and so keep the clutch 
in engagement. As before mentioned, any wear which 
may take place on the working surfaces of the clutch 
does not affect the operation and no after adjust- 
ments are required. It will be noted that the gear is 
independent of propeller thrust for the engagement of 
the clutches so that the variation of thrust with boat 
speed does not introduce any difficulty. There is 
also no fore and aft movement of the propeller 
shaft between forward and reverse as is sometimes 
the case when the thrust is carried through the 
reverse gear. 





THE WALKER-WESTON SYSTEM OF 
CONCRETE ROAD REINFORCEMENT, 


Tue interest which has been roused in concrete 
roads, owing to the imperative necessity for finding 
some system which will stand up to modern heavy 
traffic, has resulted in the introduction of reinforce- 
ment with a view to overcoming some or the objections 
to plain concrete. Most of the reinforcing systems 
are intended to serve in distributing the moving load, 
and in raising the resistance of the arched road surface 
to deflection. In practice the usual reinforcements of 
a large and comparatively thin layer of concrete 
presents some little difficulty, in the matter of 
ensuring the proper positioning of all the reinforcing 
members and loops. A system of overcoming this has 
been introduced, mainly in connection with road work, 
by the Walker-Weston Company, Limited, 7, Worm- 
wood-street, E.C. 2. 


This system, which we illustrate in Figs. 1 to 5 
herewith, provides a reinforced frame which can, be 
made close to the site, and which reason of its 
diagonals is a very stiff structure. The frame itself 
is shown in plan, in Fig. 3, while Figs. 4 and 5 show 
respectively sections on A B and C . Fig. 1 shows 
a view of a road being laid on this system at the Mort- 
lake factories of Messrs. Watney, Combe, Reid and 
Co., Limited. We may also state that the Port 
of London Authority has laid down considerable areas 
of this type of road at their docks, and that it is being 
used for reinforcing heavy traffic roads at the Belfast 
Shipyards of Messrs. Harland and Wolff. Fig. 2 shows 
@ piece of the reinforcing frame. The whole rein- 
forcement is built up of three classes of bars. Of these 
one class consists of the zig-zag bar shown in Fig. 4. 
The second of a type of loop bar, while the third con- 
sists of plain straight bars. The zig-zag and loop bars 
can prepared at the site, so that no complicated 
shaped bars have to be considered in transport. 

he zig-zag bars are prepared on a bench set with 
pegs, round which the bars are bent, and the pegs can 
be set any desired distance apart so that the depth of 
the zig-zag can be varied, the pitch always remaining 
standard. The zig-zag bars are usually of from 4 in. to 
ts in. diameter, this material being as a rule delivered 
in coils. These coils are stretched by winches at the 
site, and lengths of 40 ft. or so cut and bent by hand 
on the bench, using two short lengths of steel tube 
threaded on the bar for this purpose. 

The loop bars are also prepared on a single bench 
on which are pegs at standard intervals. These bars 
are manipulated by a claw tool which enables them to 
be bent very expeditiously. The next process is to 
suspend a number of the zig-zag bars in pairs on a 
bench fitted with iron horses, and to thread over 
them the loop bars, allowing one loop bar for each 
bottom point of the set of zig-zags, two of the latter 
passing through each loop. Straight bars are then 
placed in between the zig-zag bars at each loop, and the 
zig-zag bars are then crossed over these straight bars 
and bent down until their upper apices again cross 
those of their neighbours from the next loops. Into the 
forks thus formed at the top are slipped straight 
bars, and over the latter and under the heads of the 
zig-zags are run straight cross-bars. 

The description will be clear from a reference to the 
diagrams. Fig. 5 the bottom horizontal is a 
loop bar threaded on to the zig-zags in pairs. The 

lain straight bars are shown end on lying on this. 

he zig- will be seen to be crossed over these 
bars at the bottom, and at the top over their neighbours 
from the adjacent loops, while it will be clearly seen 
also how the top straight bars are disposed at right 
angles. In the plan Fig. 3, the row marked E shows the 
bottom lock with the loop and straight bars, and the 
row F a line of the crossed zig-zag bars interlocked with 
the straight upper bars. The reinforcement is made 
in pieces usually 20 ft. to 24 ft. long and from 6 ft. to 
8 ft. wide. It is rigid, and bars cannot be displaced. 

It is customary to lay it on the formation surface 
and to put down concrete sufficient for a depth of 
2 in. through the spacings. The framework is then 
lifted till it rests on the top of this 2 in. layer, when 
concreting is resumed. This method ensures the 
concrete covering below the bars. 

We may mention that the same method had been 
applied to other work, as for instance, to hollow walls. 

he cores in this case would be seen end-on, on the 
section C D. The cores are triangular in section, and 
result in a wall of two surfaces reinforced by diagonal 
partitioning in a manner which will be evident without 
further description on reference to Fig. 6. 





STRENGTHENING AND RECONSTRUCTION 
OF BRIDGES.* 
Cannon-Street Brivce STRENGTHENING. 
By Grorce Extson, O.B.E., M.Inst.C.E. 


A pEscriPtion of this bridge, which was built in the 
years 1865-66, is first given, and its strength is compared 
with that of the bridge constructed at Charing Cross over 
the River Thames a year or so previously by the same 
engineer. It is noticeable in that the ‘ continuous 
girder’ principle was embodied both in the main girders 
of the bridge over the three middle spans and in the 
distributing-sill girders over the piers, whilst free-span 
girders are employed in the north and south spans. 
All the girder-work is of the plate web type. 

A comparison is made between the live loads at the 
riod of construction and those which have to be allowed 
or at the present day. The greatest live load accepted 
for traffic on the South-Eastern and Chatham Railway 
during the war is also mentioned, the latter being three 
times as high as the heaviest loads accepted in the early 
"sixties. 

The increase in the weight of locomotives was, it is 
stated, the reason for the strengthening of the bridge in 
question being carried out, as prior to the work being 








* Abstract of two papers read before the Institution 
of Civil Engineers on Tuesday, February 8, 1921. 
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to avoid the working stress being unduly high. 

After investigation as to the loads which would be 
imposed on the London clay on which the piers are 
founded, it was decided that nothing need be done to 
page” harp the main supports, but it was found necessary 
to afford relief to the entire superstructure of the bridge. 

Diagrams showing the systems of loadings adopted in 
order to get the maximum effect on the different portions 
of the bridgework are given. 

The various methods of strengthening the distributing- 
sill girders over the piers are described, the design varying 
at each pier. The scheme adopted for strengthening the 
bridge platform consisted of the introduciion of entirely 
new girders fixed between the existing ones, thus direct] 
relieving the old girders of a considerable portion of load. 
The new and old girders were connected by rows of dia- 
phragms, the object aimed at being to ensure that both 
worked in unison. 

It is pointed out that the fact that the railway traffic 
had not to be interfered with on the bridge during the 
operations, and also the necessity of not interfering with 
the waterborne traffic on the river, influenced the design 
of the girders, and materially affected the method of 
erection of the new work, as all the work had to be 
done from below the surface’of the bridge. 

A full description is given of the temporary stagings 
which were construc in the river, from which the 
work was carried out, and the results of tests by direct 
loading which were made as to the supporting power of 
piles are mentioned. The method of construction of the 
staging in the river where the tidal current is very strong, 
and the measures adopted to ensure the accurate pitching 
of the piles, are alluded to. It was to have 
it of a strength sufficient to sustain heavy point loads, and 
at the same time to withstand any accidental collision 
from Paes craft on the river, which at this point is 
very difficult to navigate owing to cross currents by the 
bend in the river, and the proximity of London Bridge 
and the then existing old Southwark eget 

It is here mentioned that certain work which had to be 
done on the main girders carrying a constant heavy dead 
toad rendered necessary the exercising of great care, 
and the additional plating was done at night after traffic 
had ceased on the running roads above. The number of 
existing rivets which were disturbed at one time was 
redu to a minimum, and no existing rivet holes were 
left vacant, but were immediately plugged with special 
steel plugs after the rivets were cut out until the new 
rivets were put in, so as to avoid local changes in stress. 

The erection presented special difficulties on account 
of the restricted space in which it was necessary to work, 
and a detailed account illustrated by diagrams is given 
of the fixing of the free-span girders, the average weight 
of which was about 75 tons, and of the means adopted 
whereby it was ensured that the new girder-work should 
perform its function. It is then described how the 
continuous girders, six in number, each weighing about 
187} tons, and of a length of 443 ft., were got into 
position, this being accomplished by threading them 
between the existing girders from the south span of the 
bridge. Details are furnished of the rollers which were 

for this purpose, and of other special apparatus 
which was employed to meet the particular difficulties 
encountered, 

During the launching process it was necessary to 
continually adjust the height of the rollers on one or the 
other of the stagings, owing to the varying levels of the 
different spans of the bridge pesvioney mentioned, and 
os wt to the stops in the different layers of the flange 
plates. 

Great care was exercised so as to ensure that no set 
of rollers received more than its proper share of the load 
the exact weight at any point of bearing being deter- 
mined by means of hydraulic ship-jacks fitted with 
pressure parece. The load shown thereby was checked 
against the calculated weight under similar conditions. 

The method of ensuring that the new main girders 
were bedded with the correct reactions at the points of 
7 rt is described. 

e result of a few tests which were made to ascertain 
the effect of the bearings being at incorrect levels on the 
continuous girders, and the tests to which the bridge was 
subjected after completion of the strengthening work 
are given, 

The method of preventing corrosion of the metal work 
ty geunenine coatings of tar is discussed, and it is stated 

t the results of the application of tar to the old work 
of the bridge many years previously had proved satis- 
factory. As a result of this experietfve the bulk of the 
new girderwork was tarred, but a proportion of the same 
was also painted with the object of testing the efficiency 
of the several different materials used. 

Tables are given showing the com tive areas 
covered with the different materials employed per man 
per hour, and the covering capacities of the paints used 
were also noted, A table of quantities of various classes 
of chemicals used and the cost of the same is given. 
The results of rests made from material obtained from 
one of the old main girders which was taken away and 
which had been in constant use under heavy conditions 
for forty-four years, are given in an appendix. 





RECONSTRUCTION oF A VIADUCT. 

By Freperick Wittiam Apoten HanpMaN. 

The paper describes the reconstruction of a three-span 
continuous beam viaduct on the Sul Espirito Santo 
(Brazil) line of the Leopoldina Railway Company. The 
old girder was 197 ft. long, of the steel-lattice deck type, 
supported by masonry abutments and two steel trest! 

d 65 ft. 8 in. between centres. The gradient on 
the viaduct was 3 per cent. Calculations revealed that 
the girder and trestles were inadequate to carry a con- 
templated increase of live load, and it was decided to 


done traffic restrictions had to be imposed on the bridge 





reconstruct the trestles and to use three whole-plate 
deck girders of 65 ft. 8 in. span each, the weight of each 
girder being 38 tons. 

The trestles, being inadequate as such, were 
encased in concrete. Particulars of the concrete used 
and the special methods of depositing it are given. 
Owing to the approaches being co: , the available 
width was limited to that of the road bed, and schemes 
aac expensive falsework were considered 
impracticable, 

"he author’s method of placing the girders is described 
in detail, the advantages claimed being that :— 

1. No falsework was employed. 

2. The only plant req was four 50-ton ship’s 
hydraulic poe two ordinary 20-ton wagon bodies and 
an oxy-acetylene a: tus for cutting steel. 

3. The substitution was carried out without inter- 
ruption to the ordinary passenger traffic, the interval 
between trains being 24 hours, 

Each complete span was riveted up at a convenient 
siding 3 km. away, and run into position over the old 
span on two 20-ton ie trucks. By means of wooden 
cribs and hydraulic jacks, the gi was lowered to tail 
level. The end sway braces and laterals of the old girder 
were then cut away by means of the oxy-acetylene 
apparatus, and the new girder was supported by cribs 
directly on the abutmfants or piers. The continuous 
girder was cut completely thro over the pier, the two 
sections being slid outwards on special gui the new 

irder being then lowered into place and the track fixed. 

Gee ak eee eee Se and in each 
case within the allotted time. 








Royat Instrrution.—The managers of the Royal 
Institution, in accordance with the Actonian Trust Deed, 
have awarded the Actonian prize to Professor G. E. Hale, 
D.8e., LL.D., F.R.8., director of the Mount Wilson Solar 
Observatory, for his contributions to solar physics. 





Proposep Free Port at Lisav.—tThe British Vice- 
Consul at Libau has telegraphed to the Department 
of Overseas Trade to the effect that a public announce- 
ment has been made by the Latvian Minister of Com- 
merce regarding the decision to construct a free port 
at Libau on the site of the former naval harbour. The 
work of drawing up a scheme, of finding the necessary 
capital and of forming @ company, has nm entrusted 
to a local Stock Exchange Committee. The capital of 
the company it is stated, is intended to consist of 50 per 
cent. British and the remainder principally of German, 
American and Swedish shares. The bo of directors 
is to include a Government representative with power 
to vote. The project will comprise the following: 
(a) Development of a free port; (6) cutting of a canal 
to the Memel River through the River Bartau ; (c) con- 
struction of a Russian gauge railway to Muravevo. 





Tue InstrrutTion or Crvm ENGINEERS—YORKSHIRE 
AssocraTion.—A local association of the Institution 
of Civil Engineers had been inaugurated in Yorkshire 
under the new scheme recently adopted by the Institu- 
tion. The object of the local association is to offer 
as far as practicable to non-resident, or country members, 
the advantages enjoyed by the resident or London 
members. The Yorkshire Association of Students of 
the Institution of Civil Engineers was established in 
1894, and has been incorporated with the new body, 
which has at present, representatives of the towns of 
Bradford, Leeds, Sheffield, Wakefield and York upon its 
council, Leeds being the district centre. Mr. W. T. 
Lancashire, M.Inst.C.E. (city engineer of Leeds), has 
been elected the first president, with Mr. J. E. 8. Bodger, 
Assoc.M.Inst.C.E., and Ralph C. Callaghan, 
Stud.Inst.C.E., as joint honorary secretaries. The 
Yorkshire Association is the second local association 
to be formed, that of Birmingham and District being 
inaugurated in October last. 





Fvuet Om.—In reading a paper on “ Fuel Oil”’ before 
the North-East Coast Institution of Engineers and Ship- 
builders, at Bolbec Hall, Newcastle-upon-Tyne, on 
Friday, January 28, Mr. W. A. White acknowl his 
indebtedness to Mr. Alexander Walker, of the British 
Mexican Petroleum Company, and his paper was chiefly 
interesting for its references to Mexican oil. Mr. White 
dealt on general lines with the origin of oil, the finding 
and refining of petroleum, statistics of output, new fields, 
oil menage and storage, use of oil, fire prevention and 
use of oil as fuel on board ship. Interesting details were 
given of the way in which the outrush of ane and oil out 
of the Cerro Azul No. 4 well was stopped in 1915, when the 
2-ton drill was shot up and o1] was lost at the rate of 
260,000 barrels per day, until a valve could be fixed. 
While the oil production of the world had risen from 
385,000,000 barrels in 1913 to 700,000,000 barrels in 
1920, t'c Mexican oil production did not quite come up 
to 26,006,000 barrels in 1913, went down to 21,000,000 
barrels in 1914, increased slowly during the war to 
87,360,000 barrels, and reached the figure 155,000,000 
in 1920. The average daily production per Mexican well 
was 1,000 barrels in 1919, but 25 wells might each have 
yielded 24,000 daily. There were indications that the 
oil still to be mined would be less asphaltic and more of 

ffin-base character than the present oil ; logists 
expect to find plenty of oil in the Mexican Gulf States ; 
the fields actually worked cover about 800 sq. miles. 
Of tank steamers the United States and Great Britain 
own 44 per cent. and 40 per cent. of the total tonnage 

: — the a and pepe following next 
w ut 3 per cent. regards oi , Mr. White 
mre comparative tables of nae apn 

wood, Saybolt and a table of fuel oil properties (den- 
sity, weight, gallons and cubic feet and barrels per ton). 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—The doom of E.P.D. and the promise 
of coal decontrol have jointly contributed towards 
maintaining a somewhat more hopeful tone throughout 
the heavy trades, where depression has been the more 
ae. and the difficulties of keeping plant running 
ave been the more numerous. Signs of an actual 
revival, however, are lacking. A satisfactory feature 
is that more inquiries are in circulation from the Con- 
tinent and the Colonies, but as against this the amount 
of business actually booked is negligible, and offers 
nothing solid for future working. Su tial reductions 
in the price of semi-finished materials and completed 
products are practically confined to those sections of 
manufacture where it is possible to utilise cheap foreign 
steel. The better class trade in high quality steels is 
the 





largely untouched. Production costs are uniformly 
as as they were six months ago, except perhaps from 
advantages arising from per coke, tively 
cheaper pig-iron, and an abundance of special alloys 
offered at cut prices where it has become imperative to 
unload stocks. Thus, though wire rods and similar 
products can be placed on the market at greatly reduced 
rates, steel and steel manufactures of superior quality 
are still dear, and buyers consequently are few and far 
ween. Blast-furnace operations have been further 
restricted to meet the contraction m the demand for 
pig-iron. Crucible furnaces are enabled to carry on 
part-time working through the receipt of hand-to-mouth 
orders of minor tonnage. Rolling mills managers find 
difficulty in planning operations as little as one week 
ahead, so small are current requirements. A from 
exceptional activity in the spring section, railway steel 
branches are not booking anything like the volume of 
business that usually comes to hand at this time of the 
year. Several substantial orders for rolling-stock and 
material for renewals have been placed on the Continent, 
German quotations noticeably being considerably lower 
than those of local manufacturers. The paucity of new 
contracts which is the outstanding feature of the heavy 
trades, does not apply in the case of the tool and imple- 
ment sections. he of files, saws and drills have a 
fair volume of orders as yet untouched. Home buyers 
of farm and garden tools are placing their new season’s 
orders freely. Colonial buyers of this class of product 
are showing & more cautious spirit, probably in the hope 
of price uctions. 


South Yorkshire Coal Trade.—Sir Robert Horne, 
President of the Board of Trade, during his visit to 
Sheffield this week, confirmed the opinion widely held 
throughout the local coal trade that the advent of 
decontrol will result in the adjustment of prices of lower- 
quality fuels to meet manufacturing needs. This 
adjustment will, of course, be in a downward direction. 
Slacks are already obtainable in odd lots at rates con- 
siderably below the official quotations. Despite the 
accumulation of stocks of ell fuel, the position at the 
pits has improved. Home manufacturing needs are 
easily met, but more inquiries are to hand from export 
buyers, and big tonnages of gas fuels are going inland. 
Collieries experience difficulty in meeting the increased 
pressure from railway companies for best steams, owing 
to the shortage of wagon accommodation. The same 
drawback is responsible for a check in house coal 
deliveries. Stocks at depots have been considerably 
reduced following the return of wintry conditions. 
Quotations :—Best branch handpicked, 37s. 2d. to 
38s. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 33s. 2d.; Derbyshire best large 
nuts, 325, 8d. to 33s. 8d.; Derbyshire small nuts, 
3le. 8d. to 328. 8d. ; Yorkshire hards, 328. 8d. to 33s, 8d. ; 
Derbyshire hards, 32s. 8d. to 33s. 8d.; rough slacks, 
28s. 2d. to 29s. 2d.; nutty slacks, 27s. 2d. to 28s. 2d. ; 
smalls, 23s. 2d. to 248. 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is very quiet, and this week’s movements are 
not at all likely to encourage renewal of business. Iron- 
masters make the announcement that they will no 
longer insert the fluctuation clause in contracts for pig- 
iron giving customers the benefit of any fall in market 
quotations. The other new feature is 5s. drop in No. 1 
and in siliceous iron, reducing the difference between 
those qualities and No. 3 to 5s. The fall is not likely 
to bring buyers into the market. French and Belgian 
pig-iron continue to be sent here at much lower prices 
than rule for home products, and even if this is due to 
pressure of banks on the Continent the circumstance is 
certainly disquieting. For home consumption, No. | 
Cleveland pig-iron is 220s, ; siliceous iron, 2208.; No. 3 
G.M.B., 1958.; No. 4 foundry, 1948.; No. 4 forge, 
192s. 6d.; mottled, 192s, 6d.; and white iron, 190s. ; 
whilst for shipment to foreign destinations, No. | is 
2058.; siliceous, 205s.; No. 3 G.M.B., 2008.; No. 4 
foundry, 1998.; No. 4 forge, 197s. 6d.; mottled, 
197s. 6d.; and white iron, 195s. 


Hematite.—There is little new to report of hematite. 
In this branch also there is no fluctuation clause in 
contracts. Slightly better foreign inquiry is reported, 
and there are negotiations in the market for a few 
thousand tons for Wales. No. 1 is 222s. 6d. and mixed 
Nos. are 220s., both for home use and for export. 

Manu Iron and Steel.—Sales of finished iron 
and material are indeed few and small, customers 
refusing to pay rates named, and further substantial cut 
in prices is looked for in the immediate future. The 
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following are among the principal market quotations :— 
Common iron bars, 25/.; steel ship, bri and tank 
plates, 227. 10s. ; angles, 211. ; boiler plates, 301. ; joists, 





NOTICES OF MEETINGS. 





211.; medium billets, 17/.; hard billets, 18/.; heavy Tue Norra or Encianp InstiruTe or MINING AND 
steel rails, 21/.; black sheets, 25/.; and galvani AL ENGINEERS,—Saturday, F 12, at 
sheets, 271. : Lom _, Wood oe —— a - 
F Ore.—There i . doi in ‘ne. oOllowL ; papers open ¢ discussion : 
secsigp one. Conammnes ans belting tine take am So Steam Economy,”* by Mr. Philip Kirkup, Junr., 
Rubio, of 50 per cent. quality, is no more than 40s. 6d D.8.0., M.C. (Trans, Inst.M.E., vol. lx, 17 and 
ox-ship Tees. es Airks Mines b Mr. John T. Pringle tre - Tnat 
4 ir in Mines,” by Mr. . Pri rans, .M.E., 
Py. wtegreag- y of coke is abundant and local be pos vol, lx, 146). A lecture, illustrated by numerous 


but are pr 
their declaration that they will make no further price 


concessions. A blast-furnace quality is 54s. 6d. 
ab. he, Stans, aad Woe phoaphanne ole 1 De. at the 
ovens. 


<2 nngroaeed age a3 pom of patantiet 
vances, dling, forge mill wages regula 
by the sliding scale under the Board of Conciliation and 
Arbitration for the Manufactured Iron and Steel Trade 
of the North of England are reduced. The certified 
av net selling price of bars and angles for the 
two months ending December 31 last is 29/. 10s. 8-91d. 
per ton, as compared with 30/. 0s. 8-21d. per ton for the 
previous two months. This means a 5 per cent. fall 
in wages for February and March. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Depression is still general in 
the steel industry of Scotland, and managements are 
finding difficulty in keeping their works running. 
Inquiries are extremely scarce and the inducements 
offered to buyers by the Continental agents are too 
much for the home makers to face at present. Local 
= reductions recently have not brought out much 

usiness, even from those who will not consider anything 
but the home article, and unless some decided improve- 
ment in buying takes in the near future the only 
course open to employers will be a considerable curtail- 
ment of workers, Should a number of the works be 
closed down for lack of orders much hardship will follow, 
but with contracts on hand rapidly nearing completion 
and nothing fresh coming in the inevitable must follow. 
All kinds of material are quiet and there is not much 
doing in ship or boiler plates, sections, or steel sheets. 
The export trade is also dead off, and few inquiries are 
heing received. Black sheets have been reduced by 
3. per ton, and in some cases larger reductions in certain 


sizes. Prices, delivered Glasgow, are now as follow : , 


} in, and thicker, 23/. per ton ; under } in. to 12 gauge, 
231. Se. per ton; 13-16 gauge, 232, 15s. per ton ; 17-20 
gangs. 4l. per ton; 21-24 gauge, 24/1, 10s. per ton; 
24-27 gauge, 261. 108, per ton, 

Malleable Iron Trade.—There has been no change in 
the state of the West of Scotland malleable iron trade 
during the past week, and bar iron is in very poor request. 
The small output is found to be more than ample for 
consumers, all of whom are experiencing very dull trade. 
Prices are without change, but are rather weak, “‘ crown ”’ 
bars being called 25/. per ton, delivered Glasgow district. 


Scottish Pig-Iron Trade.—The conditions prevailing 
in the Scottish pig-iron trade have not shown any sign 
of improvement ite an optimistic feeling amongst 
some dealers. The future is certainly important, but 
it is the i diate p t+ which gives concern, and 
buying is “— low indeed, while inquiries are not very 
numerous, The weekly output is not heavy, and yet 
some stock is being accumulated, There is 
nothing oe Ss export lots. Current prices are as 
follow : Scotch hematite, 11/. 10s. per ton, net, delivered 
steel works; No. 1 foundry iron, 11/. 15s. per ton, 
and No. 3, 11l. 108, per ton, net, ex works. 








MIDDLESBROUGH Pie-Inon SHIPmMENTs.—Messrs, 
William Jacks and Co., 5, East India-avenue, E.C., 
state that the pig-iron shi ts from Middlesbrough, 
including pee ye in January last, were 5,610 tons 
coastwise and 6,178 tons foreign, a total of 11,788 tons, 
as compared with 38,378 tons in January, 1920, and 
31,381 tons in January, 1919, 





INSTITUTION OF MECHANICAL ENGINEERS AND SoOcreETY 
or Cuemicat Inpustry, Jomst Meretinc.—On Friday, 
March 4, at 6 p.m., at Storey’s Gate, St. James’ Par 
S.W. 1, a joint meeting has been of these two 
Institutions, at which a paper will be read by M. Paul 
Kestner, President of the Société de Chimie Industrielle, 


= “The De-gassing and Purification of Boiler Feed 
‘a “eed 





Etgorric Trucks anpD Motor Car TaxaTion.— 
Some little time ago the Electric Vehicle Committee 
obtained a statement from the Roads Department of the 
Ministry of ee to the effect that it would not 
be necessary to out licences for electric industrial 
trucks in cases where these vehicles were used only to 
cross or to run a short distance on a public highway 
from one factory to another where both factories were 
in the same ownership, Cases have, however, occurred 
in which local authorities have insisted on licences being 
taken out for such vehicles and the committee have 
accordingly again taken up the matter with the Ministry. 
As a result of this action the Ministry has forwarded a 
circular letter to all licensing and registration authorities, 
requesting’ them to furnish particulars of the vehicles 
of the t referred to in their districts and of the extent 


lantern sli will be given by Major H. Standish Ball, 
on “The nee of tation to Mining.” 
This will be followed by a discussion. The “P.P,” 
Safety Shot ing will be exhibited, described 
and demonstra Messrs. Price, Pryse and Co., 
Limited. A new e will be exhibited, described 
and demonstrated by Mr. W. L. Rowe. A model of 
a safety ~ by be exhibited, described and demon- 
strated by Mr. R. J. Todd. 


KEIGHLEY AssociaTION oF EnoGinerRs.—Saturday, 
February 12, at 6.30 p.m., in the Assembly Room of the 
Cycling Club, Cavendish-street. Lecture by Mr. J. G. 
Stirk, of Halifax. Subject: “The Evolution of the 
Machine Tool.” Chair to be taken, by Mr. Jas. McNish. 


THe Royat Society or Arts.—Monday, Feb 
at 8 p.m.: Cantor Lecture, “ Applications of Catalysis 
to Industrial Chemistry,” by Mr. Eric K. Rideal, M.B.E., 
M.A., D.8e., F.1.C, (Lecture I), Wednesday, February 
16, at 8p.m.: Ordinary Meeting, “‘ Pneumatic Elevators 
in Theory and Practice,” by Mr. William Cramp, D.Sc., 
M.L.E.E, Sir ogy > E. Petavel, K.B.E., D.Sc., F.R.S., 
Director of the National Physical Laboratory, will 
preside. 

Tue InstiTuTION OF MgoHmANICAL ENGINEERS: 
Grapvuates’ Assocration.—Monday, February 14, at 
7 p.m., in the Hall of the Institution, Special Lecture on 
** Generation of Steam,” by Sir John Dewrance, K.B.E., 
Member of Council. Members of the Institution are 
also invited, 

Tue SHEFFIELD ASSOCIATION OF METALLURGISTS AND 
METALLURGICAL CHEMISTS.—Tuesday, February 15, at 
7.30 p.m., a paper will be read by Mr. F. Darley, on 
“The Production of Steel Castings.” 


Tue Instirvure or Marine Enoineurs.—Tuesday, 
Feb: 15, at 7 Vm at 85, The Minories, E. 1. A 
paper will be read by Major J. H. W. Gill, C.B.E., on 
‘ Hydraulic Propulsion as Applied to Special Conditions.”’ 

Tse Iwnstrruttion or Locomotive ENGINEERS.— 
Tuesday, February 15, at 7.15 p.m., in the Caxton Hall, 
Westminster. A paper by . F. J. Hookham, on 
“ Standardisation of Locomotive Parts on a National 
Basis,”’ will be read and discussed. 


Tue InstiTuTE oF Cost aNnD Works AccoUNTANTS.— 
Wednesday, February 16, at 7 p.m., at the Hall of the 
Institute of Chartered Patent Agents, Staple Inn Build- 
ings, Holborn, a Lecture will be given on “ Costing as 
an Aid to Management,”’ by Mr. V. H. Minton, F.C.W.A. 
Chairman, Mr. R. Just Boyd. 


THE Royat Mereoro.oaicat Society.—Wednesday, 
February 16, at 8 p.m., at 70, Victoria-street, West- 
minster, a Special General Meeting will be held to con- 
sider the time at which ordinary meetings are to be held. 
To be followed by an Ordinary Meeting: Papers to be 
read—({1) “‘A New Method of Constructing Average 
Monthly Rainfall Maps,” by M. de Carle 8. Salter, 
F.R.Met.Soc., Superintendent, British Rainfall Asso- 
ciation; (2) ‘‘An Unusual Pilot-Balloon Trajectory,” 
by Mr. G, Aubourne Clarke, F.R.Met.Soc. 


Tae Mrptanp Instirore or Mristnc, Crvm anp 


14, 


MECHANICAL ee ee February 17, at 
2 p.m., in the Mappin Hall, The oe heffield, 
a General Meeting will be held. A paper will be read by 


Mr. H. Sloog, on “‘ The Destruction and Restoration of the 
Coal Fields in Northern France.”” The fo 
will be open for discussion: ‘ Firedamp 
by Dr. R. V. Wheeler; Abstract on ‘No. 1 Memo. 
° 


the Miners’ Lamp Committee,” by Professor F. 8. 
Armstrong ; “‘ Metering Compressed Air,” by Mr. J. L. 
Hodgson ; “ The Distribution of Mineral Matter in 
by Dr. R. Lessing. 


Coal,”’ 

Tue InstrrvuTion oF Etectrrica, ENnGiveers.— 
Thursday, February 17, at 6 p.m., at the Institution 
of Civil Engineers, Great George-street, Westminster, 
rsS.w. “ tic ibility of Low Order,”— 
Lecture I, ‘ Instrumentation,”’ by Professor E. Wilson. 


Tue InstiruT1Ion oF Locomotive ENGINEERs, 
Guiascow Mesrtinec.—Thursday, February 17, at 7.30 
.m., at the Royal Technical ee George-street, a 
ure will be delivered by Mr. M. on * Loco- 
motive Efficiency.” 


Tue Royat AgrronavtTicat Socrery.—Thursday, 
February 17, at 5.30 p.m., at the Royal Society of Arts, 
John-street, a London, W.C. 2, Mr, F. Handley- 
Page, C.B.E., will read a paper on the “‘ Handley-Page 
Wing.” 

Tue Royat InstirotTion or Great Brrrais.—Friday, 
February 18, at 9 p.m., @ discourse will be delivered by 
Mr. Solomon J. Solomon, R.A. The subject is “‘ Strategic 
Camo’ .” Afternoon Lectures, at 3 p.m. : Tuesday, 
February 15, the Hon, J. W. Fortescue, C.V.0., LL.D., 
Hi r~ leery Sorliies Thureda es 17 

is Unmilitary ”. q 
Herdman, ©.B.E., LL.D., D8, F.B.8., on 


to which such vehicles use the public roads. The letter} Mr. W. A. 

further te a that, pending canatdndioin of _ = er ae The Sea Fisheries ”’ ; y, 
particulars by the Minister the authorities | February 19, Mr. A. Fowler, F.R.S., Pres.R.A.8., on 
should take no steps to enforce the taking out of licences ‘ Spectroscopy—(II) Regularity in Spectra. 


by the owners of such electric trucks. 





Tae Junior InstrrvTion or Enotneens.—Friday, 





February 18, at 7 p.m., at 39, Victoria-street. Social 
evening. 

Tae Iwnstrrvtion or MercuanicaL ENGINEERS, 
Friday, February 18, at 6 p.m., Annual General Meeting 
at the Institution, Storey’s Gate, St. James’s Park, 
8.W. The Annual Report of the Council will be pre- 
sented. Paper to be read: “The Desirability of 
Standardisation in the Testing of Welds,” by Mr. F. M. 
Farmer, of New York. 


Tae IystrroTion oF Muntcrpat anp County Enct- 
NEERS, METROPOLITAN District Merertine.—Friday, 
February 18, at 11 a.m. Members will meet at Upper 
Montague-street, Russell-square, W.C., for a demon- 
stration of the Jaeger concrete-mixing machine, to be 
followed by other demonstrations in Woburn-square. 
After Luncheon at the Holborn Restaurant, a discussion 
will be held, after which there will be an inspection 
of road-constructing plant at Battersea. 


Tue Srarrorpsare Iron anp Street InstrrvTe.— 
Saturday, February 19. A paper by Major F. A. 
Hooper, on “The Use of Magnets in Iron and Steel 
Works,”’ will be read and discussed. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—South Wales coal owners are 
——- determined to attempt to put a stop to the 
selling of coal at less than the general cost of production. 
In these notes last week it was stated that the Commercial 
Committee of the Coalowners’ Association had unani- 
mously recommended the general body to bring into 
immediate operation a scale of minimum export f.o.b. 
rices based on 59s. per ton for best large and 20s. for 
smalis, and on Saturday the Association agreed 
to adopt the proposal as a temporary measure. Sub- 
committees have since been appointed to fix the minimum 
prices of the various grades of coal, and the Commercial 
Committee have also agreed upon directions which are 
to be issued to colliery companies in order to ensure that 
the minimum prices are adhered to. In view of the fact 
that the minimum scale in respect to large descriptions 
is much in excess of the French import maximum, 
the result of the Association’s decision will be watched 
with interest. The minimum prices for smalls are on a 
par with the maximum import prices, but the demand 
for smalls is practically negligible. It is, however, 
expected that the French Bureau des Charbons will be 
abolished at the end of the month and that importers 
will be free to make their own arrangements. Though 
this freedom would be welcomed it is not expected 
that there will be much demand from France for a while, 
as reports indicate that la stocks of coal have been 
accumulated. Meanwhile the market remains as dull 
as ever and the demand is insufficient to absorb outputs, 
which have been considerably reduced by compulsory 
temporary stoppages brought about by the lack of 
trade and a shortage of trucks. Generally, colliery 
owners indicated the minimum prices for the better 
quality coal, but for the inferior grades were prepared to 
sell at the best figures obtainable pending definite 
information in respect to the minimum prices, Indeed, 
little improvement in the position, if any, is anticipated 
until the cost of production is lowered and merchants are 
able to com with foreign sellers, This can only 
be brought about by a reduction in labour costs and a 
a lowering in the cost of stores, Cargo exports 
ab last week at 206,500 tons, were 49,000 tons in 
excess of those for the preceding week. Of the total, 
84,000 tons went to France, 27,000 tons to Italy, 9,000 
tons to South America, 19,000 tons to Spain, 12,000 tons 
to Portugal, 5,000 tons to Greece, 11,000 tons to British 

coaling stations and 39,000 tons to other countries, 


The Iron and Steel Trades.—Some interesting facts in 
respect to the tin-plate trade and its direct connection 
with other industries were given by Mr. J. C. Davies, 
managing director of Baldwin’s Limited, at a dinner last 
week, w he stated that the South Wales tin-plate 
industry employed 27,000 workers, whose w came 
to 208,0001. per week. To manufacture the tin plates, 
26,000 tons of steel were required, giving employment 
to 8,400 men and amounting to 40,0001. a week. 
The making of the steel bars required 14,000 tons of 

ig-iron, and the production of this gave employment to 
b 500 men, whose weekly wages totalled 19,4001. For 
the -iron, 18,000 tons of coke were used, employing at 
the coke ovens 1,Q00 men, whose wages came to 7,200/. 
a week, The coal consumed in the various processes 
amounted to 73,235 tons weekly, giving employment to 
about 20,000 colliers, whose weekly wages bill amounted 
to 80) 4 136,0001. th ng oatel number “ 
ns emplo in producing the weekly output o 
Fin plates was 59,495 and the wages bill 411,000/. The 
fact that steel bars have been reduced by 3/. to 14/. 10s. 
per ton has created a more hopeful feeling in the tin- 
te trade, Business, however, remains slow, with prices 
rom 32s, to 36s, a box, 





Tue Swepiss Mercantirrz Marimve.—The Swedish 
Mercantile Marine, on November 30, 1920, comprised a 
total of 2,817 vessels, according to Swedish Export. Of 
this number 1,236 were steam-ships of 963,000 tons 

518 were motor vessels of 125,000 tons gross, and 
oes were sailing vessels of 837,000 tons gross. 





Tue InstirvTion or Martne Enotneers.—Prospec- 
tive candidates for the —. Register scholarships, the 
i the awards, and the 
Jacobs memorial @r may obtain full 
particulars of these and other awards in connection with 
the Institute of Marine Engineers rated) from 
the Secretary, 85, The Minories, London, FE. |! 
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Fig.8. SECTIONAL ELEVATION. Fig.9. SECTIONAL PLAN. 
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PLATE VII. 





PARAFFIN MARINE ENGINES WITH REVERSING GEAR. 


LENIPAER MOTORS, LIMITED, ENGINEERS, GLASGOW. 


scription, see Page 168.) 
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Fic. 6. GrnerRaL View oF Six-CyLiInpER ENGINE. 
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Fie. 7. GENERAL View oF Two-CYLINDER ENGINE. 
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THE SPONTANEOUS COMBUSTION OF 
COAL. 


To large consumers of coal the problem of storage 
is always of importance. Not only has an adequate 
supply of fuel to be kept on hand as a safeguard 
against interruptions of transport or other difficul- 
ties, but the possibility of taking advantage of 
periods of seasonal cheapness is largely dependent 
upon facilities for storage. Many causes have tended 
to bring the question of coal storage into greater 
prominence during recent years. Irregularities of 
supply due to the action of mines or transport 
workers have been more frequent, and often the 
particular class of coal desired by the purchaser had 
to be bought at the time it was offered or not at all. 
Other circumstances also harassed the consumer. 
Coal in general has been of far worse quality than 
before the war owing to the fact that every kind 
of dirt and refuse has been sent up from the pits in 
response to the demand for output. This has necessi- 
tated a larger bulk being stored in order to provide 
an equivalent reserve, while the enormously en- 
hanced cost of the material itself and of the labour 
involved in storing it have directed attention very 
forcibly to the necessity for reducing the wastage 
of stored coal and the expense of handling it to the 
utmost degree. 

The deterioration of stacked coal, and the danger 
of its spontaneous combustion are questions which 
have exercised the minds of engineers for many 
years. They arise wherever coal is stored in any 
quantity and are more or less serious according both 
to the nature of the coal and the methods of storage. 
Both these factors are often largely outside the 
control of the user, who nowadays has to buy what 
coal he can get and store it where and how he can 
best manage to do so. But whatever the local 
conditions may be, the chemical and physical causes 
of deterioration and spontaneous combustion are the 
same in every case, so that preventive measures 
must always follow the same general principles. 
To what extent it is advisable or commercially 
practicable to apply them is a matter which has to 


4| be decided for particular circumstances. The price 


of absolute safety, in so far as the term has any 
meaning, is usually too high to be paid in a practical 
world, and common sense therefore has to be applied 
in determining the precautions which are advisable 


8}in order to ensure reasonable security. 


There is fortunately, in general, no particular 
danger to life or external property when a coal pile 
alight, but the event is always an un- 
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mitigated and expensive nuisance. Every engineer 
who has stored much coal knows the anxiety with 
which he has sniffed the air on the leeward side of 
a suspected coal pile, and the disgust with which 
he regards the first traces of smoke or steam issuing 
from the heap. Then comes the immediate diver- 
sion of all available labour to the task of opening up 
the heap, and after the job of extinction is thought 


to have been completed, the discovery by someone 
of some more smoke coming from another place. 
These are incidents which must have been ex- 
perienced by most men who have had much to do 
with coal storage, but even more common are the 
fires which develop in bunkers. The bunkers in 
power houses are usually full of small coal, which 
is a predisposing factor, and they are situated in the 
top of the boiler house where the temperature is 
favourable to spontaneous combustion. These 
bunker fires, however, are not generally very serious 
as the bulkheads in the bunkers divide the coal 
into comparatively small amounts, each of which 
can be run off on to the boiler room floor and there 
dealt with. 

The reason for coal piles getting on fire is usually 
attributed to the presence of a good deal of sulphur 
in the coal and to the storage of the latter when in a 
damp condition. To what extent these opinions 
are based on real knowledge it is difficult to say. 
Either, or both of them may well be founded on 
false analogies, sulphur being conceived as a 
particularly inflammable substance, and the danger 
of stacking damp vegetable matter, such as hay, 
being well known. Investigations on the storage 
of bituminous coal, carried out by the University of 
Illinois, tend to show that the factors mentioned 
are not by any means the deciding ones. The 
investigations of the University were not merely 
laboratory experiments, but consisted in the study 
and analysis of the experience of some hundreds of 
railway companies, manufacturing concerns, &c., 
who had stored coal of various kinds under widely 
different conditions. The full results of the inquiry 
are published in Bulletin No. 116 of the Engineering 
Experiment Station of the University. It was 
found that, while apparently every class of bitu- 
minous coal could be stored without danger, it was 
equally true that all varieties have been known to 
fire when stored. Some coals were certainly safer 
| than others, and therefore needed less precautions, 
and the authors of the Bulletin quote, apparently 
with approval, the opinion of Mr. J. H. Anderson, 
who stated in a paper read before the Institute 
of Marine Engineers, that the geological age of coal 
is a fair guide to its liability to heat, anthracite 
being the safest to store and lignite the most 
dangerous. Mr. Anderson’s views are probably 
based on English experience, into which the question 
of lignite does not enter, and we believe a more 
extensive knowledge of the latter class of coal would 
have prevented any such plausible generalisation. 
It is Certainly true that, while occasionally a lignite 
heap will fire, the typical lignites of North-West 
Canada can be safely stored in heaps containing 
thousands of tons with no precautions whatever, 
while smaller bituminous heaps lying alongside under 
identical conditions as to size of coal, &c., are much 
more liable to spontaneous combustion. 

The general conclusion of the authors of the 
Bulletin to which we have referred, appears to be 
that the presence of dust and small coal is the 
principal determining cause of the firing of a coal 
pile. Such coal presents relatively a very large 
surface to the air in proportion to ite bulk, and it 
is the surface oxidation which starts the trouble. 
Stacks of large coal, unmixed with slack, rarely 
or never get on fire, because the rate of oxidation 
is not very great and the circulation of air is free 
enough to carry off any heat as fast as it is generated. 
One would gather from the pamphlet that the 
greatest safety is obtainable under the two extreme 
conditions, namely either a perfectly free air 
circulation throughout the pile or the entire pre- 
vention of the access of air to the interior. The 
first condition may be approached by having the 
heaps composed of coal of uniform size, so that the 
voids are a maximum, and the latter may be attained 
by stowing the coal under water, a procedure not 
generally applicable. The most dangerous pile, as 
regards spontaneous combustion would appear to 
be one composed either of mine run coal or of lump 
coal considerably broken by rough handling. In 
such cases the larger lumps would permit air to 
reach the fine, readily oxidisable, material in the 
interior, but not in sufficient quantity to carry 
away the heat evolved. 

Whether coal piles should be systematically 
ventilated appears to be a matter of opinion, but 
the weight of the evidence in the United States 
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seems ’against the practice. Not only are the/ ture is recorded it is advisable to dig into the coal 


ventilating pipes a 


great nuisance when coal is|and endeavour to expose the place sufficiently to 


being removed from the pile, but by leading air into | give it a chance to cool. Temperatures of 140 deg. 
the interior they are very liable to bring about just} or 145 deg. F. have been recorded without fires 
the conditions which have to be avoided. It is| occurring, but when 180 deg. is reached the coal 
noteworthy that in 16 coal piles, out of 303 which | will be smoking. When the existence of a fire is 
were reported on, ventilation had been attempted, | established, or only suspected, digging is the first 


and in 11 of these 16 ventilated piles fires occurred. 


thing to do, the object being to cool the coal. 


Inadequate ventilation, as most ventilation is in| Playing of water from a hosepipe on the surface 


practice, is worse than having no ventilation at all. 


of the pile is quite useless, as it will not penetrate 


Tn many cases fires have started near the ventilation | in sufficient quantity to do any good, and it can 
pipes, and planks, piles and beams of timber within | never reach the seat of the fire owing to the crust 


coal piles have often been the cause of fires, appa- 


of caked coal which forms round the burning spot. 


rently by forming a kind of flue which facilitated | The isolation of the burning portion of the pile from 
combustion. If ventilation is carried out by means | the remainder by means of trenches cut by a steam 
of large shaft-like openings the conditions are very | shovel or by hand, is an obvious precaution against 
different from those obtaining when boiler tubes or | the spread of the fire, but the actual exposure of the 
other pipes are driven into the pile. The openings|seat of the mischief is the only effective way of 
let the coal cool, in the same way as ordinary | dealing with the fire itself. 


external surfaces, and except as regards the labour 
and expense of making them, they are probably 
wholly advantageous. 

As regards the danger of storing damp coal, 
the authors admit that the exact effect of moisture 
in connection with spontaneous combustion is not 
known, but following a prevalent opinion, which 
may or may not be based on sound knowledge, they 
deprecate the putting of wet coal into a pile, or 
storing coal on a damp base. Some laboratory 
experiments indicate that wet coal absorbes more 
oxygen than dry coal and others show the contrary, 
the difference being possibly due to the different 
nature of the coals experimented on. Mr. J. B. 
Porter, who investigated the Canadian coals on 
behalf of the Canadian Department of Mines, 
concludes that moisture has no appreciable effect in 
raising the temperature of stored coals. He thinks 
that the belief is due to a confusion of cause and 
effect by persons who have discovered fires in coal 
piles. Such fires are often noticed shortly after 
rain storms because visible steam is seen to rise 
from the interior of an apparently cool pile, the 
steam being due to the percolation of rain to a 
heated spot. Moreover the combustion of coal 
itself produces steam and also turns into steam the 
hygroscopic and other moisture of the fuel. He 
points out, very pertinently, that of 27 persons who 
testified before a Royal Commission as to the 
dangerous effects of moisture, 25 admitted on cross- 
examination that they were only repeating hearsay, 
and another was not cross-examined. 

Another prevalent opinion is that the mixture of 
different varieties of coal is a disposing cauge of 
spontaneous combustion. No satisfactory explana- 
tion of why two different classes of coal should be 
more liable to catch fire when mixed, than either 
of them is when stored separately has yet been 
offered. In a technical paper issued by the Depart- 
ment of the Interior, at Washington, the suggestion is 
hazarded that mixing may produce conditions in 
the pile which tend to retain heat. This does not 
seem very convincing, but the fact remains that all 
the evidence gathered by the University of Illinois 
goes to confirm the view that mixing coal increases 
the risk of fire. Even the dumping of fresh coal 
on a pile of the same kind which has been stored 
for some time is said to have apparently been the 
cause of fires starting at the junction between the 
new and the old coal. 

The dangerous period in the history of a coal pile 
is undoubtedly during the first three months of its 
life, as the liability to fire diminishes very rapidly 
after this length of time, although it seems never 
wholly absent. The appearance of smoke or steam, 
or the smell of burning coal is usually the first 
notification that anything is wrong with the pile, 
unless, as is done in some cases, temperature mea- 
surements are periodically taken. Iron rods thrust 
deeply into the pile, and felt by the hand imme- 
diately upon their withdrawal, afford a simple indi- 
cation of temperature and one quite adequate for the 
control of piles of reasonable size. Indicating pyro- 
meters, sometimes kept permanently in position, 
afford a more exact eaaien to the iron rods, 
but they are almost sure to be smashed sooner or 





THE EROSION OF BRONZE 
PROPELLERS. 

A FEW years ago a discussion on the destruction 
of marine propellers would appropriately have been 
headed: Oorrosion or Erosion? At the present 
time few experts would hesitate to say that the 
pitting of the propellers is essentially and primarily 
due to erosion, i.e., mechanical attack, though 
corrosion, chemical and electrolytic action, would 
increase the effects. This implies that the com- 
position of the propeller alloy is by no means a 
secondary consideration, a fact which, of course, 
erosionists do not question. Complex problems may 
for a time appear to suit rival theories almost 
equally well, and the peculiarly patchy character of 
the propeller attack seemed to afford support to 
either theory. Propeller-makers and marine engi- 
neers probably favoured the erosion theory when 
chemists still upheld corrosion. 

Our readers have been able to watch the develop- 
Lment of the controversy in our columns. After 
an account of the work of Dr. Silberrard. in our 
issue of January 12, 1912, not to take the'matter 
further back, in which work the cause of erosion 
and of cavitation was traced by Dr. Silberrard to 
“a combination of frictional rub with the action 
of water broken by evacuated spaces in which no 
air is present,” we had Mr. William Ramsay, of 
Birkenhead (not to be confounded with the late 
Sir William Ramsay), putting forward the case 
for corrosion in our issue of May 24 of the 
same year. A long controversial correspondence 
followed. The discussion then dropped until Sir 
Charles Parsons and Mr. Stanley Cook raised the 
question again before the spring meeting of the 
Institution of Naval Architects in 1919.* The 
title of their paper spoke of “ Corrosion or Erosion,” 
but the summing up was very decidedly in favour 
of erosion, and this on the strength of many varied 
experiments demonstrating in a convincing way 
that the “ erosion is caused by the powerful hammer 
action of the water on the propeller produced by 
the cavities closing up on the surface of the blades.” 
The cavitation-erosion theory was fully accepted 
by the meeting and endorsed elsewhere. That did 
not dispose of the importance of the propeller 
material, however. To this aspect of the problem, 
Dr. O. Silberrard reverted in the paper on “ The 
Erosion of Bronze Propellers,’ which he read before 
the Society of Chemical Industry last Monday. 
Dr. Silberrard there gave the first detailed account 
of twelve years of research work which has led to 
the universal adoption of the 8 alloy for the'manu- 
facture of propellers. 

Up till 1906, Dr. Silberrard stated, propeller 
deterioration seemed to be limited to iron and steel 
and to be traceable to chemical corrosion. As the 
speeds were raised, bronze propellers also gave 
trouble; the deterioration indeed threatened to 
restrict the speed. The first set of Mauretania pro- 
pellers were practically destroyed in three months, 
and some torpedo-boat propellers did not even pass 
their trial runs undamaged, as the specimens he 
exhibited proved. Then Messrs. Charles F. and 
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and Dr. Silberrard himself, began a systematic inves- 
tigation which led to the discovery of the erosion- 


* See Enarnegrina, April 18, 1919, pages 506 and 515, 











resisting alloy adopted for modern high-speed 
navigation,, and'!to the view of erosion which we 
have outlined above. That view had, Dr. Silber- 
rard said, in the main been confirmed by the Sub- 
Committee of the Board of Inventions and Research. 
He differed from some of the conclusions of that 
committee, however, mainly as to the importance of 
the type of alloy and of the frictional rub. Some of 
his propeller specimens looked as if they had been 
chemically etched. By forcing water through steel 
nozzles with the aid of nitrogen at pressures of 
2,000 Ib. per square inch he produced the same 
effects, however. He had pitted bronze by this 
frictional rub, and he exhibited as an example of 
the effect the spindle of a hydraulic valve, the 
seating of which had become so worn as to permit 
of a continuous passage of water. If the action 
of sea water was confined to corrosion, then for 
such corrosion to extend to a depth of 2} in., as in 
his section of the blade of the Mauretania propeller, 
5,000 years instead of three months would be 
required. Experimenting with bronzes in sea water 
he had found that the effects of galvanic action in 
general and in particular of galvanic action between 
parts under repeated stress and other parts were 
entirely negligible. Sea water tarnished rather than 
corroded bronze. 

As regards the influence of structure, Dr. Silber- 
rard remarked that the committee appeared to be of 
the opinion that there was no evidence of a con- 
nection’ between the structure of the metal and the 
erosion. That was hardly borne out by Professor 
H. C. H. Carpenter’s own observation and that of the 
two constituents of the alloy, a and § crystals, the 
a crystals were the more easily deformed,* and the 
committee seemed to have examined chiefly one of 
the alloys essentially of 8 structure. Dr. Silberrard 
exhibited many slides illustrating the behaviour 
of specimens partly taken from propellers, records 
of which had been kept, proving that a crystals 
had been broken and washed away where £ crystals 
had stood the strains. Micro-examination of 
damaged propellers showed distinct evidence of 
deformed a crystals, which had predominated in the 
old manganese bronzes. Accidental damage caused 
by hawsers fouling the propeller and other causes 
would favour subsequent erosion, The dirt in the 
castings had little to do with the degree of erosion 
and its position on the propeller; neither had the 
cavities of unsound castings been found to develop 
into erosion areas. 

Roughly, two classes of propellers were subject to 
erosion: small propellers running at high speeds, 
and large propellers transmitting great power. The 
relative positions of the areas attacked varied in a 
perplexing manner. Yet three types of erosion 
might be distinguished which could be classed 
(a), (b) and (c). In the first instance the erosion 
would be due (a) to damage done to the pro- 
peller. When (a,) the leading edge was bent or 
distorted, erosion would occur on that side of the 
blade towards which the blade was deflected; the 
leading edge left a trail of water broken with 
evacuated spaces starting from the distortion, and 
as that current swept over the blade, the vacuum 
bubbles collapsed causing the combined frictional 
rub and water hammer action; the eroded areas 
would lie on an arc described about the centre of 
the propeller and passing through the distorted edge. 
In case (a,) damage was due to the following edge, 
the broken water impinging upon the back of the 
next blade of the same propeller; the patches 
were larger than in (a,), but less deep. Case (a;) 
arose when plugs inserted into the propeller were 
washed out of their holes; the water rushing 
through such holes shared in the rotation and 
striking the quieter water behind induced cavitation 
and comet-shaped erosion areas. The second (b) 
type of erosion was due to disturbances caused by 
the propeller itself. The propeller might run at 
too high a speed (b,); or might set up stream lines 
from the following edge of the preceding blade (b,) 
which would cut the boss, expecially if the blades 
were very wide ; or (b;) the back-wash from the sides 
of the ship, reflected upon the blades gave rise 
to very severe erosions ; this would happen particu- 
larly with wing propellers turning inwards with 





* Compare the appendix to Sir Charles Parsons’ paper, 
page 518 of Exctveenna, of April 18, 1919. 
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insufficient clearance. Thirdly, (c) erosion might be 
due to some body forward of the propeller making 
a stream of broken water impinge upon the pro- 
peller ;.-that body might be a forward propeller 
(c,), an A bracket (c,), or the ship itself (c;). The 
(c) effects were often very strong, and it was ex- 
tremely difficult to allow for all the factors deter- 
mining the correct position of the propeller. 

In any case, however, Dr. Silberrard proceeded, 
after having explained these conditions with the aid 
of diagrams, the alloy should be erosion-resisting. 
They had soon learnt in their investigation that 
a crystals were liable to ‘deformation unless they 
were embedded in 8 crystals, and they had first 
aimed at securing a 8 structure. But such copper- 
zinc alloys had years ago rightly been regarded as 
mechanically unsound, and they had looked for 
suitable additions to the Cu-Zn alloys which would 
change the a into a 8 structure without impairing 
the physical properties of the alloy. In these 
studies, made with charges of 300 lb., they had 
availed themselves of Guillet’s observation that 
part of the zinc in complex brasses may be replaced 
by other metals. They found that, in this sense, 
1 part of zinc is “ equivalent” to 0-16 part of Al, 
to 1-1 part of Fe, 2 parts of Mn, 1 part of Cd 
and of Pb, 0-1 part of Si, and to 0°5 part of silicon. 
These “ equivalents” had nothing to do apparently 
with the atomic weights of the elements and their 
chemical equivalents, and Dr. Silberrard was not 
aware that these equivalences had been explained. 
But the idea had proved very fruitful in the pro- 
duction of mechanically-sound bronzes of 8 struc- 
ture. In the following table the column marked A 
indicates the composition of the corresponding 
imaginary brass :— 
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The addition of tin did not appear to be very 
detrimental to 8 alloys. Manganese, it would be 
seen, improved the physical properties, but gave 
trouble in the foundry when present in high per- 
centage. Aluminium seemed to raise the elastic 
limit. The composition of the old standard 
manganese bronze was not stated; the last alloy 
but one (containing Al, Mn, Fe), Dr. Silberrard said 
might be regarded as the parent of the erosion- 
resisting alloys produced since 1909 by the Man- 
ganese Bronze Company. A Cu-Zn brass of purely 
8 structure was not satisfactory in mechanical 
respects ; but the introduction of small percentages 
of aluminium, manganese and iron had given the 
8 structure the desirable high tensile strength, 
elastic limit (difficult to determine in these alloys) 
and elongation. 

Dr. Silberrard, in expressing’ his indebtedness 
to Mr. P. R. Parsons,’ Sir Phillip’ Watts, Professor 
C. H. Desch, Mr. A.' T. Quelch, the Manganese 
Bronze Company, Messrs. J. Stone and Co., and 
Messrs. Billington and Newton, as well as to the 
superintendents of the Admiralty dockyards and 
the leading shipping companies, was able to state 
that he had met everywhere with the greatest 
readiness to facilitate his researches. That readiness, 
we need hardly say, of course implies a compliment 
to the investigator himself. Some interesting re- 
marks were made by Mr. Quelch during the discus- 
sion. He had made propellers of many designs for 
thirteen years, he said, using more than 16,000 tons 
of material. In some propellers the sum of the areas 
of the three blades had exceeded the disc area, so 
that the thread overlapped the blade behind, and 
they had made 26 different propellers for one of the 
early torpedo scouts. At the time of the Maure- 
tania, propellers were built up. Dirt might accumu- 
late in parts where the metal was running downhill 
in the pit so that the oxide had no chance of escaping, 





He would prefer to have fatigue tests to tensile 
strength tests. The size of crystals had not been 
touched upon by Dr. Silberrard; large crystals, 
an inch and more long, did occur and were, of 
course, undesirable. They had not quite overcome 
the erosion difficulties yet, but had not had real 
trouble with the 8 structure ; in their latest alloys 
they had reached an elastic limit of 18 tons per 
square inch, and an elongation of 27 per cent. in test 
specimens which they could bend at 90 deg. With 
respect to the size of crystals Dr. Silberrard added 
that they had introduced combinations of a and 8 
structure in order to reduce the crystal size. When 
masses of metal of 30 tons had to be dealt with as 
in modern propeller foundries, it was difficult to 
keep the percentages of zinc and aluminium constant 
and homogeneous within 0-1 per cent. 





THE RAILWAYS OF THE UNITED 
STATES. 

Tue railways of the United States are suffering 
at the present time from much the same troubles 
as are those of our own country. During the war, 
that is to say when the United States came into it, 
the Federal Government assumed control, and, 
whatever the temporary benefit, ended by leaving 
the systems in a condition—as happened in our own 
case—with rolling-stock badly behind as regards re- 
pair, property considerably depreciated, a shortage 
of stock, and a deficit on the years’ working instead 
of a considerable balance. A time lag in the 
regulation of rates produced just the same result 
there as here, while the Government control brought 
with it immense increases in wages. The endeavour 
has been made since to re-establish the railways 
as commercial undertakings on lines similar to those 
attempted over here; as a matter of fact, the 
credit for the method adopted is mainly due to the 
United States, the proposals for this country having 
been largely copied and adapted to the United 
Kingdom by our Ministry of Transport. 

In the United States the railways were taken 
over by the Government on January 1, 1918. 
They remained under Government operation till 
March, 1920. They were subsequent to that date 
granted a guarantee, for six months only, of net 
earnings equal to the rentals paid during Federal 
operation. Since, then, September 1 of last year, 
the railways have been altogether independent and 
have relied solely on their earnings for their support. 
For the year ending with the close of 1917 the 
Class I systems showed an income available for 
dividends, &c, of about 338,780,000 dols., the lines 
represented in this category having a mileage of 
232,198. Complete official statistics for later 
years are not complete, but we may quote figures 
compiled by the Bureau of Railway News and 
Statistics, of Chicago, which are decidedly interest- 
ing. This bureau has worked for a long series 
of years on figures supplied by the companies them- 
selves, which have been found closely to agree with 
Official statistics when compared on a proper basis, 
and have generally been accepted as reliable. 
According to these the first year’s working under 
state control reduced the surplus from the figure 
given above to just over 79,000,000 dols., for a total 
mileage about 18,000 miles greater than the 
official figures accounted for in 1917. At the end 
of 1919 the Bureau’s figures show a deficit of nearly 
29,000,000 dols. to have resulted instead of a surplus. 
These figures allow for interest on funded debts, &c., 
rent of leased roads, &c., and in former years for 
betterments, but the latter have been, however, 
wiped out in 1919, and the sinking fund contri- 
bution has been greatly reduced. Before the war 
the Interstate Commerce Commission started on a 
valuation of the railways of the country. A pre- 
liminary estimate of 18,900,000,000 dols. was 
announced some little while ago. It is pointed out 
that if 6 per cent. were allowed on this official figure 
the deficit for 1919 would have worked out at about 
600,000,000 dols., since the net operating income 
only reached about 500,000,000 dols. in 1919. 

In order to square matters up to some extent, the 
same policy as we are having applied to this country 
is being adopted. The United States Transporta- 
tion Act of 1920 allows of the increase of rates to an 
extent which will bring the railways a reasonable 
return. The figure at which this was set is 5} per 





cent., the Interstate Commission having, if it 
deems it advisable to use it, the power to make 
6 per cent, the basis for the level of rates. Itis now 
pertinently asked how with this return the railways 
can be expected to obtain fresh capital to carry 
out the improvements which a sound business 
policy would suggest. Mr. W. W. Atterbury, 
Vice-President of the Pennsylvania System, has 
pointed out that many of the world’s sound securities 
are returning about 8 per cent. or 9 per cent. The 
leading railways in the United States have had to 
borrow at 7} per cent. I€ is impossible, of course, 
to go on borrowing at this rate if the earning power 
is limited to 6 per cent., without ending with 
disaster. 

Mr. Atterbury mentioned some of the causes 
which, in his opinion, contributed to the reduced 
efficiency of the railroads during State control. 
First, he placed political influences, and second, the 
virtual establishment of the “ closed ” shop, and the 
intentional abolishment of piece-work in the shops. 
Another detrimental influence was the elimination 
of incentive to individual effort by placing men 
all over the country under similar conditions of 
work and wages, while the National Boards of 
Adjustment took matters such as the settlement of 
grievances and discipline cases out of the hands of 
local officials. These have naturally militated 
against good operation, and however inevitable they 
may have appeared under the exceptional stress of 
the war, there is no doubt that they have left disas- 
trous legacies behind them. In 1916 the ratio of 
wages to revenue was 41-9 per cent., having fluc- 
tuated between 39 per cent. and 45 per cent. for many 
years. In 1919 the proportion had risen to 55°47 
per cent., owing to wage advances ordered by the 
State without adequate offset in revenue-earning 
capacity. Wages have gradually increased till they 
are now over 65 per cent. of the operating expenses. 

In 1916 the wages bill represented about 
1,500,000,000 dols ; in 1919 it was over 2,900,000,000, 
and preliminary figures for 1920 place it at about 
3,600,000,000 dols. In the interval between 1916 
and 1919 the gross earnings only increased from 
3,600,000,000 dols. to 5,200,000,000 dols., so that 
the heavy incidence of these. Government con- 
cessions is at once clear. Is it any wonder that the 
ratio of revenue to expenses has risen from about 
66 per cent. to 85 per cent. ? An interesting point 
in this connection is that of making wages awards 
retrospective. Since investigations take some time 
to make, of course, this is quite a thoughtful and 
proper step to take, but how few people who claim 
this as a right consider for a moment that rate 
investigations usually take longer to conduct, and 
that when a decision is reached they not only cannot 
be made retrospective, but some months of warning 
has to be given before new charges may be applied. 
An ordinary commercial company faced with new 
expenditure can take early steps to meet it. Not 
so a railway, which for months or even years may 
be compelled to make itself liable, at Government 
dictation, for payments which it cannot take any 
steps to cover adequately. 

Now we are faced at home with the prospect of 
heavy national expenses connected with railway 
control, it is of some interest to see what has 
happened in the United States with regard to the 
Interstate Commission. This Commission’s ex- 
penses gradually rose from 538,827 dols. in 1907 (the 
first year in which there were seven commissioners) 
to 4,834,098 dols. in 1916. In 1917 the number was 
increased to nine, and the cost rose in 1919 to 
5,721,680 dols. The Commission has now been 
enlarged to 11 members, with terms of seven years’ 
service, at a salary of 12,000 dols. each. The war 
administration of the United States railways 
involved a special staff of about 3,000 additional 
officials and employees at an annual expenditure of 
7,500,000 dols., the salaries ranging from 50,000 
dols. a year downwards. We mentioned above the 
valuation conducted by the State, and commenced 
about eight years ago. It cost the country some- 
thing like 53,000,000 dols., of which the railways 
have had to pay two-thirds. 

As we have already pointed out, the operating 
ratio has risen to the disastrous figure of 85 per cent. 
In 1919 the revenue for some 250,313 miles of 
system was placed at 5,231,750,063 dols., and the 
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operating expenditure at 4,455,551,292 dols. Other 

contribute to this increase besides 
but nothing like to the same , as iture 
on plant and stock has had to be cut down. For 
material the cost per unit has, of course, risen. 
Rails costing 40 dols. in 1917, cost 47 dols. in 1919, 
compared with 28 dols. in 1907. Passenger coaches 
have increased from 7,330 dols. each to 31,700 dols. 
in twelve years ; freight cars from about 750 dols. 
to 3,414 dols. Part of these changes is due, no doubt, 
to new designs of different construction and in- 
creased capacity. Coal costing about 1-25 dols. 
in 1916 was up to 2-14 dols. in 1919, and had gone 
further up to 3-24 dols. in July last. Improvements 
in the use of fuel on the railways of the United States 
have undoubtedly been considerable of recent years. 
During the war the spread of these was suspended, 
but they are now going ahead again. In spite of 
all, however, the total cost of fuel is vastly greater 
than it used to be. 

It is interesting to note that in the United States 
attention is being directed to a point to which we 
have frequently alluded, namely, the regulation 
of local rates on the railways while motor vehicles 
have State made and State maintained roads pro- 
vided for them. 





THE “ EFFICIENCY ” EXHIBITION 
OLYMPIA. 

THERE seems no very evident reason why the 
Exhibition which was opened yesterday at Olympia 
should be either more or less effective in the pro- 
motion of industrial efficiency than most of the other 
exhibitions which are held in that building from 
time to time. But the word “ efficiency” has a 
very wide oe and its very breadth of 
meaning enables it to serve as a title for an exhibition 
of articles so varied that any more suitable word 
would perhaps be hard to find. The present 
exhibition has been organised by the Daily Mail, 
and includes everything from iron ore to vaccines. 
The large hall, annexe and galleries are all filled 
with stands, many, of course, occupied with exhibits 
of very indirect interest to the engineer, but on the 
other hand engineers will find quite a sufficiency of 
scientific and mechanical apparatus to make the 
show well worth a visit. The Exhibition remains 
open until February 26, and daily, morning and 
afternoon lectures have been arranged on:[such 
subjects as personal and civic efficiency and the 
efficiency of transport, of production, and of the use 
of fuel. Major Frank Gilbreth, whose name is well 
known in connection with the subject of motion 
study, will be one of the speakers on “ Fatigue 
Elimination,” on February 14, and the names of 
other men who have interested themselves in 
industrial subjects are to be found in the list of 
lecturers. In addition to the lectures, no less than 
ten conferences are to be held during the course 
of the Exhibition. These will deal with many 
physical and chemical subjects such as Fluorescence, 
Ultraviolet Light, X-rays, Radium, &c., but 

engineering work is represented by a paper on 
“Marine Engine Curiosities,” to be read by Mr. 
A. E. Seaton, M.I.M.E., and another on “‘ Hydraulic 
Propulsion,” by Major J. H. W. Gill, M.I.M.E. 
These two subjects are to be respectively discussed 
on February 15 and on February 22, at 7 p.m. in 
each case. It will be abundantly evident that those 
who like to hear lectures and speeches will be well 
catered for at the Exhibition. 

It is not invidious to say that the most striking 
exhibit at Olympia is the display made by the 
Ministry of Labour in the Annex. The whole of 
the Annex is devoted to stends illustrating the 
work which is being done by the Government in 
training disabled soldiers in various arts and crafts. 
Few people, probably, are aware either of the extent 
to which this work is carried on, or of the diversity 
of the occupations in life which are made available 
to disabled men. No one inspecting the products 
of the training schools or watching the work of the 
men can doubt that our national obligations have 
been realised and that a really serious and successful 
attempt has been made to transform the injured 
soldier into a self-supporting and self-respecting 
citizen. It now remains for the Government to see 
to it that these wounded men are given the oppor- 
tunities to work at their chosen callings, to which 
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their records in the service of the country and their 


wages, | abilities alike entitle them. It would take too long 


fully to enumerate the various trades, the training 
in which is exemplified at Olympia, but we may 
mention that one stand contains a collection of 
representative machine tools in operation, including 
a No. 9 Herbert capstan lathe, an engine lathe, and 
several grinding, milling and drilling machines. 
Bricklaying, plumbing, plastering, stone masonry, 
carpentry and joinery are all comprised among the 
structural trades whose output it is necessary to 
augment in order to carry out the much needed 
housing schemes. Each of these trades has a stand 
to itself, as also have others, such as coachbuilding, 
cabinet making, furniture making, boot making, 
saddlery, &c., which although of less engineering 
interest, also provide useful and profitable vocations 
for men with greater or less physical disability. 

Turning to the exhibits of manufacturing firms, 
the British Thomson Houston Company, Limited, of 
Rugby, show a motor driven pump in operation, 
the apparatus being arranged to illustrate both 
their contactor switch gear which starts the motor 
automatically when the water reaches a_pre- 
determined level, and their indicating and integrat- 
ing flow meter which measures the amount of water 
pumped. The most interesting object on their 
stand is perhaps their automatic welding machine, 
specially designed for welding extra metal on to 
articles like tramway wheels or shafts which have 
either become badly worn or have been turned to 
too small a diameter. The machine will equally 
well do straight work, such as the seams of sheet 
iron tanks, if required. When employed to renovate 
the rim of a worn wheel, the latter is mounted on a 
horizontal shaft which is slowly rotated by worm 
gear. The iron wire, which both forms the electrode 
and constitutes the metal which is to be added to 
the circumference of the worn rim, is automatically 
fed down to the rim through a head which is very 
slowly traversed axially with the wheel, and is thus 
melted on to the rim in a solid spiral layer. The 
work is creditably smooth, and metal can be 
deposited on the rim at rates up to 44 lb. per hour. 
There appeared to be no question as to the soundness 
of the job, and the machine should prove useful in 
reclaiming for further use many articles which 
would otherwise be scrapped as worn out. We 
hope to illustrate this arc welder and to describe 
it more fully in an early issue. 

The British Oil and Fuel Conservation, Limited, 
9, Southampton-street, London, W.C. 1, show the 
Freeman precision temperature control apparatus, 
which, as the name implies, is a device for main- 
taining a constant temperature in furnaces, tanks, 
stills, or enclosures of any description. The essential 
portion of the apparatus is a bulb of iron, silica, 
glass or other appropriate material placed in the 
space the temperature of which is to be kept constant. 
This bulb contains air and is connected by a pipe 
with the instrument, which may be at any con- 
venient distance. The pipe terminates in a U-tube 
containing mercury, and having its outer end 
inclined at a very slight angle to the horizontal so 
that any difference in level of the mercury is shown 
on a magnified scale. When the required tempera- 
ture is reached, the air in the bulb and pipe is shut 
off from communication with the atmosphere by 
means of an oil seal. Any further rise in tempera- 
ture will then cause the enclosed air to expand, thus 
driving the mercury along the inclined leg of the 
U-tube. A very small motion of the mercury brings 
it into contact with the end of an adjustable 
electrode, and closes a circuit, which by means of 
a relay shuts off the main supply of gas or electricity 
to the furnace. When the latter cools sufficiently 
to break the mercury contact, heat is automatically 
restored to the furnace. The apparatus is remark- 
ably simple, and it is claimed that it will maintain 
any desired temperature constant within 1 deg. C. 

Messrs. Barr and Stroud, Limited, of Glasgow, 
exhibit the “optophone” of their manufacture, 
this being an instrument designed by Mr. Fournier 
D’Albe to enable absolutely blind persons to read 
ordinary print. It depends for its action upon the 
well known fact that the electric conductivity of 
selenium is greatly modified according to the 
intensity of the light which falls upon it. The 
response to changes of light is fortunately also very 
rapid. If, therefore, a piece of selenium is subjected 





tion in respect of depreciation.” 


to a sufficiently rapid succession of flashes of light, 
@ musical note will be heard in a telephone connected 
to the selenium. This fact is taken advantage of 
in the optophone by causing flashes of light to be 
reflected on to a selenium cell from successive 
positions a printed page. When the flash falls on 
a portion of a printed letter, the amount of light 
reflected will be less than from the white paper, 
and the sound in the telephone will accordingly be 
modified. In the actual instrument, there is a 
perforated disc, with five rows of holes, arranged in 
concentric circles. The outermost row contains 
36 holes, and the others 30, 27,'24 and 18 holes 
respectively. This disc is kept in rapid rotation, 
and the flashes of light which pass through the holes 
produce definite musical notes in the telephone, 
which vary in pitch according to the row of holes 
considered. As the type is “read,” the five sets 
of flashes of light traverse along the line of print, 
the reflections from the first row being affected 
successively by the tops of all the letters in the 
line, that from the second row by the next portion 
of the letters, and so on. Thus all the notes are 
modified according to the form of the letters passed 
over, and so sounds will be heard in the telephone 
which will correspond with the printed words. It 
is clear that with an instrument exactly as we have 
described, if white paper was passed over, all the 
notes would be sounded simultaneously, and a 
discord produced. To avoid this Messrs. Barr and 
Stroud have introduced a second selenium cell into 
the instrument, which receives flashes of light 
unaffected by any printed matter. This cell is so 
arranged that it exactly neutralises the effect of 
the other, when the latter receives reflections from 
white paper, and therefore silence is produced in the 
telephone when the “eye” of the instrument 
passes over portions of paper without printing 
marks. The book to be read is clamped, open and 
face downwards, upon a curved glass plate, under- 
neath which the “ eye” travels radially along each 
line of print and then back, and along the next line. 
Type of the size in which this article is set can be 
read by an experienced person at the rate of about 
twenty words per minute, but at least three months’ 
practice is required to attain this proficiency. 
The optophone costs a hundred guineas, and many 
are now employed in this and other countries in 
institutions for the blind. The instrument is a 
beautiful piece of work, both optically and mechanic- 
ally, and one can only hope that its invention will 
alleviate in a measure the affliction of blindness. 


(To be continued.) 





NOTES. 
Computsory PurcHAsE oF A TRAMWAY. 

The fact that their undertaking may one day 
be bought over by a local authority is a matter 
which is, or should be, always before the minds of 
owners of tramway systems. But it is not by 
any means easy to form a correct estimate of the 
amount which will be allowed for an undertaking 
on compulsory purchase. The Tramways Act, 
1870, provides, in effect, that the proprietors are 
entitled to the “then value (exclusive of any 
allowance for past or future profits of the under- 
taking, or any compensation for compulsory sale, 
or other consideration whatever) of the tramway, 
and all lands, buildings, works, materials and plant 
of the promoters suitable to and used by them for 
the purposes of their undertaking within such 
district.” But what is the “then value” ? Some 
light was thrown on this difficult question in the 
recent case of Oldham, &c., Tramways v. Ashton 
Corporation (1921) 1 K.B. 269. In this case the 
Ashton Corporation took over the tramway belong- 
ing to a company on the terms prescribed by the 
Act already mentioned. Disputes having arisen, 
they were referred to Sir Maurice Fitzmaurice, whose 
award eventually came before the Court for review. 
In course of time Sir M. Fitzmaurice awarded 
142,1741. as the “then value” at the date of the 
notice to treat. He took into consideration “the 
value of the purchased undertaking measured by 
what it would cost to construct and establish the 
purchased undertaking on the date of notice 
if the purchased undertaking had not existed at 
that date, but taking into account a proper deduc- 
Mr. Justice 
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Rowlatt held that there must be allowed as 3 part ce 


of the value (1) the remuneration of the engineer, 
but subject to depreciation, because, although if a 
new tramway had been built a new engineer would 
have been employed—the purchase of the tramway 
had postponed that necessity; and (2) interest 
on capital during construction as part of or an 
accretion to the capital employed, and subject or 
not to depreciation according to whether spent on 
depreciating things such as rails, or a non-depre- 
ciating thing, such as excavation. It was held, 
however, that the cost to the promoters (whose 
rights had been transferred to the claimants) of 
raising their capital must be disallowed. The arbi- 
trator included also a sum based on his experience 
in such matters for preliminary expenses—directors’ 
fees, expenses of the formation of the company, &c., 
without giving details. In this respect the Court 
refused to interfere with his decision. One other 
point was raised. In the Order authorising the 
construction of the tramway a provision was inserted 
at the instance of a railway company over whose 
lines the tramway passed by a bridge that if the 
railway company required at any time to make 
structural alterations to the bridge the promoters 
should temporarily divert the tramway. Some 
years later the railway company did so require, 
and the tramway was diverted. It was held that 
the cost of diversion could not be allowed either 
as part of the cost of construction or otherwise. 


Tue Instrrute or METALS. 


This Institute has now issued the programme 
for the meetings to be held at the house of the 
Institution of Mechanical Engineers, on Wednesday 
and Thursday, March 9 and 10. There are to be 
a@ morning and an afternoon meeting on the 9th 
and a morning meeting on the 10th. The annual 
dinner takes place on the evening of the 9th, and 
on the afternoon of the 10th there is to be a visit to 
the National Physical Laboratory, Teddington. 
The following papers are to be read and discussed 
in the order given: (1) “Stages in the Re- 
Orystallisation of Aluminium Sheet on Heating, 
with a Note on the Birth of Crystals in Strained 
Metals and Alloys,” by Professor H. C. H. Carpenter, 
F.R.S., Past-president, and Constance F. Elam, 
Member (London); (2) ‘‘ Some Notes on Calcium,” 
by Mr. P.-.H. Brace (East Pittsburg, Pa., U.S.A.), 
(presented by Dr. J. L. Haughton); (3) “ Plastic 
Deformation of Some Copper Alloys at Elevated 
Temperatures,” by Professor ©. A. Edwards, 
D.Se., Member, and Mr. A. M. Herbert (Swansea) ; 
(4) “The ‘Action of Reducing Gases on Heated 
Copper,” by Mr. H. Moore, Member, and Mr. 8. 
Beckinsale (Woolwich) ; (5) ‘“‘ The Season ‘Cracking 
of Brass and other Copper Alloys,” by Mr. H. 
Moore, Member, Mr. 8S. Beckinsale, and Mr. Clarice 
E.' Mallinson (Woolwich); (6) “The Constitution 
of the Alloys of Copper with Tin, Parts III and 
IV,” by Mr. J. L. Haughton, D.Sc. (Teddington). 
The Institute announces that the May lecture will 
be delivered on May 4, at 8 p.m., at the Institution 
of Mechanical Engineers, by Professor T. Turner, 
M.Sc., A.R.S.M., Birmingham University, his subject 
being “‘ The Casting of Metals.” The Council of the 
Institute states that the preliminary arrangements, 
including a complete card index and the obtaining 
of estimates, are now completed for the printing 
of a combined “Subjects” and “‘ Names” index 
to the first 20 volumes of the Journal. The council 
wants to ‘know from the ¥members how many 
volumes of the index are likely to be required, and 
has circulated a reply form to ascertain the point. 
An index in the nature of the one prepared by 
the Institute is of inestimable value for facilitating 
reference to the Journal, and ‘we believe Yevery 
member, and also every library subscribing to the 
Institute’s proceedings will greatly welcome a copy. 
The Institute also announces that a special council 
meeting will be held on the 23rd inst. for considering 
applications for membership; all applications 
found to be in order will be included in a ballot list 
to be issued to members on the 24th inst. Those 
applicants for membership whose forms are in 
the secretary’s hands on the 23rd inst. will be 
entitled to take part in the proceedings at the 
London meetings of next month, and their sub- 
scription will cover the extended period ending 
June 30 of next year. 
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ee Transmission, Theoretical and Applied. B 
G. Hr, Assistant Staff Engineer, General Post 
San London. London : , Green and Co. 
1920. [Price 21e. net.] 
Tas valuable work is one of a series of manuals 
designed, under the editorship of Sir W. 
to cover the entire ground of telegraph and tele- 
phone engineering. Many excellent works have 
appeared both in this country and abroad, but these, 
it is asserted, deal with the subject only in a frag- 
mentary manner, and no serious attempt has been 
made to produce a book or a series of books, in 
which theory is combined with practice, or provides 
a bridge between mathematical theory and its 
application to the every-day problems of the engi- 
neer. It is an ambitious project to attempt to 
survey the whole development of a project that has 
exercised the minds of the most skilful analysts 


and adroit mechanicians for many years, but the| « 


writers of this series will not be wanting in expert 
information and practical knowledge, for they are 
selected mainly from the staff of the Engineering 
Department of the Post Office, where experience has 
long accumulated. Judged by this specimen the 
work should be characterised by thoroughness and 
efficiency, in which theory is adequately explained 
and practically illustrated by well-selected examples. 

It goes without saying that every reader will not 
be equally benefited by this exposition of the 
fundamental formule of electrical transmission, 
however dexterously treated. The author antici- 
pates that his readers will have a considerable 
mathematical equipment, giving the power of 
translating a formula into a mental picture or 
process in operation. He has done what is possible 
to give mathematical proofs of the formul# used, 
but to follow these as purely algebraical exercises, 
or to convince oneself that each step is correctly 
deduced from the preceding, is of little service. 
One needs to be conversant with the machinery of 
mathematics, and to understand its analytical 
power, if that machinery is to be used successfully 
in the unravelment of the inherent complexity of 
the laws of transmission. On his own ground, the 
author must be permitted to use those tools which 
he finds the most effective, and though he is inclined 
to apologise for the use of hyperbolic functions, a 
tool admirably adapted for the treatment of 
electrical problems, we do not see any necessity for 
the attitude. The mathematical form of mind 
capable of reasoning out the principles of telephonic 
transmission involved in alternating-current pro- 
blems will have little difficulty in adding the 
machinery of hyperbolic functions to his mental 
equipment, but the reason for this special treatment 
Mr. Hill has well expressed by saying that in “‘ any 
finite transmission line, with or without apparatus, 
every expression. for the volts, current, and 
impedance, contains a factor or term which can be 
expressed as a hyperbolic function” involving but 
little labour in evaluation. 

As an introduction to the subject of telephone 
transmission, the treatise starts with the con- 
sideration of the laws of transmission in a line of 
infinite length with direct current. The electric 
currents generated by speech are alternating 
currents, but in the general theory the direct current 
has the advantage of simplicity, while the laws 
governing the propagation remain unaltered. More- 
over in dealing with direct-current phenomena 
only scalar quantities are involved, whereas in 
alternating currents vector quantities are introduced. 
The infinite line is selected also on the ground of 
simplicity, and further if the line is sufficiently long, 
as is frequently the case in telephone circuits, the 
formule for finite lines reduce to those for infinite. 
The conception of the infinite line is moreover of 
great importance and assists the interpretation of 
the effects of reflection. The theory of the equiva- 
lent circuit and of artificial cables is next introduced, 
and reference may be made to the formule developed 
in appendices. One object is to show that any real 
circuit with uniformly distributed constants may be 
represented by a T or II circuit for all electrical 
operations conducted from its two ends. Here, 
again, the direct current is not without its advan- 
tages, for while there is no limit to the length of 








| uniform line whic h may be so substituted yet with 


alternating currents a limit is frequently imposed. 

Between the chapters containing the problems 
connected with direct and with alternating currents, 
one of great interest is inserted on the part played 
by the human voice in generating in the telephone 
transmitter, currents and voltages which are trans- 
mitted along telephonic circuits. While it is 
impossible to enter into details, it may be said that 
& form of oscillograph is described, by which articu- 
late sounds spoken into a transmitter are made to 
produce deflections, varying in amplitude according 
to the instantaneous strength of the current, and 
these deflections can be recorded on a revolving 
drum of sensitised paper. A marked difference is 
noticeable according to the origin of the current. 
A sustained vowel sound gives a record of definite 
wave form, which can usually be identified in com- 
bination with other sounds in more complicated 
records taken in the same circuit. The trace given 
by consonants is materially different. The letter 
p” for example is made up of an explosive 
consonant sound, followed by the distinguishing 
features of the vowel associated withit. A complete 
letter made up of a vowel and a consonant as “f” 
or “s” gives very different amplitudes to the 
component parts of the same oscillogram. In the 
case of ““f” the oscillogram shows only the vowel 
portion of the letter at the beginning, although the 
consonant sound missing on the oscillogram was 
audible in a telephone receiver at the end of 20 miles 
of standard cable. The letter “s” fails to show 
the hissing consonant portion of the letter, the 
record reproducing only the beginning of the letter, 
and this is identical to the beginning of the sound 
“f." The analysis of the various forms is very 
instructive, and in the case of “‘s” the conclusion 
is drawn that the telephonic apparatus does not 
appear to be capable of reproducing the letter, 
and on this ground it is suggested that the difficulty 
experienced in its transmission may be explained. 
But the author points out that the instrument is not 
nearly so sensitive as the telephone receiver, and 
therefore the inferences are somewhat uncertain. 
In order to obtain a sufficient deflection, a current 
of 10 milliamperes was necessary, but under ordinary 
conditions speech can be interchanged if the current 
at the receiver is only 1 per cent. of that amount. 
It is possible, therefore, that some of the speech 
overtones of very small amplitude have not been 
recorded on the oscillograms. A further use of 
the instrument is to show the time required for the 
telephone current waves to attain “the steady 
state.”” In the case of the word ‘ pea” the time 
occupied by the whole of the explosive part of the 
consonant was 0-015 second, and the change into 
the vowel “‘ea’’ ap to be gradual. In 
experiments on the letter ‘ b’’ it was shown that 
not more than 0-01 second elapsed between the 
cessation of one sound and the beginning of another, 
and the time might be less. Further, the explosive 
consonant part, however short the time in pro- 
duction, can be recognised at the receiving end of a 
transmission line, having an attenuating constant 
such that the received current is less than | per cent. 
of the transmitted current. 

The inferences derived from such records have a 
distinct bearing on the accepted mean frequency of 
speech, a subject which is still under debate and 
experiment, though a practical decision was arrived 
at by the Paris International Conference of Electrical 
Technicians in 1910, by the unanimous acceptance of 
the ruling that “as regards intensity, the angular 
velocity of 2 7 f = 5,000 may be adopted as a mean 
figure. It is desirable in addition to take the 
angular velocities of 2 * f = 3,000 and 7,000 into 
account as far as timbre is concerned.” It is note- 
worthy that in some experiments made at the Post 
Office, using filters to cut out particular frequencies, 
it was found that the upper and lower limits of 
frequency necessary for intelligible speech were 
included between the limits of 500 and 1,600 per 
second. The limit of conversation was reached 
when all frequencies above 1,000 cycles, or below 
1,000 cycles, per second, were filtered out. 

It would have been pleasant to have followed 
the author further as he developed the effect of 
quality of speech in different kinds of tele 
lines, as we know of no place where the part played 
by the human voice and the frequency of speech on 
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telephone transmission is so thoroughly and lucidly 
discussed, but owing to space limits it is necessary 
to pass over the many details that are temptingly 
displayed, and that exhibit the hand of the master. 
Among the many omitted matters deserving of 
more than passing mention, are the arithmetical 
caleulations connected with the application of 
alternating current and the theoretical discussion on 
reflection and power in telephone circuits. The text 
loaded with formule, may look forbidding to those 
who approach the subject for the first time, and it 
is not easy reading, but will repay attentive study 
whatever time be devoted to it. In the chapter on 
the so-called constants of telephonic circuits, the 
student is again on purely practical ground, and 
will find the way cleared for the consideration of the 
distortionless cable, leading up to the theory of 
distributed inductance enunciated by Oliver Heavi- 
side and its realisation by the mechanical device of 
Pupin, by which inductance is inserted in limited 
quantities in series with the conductor at regular 
distances along the cable, or alternatively by the 
method of continuous loading. The advantages 
and disadvantages of the two methods are fairly 
set out, but Pupin’s method has generally been 
followed on land, mainly on account of the assistance 
it gives in working the phantom circuit. In sub- 
marine cables the dimensions of the coils are limited 
by the conditions of laying, and the continuously- 
loaded system may claim some advantages, especially 
if it should be found that the use of the phantom 
circuit can be generally realised. A case is 
mentioned, in which it appears feasible to obtain 
@ seven-quad continuously loaded cable with 70 Ib. 
conductors and continuous loading. If it should 
be possible to add seven phantom circuits to the 
fourteen pairs, a very considerable increase in 
efficiency will be effected. In the case of a break- 
down, as the author remarks, more circuits would 
be temporarily thrown out of use than formerly. 
In the continuously loaded submarine cable of 
the Anglo-French service, the author suggested 
a plan for working two phantom circuits, which has 
operated successfully since a few months prior to 
the war. Of more importance than the economy 
of working is the proof that the experiment afforded 
of the possibility of single-wire communication on a 
congested cable route. 

Another series of practical problems of great 
interest come before the reader in connection with 
the standard cable and its uses, of which not the 
least is the design of a transmission scheme. How 
to find the ideal centre of a local exchange ; how to 
determine the boundaries of an exchange area, and 
to fix transmission standards or the loudness of 
conversation, are problems that may be settled in 
many ways, but the interesting point is to know 
the way such matters are actually arranged by the 
Post Office, so as to give the required efficiency of 
transmission with the minimum of cost, and perhaps 
we should add with the hope of giving the least 
dissatisfaction to the greatest number of subscribers. 
The whole question of costs is one of such importance 
that the author devotes a chapter to its discussion. 
The total cost per mile is a function of many 
variables, and the general problem is to determine 
that cost of a cable and its loading at the lowest 
economical outlay. The author has derived from 
first principles a rather elaborate formula, based 
on resistance and inductance, “ of which the proof 
nvolves considerations of some complexity.”” The 
examples make the working of the formula 
apparently very easy, and doubtless it is in the 
hands of an expert, but the tyro is apt to find that 
the difficulties return on the presentation of a fresh 
problem. 

A final chapter has been added on the use of the 
thermionic valve as a telephonic relay and the 
author’s-experience at the Post Office leads him to 
believe that the wider use of the valve will lead to 
the improvement of telephonic transmission. By 
its use there will be no need to scrap the instruments 
now used by the subscriber, and it removes the 
difficulty attending any attempt to increase the 
efficiency of the transmitter and receiving apparatus. 
Any considerable increase in the volume of speech 
at the sending end of a line would give rise to over- 
hearing, and might affect the ear painfully in some 
parts of the plant, which has been designed for 





existing conditions. Regarded simply as a means 
for amplifying the electrical waves of speech, where 
the volume impressed on the circuit has been 
reduced by impedance and attenuation, a relay 
ean be introduced with advantage, but only if the 
mechanism magnifies the fundamental and its 
overtones in their correct proportion, without 
disturbing the ratio of amplitude. Evidently, 
therefore, the relay must possess great sensitiveness 
on account of the exceedingly small forces operated 
upon, and be rapid in its action on account of the 
frequency of the voice currents. The apparatus 
cannot have any mechanical inertia, and the 
amplified currents must be under complete control, 
beginning and ending instantaneously with the 
forces which produce them. These conditions 
among existing relays are met most perfectly by 
the thermionic valve, which in ‘its original concep- 
tion and arrangement is due to Professor Fleming. 
Others, as De Forrest, who introduced the third 
electrode, Dr. Langmuir who improved the vacuum 
and produced the “hard” type, giving greater 
stability and reducing the ionisation, have perfected 
the invention. And among these later workers 
who have exhibited resource and facilitated its use, 
surely we may acknowledge here the value of the 
work of the officials of the Engineering Department 
of the Post Office, whose results have appeared in the 
professional papers of that body. Not the least 
of the many services may be reckoned the present 
series incorporating the rigorously tested results of 
many scientists, and giving them a form which can 
be readily utilised by other workers in the same 
field. 
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THE,-AUTOMATIO ‘CONTROL OF 
: AEROPLANES. a 


Witz it must be admitted that the number of 
aviation accidents directly due to failure on the ar 
of the pilot is extremely small, it is none the less 
desirable that any means provided to lessen the 
possibility of such failures should be considered on its 
merits. A short aeroplane flight, carried out in normal 
circumstances, is not a particularly fatiguing operation 
as far as the pilot is concerned, but a prolonged journey 
in gusty or misty weather subjects him to a degree 
of mente] and physical strain which it is certainly 
desirable to mee by mechanical appliances if possible. 
We have recently had an opportunity of examini 
a device, the invention of M. Georges Aveline, which 
has been fitted to a Handley-Page passenger aeroplane 
and is capable of relieving the pilot of the whole work 
of balancing the machine a during the operations 
of getting off and landing. The pilot, for practically 
the whole of the journey, need thus only keep his feet 
on the rudder bar in order to keep the machine on the 
correct compass course set, the ailerons and elevator 
being operated by the apparatus which we propose 
to describe. 

Fig. 1, on the opposite page, indicates the prin- 
ciple of that part of the apparatus which controls 
the ailerons, and is mounted transversely in the cockpit 
or other convenient part of the aeroplane. T 
essential part of this device is a disc of red fibre in which 
a circular channel is formed, the channel being about 
half filled with mercury. Just above the surfaces of 
the mercury in the channel an electrical contact is 
fitted on each side of the disc, and another contact is 
made with the mercury at the lowest part of the 
channel; if the machine tilts laterally on either side 
the circuit between the lowest contact and the contact 
on that side will thus be completed through the mercury. 
The upper contacts of the mercury channel are con- 
nected to the two coils of a relay and when the circuit 
is completed through one of the contacts, this relay 
closes a 12-volt circuit in which are the solenoids 
controlling the inlet and exhaust valves of a servo- 
motor worked by compressed air. This servo-motor, 
as shown in Fig. 1, contains two opposed pistons 
connected by a rack, and the rack gears with a quadrant 
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cc ted to the aileron control wires. When air is 
admitted to one end of the servo-motor and the exhaust 
valve at the other end is opened, the pistons move, 
turn the quadrant, and so operate the ailerons to 
correct the tilt. As shown in Fig. 1, the disc containing 
the mercury channel is also geared to the quadrant, 
so that it turns in the opposite direction and, by this 
means, the contact is broken and the pistons brought 
to rest after moving a distance corresponding to the 
amount of tilt. It should also be explained that the 
rate of movement can be regulated as desired by means 
of a valve fitted in the exhaust pipes. 

An interesting feature of M. Aveline’s invention is 
the means adopted to counteract the effects of centri- 
fugal force, but to understand the effect of this part of 
the apparatus it is necessary to consider its action 
during a turn. To turn the machine, the pilot moves 
the rudder bar with his foot, and the machine immedi- 
ately commences to swing round in a more or less 
horizontal plane—say to the right. The resulting 
centrifugal force causes the mercury to rise in the left- 
hand arm of the mercury channel making a contact 
on that side, and the effect of this is to pull down the 
outer aileron and raise the inner aileron, thus causing 
the machine to bank in the correct manner. The 
fibre disc, of course, moves in the opposite direction to 
the quadrant and would break the electrical connection 
and leave the ailerons in the positions above described 
but for the special device we shall refer to in a 
moment. It must, however, first be explained that, 
as soon as the correct banking is reached, it is 
necessary to replace the ailerons into the neutral 
position, otherwise the banking would become ex- 
cessive and the machine would probably side slip. 
To avoid this, the arrangement illustrated diagram- 
matically in Fig. 2 is employed. A Venturi tube is 
seoenaed on each tip of the upper wing of the 
machine and the throats of the tubes are cross- 
connected to the arms of the mercury tube as indicated 
i . It will be obvious that the suction 
from the Venturi tube on the outer wing tip will be 
greater than that from the other tube, since the 
former is moving faster than the latter, and the 
effect of this will be to raise the mercury in 
the inner arm and make an electrical contact on 
that side. By this means the ailerons are ret’ to 
the mid position, and the machine continues to travel 
on @ properly banked turn until the rudder bar is 


again moved by the pilot, when the reverse action 
takes place, bringing the machine on to a 
horizontal straight-line path. 


The apparatus for controlling the elevator is generally 
similar in rinciple to that used in connection with the 
ailerons, the main distinctions being that the plane 
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of the mercury channel is mounted in a fore and aft 
direction and that one arm of the mercury tube is 
connected to a Venturi tube in the centre of the 
machine, while the other arm is open‘to the atmosphere. 
The arrangement of this part of the apparatus is 
indicia te the diagram, Fig. 3. In normal flight 
the position of the mercury would be as shown in the 
illustration, the forward arm being at a higher level 
than the after arm owing to the suction of the Venturi 
tube. The pilot has to adjust the fibre disc so that 
the electrical contacts are just above the level of the 
surfaces of the mercury in the arms and any alteration 
in the speed, or fore and aft inclination, of the machine 
will then complete the circuit to a relay and servo- 
motor similar to that already described, thus effecting 
the necessary adjustment of the elevator. It is 
equally possible for the pilot to set the disc for any 
desired angle of climb and the machine will then 
continue to climb at this angle until the disc is re- 
adjusted for horizontal flight. In the event of engine 
failure while the fore and aft automatic control is in 
use, the drop in speed and the consequent diminution 
in the suction from the Venturi tube, will allow the 
mercury to fall in the right-hand arm of Fig. 3 and rise 
in the left-hand arm. In this way the servo-motor 
will be operated to put the machine into a downward 
glide without any action on the part of the pilot, who 
would only have to steer the machine to a possible 
landing ground and flatten it out just before alighting. 

If it is desired to control the machine in the ordinary 
way, either or both of the servo-motors can be instantly 
put out of action by the pilot, without leaving his seat, 
by means of valves fitted in the compressed-air pipes 
or by slackening the cables connecting the quadrants 
with the main control cables. If the former method of 
disconnection is adopted the apparatus can still be 
employed as an inclinometer to indicate a tilt in either 
the longitudinal or lateral directions. This is due to 
the fact that small incandescent lamps are included 
in the circuits connecting the mercury channels with 
the relays. The lamps are fitted in the front of the 
relay casings, which are mounted on the instrument 
board in the cockpit in full view of the pilot. When 
the machine is flying level laterally, or at the correct 
longitudinal inclination, all the lamps are extinguished, 
but a slight tilt in either direction, by disturbing the 
level of the mercury, will cause one or other of the 











— to light up and indicate the existence of the tilt 
to the pilot. 

The compressed air required to operate the servo- 
motors is provided by two small wind-driven rotary 
pumps mounted on the bottom longerons on both sides 
of the tuselage. pumps maintain a pressure of 
about 60 lb. per square inch m a cylindrical reservoir 
placed inside the fuselage. The reservoir also serves 
as a receptacle for oil for the rotary pumps, these, of 
course, requiring constant lubrication. maximum 
pull of 500 lb. can be produced in the cable attached 
to the quadrant, this pull being ample for the control 
of the largest machines at present in use. 

The principal objection to the use of apparatus of this 
kind is, of course, its weight, since the maximum paying 
load must necessarily be reduced to some extent. 
The actual weight of the complete installation on the 
Handiey-Page machine above referred to, amounts, we 
are informed, to 150 lb., which is about equal to the 
weight of one passenger. This, however, is hardly so 
serious as appears at first sight, since the nger- 
carrying capacity of a large machine is usually limited 
more by considerations of s than of weight, and, 
moreover, it is an unfortunate fact that the machines 
are rarely loaded to their full passenger-carrying 
capacity. Another point in favour of the apparatus 
is that its use would pichably avoid the necessity for 
employing an assistant pilot on a long journey with 
a large machine, and this fact would more than com- 
pensate for the weight of the apparatus, It should 
also be mentioned that, in later designs, the inventor 
expects to reduce the weight of an apparatus of equal 
capacity to about 100 lb., and a device designed for 
use on small two-seater or three-seater machines 
weighs only 20 Ib. In this, however, the use of 
compressed air is avoided, the servo-motor being 
replaced by an i ious friction gear driven by a@ 
small windanill ' e invention appears to us to be 
especially useful in flying through clouds, as well as 
in night flying, and the fact ‘that the Air Ministry, 
after extensive trials, have had it fitted on 12 Handley- 
Page bombing machines for the Royal Air Force, 
indicates that they are satisfied as to its aggre os 
It has now been taken over commercially by Messrs, 
Auto Controls, Limited, 19, Regent-street, London, 
8.W., who, we understand, are making arrangements 
to undertake its manufacture themselves. 





TUNNELLING ms Warer-Brartya Srrata.—A paper 
bearing this title was read before the Liv 1 Engineer. 
ing Society on the 2nd inst., by Mr R. F, q 
M.Inst.C.E. The author con: his remarks to the 
construction of the er cast-iron lined tunnels, 
dealing with the Fiddler’s Ferry tunnel on the Vyrnwy 
aqueduct, which was commenced in 1888, and com- 
paring the work with the recently-constructed tunnel 
under the River Dee at Connah’s y for carrying the 
mains for the B Corporation new water supply. 
The latter work is described in detail. 





Forzicn Trape CaTatocurs.—The ent of 
Overseas Trade,, 35, Old Queen-street, 8.W. 1, has issued 
an index of foreign trade catalogues available in the 
department. The collection contains 15,000 trade 
catalogues of German, Austrian, United States of 
America, Italian, Belgian, Canadian, Swiss, Danish, 
French, Japanese, Dutch, Polish, Swedish, Norwegian, 
Port , Spanish and Finnish firms. The catalogues 


li of the Forei Section at 7-11, 
Old Bailey, E.C. 4, or copies will sent out on loan 
to manufacturers in the provinces who may desire to 
inspect them. During the year 1920, 6,482 catalogues 
were borrowed by 506 firms, the total number borrowed 
since the ina ion of the library being 28,000. It 
is ho that the facilities provided by this library will* 
be fully utilised by manufacturing firms in the United 
Kingdom. 





Exectric Rarway Construction In Norway.— 
Information has been received at the Department of 
Overseas Trade from the office of the Commercial 
Secretary to H.M. Legation at Christiania that the 
Norwegian Government has granted a4 ion to 
**A/8 Akersbanerne”’ to construct an electric railway 
from Majorstuen through Taasen to Sognsvandet and 
from Taasen to Sagene, a suburb of Christiania. Pre- 
liminary work in connection with the levelling of the 
route is to be put in hand immediately. This will not, 
however, be concluded until the autumn of the present 
year, and invitations to tender will not be issued until 
the end of the year. rtunity will then arise for 
British firms to submit tenders. It is estimated that 
the rails will be required at the end of 1922 and cars in 
the autumn of the same D ron **A/S Akersbanerne ”’ 
recently applied to the Norwegian Government for a 
further concession in t of a prospective line from 
the centre of Christiania to Ostensjo, a distance of about 
8 km. In the event of the concession age | granted 
both lines will be built simultaneously and further 
material will be required. 








Water Power in Queznstanp.—Mr. V. J. Crowley, 
pointed by the Queensland Government to report on 
the hydroelectric possibilities of various streams in that 
State, has completed the work, and his conclusions are 
contained in 14 re , the first of which has just been 
ublished. This with the Upper Dawson. Mr. 
Crowley reports in regard to that river that there is no 
possibility of oy anything of an electric nature without 
the expenditure of a great deal of money on the storage 
of water. He thinks, however, that there are very 
few better places in Australia for establishing a combined 
irrigation and hydroelectric scheme. The reason for 
combining an electric plant with irrigation, is, that there 
is very little fall in the river. The quantity of water 
flowing in dryjseason is too;small to be of any use without 
a big reservoir to hold back the water after rains. He 
recommends that a survey of the river be made to deter- 
mine the amount of land that would be submerged, and 
the tity of water stored by the construction of a dam 
160 ft. high, and a survey lower down the river to find 
out the area of land available for irrigation. A rough 
estimate for the Dawson scheme is 160,0001., of which 
the dam would cost 61,000/., and the main plant 38,5001, 
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“HEAT TRANSFER IN FLUES.” 
To rae Eprror or ENGINEERING. 

Sm,—My main object in my letter on this subject 
in your issue of December 17 (page 802) was to draw atten- 
tion to what appeared to me to be work of considerable 
importance, which had been done by the Advisory 
Committee for Aeronautics, and which appeared likely 
to be overlooked, since it was published in a form not 
easily accessible to engineers whose primary interest 
was not aeronautics. No criticism of Mr. Fry was 
intended in this, and although he does not say so in so 
many words in his letter, it is fairly clear that he did not 
know of the existence of the papers to which I referred, 
so that surely no harm has been done in drawing attention 
to them. 

I said that Mr. Fry’s equations were empirical. This 
is not @ criticism; it is simply a repetition of what 
Mr. Fry says himself in his paper to the American 
Society of Mechanical Engineers (1917, page 736) of 
which he has kindly sent me a copy. To say that an 
equation is empirical does not imply that it is useless. 
I never said, or implied, that Mr. Fry’s equations did not 
hold d with considerable accuracy over the range of 
experimental data on which they are based; in fact, 
it 1s quite clear from the method of derivation that the 
rust give fairly accurate results over this range. If 
Mr. Fry reads my letter again carefully he will see that on 
the contrary I said quite distinctly that his equations 
did reproduce experimental results accurately over 
the range in question, and I compared with them the 
figures obtained from the equations referred to in my 
letter, showing that the latter were equally applicable, 
within the order of accuracy of the experiments over 
this range. What I did criticise was that he used his 
equations to deduce results under conditions widely 
removed from those of the experiments from which his 
empirical constants were deduced, I said this was 
hy rous,’’ and that his equations would not “be 
universally applicable.’ Mr. seems to be inclined 
to admit this, He says that ‘“‘an intelligent user of 
the equations would as a matter of course move with 
caution in the values beyond the present experimental 
range.” Is it unkind to point out that he omitted to 
move with caution himself, otherwise he would not have 
used his equations to predict the drop in temperature of 
air moving at the rate of 100 Ib. an hour through a tube 
8 in, in diameter? At the temperatures assumed by 
Mr. Fry in this case, the velocity is something under 
half the critical velocity for turbulent flow. 

The gist of my letter is this. Why use empirical 
relationships when it is possible to use an equation 
which (a) corresponds equally well with existing experi- 
mental data; (b) has a firmer theoretical foundation, 
and therefore can be used with greater confidence to 
predict results under very different conditions ; (c) con- 
tains no empirical constants, but only coefficients which 
have a perfectly definite physical meaning. 

m4 ry pees to know more about ‘“ k”’ but Fe not 
think I ought to occupy your space by going still more 
into detail into other rs ple’s work. Mr. will find 
in the original papers T taevea to, I think, all the data 
he requires, 
° Yours faithfully, 
H, T. Trzarp. 


P.S..-By the way, the definition of “k” in my 
original letter should read: k =the factor in the 
equation: resistance per unit area = k p V8, 





CONGRESS OF THE INSTITUTE OF 
TRANSPORT. 


To tHe Eprror oF ENGINEERING. 

Sre,—With reference to the report on the Congress 
of the Institute of Transport in your issue of February 4, 
I cannot let the statement of Mr. Marshall Stevens, 
M.P., re 50-ton wagons from the U.8.A., viz., “The 
Ministry of Munitions, however, could not induce the 
railway companies to consent to them, but wagons of 
this size would be running on our lines to-day if Sir Philip 
Nash and the Ministry of Transport had been in control 
of such matters at the time,” without comment. 

[ am not aware that Sir Philip Nash and the Ministry 
of Transport are more capable of arranging the running 
of high-capacity wagons, no doubt wide to gauge, or 
other rolling stock, than ere the technical staffs of our 
railways. aving had a great deal of experience with 
permitting rolling stock to pass, but nothing with this 
particular stock, I have no doubt there were reasons 
which absolutely prohibited this stock passing between 
the points named in safety. 

I cannot do better than refer Mr. Stevens to the 
Presidential Address of Sir John A. F. Aspinall to the 
Institution of Civil Engineers on November 5, 1918, 
from which he would get an idea of the problems involved 
which would prevent him from making wild statements 
more suitable for a political platform n for an Insti- 
tution which is walling great claims to be a technical 
one. 

Yours faithfully, 
Frank Trrrany, 
B.S8e,, Assoc.M.Inst.C.E. 
Bridge House, North Rigton, Haley, Leeds. 
February 8, 1921. 





“SURFACE CONDENSERS.” 
To tHe Eprror or ENGINEERING. 

Srr,—I have read with much interest your extract 
from Mr. L. D. Lovekin’s paper on ‘ Surface Con- 
densers '’ which was read before the Society of Naval 
Architects and Marine neers in New York, in 
November last year (page 153 ante). 

While Mr. Lovekin rightly the advance made 
by stationary engineers, I do not think he is justified in 
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saying that marine ineers as a whole have shown 
little interest in the development of surface condensers. 
It may be true that Mr. Lovekin had taken little interest 
in the question until recent years, as he admits in his 
paper, but I can assure him that many marine engineers 
of my acquaintance have for the last ten years given 
ve ul attention to the development of marine 
surface condensing plants. As a matter of fact, the 
features which Mr. Lovekin now embodies in his designs 
have been in use for several years by leading manu- 
facturers. 

Mr. Lovekin states that as the result of experiments he 
has endeavoured to obtain the following features :— 

1. A maximum inlet area to the tubes and between 
the tubes. 

2. Pitching the tubes so that the steam lanes are in 
the direction of steam flow. 

3. Reducing the depth of the path of steam flow. 

4. Arranging for the condensate to be drawn from 
the upper bank of tubes at its maximum temperature, 

5. To provide a liberal cooling chamber for the air 
and non-condensible vapours. 








The above features are embodied in the design shown 
in the accompanying illustration, except that the cooling 
chamber is a across the base of the condenser 
instead of vertically in the centre. This design has 
been published in circulars for several years, and has 
formed the basis for a large number of condensers manu- 
factured. The idea of using only a portion of the con- 
densing surface and sheltering the remainder when the 
eondenser is under light | , is common practice in 
auxiliary condensers for the purpose of obtaining the 
maximum temperature of condensate. 

The results given in the paper with regard to the 
single tube experiments are unusual, and would require 
confirmation by other experiments before being accepted, 
not only because a difference was observed in the results, 
but because of the very large amount of this difference 
due to a small one in the apparatus. It would be of 

t interest to the engineering fession generally 
if Mr, Lovekin would supplement his paper by giving a 
detailed account of how his figures were actually 
obtained. Single tube experiments, except in the case 
of those conducted by Mr. Orrock, have generally been 
carried out at or above atmospheric ; also, 
the amount of steam passing through the apparatus in 
such iments has usually been much in excess of that 
required to give the temperature rise observed. Under 
practical conditions there is not an excess of steam 
throughout a surface condenser, although this state may 
exist at the top bank of tubes, where results approxi- 
mating to those given in the paper may be obtained 
under favourable circumstances of loading and absolute 
pressure. However, such conditions do not exist in 
the lower or last bank or banks of tubes. 

The method described by Mr. Lovekin, by which the 
air and vapour are withdrawn from the condenser 








through an air space by the air pump, has previousl 
been erode ae it was found to ‘ave greater — “wd 

ins, perfora plates are not now generally used. 
R better way to obtain equal distribution of the air 
— on large condensers is to increase the 
num of air pump openings in the condenser shell. 
By this means the effect oa is obtained without 
the pressure drop which its from the nozzle action 
of the com tively small holes in the plates. 

The trials of the U.S.A.T. “Cantigny” give results 
which are a credit to the engine buil , but generally 
speaking, far more attention is now given to observations 
taken after a long period of operation under sea-going 
conditions, than the results of a trial trip, when as a 
rule the — is light, and the condenser is clean and in a 
condition of maximum airtightness. : 

In conclusion I would like to remark that it is dis- 
appointing to note that no reference has been made 
to the capacity or steam consumption of the air extraction 
apparatus used on the ships referred to. must 
consider the condensing plant as a whole before forming 
an opinion of the condenser results, and the fact that it 


was necessary to coat the shell of the condenser with 
bitumastic enamel would lead one to think that the air 
extractor had a very small margin of air capacity. 

I think, therefore, that Mr. vekin should also 
supplement his paper by tests and experiments obtained 
by the Radiojet air extractor, giving the total quantity 
of steam used by the ejector and by the condensate 
pump, and comparing these with the capacity and steam 
consumption of a modern reciprocating air pump. 

Yours faithfully, 
H. ForHErcILL, 
3, Central Buildings, Westminster, London. 
February 9, 1921. 


Eneines ror LarGe Boat SEAPLANES.—We are 
informed that statements which have ap in the 
Press, but not in ENGINEERING, to the effect that two 
of the new 1,000-h.p. Napier ‘‘ Cub ’’ engines were to be 
fitted in the Titania boat seaplane, now under con- 
struction, are incorrect and that the Titania, and sister 
boats, are each to be fitted with four 600-h.p. Rolls- 
Royce ‘‘ Condor”? engines as originally intended. 





Diaries, &c.—We have received a pocket diary for 
the year from Drawing Office Supplies, Limited, 51, 
Cheapside, E.C. 2; the diary is in two parts, one con- 
taining a large number of squared paper sheets. A 
monthly diary for February has also come to hand from 
Mr. J. Stokvis, 73, Cathles-road, Balham Hill, 8.W. 12, 
representative of a Dutch printing works ; and daily 
tear-off calendars from Messrs. Ch. Churchill and Co., 
Limited, machine tool manufacturers, 9-15, Leonard- 
street, Finsbury, E.C. 2, and from the British Everite and 





Asbestos Works, Limited, 29, Peter-street, Manchester. 
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HYDRAULIC-FILL DAMS. 


Some Investigations and Studies in Hydraulic-Fill Dam 
Construction,* 


By J. Atsert Hotmes,t M.Am.Soc.C.E. 


In recent years a number of high earth dams with 
fine earth cores, placed by the semi-hydraulic method, 
have been built in the Eastern States and others are in 
process of construction. 

* In the West, topographical relief has permitted both 
the transportation and placing of material in earth dams 
by hydraulicking ; in the East, differences in elevation 
are seldom sufficient to afford the necessary sluicing 
grades. These conditions have been met by excavating 
from borrow-pits near the level at which the material 
is to be delivered in the dams, and transporting such 
material by dump cars to trestles from which it is dumped 
and sluiced, or to sumps at the base of the dam, where 
it is mixed with water and pumped into place, each pro- 





ject, of course, being a problem in itself. H 
Reference has been made recently in the Proceedings 
of this Society to the Somerset and Paddy Creek Dams. 


of the expense of obtaining this soil, it will not be sluiced 
into place, but will be put directly in position, dampened, 
and rolled as in the case of the core of the North Dike 
at the Wachysett Keservoir. The core will be com- 
Ss thin and will be supported by gravel dikes. 

onditions have dictated the method. This is not even 
a semi-hydraulic-fill dam. It is mentioned here because 
the investigations proved that this dam should not be 
built in that way and because of its thin core. 

Beyond the southerly advance of the ice sheets, where 
erosion, separation, and redisposition by melting ice 
fields have not taken place and where no solid rock has 
been ground into rock flour, still another problem is 
encountered. In the group of three earth dams recently 
completed for the Southern Power Company at Bridge- 
water, N.C., Paddy Creek (Fig. 4), Catawba River 
and Linville River, one of the problems was to 
get into the cores of the dams a sufficient quantity 
of fine material and, at the same time, not carry in the 
coarser parts. These dams are in a non-glacial country. 
Here, the rock ledge is found in its original position, 
decayed and softened to considerable depths by the 
dissolving and leaching away by water of much of its 





Beginning in early Cambrian and extending through 
Silurian and, perhaps, to a later time, sediments were 
deposited in this sea. Among other formations that 
remain after elevation and partial ercsion of this sedi- 
mentary strata is a quartzite of the lower Cambrian Age. 

In the beds of the creeks and streams issuing from the 
mountains and underlying the silts of their bottom- 
lands are found deposits of quartzite pebbles, large and 
small, and gravel and sand from this formation. 

At the dam sites the quartzite pebbles were also found 
on the hillsides above the present river beds, deposited 
here by the water as it cut its channel through the rock, 
such deposit always being found directly on the decayed 
ledge. At each of the dams the river channel is on solid 
rock, and in each case the river has cut through the 
ridge at the junction of a hard and softer formation and, 
in shifting across the valley bottom, has deposited a 
layer of gravel and boulders from 2 ft. to 5 ft. thick, 
buried under from 5 ft. to 20 ft. of silt. The gravel 
layer is level across the valleys and at the same elevation 
as that in the existing channel. It is highly water- 
bearing, and had to be removed under a portion of each 
dam. While the rock was sound and hardin the existing 








Fie. 1. 


Somerset Dam; View From East Enp, Pumptne STATION 
at RIGHT TAKING SLUICING WATER FROM RESERVOIR. 
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Fic. 3. Somerset Dam; Stuictne Materia, FRoM Dike TO CORE. 


The writer was connected, as resident ——- with 

the building of the Somerset Dam for the New land 
Power Company and as resident engineer for the J. G. 

White i ing Corporation, on the group of dams 

of which the Paddy Creek Dam was one, for the Southern 

Power Company. The J. G. White Engineering Cor- 
oration also acted as consulting engineers for the 
omerset work. 

The Somerset Dam, Figs, 1, 3 and 6, built in 1912-13, 
at Somerset, Vt., is in the region of glacial drift. The 
material is a boulder clay, and the method of placing 
was to excavate by steam shovel, transport in cars, 
dump from trestles (Fig. 2), and sluice into a central 
pool in which the core is formed. The borrow-pits 
were at or above the elevation at which material was 
delivered in the dam. Sluicing from the dikes (Fig. 3) 
formed at the trestles left boulders and other coarse 
material in the dikes, making them pervious and stable. 
By this method the only limit to the size of rock placed 
= the dikes is the capacity of the steam shovel to load 
them. 

The dam to be built by the city of Providence, R. L., 
is also in the glacial region. Very careful studies have 
been made of the materials and methods of construction 
to be used. The glacial drift of the region is thin and 
gravelly, and suitable material is not abundant. The 
core will be formed of top-soil and subsoil and, because 





* Paper read before the American Society of Civil 
Engineers, December 1, 1920. 
t Somerville, Mass. 
P oe tee ee Be Allen Hazen, M.Am. 
oc. C.E., Proceedings, Am. . C. E., April, 1920, p. 546. 
(Reproduced in ENGINEERING, Trach ve 17 and 24, 
and October 1, pp. 374, 427 and 457.) 





Somerset Dam; Dumprine FROM TRESTLE AND SLUICING. 
Sturctine Matn Crosstna Poort tn ForEGRouND. 





structure. Although re- 
sidual clay is found in the 
depressions between the 
lesser ridges, deposited 
there from the rid 
themselves, this material 
constitutes a very small 
proportion where the movement of large quantities 
of earth is involved. Moreover, it is far from being 
a ony clay, in that it contains much quartz sand and 
other less hard particles. Although there is little ex- 
tremely fine, neither is there coarse, hard rock in 
material of this character ; excavations in the harder 
 waphemieny afford no fine material and, therefore, cannot 
© 


Fre. 4. 


used, 

Geologically, the formation of the region in which 
these dams are built is very old, the greater part bei 
of the Archean period. The ancient rock of this period 
is a gneiss. It is highly metamorphosed, and in the 
process has lost all traces of its original character. On 
this formation, both solid and decomposed, the dams 
are built. The dip of the strata is between 20 deg. 
and 30 deg. south-east—down stream—and the strike 
is nearly parallel with the dams. Water readily finds 
its way into the numerous joints, and decomposition 
takes place along the ridges to depths of 80 ft. to 100 ft. 
_ A remarkable thing about this yed rock is the loss 
in weight it has sustained in the process of decay. The 
peegpey | solid ledge weighs about 170 lb. per cubic 
foot, while the thoroughly decayed rock weighs only 
72 Ib, per cubic foot as it is found in place in the borrow- 


pits. 

The neighbouring high mountain region, in the eastern 
foot-hills of which the pies are built, lay for long periods 
of time below the level of the shallow continental seas. 

>. 








Pappy Cruzx Dam; Poot'anp Dixzs 7 and 8 Looxrne East. 


river channel, it was not so under the gravel deposits 
of the bottoms, although it lay at the same elevation. 
Here the bed-rock was completely decayed and dis- 
integrated, and the same was true of that under the 
gravel on the hillsides, 

Investigations at Dam Sites.—Careful study has charac - 
terised the investigations preliminary to porsive and 
building each of the dams mentioned. The dam sites 
and borrow-pits were explored by means of test pits 
and tunnels and by wash, pump, auger, churn, shot, 
and diamond drill borings. Of these, the shot and 
diamond drill bori in rock, and the pits and tunnels 
and the churn drill borings in earth, are the most satis- 
factory, and the wash borings the least. In fact, the 
writer considers wash borings so unsatisfactory in results 
as to render them unfit for use, and the churn drill is 
reliable only when samples are taken with a drive pipe, 

At Somerset and on the Bridgewater dams, per- 
meability of the earth on the dam sites was investigated 
by filling test pits with water and noting the rate of 
seepage. The pits were measured at several elevations, 
the area of the sides determined, and the results plotted 
as a curve for each pit. Water for filling a pit was 
pumped into a stilling-box from which it passed over 
a measuring weir and down a wooden box conduit to 
prevent washing the sides of the pit. Frequent weir 

i and elevations of the water surface in the pit 
were made during the filling, and the water surface 
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measurements were continued after pumping had stopped. 
These data were plotted in the form of curves, Fig. 5, 
and in their proper relation as to elevation with the 


pit and the pit area curve. The gallons pumped were 
determined from weir measurements and the gallons 
in the pit from elevations and pit volume. The 


curves were plotted on a time-volume basis of 
per minute, 

To illustrate, using the period between 7 p.m. and 
9 p.m., October 30, it will be found from the curve that 
2,100 gallons were pumped, and that there was an 
increase of 1,000 ealleas in the pit, making a loss b 
seepage of 1,100 gallons during the period of 120 min., 
or at the rate of 9 gallons per minute. The rise of water 
in the pit during the period was somewhat more than 
3 ft. The area curve gives 230 sq. ft. below mid-height 
of this rise, and 0-04 gallon per square foot minute 
as the average seepage through the material in the sides 
of the pit below this elevation. 

The water as it rises in the pit has first to fill the voids 
in the surrounding material. Such filling of voids 
continues as long as the rise continues, and, for this 
reason, the rising curve does not indicate the seepage 
rate as well as the falling part of the curve. The rates 
for the latter were determined by taking from the 
curve the loss in gallons in any time interval and dividing 
by the minutes in that interval, and then by the = 
area, in square feet, below that elevation as given by 
the area curve. This gives gallons per square foot 
per minute, as before, and is also the ave for the 
material below that elevation. The form of the seepage 
curve is due both to increased head and greater porosity 
as the surface of the ground is approached. 

The average rate at which water is passing out of 
the pit is the rate at which it is passing through the 
surrounding material and through each foot of average 
material, In order to maintain the flow through 1 ~ 
ft. of material in the side of the pit, the same quantity 
of water that passes into that particular cubic foot from 
the pit, must pass into the adjacent foot of material. 
The rate of seepage per square foot per minute from the 
pit is the seepage per foot per minute through an average 
square foot of the surrounding material, and this rate 
may be — in direct proportion to greater heads 
end inversely to greater thickness of material. 

The test pit under discussion was located in a gravelly 
knoll close to the centre line of the dam and within the 
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fore, this part of the experiment should be most carefully 
made. Adjusting the flow into the pit so that it just 
balances the at various elevations or at critical 
points where the character of the ground indicates a 
change in seepage rate, is another method of obtaini 
the information given by the curve, but this meth 
consumes much more time. 

The examination of the material underlying the 
dam site at Somerset was made both by test pits and 
churn drill. The drift is unmodified or unstratified 
and contains boulders, gravels, sand, and clay. The 


y | sand and gravel occur in pockets or lenses of no great 


extent, and the main body of the drift is boulder cla 

down to bed-rock, 40 ft. below the river channel. 
Four of the 38 pits on the dam site were carried to a 
considerable depth, a maximum of 44 ft., and, later, 
five others were supplemented by drilling to and into 
bed-rock, using a well drill—churn drill—and 6-in. 
casing and taking dry samples with a }-in. drive pipe. 
All borings were investigated for seepage into and from 
the ground, each layer of sand and gravel being tested 
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the dam the core was being deposited and its extent, 
whether or not the proper width was being maintained, 
and to make sure that layers of sand and gravel were 
not cutting through the core from side to side. In 
order to determine the character of the material below 
the surface of the pool, samples were taken on cross 
sections 300 ft. apart, the location of these samples 
on the maximum section of the dam being shown on 
Fig. 6, as well as the outline of the pool and core. The 
monthly progress is shown by the numbered areas on 
the section. 

After sluicing operations had been carried on for a 
time, an estimate was made to determine the proportion 
of fine material being sluiced from the dikes to the centre 
of the dam. The volume investigated amounted to 
85,000 cub. yards and gave a ratio of | to 4, or 20 per cent., 
of fine material. The approximate Jine separating 
the coarse from the fine material was assumed to pass 
through the point where the steep sides of the pool 
changed to flatter slopes, and this assumption was sup- 
ported by samples taken from the poo] bottom. A sluic 
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area of the core, its top being 33 ft. below full reservoir, 
and it was desired to know the amount of seepage that 
would take place through the material of this knoll 
under the head due to full reservoir. As a result of this 
investigation, the knoll was trenched to a point below 
the bottom of the pit and the excavation, being part 
of the cut-off trench, was filled later with core material 
as the latter was sluiced into place. 

On the Bridgewater dams, the pits on each dam site 
were tested for seepage from the pits, and the depth 
of the centre-line trench was determined from the ts, 
At one of the pits, excavated in a hill between the south 
and main Catawba River Dams, the filling and seeping- 
away process was oe four times. 

For measuring the flow from stilling-box to pit, 
triangular and 6-in. and 12-in, Cippoletti weirs were 
used, In order to obtain the best results from an 
investigation of seepage from a test pit, it is n 
that the pit be regular in outline and, if it is reduced 
in cross-section as excavated, that the reduction be 
uniform. A tight board floor should be laid in the 
bottom of the pit tq eliminate seepage there and confine 
it entirely to the walls of the pit. 

It would be desirable to refer all elevations in the pit, 
and of water surface, to the datum established for the 
dam, and in measuring the pit for surface area and 
volume, to take measurements at regular intervals 
above the datum. The water supply should be sufficient 
to fill the pit quickly. 

The most valuable data are those obtained after the 

it is filled, or, as previously mentioned, those taken 
rom the falling portion of the seepage curve and, there- 








separately. When a porous stratum was encountered, 
the method was to raise the casing slightly so as not to 
interfere with the flow and note the elevation to which 
the water rose after a considerable period. The water 
was then baled from the casing, measured, and the 
rate of flow from the sand determined. Following this, 
the water was returned to the casing in order to find out 
at what rate the sand would take water after its storage 
supply had been removed. The rate of flow from the 
sand-pockets ranged between 25 gallons and 96 gallons 
per hour, and the quantity that could be returned to 
the sand was from 4 gallons to 13 gallons per hour. 
In all cases the water-bearing strata were overlaid by a 
considerable depth of clay, and the accumulated water 
stood always higher than the adjacent pond and pool 
surfaces, showing that there was no connection there- 
with to produce the head. 

The Somerset Dam.—The building of the Somerset Dam 
(Fig. 6), has been described in considerable detail else- 
where,* and therefore, only the methods used are 
mentioned here. In placing the core, the object was 
to deposit fine material at the base of the dam over at 
least one-third of its width, reducing this width consider- 
ably up to 30 ft. above the base and less rapidly for the 
remainder of the height. There was no question about 
the core material sufficiently fine. Examination 
of the borrow-pits indicated the quantity of core material 
available, but it was desirable to know just where in 





'* “ Preliminary Investigations, Construction, Sluicing, 
and Core Sampling at the Somerset Dam,” by J. Albert 
Holmes, Engineering News, vol. 71 (1914), p. 1236. 
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ing experiment was also made in a tank to determine 
the quantity of fine material it was possible to remove 
from a sample taken directly from the borrow-pits, 
and the proportion of very fine material removed was 
found to be 20 per cent. This did not constitute all 
the fine material, but it did show how much the sluicing 
would remove and meant that one-fifth the cross-section 
of the dam would be fine material, and constitute the core. 

The one-fifth or 20 per cent. line was projected to the 
top of the dam, and is shown on Fig. 6 as a dotted line. 
The section shows how near the core came in location 
and area to that proposed, and that the methods used 
were the correct ones to bring this about and, at the same 
time, by removing from the outer dikes the greater 
of the fine material, to make them porous and stable. 

Care in keeping the sluicing faces of the dikes parallel 
and at oxual Giatanees from the core centre and sluicin 
uniformly from opposite dikes, places the fine mate 
where it is wan and maintains a core of uniform 
width from end to end of the dam. : 

Sampling shows that the coarser grains were laid 
down at the edge of the pool and diminish somewhat 
in size toward the = wide : 1 ome poets 
segregation, though v e materia] is laid down in 
short distances. The ‘depth of the pool has little or no 
effect on tion. 

Mechanical analysis of the Somerset core gave 94 — 
cent. of the material passing the 200-mesh sieve. The 
was free from sand and very smooth, and advan- 
re taken of this characteristic to classify it quickly. 

he method of determining my goon which samples, 
taken from the pool bottom, should be classed as “ fine "’ 
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was to thrust a pencil into the material in the sample 
bottle, the presence of coarse sand or gravel and even 
fine sand being easily detected in this way ; if the pencil 
passed through the sample several times without en- 
countering ‘grit,’ the sample was classed as “ fine.” 
From a combination of these samples and the change of 
slope of the sides of the pool, the location of the dot 
and dash line on Fig. 6 was determined as being the 
approximate line separating the fine core from the coarser 
material, 

Careful elevations taken on the bottom of the pool 
after work had been discontinued for the winter and 
repeated before the next season’s work began, showed 
no change, either of settlement or rising, though the 
dikes themselves settled. Very fine material remained 
long in suspension, in fact, the pool water was never 
clear, and it was estimated that at times as many as 
100 cub. yards per 24 hours were lost through the pool 
overflow. Sulphate of aluminium was used to precipitate 
this fine material, partly by suspending it in bags in the 
pool, but mainly by the introduction of a solution into 
the force main at the sluicing pump house. Continued 
sampling at the overflow indicated a reduction of about 
50 cent. of the loss. During the second season’s 
work, the dikes were carried up more rapidly, and there 
was little or no overflow and consequent loss of suspended 
material. . 

The Bridgewater Dams.—On the Bridgewater dams, 
the Somerset method of dumping from trestles and 
sluicing from dikes was followed. The actual sluicing, 
however, was done from scows in the pools and not from 
pipe lines on the dikes, as at Somerset, except in finishi 
the final lift after the pool had been eliminated or 
become too narrow and shallow to float the scows. 

Seepage and evaporation from the pools on the Bridge- 
water dams, amounting to about 0-4 sec.-ft., was re- 
placed by pumping as required, and all fine material 
was retained, there being no overflow. The pool water 
was seldom roily, in fact, it was notably clear during 
warm summer weather and clearer in the pools than in 
the river from which it was pumped. The sluiced 
material and the slight roiliness caused by it, could be 
seen through the clear water as it advanced over the 
bottom toward the centre of the pool. This indicated 
@ material in which there were few extremely fine particles, 
though its effective size was low, 0-026 mm., and its 
uniformity coefficient, 5-6, was high. 

A number of seepage experiments were made in tanks 
in the manner described by Mr. Hazen, utilising material 
taken from the dams and borrow-pits. The apparatus 
used was not satisfactory, the results giving relative 
values as between different materials, but not absolute 
seepage quantities. The experiments showed where 
® certain material might best be used: in the dams, 
whether in the porous outer dikes or for cores. 

As previously stated, one of the problems on the 
Bridgewater dams was to get into the cores a sufficient 
quantity of fine material. To make certain that this 
was being done, numerous and frequent samples were 
taken from the bottoms of the pools. These samples, 
about } lb. in weight, were obtained with a cone-shaped 
tin can attached to the side, and close to the end, of a 
sounding pole. The samples were taken on cross- 
sections not more than 300 ft. a , and their location 
in the section and elevation was determined. 

The Paddy Creek Dam.—Fig. 6 shows the maximum 
section of Paddy Creek Dam, and is typical of all the 
dams in the group. The location and fineness of the 
samples taken on this section are indicated, the location 
by the parentheses and the fineness by the figures within 
the parentheses, the figures being the percentages passing 
a sieve of 100 meshes per linear inch. Other data on 
the section are the lines showing the extent of the pool, 
the position of material finer than 35 per cent. and 
60 per cent. passing the 100-mesh sieve, and the location 
of the trestles from which the material was dumped. 

More than 2,000 samples were taken during the _ 
gress of the work. Mechanical analysis of some of these 
samples was made, but complete analysis of all the 
samples consumed too much time—the information 
they furnished must be made use of at the earliest 
possible moment, and to do this a more simple method 
was adopted. This was to determine their value by 
comparison with materials of known fineness and im- 
permeability. 

The mechanical analysis curves, 4, 6, 9 and 10, Fig. 7, 
represent materials that have been experimented with 
and found to be satisfactory core material. The curve, 
1 to 8, is @ combination of the analysis of samples of 
six different borrow-pit materials to be used in the dam. 

It is desired to have a core equal to one-fifth or 20 per 
cent. of the volume (or cross-sectional area) of the dam. 
The curve, 1 to 8, represents the material with which 
the work is to be done or the dam built, one-fifth of 
which will be core. The finer fifth of this material 
is represented by that part of the curve lying below 
the 20 per cent. by weight line on the diagram, the 
larger particles of which have a mean diameter of 
0-13 mm. A line projected vertically from the point 
where the combination curve crosses the 20 per cent. 
by . weight—also volume—line, divides the curves, 
6, 9, 4, and 10, at their 0-13 mm. diameter point. There- 
fore, in order to show that a core as good as would be 
obtained by using materials, 6, 9, 4, and 10, is being 
obtained from the 1 to 8 material, samples may be taken 
from the core and passed through a single sieve, in this 
case a 140-mesh sieve, which passes material having & 
mean diameter of 0-13 mm. The percentages that must 
_ this single sieve may be taken from the diagram. 
The points where the vertical one-fifth volume line 
intersect the curves have the following values on the 

tage by weight scale: Curve No. 6, 30 per cent. ; 

0. 9, 35 per cent. ; No. 4, 39-5 per cent. ; and No. 10, 
70 per cent. This means that to obtain a core from the 
combination material equally as fine as that from the 











No. 6 material, 30 per cent. of the core from ‘the com- ! 


bination material must pass the 140-mesh sieve, and so on. 

As described previously, samples were taken from the 
bottom of the pool, dried, and passed through one sieve, 
and the percen of material passing the sieve was 
noted. On the 2 geod dams a sieve having 100 
meshes per linear inch was used, and the minimum for 
core materia] was set at 35 cent. passing this sieve. 

In screening core materials it is not possible to follow 
the methods used in the examination of sands and 
gravels and, ordinarily, only those sizes passing the 
No. 10 sieve (2mm. in diameter) are considered. A 
percentage of this material passes the 200 sieve (0-10 mm. 
in diameter), and the finer sizes are determined by 
elutriation. These finer sizes of a sample adhere to the 
wires of the finer sieves, clog the openings, and cannot 
be gotten through during a fixed period or by a certain 
number of “ shakes.”’ 

The sample must be removed from each sieve of the 
“nest”? on which it has clogged, and the sieve cleaned | 
with a brush or by rapping, the mee process being | 
repeated until no clogging occurs and the wires of the 
sieve show clean ra bright after the final shaking. | 
Lumps formed in drying that do not break down in the | 
sieves, may be reduced under slight pressure applied | 
with a cork. Lumps that resist this pressure will readily | 
break down in water, 

The extent of the 35 per cent. material is indicated on 
the section, Fig. 6, and is considered to be the core of 
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the dam. This area is referred to as “35 per cent. 
fine’’ and a still smaller area as “ 60 per cent. fine.” 
All samples containing 35 per cent. and more passing 
the 100-mesh sieve were reserved for further analysis 
and experiment. 

Mechanical analysis was made of the combined core 
samples of the three large dams. The effective size 
and uniformity coefficient, ther with the area of 
pool and gore, are given for each dam in Table I. 











Taste I. 
Areas in Percentages of 
Core. Maximum Cross-sections. 
Dam. Uni- 

Effec- 35 per | 60 per 

tive tonty Pool. cent. cent. 

size. elent. Fine. Fine. 

Catawba --| 0-026 5-6 42 42 24 
Paddy Creek ..| 0-030 5-2 48 31 21 
Lin .-| 0-028 5-4 52 27 20 




















In the Catawba Dam there was no material inside the 
pool lines finer than 35 per cent., so the area for this 
size appears in Table I the same as for the pool, namely, 
42 per cent. It will be seen from Table I that the 
“60 per cent. fine’ areas came nearer the one-fifth 
yb per cent. cores sought than did the “ 35 per cent. 


In sluicing the core into place, there is always the danger 
of carrying a layer of sand or coarser material partly 
or entirely across the pool and connecting with other 
coarse material. Even though one-fifth area was 
sufficient, and ‘‘ 35 per cent. fine’’ was adopted as the 
minimum, material of this size was watched very closely 
= it began to pass within the limits of the middle 
third. 

An additional mechanical analysis was made of a mixed 
sample, composed of 266 core samples from Paddy Creek 
Dam. All the 266 samples were those containing more 
than 35 per cent. passing the 100-mesh sieve were 
taken on several sections and throughout the full height 
of the dam. 

The smaller sizes were determined by water elutriation. 
The analysis was made by Mr. H. W. Clark, as follows :— 
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Effective size, 0-033 mm.; uniformity coefficient, 
5-1; albuminoid ammonia (parts in 100,000), 4-6; 
percentage loss on ignition, 5-6; weight per cubic foot, 
dry, 73-0; percentage of voids, 54-4. 

Separation in the mechanical analysis of the Somerset 
core was not carried beyond the 200-mesh sieve, or the 
0-10 mm. size; and 94 per cent. of the material by 
weight was finer than this size. This is very fine material 


|and perhaps may be in, the 0-002 mm. class of cores 


mentioned by Mr. Hazen. Analysis of a sample of 
Englewood core—Miami Valley dam—gives 95 per cent. 
finer than 0-10 mm. and an effective size of 0-002 mm, 

Compression and Seepage Tests on Core Material.— 
Many investigations have been made to determine the 
law followed by water in passing through a porous 
material, The earliest attempt was that of Darcy,* 
whose conclusion was that the rate of flow is directly 
proportional to the pressure, or head, and inversely 
proportional to the thickness of the material. That is, 
to double the head and k the th or thickness of 
the material the same, would double the flow, and to 
double the depth or thickness of the material and keep 
the head the same, would result in one-half the flow. 
This is known as Darcy’s law. He also found that the 
flow varied with the diameter of the soil grains, The 
flow also varies with the porosity, which is not dependent 
on the diameter of the soil ins, but changes with the 
degree of compactness of the material.t Another 
important factor is the temperature—viscosity—of the 
water as it through the material. 

That the rate of flow is not exactly proportional to 
the pressure—or head—but increases ‘lightly with the 
head, resulting in a curve rather than a straight line, 
has been shown by King and others in a long series of 
laboratory experiments.t This, however, is a refine- 


ment not warranted in —— engineering ice. 
The investigation of this subject by Mr. Hazen and 
his rt§ m antedate those of Messrs. King 


and Slichter, and have become classic with American 
engineers. As a result of his experiments, Mr. Hazen 
found that the finer 10 per cent. of a material has as 
much effect on seepage rate as the coarser 90 cent., 
or, to state it in another manner, the ma would 
have the same seepage rate it has, if the grains were all 
the same size as those dividing the 10 per cent. from 
the 90 per cent. This size, than which one-tenth is finer 
and nine-tenths coarser, he calls the “ effective size.” 

Another matter which he found to be important is 
the degree of uniformity in the sizes of the grains of a 
material, whether the ins are all of one size or of 

. i tion he expresses as a ratio 
between the size which has 60 per cent, finer than itself 
and that which has 10 cent. finer than itself. This 
ratio he calls the ‘ uniformity coefficient’’ and states 
that the data only justify the application of his formula 
to material having a uniformity coefficient below 5 and 
an effective size of grain of from 0-10 mm. to 3-00 mm. 

Altho it may not be assumed that Mr. Hazen’s 
formula is applicable to flows through the extremely 
fine materials used in earth dam cores, yet the mechanical 
determinations of effective size and coefficient of uni- 
formity may be utilised as an index to the suitability 
of materials. 

As the coefficient approaches unity, a material of 
uniformly sized grains and higher percentage of voids 
is indicated; as it departs from unity a more dense 
material, having variously sized grains, is indicated. 

For filters and filtration, a sand having a low uni- 
formity coefficient and a high tage of voids is 
required, while for concrete and the core of an earth 
dam, a dense material is sought. 

For an earth dam core such a material is indicated 
by a low effective size and high uniformity coefficient, 
but what is still more important to secure impervious- 
ness is the degree of compactness attained in the core 
itself. Even though a material is dense and fine, it is 
not impervious when first placed in the core. Until 
an over-burden has acted to compress a zone, the quantity 
of water that can pass through that zone is great, but as 
soon as pressure is applied the result compactness 
is rapid, amounting to 20 per cent. & pressure 
of only 1 ton per square foot, and the reduction in 
remarkable, being more than 90 per cent. 

The methods followed and the formulas derived from 
the experiments mentioned will not be discussed here, 
these data are readily —— ~~ .~ —_ es 
engineers. There is no difficulty in applying 
methods, but there is difficulty in eliminating all the 
disturbing factors encountered in a series of experiments 
and a feeling, when one is done, that practice has not 
followed theory as closely as one could wish. 

Compression and seepage experiments were made on 
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_ * “Les Fontaines de la Ville de Dijon,”fpar Henri 


D , Paris, 1856. 

+ This is demonstrated theoretically by Slichter, 
19th Annual rt of the U.8. Geological Survey, 
Part 11, 1899. also, Water Supply and Irrigation 
P No. 67, U.8. Geological Survey, 1902. 

19th Annual Report of the U.S. Geological Survey, 
Part 11, 1899. 

§ ‘Some Physical Properties of Sands and Gravels, with 
_ Reference to their Use in Filtration,” by Allen 

azen, Massachusetts State Board of Health, 1892, p. 541. 
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samples of core material collected from two of the dams 
as y described. These particular experiments 
were made to determine the effect of pressure of over- 
burden on the seepage rate through the material, 


(To be continued. ) 





THE MECHANICAL LOADING OF SHIPS.* 
By H. J. Smrra, of Shanghai, Member. 
(Concluded from page 151.) 

Gear TRANSPORTERS. 

The erection in 1901 of the first electrically-driven 
travelling bridge transporter designed for grabbing 
mineral from the holds of.ocean steamers marks the 

atest improvement to date in the methods of un- 
oading that class of material in bulk. 

Whether further improvement will advance along the 
same lines as, for instance, the possibility of running a 
number of grabs in procession round an elliptical track 
or whether it will come from a different direction alto- 
gether remains to be seen, Suffice it to say that the 
unloading of cargo in bulk will never equal the loading 
speed unless boats are built with a system of belt-con- 
veyors as part of their internal economy. The experi- 
ment has been tried,f but it was in advance of its time 
and foredoomed to failure by the people who had its 
success most at heart. 

Assuming that the loss of cargo space outweighs the 
advantage of rapid discharge by belt-conveyor, then 
the transporter grab system will grow in capacity, size 
and utility. 

Types.—At present there is competition between two 
types, namely, the rope haulage system where the grab 
is operated by ro driven from a fixed hoist, Fig. 2, 
page 117 ante, and the rival system where the driver and 

oisting machinery travels with the grab. The latter 
will probably triumph in spite of the higher cost because 
the driver has at olf ines a complete view of the opera- 
tions, and it is possible to arrange for more than one 
grab on the transporter. 

The finest examples of the latter type, using single 
grabs, are—as far as the author’s own experience goes— 
the four transporters built to the order of the British 
Admiralty, Fig. 1, page 117 ante. These machines weigh 
about 300 tons each, they are nearly 400 ft. long and 
travel along double sets of rails whose gauge is 220 ft. 
They can grab coal from colliers and deliver it direct 
to the battleship or unload it into a storage yard of 
100,000 tons capacity. These ti rters are probabl 
unique in the fact that they negotiate a curved trac 
and work along a wall built at an angle with the apex 
about midway of its length. The rate of unloading is 
100 tons of coal per hour for each machine. 

Han-Yeh-Ping Transporter.—The author has recently 
installed in China a transporter whose two grabs and 
attendant machinery make a moving load of nearly 
100 tons, Fig. 18, annexed. And when it is considered 
that this load works on the end of a cantilever arm nearly 
150 ft. in length and that the structure has to stand also 
the shocks due to grabbing 10-ton loads at high — 
then some idea may be formed of the size to which this 
class of machine is growing. t 

The transporter under review is designed for grabbing 
iron and g ore, li tone, coal and coke from 
the ship’s hold and delivering it through storage bunkers, 
Fig. 19, ann , to four blast furnaces. The machine 
is equal in size to anything existing of its type and the 
requirements, due to the rise and fall of the Yangtzse 
of over 45 ft., are unusually exacting. 

When the river is at low level about 230 ft. of fore- 
shore was disclosed, so the site had to be piled and the 
foundations carried to 4 ft. above high water level in 
such a manner that the front wall is now within 130 ft. 
of water wae 4 enough to float the craft in use when the 
level of the Yangtzse is at zero. The distance of 130 ft. 
is by the two cantilever arms of the trans 4 
which has an overlay of nearly 150 ft. from the face of 
the wall. ‘The top of the four main columns which carry 
the girders at the centre are 137 ft., and the bottom boom 
of the cantilevers 100 ft. above low-water level, Fig. 20, 
page 185. The four bridge girders are 37 ft. deep at 
the centre and 282 ft. long. The weight of the structure 
is 530 tons, and the total weight of the machine is 680 
tons, The empty bs weigh 7 tons each and the 
eombined force of the six electric motors employed is 
500 b.h.p. 

Description of Structure.—The transporter is con- 
structed with two separate bridges, 50 ft. centres apart, 
connected by wind bracing to act as one structural unit 
of great stability against wind pressure, Figs. 21 and 22, 





185. 

The maximum load on the wall is about 800 tons, 
namely, 200 tons nearly on each main column. This 
wall is a substantial concrete-backed and stone-faced 
structure, but as it is founded on the Yangtzse mud 
considerable piling and grillage wcrk was neo to 
ensure stability. The river bank :n the vicinity was 
afterwards pitched with slag to prevent erosion. The 
author © & minute examination of the work after 
the first floods had subsided, and so far as could be 
seen the precautions taken are all that is necessary. 
The levels of all the column bases were carefully checked 
also without finding any settlement. 

Each transporter bridge is fitted with an underhung 
and revolving crane which travels with, and operates 
a grab weighing 7 tons when empty, and 11 tons when 





* Paper read before the Institution of Mechanical 
Engineers, January 21, 1921. 

+ 88. Pallion. 

} For electrical and other detail of this 
see article by the author in The Electriean, Decem 
1920. 


rter, 
r 31, 





full, Fig. 23, 185. The weight of the eee 4 
slewing and travelling mechanism, is nearly 38 tons eac 
side, or when adding the two loaded grabs, about 98 tons 
altogether. As the grab and hoisting machinery are 
underhung from the travelling carriage, the former can 
slew round 360 deg., so that the two grabs working in 
co-operation can cover the whole area of a hatchway 
60 ft. long without moving the vessel. On smaller craft 
the grabs can work two hatches simultaneously. 

The underhung portion is pa from the carriage 
by ball bearings mounted on double trunnions designed 
to ensure that the weight is equally distributed over the 
four travelling wheels under all conditions of bbing. 

The hoisting, slewing and travelling machinery is 
driven by separate motors, and all three motions are 
poten ss | by one man who travels with the grab. 

The power required is generated by a turbo-alternator 
and boilers gas- from the blast furnaces. A rotary 
converter on the transporter site reduces the high-tension 
alternating current to 440 volts d.c. 

The total cost of the plant was a little over 40,000/., 
which means an overh charge of 3d. per ton for capital 
and depreciation costs on the itenek aupacig of the 


APPENDIX. 
Belt Conveyors. 
ForMu.a. 


approximate life of belt, in tons, conveyed. 
cross section of load in sq. ft. 

cubic feet (maximum) conveyed per hour. 
cubic feet (average) conveyed per hour. 
least diameter of driving pulley in inches. 


oe 


speed of belt in feet per minute. 
tons (maximum) conveyed per hour. 
= tons (average) conveyed per hour. 
= width of belt in inches. 





= specific gravity of material conveyed multi- 
plied by 36. 

= specific gravity of material conveyed multi- 
plied by constant. 


N Kg" sen moS awP = 
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Fie. 19. Bunkers or aBOVe TRANSPORTER. 


plant working daytime shifts only. By working three 
shifts of eight hours each, and cutting out the meal 


stop , the charge per ton could be considerabl 
i. J 


Chinese Steel.—The author is often asked how the 
steel produced by these Chinese works compares with 
the European product, so the following particulars may 
be of interest. Owing to conditions of war, the 75,000 
field rivets required for the erection of the transporter 
had to be obtained out of England. Ingots were chosen 
from a steel works, heat No. 6,028, the chemical 


analysis of which gave the following results :— 
Per Cent. 
Carbon 0-15 
Silica 0-03 
Manganese 0-50 
Phosphorus 0-03 
Sulphur ... 0-048 


After the rivet bars had been rolled, the static tests 
were carried out by the author on a 50-ton ‘* Buckton”’ 
machine with results as follows :— 


Description. Test No. 1. Test No. 2. 
Diameter of bar ... in. 0-873 0-877 
Area of bar ote -» Sq.in. 0-600 0-605 
Distance between marks ... in. 7 7 
Bar broke at ote -. tons 15-61 15-965 
Ultimate breaking strain in tons 

per sq. in. ove +. tons 26-1 26-4 
Ultimate breaking strain in tb. 

per sq. in. ee -- Ib. 58,500 59,100 
Elongation percent. 31-7 32-7 


The nature of the fracture was cupped, homogeneous 
and silky. 


H.P. = brake horse-power required for horizontal 
conveyors. 

H.P.’ = brake horse-power required for inclined 
conveyors. 

*H.P.” = maximum brake horse-power allowable for 


given width of belt and single-pulley drive. 
*H.P.’” = maximum brake horse-power allowable for 
— width of belt and tandem-pulley 

ive. 


ConsTANTs FoR Z. 


36 For washed nut coal and sharp dry sands. 

33 For unsized coal containing no large lumps. 

31 For unsized rock containing no large lumps. 

30 For unsized coal with lump and small in equal volume. 
28 For unsized rock with lump and small in equal volume. 
26 For coal containing nearly all lumps. 

24 For rock containing nearly all lumps. 

24 For coal all lump. 

22 For rock all lump. 


No. 1. 
7. Ws 
86,000 
18 S20T wa y/BMT x. BMT 
wy Ys , wis 


Example : How many tons of coal (specific gravity 
1-5) can_be conveyed (maximum) per hour by a belt 
24 in. wide running at a speed of 300 ft. per minute ? 


p — 576 x 1° x 36 x 300 





= 108 tons per hour. 








86,000 
No. 2. 
+ W2Z8 
86,000 
.. g — 36,000 ¢ bel 86,00) ¢ z — 86,000 T 
‘ W2Z ZS wes 


Example : How many tons of lump coal can be con- 
veyed (on the average) per hour by a belt 48 in. wide 
running at 500 ft. per minute ? 


+ — 2304 x 1.5 x 24 x 500 





34.000 = 482 tons per‘hour. 
No. 3. ; 
Hp, = (WS + 22T)L 
280,000 
1 — 280,000 HP. 
Ws+mT 


Example : What brake horse-power will be required 
to drive a belt 24 in. wide running at 300 ft. per minute 
and conveying 108 tons of coal per hour over a distance 
of 100 ft. 








HP. — (% x 300 + 22 x 208) x 100 _ 3.49 BHP. 
280,000 
No. 4. 
4 Hp’ — (WS + 22T)L + (30 HT) 
rr 280,000 


Example: What brake horse-power will be required 
to drive a belt conveyor 48 in. wide and 191 ft. in length 
when raising large lump coal to a height of 60 ft. (about 








* H.P.” and H.P.”” govern the maximum length of 





any conveyor as a separate unit. 
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20 deg.) at an average rate of 482 tons per hour ? 
speed of the belt to be 500 ft. per minute. 


(48 x 500 +22 x 723*) x 191 +(30 x 720 x723*) 
280,000 | 


The No. 8. 


c= W2S x 0-018. 
c , c 
s= 
we Ss x 0-018 We x 0-018 


Example: What is the average load in cub. ft. per 
hour carried by a belt 48 in. wide and running at a speed 
of 500 ft. per minute when working on large lump coal } 


c = 2304 x 500 x 0-018 = 20,736 cub. ft. 


Nore.—In examples Nos. 7 and 8 the constants 
0-026 and 0-018 represent the two extremes of C and c. 
Intermediate constants to suit the class of material to 


H.P.’ = 
= 85 B.H.P. 





* Note.—In all cases the horse-power must be 
reckoned on the maximum and not on the average 
onpenny of the conveyor. This amount of power will 
only be called for when the belt is carrying the maximum 
load or starting a loaded belt up from rest. The average 
power consumed will, of course, agree with the average 
of the load carried. 














No. 5 | be conveyed may be arrived at by the formula 

Hp”. WsP Constants for Z x 0-026 

vere 53,000 — | 36 
53,000 H.P 53,000 H. |) ee 

” ” > | 

Nn ree. ae Kees. | B= © oa ©. 
308 P 30WS8 30 WP 60 5 60 8 
Example : What is the maximum brake horse-power | — Core - 5 

which may be exerted on an 8-ply belt 48 in.’ wide |  T B x 60 pe Reem Hee 


A table.of data worked from the foregoing formula is 
given at the end for handy reference, 


Bucxetr Conveyors. 


For caleulating the brake horse-power required by 
bucket conveyors the followi formula—which the 
author has tested by actual experience to be a sufficiently 
reliable guide to any but those requiring more expert 
knowledge—may be useful. 








([ s (=) | + (i w)| 

B.H.P. = Y +B. 

a 

Where : 

L = total length of chain on rail. 

S = speed of chain in feet per minute. 

X = average weight in lb. per foot-run of chain, in- 
cluding buckets and load, 

Y = 11 for 6-in. wheels; 10 for 5-in. wheels; 9 for 
4-in. wheels. 

H = height in feet the load is elevated. 














Fie. 20. Untoaprye Iron Ore anp Limzstonz, 
Han-YeEu-Pina. 
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GraB TRANSPORTER, Han-YxEu-Prina. 


GeneraL View or STRUCTURE. 











Fie. 22. BRIDGES. 


WIND BRACING BETWEEN 


running at a speed of 500 ft. per minute with a single- 


Example : What will be the sectional area—in sq. ft.— 
pulley drive ? 


| of the load on a belt 48 in. wide when loading large lump 


| coal (see example No. 8) at a speed of 500 ft. per minute ? 
BLP.” = 22x $6 x 600 x 8 _ 109 BHP. 








53,000 B = _70,736_ _ 9.69 square feet. 
_— 60 x 500 
No. 6. No. 10 
>" 30 WSP es : w 
H.P. pins» Mon dan R 
43,000 "ars 
-w — 43,000 H.P.” P= 43,000 H.P.” . _ 43,000 H.P.”” Example : What radius of trough would be advisable 
enim " ) ier 9 4 Maen 30 WLP. on a conveyor belt 48 in. wide ? 
4 ; . 
Example ; Same as example No. 5, but with tandem- | R= T3 37 inches radius. 
pulley drive. | No. 11 
Bp.” . 0 x 8 x OO x 8 _ in BLP. A = 567 We. ; 
43,000 Ezample : What should be the average life (expressed 
No.7 | in tons conveyed) of a conveyor belt 48 in. wide ? 
C = W2S x 0-026. A = 567 x 2304 = 1,306,368 tons. 
4 ( , C Similarly, the life of a 24-in. belt would be 326,592 tons. 
oe. Ww es 3 = _—_—_ No. 12. 
S x 0-026 W?2 x 6-026 p - SP+W 
Example : What is the maximum load in cub. ft. per 2 
hour that can be carried by a belt 24 in. wide and running Example : What should be the least diameter of the 
at a of 300 ft. per minute ? N.B.—The volume | driving pulley for a 6-ply belt 24 in. wide ? 
includes the voids. : 





D 


== oxet = 30 inches diameter. 


C = 576 x 300 x 0-026 = 4493 cub. ft. 


Fie. 23.'7 GRaB AND TRAVELLER. 


W = The weight in lbs. elevated per minute 
B number of pairs of bend wheels used, including 
tumblers. 
Notre.—Some discrimination is necessary with B. 


In small plants + 3 would be more correct. In large 


plants + 2 B would be better. 

Exa : What brake horse-power would be required 
to drive a chain of buckets 620 ft. (total length of chain) 
for elevating 40 tons of coal per hour to a height of 60 ft. 
The bucket chain to be fitted with 5-in, trod wheels, 
to run at a speed of 40 ft. per minute and disc the 
coal into bunkers at any point under the top portion of 
the chain. Assume the weight of chain and buckets to 
be 84 Ib. per foot and the load equal to 36 Ib. per foot of 
chain. Four sets of bend wheels required besides the 
driving tumblers ? 


: [ 500" x 40x () |+1¢0 x 1440) 
.. B.HELP, = t 10 
33,000 
= 14°9 B.H.P. 
* Nore.—It will be noticed that although the chain 
has a total length of 620 ft., yet only 500 ft. is supported 
by rails. 








AERIAL RoPeways. 


| For calculating the horse-power required to drive 
‘an aerial ropeway the author gives the empirical formula 
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Tae Mecuanicat Loapine or Sures: Bert Conveyors. 
Data for selecting suitable size of Conveyor, based on the preceding formula and conditions as follows :— 


sail, steel and wood, and over 100 tons gross, was plotted 
on a time base and analysed. With the aid of the 
formula, the curve was extended onwards as far as 1930 





. ke ‘ : on the supposition that the war had not occurred. It 
cons 2 Specific gravity, . . ; voids, 42 . per cent. ; weight per cubic ot B = volume, 2. _- em oss sgt to Giibdigte the eflect of the wee, 
a SS et red aie ¢ atria ¢ Yentatied EE TOMEI.) carn tues i ime which was done by making a calculation of the available 
oa ge at the middle of 1919, when it was ooneitonet 
the supply and demand for ships were approximately 
Width of belt, in inches .. ee ee se os 24 30 36 42 48 54 60 
Speed of belt,'in feet per minute: :. i 300 350 400 450 500 500 500 | equal The morn. ng the ghee Brving Avena Pan pr: aseothe 
imum capacity, in tons per hour, when loading | pass through this point, and judging from the nature o' 
mixed coal, no | jumps sg, . we --| 108 198 326 500 723 915 1130 the deflection that had to be made, it did not appear 
Average capacity, in tons per hour, when loading lump robable that the world would resume its pre-war demand 
coal «“ a7 os RS - = oe 72 13 217 333 482 610 754 i tonnage until somewhere about 1928, when the 
Horse-power required for each 100 ft. of conveyor .., 3:5 5-3 77 10:7 14:3 16-9 19-6 demand was likely to be more or less stationary for two 
Additional horse-power required for each 10 ft. the load ; -s “4-6 or three years. 
BE Ta TT a : is iis The actual shipbuilding output of the world would 
mixed rock, no largelumps .. |..  ..  ..| 208 372 609 932 1,353 | 1,712 2,114 |mot, he considered, appreciably diminish until perhaps 
Average capacity, in tons per hour, when loading lump | a further year had elapsed, and that for many reasons. 
SA rR Ps Lee pe eee - a a A Be A a. 57 or Probably the most important was that’ at the end of the 
orse-power requ’ ‘or éach » of conveyor ..| “3 7 , , 23° . war the potential shipbuilding output of the world was 
‘ae horse-power required for each 10 ft. the load | 2-6 “8 7:9 12 17-4 22 27-2 | more than double what it was in the prosperous year 
Memenems engactty, tn tens por hour, when tending | = of 1912-13. It should be remarked that whereas the 
mixed iron ore, no large lumps an ? +} 200 527 868 1,330 1,930 2,441 3,000 total world tonnage in 1914 was of the order of 49,000,000 
Average capacity, in tons per hour, when loading lump tons gross and the shipbuilding output had not exceeded 
ae ore .. PTA eS Ss oe a7 ome a By Live yard yee 3-33 million gross tons, yet in 1919, although the world 
orse-power requ or each .ofconveyor.. . , . 28 é to’ demand was only about 51,000,000 tons, yet 
>» -—~ pee required for each 10 ft. the load 8:7 6-8 11-2 7 24:8 31-4 38-6 the shipbuilding output reached about 7-2 million 
Extra horse-power required for each fixed tripper es 1-4 1-8 2-4 3-2 4 4-5 5 ss tons, with the consequence that the effect of time 
Extra horse-power required for each movable tripper | 1-8 2-3 3 4 5 5-6 6-2 ag was very much more important than it was before 
6- 8-in 10-in 18-in 16-in 18-in. 20-in. the war, and that many more ships had been pro- 
Size of largest lumps that can be conveyed | { cubes cubes cubes eubes cubes cubes cubes | duced than trade conditions justified. The annexed 
Maximum width of opening for feed-hopper - 15 in. 20 in. 24 in. 30 in. 36 in. 40 in. 45 in. prea — os seh pee agenda Lato g 
Approximate life of belt, in tons .. ee ee --| 350,000 , 500,000 700,000 1,000,000 1,300,000 1,600,000 2,000,000 ti f th to ° fte tion 
Maximum horse-power advisable on 8-ply belt with | ge BOR GS VAD PLUS“ WEE SORREGS OCUFVS OIVEE COFFECEIO 
single-pulley drive ee ee oe ee : ‘| 33 48 66 85 110 122 136 or the effect of the war, served as an approximate guide 
Maximum horse-power advisable on 8-ply belt with | to the world’s future demand for ships. The extension 
wo tines ot seal .° 40 60 81 105 135 150 168 of the curve after 1919, marked A, indicated what 
mum ength or horizontal conveyor, ing coal, | was likely to be the world’s supply of ships, and the 
oe bia -» es clovaledl, bel dneda, wih’! 1,143 1,182 1,050 982 044 888 860 surplus was due to -the over-production previously 
ply belt, inalined 18 deg... © «. .«.| 160 140 120 | 106 97 87 79 ‘| referred to. 








Nots: (a) For tropical climates, add 10 
per cent. to horse-power required. 


which follows. It has been devised from actual practice, 
but must be used with caution because so many com- 
plications are likely to occur on different sites. 


(a 


HP. = 33,000 





Where : 


W = weight of mineral in pounds on ropeway. 

8 = speed of buckets in feet per minute. 

H = height in feet raised (or lowered) per minute, 

Example :— 

What horse-power will drive an aerial ropeway 24,000 ft. 
between terminals. The ropeway to transport 40 tons 


per hour when travelling at 400 ft. per minute, Assume 
a total fall of 480 ft. ? 


. LP, = (1,404 x 400) — (8 x 89,600)___ sgn p 
33,000 


In other words, the ropeway when fully loaded has a 
lus of 3-6 h.p. after moving its own load by gravity. 
ut it will be necessary at times to work the ropeway 

without load. This would be the case when starting 

up @ new plant and after repairs, and these contingencies 
have to be considered when designing the drive. The 
power required in this case is obtained fees the first part 
of the formula, namely :— 





s 





Le a 
"4 Oh, OO a ne 2c 


It should be noted that the formula given is for buckets 
running on ball-bearing carri a bearings 
considerably more power would be required. 





SHIPPING AND SHIPBUILDING 
PROSPECTS. 

In our issue of December 24 .ast (pi 837) we referred 
to a paper read by Mr. Maxwell Ballard before the North- 
East Coast Institution of Engineers and Shipbuilders, 
on the subject of “The Relation between Shipbuilding 
Production, Prices, and the Freight Markets.’’ This 
paper analysed curves for freight and tonnage increase 
from about 1892, and as a result Mr. Ballard concluded 
that ‘‘ it does not appear logical to anticipate a lengthy 
period of trade depression to be near at hand, nor even 
that the existing artificial depression will be more than 
temporary. There are, indeed, alroady signs, so far as 
industrial unrest is concerned, of a tendency towards 
betterment generally.” 

In the discussion which followed this paper Sir West- 
cott 8. Abell took a rather different view and illustrated 
his remarks by the curve we now publish in the accom- 
pare figure. Sir W. 8. Abell said that Mr. Ballard 
1ad put together a very interesting paper on the con- 
nection between trade and shipping. In general he had 
little comment to offer except in regard to the conclusion 
which the author drew from his studies. The view 
expressed by Mr. Ballard, and which he had heard quoted 
on several occasions recently, viz., that he did not 
anticipate a lengthy period of trade depression to be near 
at hand, nor even that the existing artificial depression 
would be more than temporary, was one which he could 
not see from his own researches on the subject to be at all 
justifiable. 

It might perhaps be better if he described briefly the 


cent. to horse-power juired. 
ba) For conmugens tabiog bes 


(b) For rough-cast gearing, add 10 
than 10 horse-power add 15 per cent. 


arguments on which he had been led to a contrary con~ 


It would be observed that owing to the wave fluctua- 
tion, the curve B remained pr lly horizontal from 
1922-25, from which it followed that the surplus existing 
in 1921 was likely to remain until the beginning of 1924 
or even later. After this time, in acco ce with the 


+ 








clusion, It was about the end of last year that for 
certain he desired to obtain some idea of the 
probable future of the shipping and shipbuilding of the 
world. He ascertained from a study of the world’s 
statistics as curves on a basis of time, that 
the steel production, the coal production, the inter- 
national trade (exports plus imports) and shipping 


ESTIMATES 
z FOR RLD. 


WORLD. 
1920 





FY 
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Curve ‘“*A” to the end of 1919 shows the world’s 
shipping in millions of tons gross. 

Curve “A” after 1919 shows an estimate of the 
world’s supply of tonnage. 

Curve ‘‘B” is an estimate of the world’s demand 
for tonnage. 

Curve “C” shows the world’s tonnage output up 
to 1919 and estimated output after that date 
per annum. 


tonnage followed the same general characteristics with | 
a slight time lag. He verified this closely for the United | 
Kingdom and generally for the rest of the world. 

If this deduction were correct, the shipping tonnage 
which existed at a particular moment gave an excellent 
index of the position of world trade, subject to a time 
lag which before the war did not appreciably vary from 
about twelve months. It was evident also from analysis 
that the shipping tonnage varied in a wave form which 
had a period of as little as seven years about a mean 
value which gradually increased with time. It was also 
evident that there were indications of fluctuation of 
longer periods than that, but the available statistics did 
not extend over a sufficiently long time to determine these 
other wave forms. 

It appeared, therefore, that for a first approximation 
world tonnage might be expressed as @ mean curve on 
which was superposed a periodic fluctuation having 
about an amplitude of plus or minus 5 percent. Further 
study also showed that the mean curve would be of the 
b 
nature of a curve of probabilities, viz, y=ae * 


where a and 6 are constant. 


periodical fluctuation, the demand was likely to rise very 
| rapidly, and be quite appreciable for two years or so, 
| 1925-26, reaching a more or less steady position in 
until,about 1930. It did not follow that the world ship- 
building was entirely governed by this main curve of 
| for tonnage, but there was always a certain 

t of repl t due to marine losses, old age, 
and other causes, which was a fairly constant quantity, 
and might reach as much as 3 per cent. per annum. 
Taking, however, the over-production from the armistice 
up to the middle of this year, it was believed that with 
so much surplus new to in existence, there would 
not be nearly the no amount of replacement 





building. 
The curve C exterpolated beyond 1919 had been 
roughly checked from t points of view, and indicated 


that for the whole world the shipbuilding output for the 
years 1922-3-4 was likely to lie between 1-5 millions 
and 1 million gross tons annum, a worse figure than 
was experienced in the Bad year of 1909. As already 
indicated, the demand for new ships for the years 
1925-26 was likely to be very much better, but even 
then it was not likely that the pre-war maximum ship- 
building output of the world of about 3,000.000 gross 
tons per annum would be exceeded, and in addition this 
period was likely to be followed by two years or more 
of very restricted production. In fact, as far as those 
figures held, and certainly as a first Speen. it 
would not appear that there was likely to be a large 
demand for new ships until somewhere approaching the 
year 1930. 

It must not, of course, be forgotten that these remarks 
were based on amount of tonnage and of ship- 
building, and while it might be true that these bad 

riods to be met, yet there would always be demands 
or special types of vessels, for special cargoes, and for 
special trade, such for example as existed at the pre- 
sent time in regard to oil tank vessels. Another point 
that seemed to arise was that all finance and arrange- 
ments of shipbuilding production were liable to consider- 
able error if only an annual period were taken, and it 
would seem that a much steadier policy should be possible 
if consideration were extended to a period of seven years 
rather than one year, This was the more important 
seeing that the variation between minimum and maxi- 
mum demand on the shipyards was somewhere about 
100 per cent., i.¢., the output was as much as twice in a 

period of what it was in a bad period. 








Exectric Arc Wetprne.—An excellent summary of 
the present position of electric arc welding is given in 
@ small pamphlet which has been written by Mr. James 
Caldwell and is being distributed by Messrs. Alloy 
Welding Processes, Limited, of 14-16, Cockspur-street. 
London, 8.W. 1. Mr.. Caldwell potsee out that the 
most important recent advance in the use of are welding 

s been in its employment for constructional work as 
distinguished from repair work. He refers to various 
applications, such as the use of electric welding in 
building construction (a type of application of which 
we illustrated an example recently), its use for joining 
reinforced concrete framework and its use in ship con- 
struction. An interesting and novel case is also quoted 
of the jointing of a steel steam main 12 in. in diameter 
and carrying steam at 250 lb. pressure, by means of 
electric welding. The main is 1,600 ft. long, and the 
only flange joints used are at elbows and expansion 








On this basis the actual world tonnage, steam and 


joints. He states the main stood rigorous tests and has 
n in satisfactory use for some time. 
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THE “LEADER” CABLE AT 
PORTSMOUTH. 
By J. J. Bewnnert. 

Tus “leader” cable, the principle of which was 
explained by Dr. O. V. Drysdale in the eleventh 
Kelvin Lecture,* has now come into use at New 
York, Portsmouth and Brest. It is also understood 
that a project is under consideration for carrying 
such a cable across the short cross-Channel route. 
It may be recalled that the functions of a “ leader ”’ 
cable are (1) to enable a ship to make a good landfall 


Fig.1. 





(6675 a) 


Fig. 2. 
A: Lines of Force (Grceular) due to Unvarying 
Current in Cable 


in ‘ 
B- Lines wie g (Morisental) due to Return Current 
through Sea 


C- Lines of Force ae 
Alternating is used in 


A 2. 


Sg aa " 


in thick weather, (2) to lead a ship up harbour, 
(3) to lead a ship from open water through a 
restricted channel to open water on the far side, 
(4) to give warning of outlying dangers, (5) to assist 
a vessel to keep a straight course from port to port 
and thus save fuel. By means of the cable a ship’s 
navigation is facilitated in pilotage waters when, 
owing to fog or other circumstances, the usual 
aids to navigation are obscured. No details are 
available of the Brest cable. The one in New York 
runs along the Ambrose Channel from Fort Lafayette 
to the Ambrose light, a distance of 14 nautical 
miles. That at Portsmouth has been laid along the 
eastern approach to the harbour. It extends 
from a shore station in Fort Blockhouse and through 
Spithead to a point some 6} miles south of the Nab 
—a total distance of 17 nautical miles—and was 
laid by the experimental staff of the Naval Signal 
School, who have charge of the installation. 

For the Portsmouth installation a cable was taken 
from stock; it is not a specially-designed one. 
It is a seven-core cable, each core consisting of 
108 Ib, copper per mile, insulated 110 lb. of gutta 
percha per mile, the whole armoured 12 strands 
No. 2 gauge wire. All cores are joined in parallel 
giving an ohmic resistance of 27 ohms total. The 
cost was 6001. per mile. Power supply is obtained 












































* See ENGINEERING, vol. cx, p. 522. 


from a’Jmotor alternator providing normally 
9 amperes at 220 volts and at a frequency of 500 
cycles per second. This frequency is found to be|is 
the most suitable, as the ear is not so sensitive 
to lower frequencies and the attenuation of the 
current along the cable becomes more extreme 
with higher frequencies. The receiving gear aboard 
ship consists of frame coils 3 ft, square, wound with 
350 turns of 24 8.W.G. wire, with a resistance of 
about 90 ohms. A tuning condenser of about 
0-4 mfd. is also carried, a low frequency transformer 





amplifier, three valves, with 4-volt and 60-volt 
Fig. 4. 
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of Cable 




















batteries and suitable telephones. Electrodes (6-ft. 


lengths ‘of copper braid) are towed by insulated 
wires 100 yards apart. In the transmi station 
on shore the “leader” cable is to one 


terminal of an alternator installed in the station, 
the other terminal of the alternator being connected 
to earth. A signalling key inserted in the cable 
at the transmitting station allows the current in 
the cable to be made and broken in accordance with 
any prearranged signal or Morse letter. On the 
ship the receiving coils of wire are placed one on 
the port and one on the starboard side. These 
coils are connected by means of leads to the 
receiving apparatus and telephones installed on. the 
bridge. The interruptions of current in the cable 
are received as signals of a musical note in the 
telephones. 

The principles which govern the working of the 
“leader” cable system may be stated in an 
elementary way as follow: Every cable carrying 
an electric current is surrounded by a magnetic 
field which is most intense in the immediate vicinity 











of the cable. When the current does not vary in 
ee ae ee oe ee 

a considerable distance away, the direction of 
the “lines of force” in this magnetic field is 
indicated by the concentric circles shown in Fig. 1, 
which show the direction in which a freely 
magnet would set itself if placed in the magnetic 
field. In the case of a “leader” cable, the electric 
current is continually altering in intensity, and the 
return path of the current is through the sea water 
in the immediate vicinity of the cable. These 
result in the magnetic field about the cable being 
modified in both shape and intensity. When the 
electric current does not vary in strength, but the 
return path is through the sea water in the vicinity 
of the cable, the approximate shape of the resultant 
magnetic field in the air above the water is shown 
in Fig. 3. In Fig. 2, the circular lines of force are 
those due to the constant current in the cable, and 
the horizontal lines of force are those due to the 
return current in the sea water. 

As a first approximation we assume this return 
current to be uniformly distributed and thus to 
form a sheet of current, the magnetic field of which 
is horizontal and at right angles to the cable. 
The resultant field (Fig. 3) is horizontal over the 
cable, vertical some distance away, and again 
approximately horizontal, but in the reverse 
direction, at a considerable distance from the cable. 
If now, instead of a current of constant intensity 
an alternating current is passed the cable 
electric currents in a direction to those in 
the cable will be induced in the sea water, and the 
intensity of these induced currents will be greatest 
near the cable. Above the surface of the water 
the magnetic lines of force due to these induced 
currents will be slightly curved to the surface, such 
as the lines 0, Fig. 2, but the general direction of 
the field will be opposed to that due to the current 
in the cable. The final resultant field is, therefore, 
of the same general shape as that shown in Fig. 3, 
but the points of inversion X Y are moved towards 
the cable. With increase in the frequency of 
alternation, the induced currents increase in in- 
tensity and, as a result, the points X Y move closer 
together as the frequency increases. Fig. 4 shows 
the general shape of the field over a considerable 


When an alternating current through the 
cable, a loop or coil of wire suitably placed in the 
vicinity of the cable will have an alternating current 
induced in it, the intensity of the current depending 
on the change in the number of the lines of force 
which are embraced by the loop. These prin- 
ciples give an indication of how the “| 
system works. It has been shown that an alter- 
nating current in a cable laid at the bottom 
of the sea is associated with an alternating 
magnetic field which can be caused to produce an 
alternating current in a coil placed in the field. 
If a cable ing @ current—fixed or variable— 
is enclosed in a tube of steel or iron, the external 
magnetic field is appreciably reduced. The space 
external to the tube is said to be “ screened.” 
Similarly, if a mass of steel or iron such as the holl 
of a ship is brought into the vicinity of the cable, 
that part of the ship and the adjacent to it 
farthest removed from the cable will be screened 
to some extent. Such screening, when the ship is 
directly over the cable, is shown in Fig. 5. It will 
be noted that the ship not only becomes magnetised, 
but alternates in the polarity of its magnetisation. 
The ship being a conductor, electric currents 
are induced in its outer surface when an alternating 
current flows through the cable. When the ship 
is broadside on to the cable these sheets of current 
flow fore and aft and give rise to a magnetic field 
parallel to the surface of the ship, as shown in 
Fig. 5a. If the intensity of the alternating field 
giving rise to these induced currents is greater 
on one side of the ship than on the other side, 
then the resulting magnetic field is g eater on the 
former side. 

In Fig. 5, which illustrates the effect of a steel or 
iron ship lying directly over the cable, the intensity 
of the magnetic field is appreciably increased 
because of the presence of the ship, but the intensity 
is small over the deck because of the screening 
effect of the hull. If, on each side of the ship, 
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a square frame is placed, and on these frames a 
number of turns of wire are wound, thus forming 
a coil, some of the lines of force will pass through 
these coils and, in the position shown, the number 
of lines passing through each coil is equal. As has 
been stated previously, these coils are connected to 
the receiving apparatus and telephones on the 
bridge, and it will be clear, therefore, that, in the 
position shown, the strength of the signals heard 
in the starboard and port coils will be equal, since 
the number of lines of force passing through the 
coils, and consequently, the induced voltages, are 
equal, If the ship be a very large one the screening 
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effect on the upper portion of the hull may be 
considerable and the intensity of the signals will 
suffer co ingly. 

Fig. 56 illustrates the effect when the ship lies 
between the points O and X or O and Y (Fig. 4). 
It will be seen that there is distortion of the 
magnetic field and that more lines of force pass 
through the coil near to the cable. As a result 
the induced currents will no longer be of the same 
intensity in the port and starboard coils and there- 
fore the signals will not be of the same intensity. 

We may next imagine a vessel to be situated at 
an inversion point X or Y (Fig. 4) and the coils to be 
so situated that except for the presence of the ship 
the number of lines passing through the coil near 
to the cable would be equal to the number of lines 
passing through the other coil. In such a case the 
electromagnetic screening action of the ship and 
the consequent distortion of the magnetic field 
will prevent such equality with the result that the 
signal received from the coil nearer to the cable will 
be the louder. When the ship is beyond an in- 
version point electromagnetic screening is essential 
for the coil nearer to the cable to be the more 
effective. This screening is marked near to X or Y, 
but as the magnetic field gets more uniform in 
intensity, as it does-with increasing distance from 
the cable, the effect is less marked and the difference 
between the strength of the signals is too small 
to be detected. When the ship is directly over the 
cable, loud signals of equal strength are heard in each 
coil, As the ship moves away from the cable, 
signals are at first much louder in the coil nearest 
the cable, but, as the distance of the ship from the 
cable increases, the strength of signals decreases, 
and the difference in the strength of signals in the 
port and the starboard coils gradually becomes less 
and finally disappears. 

ing now with the positions for the coils, 
The lower the ooils are carried the stronger will be 
the signals obtained, but due regard must be paid 
to the possibility of the coils being washed away 
by heavy seas and also to the coils, being so situated 
that reasonable facilities exist for placing them 
in position when required. Wherever the coils are 
placed it is essential that there should be good 
magnetic screening between them. The outcome of 
the trials made at Portsmouth indicates that there 
must be at least 2 ft. of vertioal hull above the top 
edge of the coils. The sides of the ship where the 
coils are mounted should be parallel; that is to say, 
a position should be selected where there is no 
considerable ‘‘ sheer’ and where the full beam of 
the ship exists. In the average merchant ship a 
position abreast of the fore bridge would usually be 
satisfactory, especially if there is a considerable iron 
structure, t.e., cabins, deck-houses, &c., intervening 
between the port and starboard coils. The effect 
of screening is considerably increased if the coils 
are carried quite close to the ship’s side, but against 
this must be set off the fact that, if carried close 








to the ship’s side, the range at which the signals can 
be heard is decreased to a considerable extent. 
A compromise is , and experience at 
Portsmouth shows that, the centre of the coil should 
not be within 18 in. of the ship’s side. 

The next point to consider is at what angle, if 
any, the coil should be placed. If the coils are 
vertical the signals will be very strong when the 
ship is close to and llel with the cable, but 
signals will be weak if the cable is approached at 
@ broad angle, and may disappear altogether if the 
ship crosses the cable at right angles. Screeni 
is, however, good up to 400 yards. If the coils are 


connection with the sea. The inboard ends of the 
cables are connected to the receiving apparatus 
on the bridge through a twin wire led from the 
stern. The principle on which the towed cable 
works is very similar to that of the coils. The 
lines of force, passing through the cable, induce 
currents which are heard as audible signals in the 
telephones. The main difference lies in the fact that 
there is no screening and, consequently, no indica- 
tion as to whether the “leader ”’ cable is on the port 
or the starboard hand. To ascertain the direction 
of the cable it is necessary to maintain a steady 





course for some few minutes, depending upon the 
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placed horizontal there is practically no screening, 
but, on the other hand, the cable can be detected 
at whatever angle it is approached, although signals 
will disappear when the ship is exactly over the 
cable. It will be seen that again a compromise 
is necessary, and the trials at Portsmouth indicate 
that the best arrangement is with the bottom edge 
of the coil inclined outwards so that the coil is 
at an angle of 15 deg, to the vertical. Under these 
conditions screening is satisfactory up to 400 yards. 
The maximum range is approximately 600 yards, 
and fairly good signals are obtained even if the cable 
is approached at a steep angle. 

The range at which it is possible to detect signals 
from the “leader” cable can be largely increased 
if electrodes, in the form of a cable, are towed astern 
of the ship and used in lieu of the port and star- 
board coils. This towed cable should consist of 
two insulated flexible wires of approximately 
50 yards and 150 yards in length; the insulation 
at the outboard end of the cable being stripped back 
for a distance of 6 ft. so as to make good electrical 
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speed of the ship, and observe whether the strength 
of the signals increases or decreases. If signals 
increase in strength the ship is obviously approach- 
ing the cable and by switching over to the port or 
starboard coil, as the case may be, signals will 
eventually be picked up on the coil and the position 
of the ship relative to the cable is then finally 
determined and can be regulated as necessary. 

It should be stated here that the distribution of 
the lines of force shown in Figs. 1 to 5 is diagram- 
matic only, and intended to show the principle 
upon which the screening effect is based. It may 
be noted that on crossing the cable at right angles 
the maximum of signal strength is reached just 
before the coils are vertically over the cable, and 
again just afterwards, but the distance apart of 
these two positions of maximum signal strength 
is so small that it cannot lead to confusion. 

The transmitting apparatus, which is installed 
on shore, consists of a 500-cycle alternator directly 
coupled to a motor, which is run direct from a local 
power supply. Fig. 6 shows diagrammatically the 
arrangement of the transmitting apparatus. One 
terminal of the alternator is connected to the earth 
or, if the situation of the transmitting station admits 
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of it, to the sea ; the other terminal is connected to 
the signalling key, the latter being, in turn, con- 
nected to the “leader” cable. The power of the 
transmitting plant will depend to a certain extent 
upon the size and length of the cable, but for all 
normal conditions it is considered that a 3 kw. to 
6 kw. alternator would be suitable. The character 
of the signal transmitted on the “leader” cable 
depends upon two things (a) the note, or pitch, 





asa complete unit. The usual switchboard arrange- 
ments, which include a motor starter and regu- 
lators to control the voltage and frequency of the 
alternator, will also be required at the transmitting 
station. Under certain conditions, for example, if 
the length of the “leader” cable exceeds 35 miles 


armoured cable is desirable in all cases in order 
to avoid damage to the cable if picked up by ships 
anchors and also to avoid displacement owing to 
cross-currents. The cable is one of the most 
expensive items of the installation, and a careful 
study of local conditions is necessary before finally 





to 40 miles, it may be necessary to introduce a 
transformer between the alternator and the 
“leader” cable in order to provide the higher 


deciding upon the type of cable to be employed. 
The receiving apparatus used in connection with 
| the Portsmouth “ leader” cable is shown diagram- 








Fie. 10. Com Srowrp on 






Sees at, 
, UO Toat ehat vty 
eaters, } 
Jelieseehhs 
oat Hoare: 


ivi 


& 











Deck. 








Fie. 11. 


DESTROYER 


of the signal, which is determined by the frequency 
of the alternator (at Portsmouth the frequency is 
500 cycles, which produces a clear, musical note 
of medium pitch), (6) the longs and shorts produced 
by means of the signalling key. 

It will usually be convenient to use a letter of the 
Morse code for the latter purpose, since these letters 
can be readily distinguished by ships’ officers. 
The signalling key must, therefore, be arranged so 
as to send continuously a letter in the Morse code. 
This is effected by means of a motor-driven auto- 
matic key, the motor being run from the same power 
supply which feeds‘the motor of the motor alter- 
nator. Fig. 7 shows the motor-driven key installed 
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voltage which will be required owing to the resist- 
ance of the cable. 

As to the “‘ leader ”’ cable itself, the minimum size 
of cable which can be used for the purpose depends to 
a very large extent on local circumstances. For 
av conditions, i.¢., sand or mud bottoms, 
cable similar to the E.T.C. twin-core 130/130 cable 
would be quite suitable. This cable has a current 
capacity of 13 amperes and a resistance of 3°3 ohms 
per mile when the two cores are connected in 
parallel. Cable of this description would be suitable 
for distances up to 40 miles. It is desirable that 
a twin-core cable should be used, as this facilitates 





testing should the cable become damaged. An 
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CoMPLETE Recogtvinec APPARATUS. 


| matically in Fig. 8. The port and starboard coils 
consist of hollow wooden frames, 3 ft. square, wound 
with 350 turns of No. 24 gauge double cotton- 
covered wire. The turns are all laid up together 
by means of insulating tape and lie in a groove cut 
in the wooden frames. Suitable stays and hinges 
are provided to enable the coils to be placed in the 
position for best effect described previously, é.e., 
with the centre of the coil not less than 18 in. from 
the ship’s side, and the bottom edge inclined out- 
wards so that the coil stands at an angle of 15 deg, to 
the vertical. Figs. 9 to 11 show the coils in position 
and stowed in a torpedo boat destroyer. Two 
leads are taken from each coil to a change-over 
switch installed on the bridge. Two leads are taken 
‘from this change-over switch to an amplifier. The 
amplifier which acts as a relay is required owing 
to the fact that the induced E.M.F. in the coils is 
very small and therefore gives rise to very weak 
signals, Although these signals might be heard 
when the ship is close to the cable the maximum 
range would be very small and it is necessary to 
amplify the signals. 

It is not necessary to deal with the theory of the 
amplifier in this article. It is a familiar instrument 
in connection with wireless installations. Briefly, 
the instrument used at Portsmouth is a three-valve 
low frequency amplifier requiring a 4-volt accumu- 
lator battery to heat the valve filaments and « 
60-volt dry-cell battery to supply the necessary 
potential to the anodes of the valves, The tele- 
phones are directly connected to the amplifier and 
can be fitted with a headpiece, or alternatively, 
single telephone receivers can be used, these being 
held to the ear when required. It is also possible ' 
to instal a loud speaking telephone repeater on. the 
bridge which will enable signals to be heard by all 
persons standing on the bridge at a considerable 
distance from the telephone. This, however, 
involves the use of a more powerful amplifier, and 
will add to the cost and elaboration of the apparatus, 
Fig. 12 shows the complete receiving apparatus 
installed, including a three-valve amplifier and 
telephones fitted with a headpiece. 

The amplifier used at Portsmouth is the Army 
type C, Mark III, suitable for low frequency work. 
The coil is connected to the grid of the first valve 
through a transformer, the primary of which is 
adjustable to one of five different positions. The 
valves are coupled through iron core inter-valve 
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transformers, and the telephones are connected to the 
anode circuit of the last valve through a telephone 
transformer. The 60-volt anode battery can be 
replaced by an arrangement of condensers and 
inductances so connected as to use the ship's 
lighting mains if preferred. The filament current is 
adjusted by means of a rheostat. The adjustment 
of the primary of the input transformer enables 
either the electrodes or the frame coils to be con- 
nected to the amplifier, but the adjustment has 
to be modified when changing from reception by 
electrode to reception by coil. This adjustment and 
that of the filament rheostat are, however, the only 
adjustments necessary. Stronger signals are obtained 
when @ condenser of 0-4 microfarad is connected 
in shunt across the receiving coil, 

In explaining the method of using the “ leader” 
cable system we may assume that a cable has been 
laid in the channel leading to some harbour or 
anchorage, the outer end of the cable being situated 
in some place which is reasonably clear of dangers 
and gives plenty of sea room. A ship making 
harbour in thick weather and endeavouring to pick 
up the end of the cable would shape her course so 
as to cross the cable preferably at a small, as opposed 
to a large, angle. By means of towed electrodes 
signals from the cable should be picked up, under 
average conditions, at a distance of 1,200 yards. 
By steering a steady course and observing whether 
the signals increase or decrease in strength, it will 
be possible to determine whether the ship is opening 
or closing the cable. Assuming the ship is closing 
the cable, the pilot will then c ver by means 
of a switch from the towed electrodes to the port 
or starboard coil, whichever is nearest the cable, 
and, assuming the signals are picked up on these 
coils, the electrodes can be disconnected and hauled 
in. As previously explained, it will be found that 
signals, when first picked up on the coils, are weak 
and of practically equal strength in each coil. As 
the ship continues to close the cable, the signals 
in the coil nearest the cable will increase in strength, 
and there will be a marked difference in the strength 
of the signals between the two coils. Assuming that 
the cable has been laid in the centre of the channel, 
the ship will endeavour to keep the cable on her 
port hand, and with a little practice it is easy 
to determine to within 50 yards or so the approxi- 
mate distance the ship is from the cable. As a 
general rule it will be found better to keep the 
telephones switched over to the starboard, that is, 
the coil furthest from the cable, since the strength 
of signals on this coil is weak and any variation 
in strength can be easily detected, whereas if signals 
are very loud it is not so easy to detect immediately 
any small variation in stre , 

The simplest application of “leader” cable gear 
is undoubtedly that in which the cable is laid in the 
centre of the channel and led straight out to sea 
to a point free from dangers and giving plenty of 
sea room, It will not be possible, however, in all 
cases to lay cables in the centre of channels on 
account of dredging and other difficulties. Under 
these circumstances, two cables can be used, one 
on the port and one on the starboard side of the 
channel, laid clear of dredging operations. This 
arrangement will not provide the same security 
as a cable laid in the centre of the channel since the 
position of the ship will have to be estimated by 
the difference in the strength of signals obtained 
from the two cables. 

"In cases where the breadth of the channel is 
considerable and traffic is going in and out simul- 
_ taneously, it would be desirable to lay two cables, 
one for ingoing and one for outgoing vessels. If, 
however, the breadth of the channel does not 
exceed 600 yards, it is not an‘icipated that any 
advantage will result from thé employment of ‘two 
cables. Experience at Portsmouth has shown that 
there is no reason to anticipate any particular 
difficulties arising owing to ingoing and outgoing 
vessels working on the same cable. After a little 
experience has been obtained it is easy to estimate 
the distance of the ship from the cable, and by 
keeping the latter about 100 yards on the beam 
the distance between vessels passing on opposite 
courses should be sufficient under normal conditions. 
It is of the utmost importance that the cable should | and 
be laid as straight as possible. The cable will, 
obviously, have to follow any bends in the channel ; 





but where the latter is straight, care should be taken 
that the cable is laid without any bends 
or curves, as these will tend to confuse the pilot. 
Where bends ocour in the channel it is desirable 
that their approach should be marked by a bell or 
whistle buoy in order that the pilot may receive 
sufficient warning. If the helm is not put over 
until an alteration in the strength of the signals 
indicates that the ship has arrived at the bend, it is 
probable that the ship will fail to maintain her 
correct position relative to the cable. 

In situations where the channel is well marked 
it may well be thought advisable not to lay the 
cable down the length of channel at all, but to 
commence at the seaward end of the channel and 
lay the cable out to sea for some 30 miles or 40 miles. 
In such harbours pilotage in the channel presents no 
great difficulties; it is in the approach to the 
channel from seaward that the mariner most needs 

i Outward-bound vessels would not re- 
quire to use the cable at all, and traffic over the cable 
would thus be confined to incoming ships. “ Leader” 
cables can also be used in the caelty of outlying 
dangers such as reefs, shoals, &c., in order to give 
additional warning to vessels approaching those 
dangers. Under these conditions the cables will 
be laid at some few miles outside the danger so as to 
encirele the latter and thus give indications to 
vessels as they approach or cross the cable. 

In a large number of cases it would be extremely 
convenient if the transmitting apparatus could be 
installed in a lightship, since these are usually placed 
in the vicinity of dangers or to mark the approaches 
to channels. It is anticipated, however, that 
difficulties may arise in connection with leading 
such cables into vessels swinging at moorings. 
Generally speaking, the various applications of the 
system have not yet been fully investigated. The 
work at Portsmouth is being carried out chiefly 
with a view to the technical development of the 
apparatus. Once cables are laid and brought into 
general use a number of additional applications will 
undoubtedly present themselves; but all large 
warships using Portsmouth Harbour are now either 
fitted or being fitted with gear which enables them 
to use the cable. It has been suggested that the 
locating of the outer end of the cable would be 
facilitated if a submarine bell, or similar device, 
was laid at this end of the cable and operated by 
the current in the cable. No trials with such a 
device have been carried out so far, but it is con- 
sidered quite possible that something of this nature 
could be used. 

The conditions under which the “leader” cable 
system has been tried up to the present are that 
experiments have been carried out in depths not 
exceeding 30 fathoms. There is evidence that as 
the depth increases the strength of signals, and 
consequently the range decreases. Further trials 
are necessary before the relation of depth and range 
can be defined exactly. The greatest length of 
cable employed up to date is 40 miles. It is con- 
sidered that cables should not exceed this length 
since with greater length the resistance of the cable 
is high and signals are also reduced by attenuation 
of the current in the cable. It has been found that 
pitching and rolling of a vessel does not materially 
affect reception of the signals, 





DESIGN AND TESTS OF FREIGHT LOCO- 
MOTIVES ON THE PENNSYLVANIA 
RAILROAD. 


By Lawrorp H. Fry, M.Inst.C.E. 


Locomotive Types.—The five locomotives described 
below represent the most important stages in the 
design of freight locomotives by the Pennsylvania 
Railroad in the last fifteen years. This is the period 
during which the locomotive testing plant has been 
in operation, and the purpose of the present articles 
is to show how the testing plant has influenced 
the development of locomotive design. Through 
the courtesy of Mr. J. T. Wallis, general super- 
intendent of motive power, the writer has had 
access to the bulletins describing the tests of the 
oye engines on .the locomotive testing ss 

to other sources of information 
design and performance of the locomotives. 
Table I offers for comparison the principal 





dimensions and ratios of the five locomotive types, 
with the dates at which the first locomotive of each 
type was put into service. In 1904 the standard 
Pennsylvania freight locomotive was a saturated 
steam consolidation (2-8-0) type, weighing in 
working order about 194,000 Ib. (96 tons) without 
tender. No. 1,499 of this class was the first loco- 
motive to be tested when the Pennsylvania testing 
plant was installed in 1904 at the St. Louis Exhi- 
bition. Study of the tests suggested modifications 
in design, and in connection with the demand for 
more power led to the introduction of the H 8 class 
in 1908. This was of the same type as the H 6, 
but with an increase of about 28 per cent. in weight 
and power. An improvement in the proportions 
of the boiler gave an increase in boiler efficiency. 
Succeeding designs show three distinct phases of 
development: First, the use of superheated steam 
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in the H 9s class in 1912; second, the addition of 
a pair of trailer wheels in the L.1s class in 1914, 
thus changing from the 2-8-0 to the 2-8-2 type; 
third, the introduction, in 1918, of the 2-10-0 type 
with specially designed short cut-off cylinders 
making the I1s class. This last class* marks a. 
new in American locomotive practice 
and seems likely to have an important influence on 
design in the future. It was designed for helper 
service on heavy grades, and was intended to give 
draw-bar pull of 75,000 Ib. at 10 miles an hour. 
As the engine was to work frequently and con- 
tinuously at low speeds, low steam consumption at 
these speeds was sought by designing the valve 
motion to have a cut-off of 50 per cent. as a maxi- 
mum. By thus keeping the cut-offs within an 
efficient range at slow speeds the I 1s is able to 
show a water rate of 17°5 lb. per indicated horse- 
power-hour, against 20-5 lb. for the L1s, which 
under similar conditions runs with a cut-off of 
75 per cent. to 80 per cent. The short cut-off 
requires large cylinders to secure the tractive 
effort required. In the I 1s the cylinder diameter 
is 30} in., which is all that the loading gauge per- 
Si, SEP a Mine Se Seen SE ann een, 
in order to secure the desired tractive power, to 


* The Ils t 
and described in 





of locomotive was fully illustrated 
GINEERING, vol. cx, pages 538 and 587. 
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use @ boiler pressure of 250 Ib. per square inch, 
instead of 205 Ib., which is the standard Pennsyl- 
vania Railroad pressure. In the design 
the engine was laid out with three cylinders, but 
the difficulty of providing a crank axle for a loco- 
motive of this size led to the use of two cylinders 
and the higher boiler pressure. Owing to the 
restricted cut-off the maximum mean effect.ve 
pressure cannot exceed about 75 per cent. of the 
boiler pressure. The maximum tractive effort is 


Taste I.—Principat Dimensions 


to the weight on drivers being 1 to 3:8. As speed 
is gained with the first few revolutions the trac- 
tive effort drops to about 84,000 Ib. because of the 
wire-drawing of the steam in the auxiliary porte. 
This to a mean effective pressure equal 
to 70 per cent. of the boiler pressure, which gives a 
factor of adhesion of 4-07. 

When the dimensions and power of the I1s 
re, Senate. Seer. tte” Oe Ene SSSHeE SAGER, 
growth and progress in locomotive design on 
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Class of locomotive Héa H8b H9s Lis lis 
Locomotive number 1,499 1,184 387 1,752 790 
Locomotive t wa 2-8-0 2-8-0 2-8-0 2-8-2 2-10-0 
bid type put in “pga <e 40 on 1903 1908 1912 1914 1918 
nder, I S. a ine 22 24 25 27 304 
der, ° oid ” 28 28 28 30 32 
Driving wheels, diameter re: Pa A 62 62 62 62 
pressure per 'sq. n. 5 205 205 205 250 
Rated tractive effort calculated at 85 per cent. of boiler . . 

Fy ~ “ oo) ae 42,000 45,700 49,300 61,500 (104,000) 
Weight on om detviing ‘wheels os 9 173,000 220,000 220,000 236,000 000 
Weight of locomotive, waning ‘order bs Jat 194,000 250,000 250,000 $16,000 372,000 
Heating surface, box on «. 8q. ft. 166 190 190 302 
Heating surface, tubes . ”» 2,667 3,540 2,840 3,716 4,044 
Heating surface, total evaporative ” 2,833 8,730 3,030 4,018 4,334 
Heating surface, superheating . — = 809 1,172 1,479 
Superheating surface as per cent. of * evaporative 

surface : : +. per cent. — _ 26-6 29-2 34-2 
Grate area - ° ° .. 8q. ft, 49-2 55-38 55-3 70-0 70-0 
Firebox volume .. cub. ft. 222 200 200 427 386 
Maximum draw-bar horse- -power «- hp. 960 1,200 1,600 2,560 2,940 
Ratios : 

Weight on drivers A 

Ph mn Behe 4-1 . . ‘ . 

waked Geaadlve ollaxt (A) 1 4-8 4-45 3-82 (3-28) 
Rated tractive effort : 
ee - (B 14°8 ° 2 15- 0 
Evaporative heating surface ” are - ied eating 
Rvaporstive hesting surface | . © | 57-9 67-5 54-8 57-6 62-0 
Grate area 
Rated tractive effort x diameter of drivers 
.« (BD 830 760 1,010 950 y 
Evaporative heating surface cm 2 eased 
Maximum draw-bar horse power h ft 0-34 0-32 0-53 54 0-68 
Evaporative heating surface > ROEM. . 
Total locomotive weight 
Ib. /sq. ft. 202 156 123 127 
Maximum draw-bar horse-power me = 
Fire-box volume 4-5 3-6 3-6 6-1 5°5 
Grate area 
Taste [1.—Comparative Weicut, DrawsARn PULL anpD Ratep ToNNAGE 
Locomotive Class. Héa | HSb Hos | Lis Ils 
Total locomotive weight Ib. 194,00n 250,000 250,000 316,000 372,000 
Total locomotive weight as per ‘cent. of HOA ‘5 128 128 162 191 
Total locomotive weight as per cent. of H 9s PY — 100 100 127 149 
Total locomotive weight as per cent. of Lis as — — — 100 118 
w-bar pull 4 Ib. 31,000 37,000 46,000 59,000 75,000 
Speed | Draw-bar pull as per cent. of H6a ; 100 119 148 190 240 

10 Draw-bar pull as per cent. of H 8 b on a 100 125 160 203 

m.p.h. | Draw-bar pull as per cent. of H 9s = — — 100 128 162 
Draw-bar pull as per cent..of L 18 ry = = <= 100 127 

Draw-bar pull te lb. 16,000 22,500 31,000 46,000 55,000 
Speed | Draw-bar Pall as per ‘cent. of H6a . 100 140 195 288 342 
20 Draw-bar pull as per cent. of H 8 b Js — 100 138 204 245 
m.p.h, | Draw-bar pull as per cent. of H 9s = — a 100 148 175 
Draw-bar pull as per cent. of L 1s op — a a 100 121 

Speed ( Draw-bar pull d ob Ib. os — 20,000 32,000 35,000 
30 Draw-bar pull as per “cent. of H9S ép _— a 100 160 175 
m.p.h. { Draw-bar pull as per cent. of L18 — _- as 100 109 

Tonnage Rating on Philadelphia Low-grade Division, Ruling Grade 0°8 per cent., Rating Speed 10 m.p.h., Car Factor 10. 
Rating in adjusted tons 7 2,520 3,150 3,940 6,250 6,565 
Rating in adjusted tons as per ‘cent. of” H6a 100 125 156 208 260 
Rating in adjusted tons as per cent. of H 8 b —- 100 125 166 208 
Rating in adjusted tons as per cent. of H 9s — — 100 1338 166 
Rating in adjusted tons as per cent. of L1s.. oa — oa oo 100 125 
Tonnage Rating, Altoona to Gallitzin, Ruling Grade 1-88 per cent., Rating Speed 124 m.p.h., Oar Factor 4. 

Rating in tons _ 415 525 680 920 1,180 
Rating in tons as per cent. of H6a 100 126 164 222 285 
Rating in tons as per cent. of H 8b _— 100 130 175 225 
Rating in tons as per cent. of H9s — -- 100 135 173 
Rating in tons as per cent. of L1s _— = = 100 128 

















therefore less than the “rated tractive effort” 
calculated by the usual formula with the assumption 
of 85 per cent. for the boiler pressure as mean 
effective pressure. It follows that the ratios usually 
calculated from the “ rated tractive effort”’ will 
have abnormal values for this locomotive. Such 
ratios have, however, been computed in the usual 
way and are given in Table I, enclosed in brackets 
to indicate that they are abnormal. To enable the 
engine to start from any crank position in spite of 
the limited cut-off, auxiliary ports, } in. by 1} in., 
with a steam lap of } in.. are cut in the bottom of 
each valve bushing at each end of the cylinder, as 
shown in Fig. 1. With this arrangement the cylin- 
der tractive effort on starting is approximately 
90,000 Ib., corresponding to a mean effective pres- 
sure 75 per cent. of the boiler pressure, the ratio 


Pennsylvania Railroad can be seen. That there 
has been progress as well as growth is shown by 
the fact that while the weight has been not quite 
doubled, increasing from 194,000 Ib. to 372,000 Ib., 
the maximum draw-bar horse-power, with an in- 
Pept albert tryphr sage gale pie 

As will be shown later in more detail, pa 
improvement is due to superhea *< 
improved boiler efficiency ; and in the case of the 
Ils part to increased cylinder efficiency. This is| ¢ 
indicated by the figures given in the second and 
third lines from the bettas of Table I. The 
saturated steam classes H 6a and H8b, 
gave 0°34 and 0-32 draw-bar horse-power per 
square foot of heating surface. This was increased 
by superheating to 0°53 and 0-54 for classes H 9s 
and Lis, an The 





rose to 0:68 for the I1s. 


divisions of the age am vai 3 
The Philadelphia division a grade 

PA pelagic sg ges yy Bey ay hy 
Altoona up the eastern slope of the 
to their crest at Gallitzin, has 9 miles of 
cent. grade (1 in 53). In the comparative 
for the draw-bar pull it is interest 
differences between the L1s and ot 8, 
proportions of which are generally similar ex 
for the cylinders. The I 1s, though only 18 
cent. heavier, shows 27 per cent, greater draw- 
pull at 10 miles an hour, at which speed the L.1 
is working with a long cut-off, but as the speed 
increased a shorter cut-off on the LI 
the cylinder conditions of this engine are improved, 
and at 20 m.p.h. the greater power of the Ils 


a 


3 
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See 


Peo ES 


will be made, using some of 
figures obtained with each engi 
testing plant. At the close of the St. Louis Exhi- 
bition, the plant was transferred to its permanent 
position in Altoona, and has since been in active 
service, playing an important part in the develop- 
ment of locomotive design. Thanks to the data 
secured, Mr. Wallis has had before him at all times 
exact information as to the of his 
earlier engines. Analysis of this performance has 
cleared the way for improvement in succeeding 
designs. In addition, the facilities afforded by the 
plant for convenient and exact measurements, have 
enabled in to be 
experimented with, and an engine of each new class 
has been tried out thoroughly on the plant before 
the design was approved for reproduction 
quantity. 
The tests made on the locomotives now 
consideration cover in great detail ev 
operation, but for the 
article the writer hes 


= 


$ FS 
ar 


re 


two headings, “ Boiler,” and “ 
represent the two elements ileby when com! 
Gctonmann thn nomen ent eared the locomotive 
as @ whole. ig pam 
the boiler and cylinders are best studied separately, 
at least in so far as the efficiency is concerned, 
In the boiler we are concerned with maximum rate 
of steam production, and with the relation between 
the amount of coal fired and the amount and quality 
of steam produced. In the cylinders the point of 
interest is the effect which changes of speed and 
cut-off have upon the power produced and the 


if 





Execrrrrtoation or Centra, or Brazin Rarmway.— 
The Brazilian Congress has ouiieriont the iture 
of 60,000 contos (approximately 2,900,0001,) on the 
Ceuaons of the Central of 1 Railway, which 
- owned and operated by the Brazilian Government, 

snap’ Uaipeneyived a Aieaiel iiaeiamndiven teteaten 
may bes consulted b : into 
on application to the uiry m, Department o 
| Gebsical Trade, 35, Old rn ton Moy Westminster. 





* The figure given as adjusted tonnage is not the 
oenk number of tons which can be medietwone ae 
to take into account t pe, reeher remmaneg 
lightly loaded cars. The adjusted tonnage Ly: a 
geen teal is found by adding to the actual tonnage a 
car factor, which is determined for each division by the 
ruling Qn the Philadelphia division the car 
factor is 10, so that on this division @ train weighing 
4,800 tons (2,000 Ib.) carried in 70 cars would have an 
ad cereals AC lipped | splewee rds 
140 cars the same weight of train would have adjusted 
On the Altoona. 





to of 4,800 + 140 x 10 = 6,200. 
Gallit icin division the car factor is 4, 
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THE’ “ EFFICIENCY ” EXHIBITION AT| P8tt 


OLYMPIA. 
(Concluded from page 176.) 

Messrs. Srevi-Mex Limited of Kingsway, 
London, W.0. 2, illustrate the whole of the pro- 
cesses employed in the manufacture of the petrol 
cans so familiar to motorists. Their stand contains 
a number of presses operated by young women, and 
visitors may watch the progress of a can from the 
raw material in the form of sheet tin to the finished 
article. The machinery was transported for the 
occasion from the company’s works at Fulham, 
from which no less than 5,000,000 cans were turned 
out during the war. The blanking, stamping, 
bending and other processes follow along the 
ordinary lines adopted for the manufacture of such 
articles. The handles are soldered on by a young 
woman with great expertness, and it may be 
mentioned that the the screwed brass nozzles are fixed 
without the aid of a soldering iron. They are first 
heated by standing on a hot plate, and as each is 
taken off it is dipped in a cleaning solution, inserted 
in the top of the can and the junction then wiped 
round with a stick of solder. The painting of the 
cans is effected by dipping them in a bath of colour, 
and the finished cans are taken away by an elevator- 
conveyor to an adjacent store as fast as they are 
completed. 

Mr. Hilder Daw, of 9 and 10, Southampton-street, 
Holborn, W.0. 1, shows a model of a sewage- 

treating plant, specially designed for country 
houses, isolated factories, Institutions, &c. The 
process employed is a combination of aeration, 
sedimentation and filtration. The raw sewage is 
raised by a chain pump from the catchpit into which 
it falls, and part of it flows into a tipping trough 
which automatically empties itself periodically and 
discharges the sewage on to two small filter beds 
alternately. The other part of the sewage falls 
back into the catchpit, being aerated in its fall 
by passing through a blast of air. The sludge 
chamber is stated only to need cleaning out once a 
year, and while this is being done it is isolated from 
the rest of the plant, so that the bacterial action 
fs not disturbed. No spare filter-bed is required, 
as by an ingenious method of weighting the tipping 
tank, this may be arranged to empty itself every 
time on the same side when it is desired to do 
anything to the filter bed. The avoidance of the 
necessity for any spare filter, and the continuous 
operation of the plant day and night render it a 

ially small and cheap installation for the treat- 
ment of limited quantities of sewage. 

The Dominion Machinery Company, Limited, 
Union-street South, Halifax, exhibit several kinds 
of woodworking machines and machine tools, the 
principal object of interest on the stand being an 
Elliot woodworking machine. The main frame of 
the machine forms the support for a horizontal slide 
which can be turned about a vertical axis and 
cramped in any position. On this slide runs a 
carriage on ball bearings, the carriage containing 
a 2-h.p. electric motor belted to a spindle on which 
any kind of saw or cutter can be mounted. The 
work to be machined is placed on a table which can 
be raised or lowered tively to the main frame 
and can also be tilted through a considerable angle. 
According to the position of the slide relatively 
to the table, a great variety of work can be per- 
formed, such as ripping, cross-cutting, mitreing, 
bevelling, trenching, &c., and the machine should 
be very useful in a general woodworking shop, 
particularly as no or countershafting is 
required to drive it, It take a 14-in. saw, and 
can out a 10-in. beam in two by turning the latter 
over, although the machine is comparatively small 
and weighs, complete with motor, ‘only 650 Ib. 

Messrs. Stothert and Pitt, Limited, Bath, show 
several Feuerheerd rotary pumps, from 1} in. to 
6 in. diameter of outlet. These pumps, which have 
been described in our columns, work on the principle 
of a lobed pinion gearing with the inside of a 
rotating ring. They are said to be particularly 
applicable to the work of ping fuel or other 
heavy oils, as they are valveless and permit of a 
very high volumetric efficiency. The stard also con- 
tains examples of the Lawrence self-oiling pulley, 
the construction of which will 


Figs. 1 and 2, on this page. The pelley he desgnet 





icularly for service’ in inaccessible places such 
as the heads of crane derricks, &c. In such places 
the lubrication of pulleys is liable to be neglected, 
and even if carried out with sufficient frequency, 
" ” is often demanded by the man 
who climbs up to them. The Lawrence pulley is 
made of a pair of pressed steel stamp tiveted 
together inside the rim, and connected by a me 
iron boss. The central joint between the fla 

also welded, and metal is added there by welding 
so as to make a smooth groove of proper size for 
the rope. It will be seen that a hollow chamber 
exists in the interior of the pulley, and this contains 
oil which is put in once every three months, through 
a filter cap. In the chamber are three radial wires, 
fastened to the pulley by their outer ends, their 
inner ends passing loosely through tubes projecting 
from the boss and leading to the bush. Whenever 
the wheel stops, either one or two of these wires 
will be sloping downwards to the boss. The wires 
are wetted with oil, which then runs down them 
and two or three drops find their way directly into 
the bearing. 

It is immaterial to the action of the device 
whether the pulley runs fast or slowly, as even if 
the speed were so great that the oil would remain 
round the inside of the rim while the wheel was 
running, it would still wet the wires and enable 
them to feed the bearing. 

Messrs. W. H. Dorman and Co., Limited, Stafford 


show the Constantinesco wave transmission as 
applied to two rock drills and to a riveting machine. 
The machines are shown actually working on the | 








stand. In the case of the rock drills, a motor- 
driven reciprocating pump running at a high speed 
transmits pressure waves to water which are trans- 
mitted to drills by means of flexible-jointed pipes. 
The riveting machine is belt-driven, the hydraulic 
gear being contained within it. The die gives 
2,400 blows, of 30-mm. stroke, per minute and the 
machine will close a }-in. hot rivet in 9 seconds or 
10 seconds net time. Rivets of } in. diameter 
may be closed cold at the rate of 15 or 20 per 
minute, overall time. The machine absorbs nor- 
mally about } h.p. We may possibly have more 
to say about these machines in a future issue. 
Messrs. W. and ©. Pantin, 147, Upper Thames- 
street, E.C. 4, show a gravity conveyor working 
in conjunction with a small elevating conveyor so 
that packing cases and parcels of various kinds 
are kept circulating round and round the stand. 
The apparatus is quite automatic, and illustrates 
very well one of the modern labour-saving methods 
of handling goods in warehouses, stores and similar 
places. At one part of the gravity conveyor 
a junction is placed in order to show the arrangement | ,, 
adopted when it is desired to transmit goods from 
various to a common delivery point. The} 4 
ease with which the boxes turn sharp corners and 
pass on to and off the elevator is very usaeinay 
The gravity conveyor, it is hardly necessary to 
state, has a very slightly inclined track, the bed 
of which consists of a large number of transverse | jo 
rollers, the goods travelling along the conveyor 
by their own weight. Messrs. ton also ex- 


hibit box-nailing machinery and various aye 

working i sisi Box- machinery 

shown by Messrs. Ewart and Collis, Limited, of 

390, Euston-road, N.W.1, whose stand contains paper 

bee -making machines, box-printi pupa electro 

stcreotype , and other apparatus, 

Among the other firms at the Exhibition whose 

exhibits deserve mention, prising little 


po a 


of novelty, are the Skefko Ball 


limited, of Luton, who make a very striking display 
of balls and ball bearings of all sorts and sizes, 
besides showing numerous applications of them to 
line-shaft hangers, mine truck wheels, &c. Messrs. 
George Kent, Limited, also of Luton, show several 
types of steam meters, air meters and water meters 
of various kinds. Messrs. Allen and Simmonds 
Limited, of Reading, make a good display of piston 
S| rings, both for steam and internal-combustion 
engines, and their stand contains a novelty in the 
shape of a piston-ring extracting device by means 
of which the rings of motor car and similar engines 
may be removed or replaced practically instan- 
taneously. It consists of a steel ring which is 
slipped over the piston, and which carries two 
inwardly-projecting points, which are inserted 
between the ends of the ring to be removed. 
Squeezing the handle by which the device is held 
causes these points to separate against the action o 
@ spring, and so to expand the ring sufficiently to 
enable it to be lifted off the piston. Messrs. W. R. 
Patents, Limited, of 8, Old Jewry, E.C. 2, exhibit 
the W.R. CO, indicator for boiler furnaces. This 
is a very simple apparatus of its kind, containing 
neither clockwork nor moving parts and requiring 
practically no attention. It gives an automatic 
indication of the percentage of CO, in the flue gases 
by the height of a liquid column in a calibrated 
gauge glass. Messrs. Chance Brothers and Co., 





» Limited, of Birmingham, show optical glass in 


various stages of manufacture and have apparatus 
to demonstrate the great efficiency of Crookes glass 
in shutting off ultraviolet light, and so diminishing 
‘the glare from intensely illuminated surfaces. This 
| glass is now practically colourless and is largely 
used for spectacles and eyeglasses, 
A description of the stands of engineering and 
scientific interest would not be complete without 
some reference to the excellent displays made by 
pee of the leading educational institutions. The 
Middlesex Hospital Research Department have 
transported a complete working research laboratory, 
and the stand also contains scores of microscopes 
showing slides of interest to bacteriologists. St. 
Mary’s Hospital Medical School, Paddington, are 
also making an attempt to educate the public as to 
the nature of bacterial infection and preventive 
vaccines. The Armstrong College, Newcastle-on- 
Tyne, show a collection of British iron ores, and an 
apparatus for demonstrating coal dust explosions, 
and the inhibitory power of inert dust. The Uni- 
versity of Sheffield make a speciality of chemical 
glassware, and have a very interesting wall diagram 
showing the results of comparative tests of British, 
German, French and American chemical glass when 
exposed to heated water, acids and alkalis. The 
extraordinary thing about the chart is that although 
the difference in the qualities of the various glasses 
is strikingly shown, there is nothing to indicate 
whether the design shows the resistance of the glass 
to solution, or whether it demonstrates its solu- 
bility. Hence one is puzzled to know whether 
British glass is better or worse than its competitors 
in respect of various properties. 

The Exhibition remains open until February 26. 





Exezorrican Scueme in New Zeatanp.—H.M. 
Trade Commissioner at Wellington, New Zealand, has 
informed the Department of Overseas Trade that aed 
Borough Council of Taumarunui, a: ising townshi 
the main trunk line from Wellington to Auck ‘d, 
= recently adopted a proposal to-develop electric 

from ae ot Wi ui River for use for power and 

light The works are estimated to cost 
000, and a po and a poll of ratepayers is to be taken as soon 

as possible to secure powers to raise a loan for the purpose. 





Grinpinc WHeer SEtection Cuarts.—The difficulty 
of selecting the most suitable type of wheel for grinding 
operations, is well known, and a useful guide in this matter 
—— been wanted by men in charge of these opera- 

‘or this reason, Messrs. Alfred Herbert, Limited, 
= have neve. lately, produced a set of grinding-wheel 


selection charts are bound together to form a 
small pamphlet of pr size. -Messrs. Herbert are, 
as is well ts for the Norton wheels, and 
also | the charts refer y to these. Charts are given 
for wheels for cyli Mase internal grinding, for 
straight cup and isc wheels, “eo ; for 
tool-room work, and w' for grinding lathe and planer 
pe Generally particulars of the wheels 

iven in the cross- Sane ieulars of the 
work cre clawed down the | t-hand si and embrace 


work different sizes on a wide range of materials. 
The Pats should prove extremely helpful, and may be 
»' procured from Messrs. Alfred Herbert, Limited. 
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THE HEENAN 


WATER COOLER. 


CONSTRUCTED: BY* MESSRS. HEENAN AND FROUDE, LIMITED, ENGINEERS, 


WORCESTER. 
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In our issue of June 25 last,.on page 862, we illustrated 
and described a type of water cooler introduced by 
Messrs. Heenan and Froude, Limited, Worcester, about 
that time. This a was suitable for cooling the 
i ing water of fairly large gas and oil engines, 
air compressors, &c., and has, we understand, given 
complete satisfaction for this class of work. Until 
quite recently, however, it has not been practicable to 
—_ a cooler suitable for use with the smaller 
class of internal-combustion engines ranging from, say, 
10 to 50 b.h.p., to re oe ing tanks usually 
employed ‘with engines of this size, although much 
experimental work has been carried out by the firm 
with this object in view. As a result of this work 
the various difficulties have now been overcome, and 
the P cagpescse compact and serviceable cooler shown 
by accompanying illustrations, Figs. 1 to 6, has 
been placed upon the market. 
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This cooler consists of a single casting containing two 
vertical screens formed of brass, or phosphor bronze, 
metallic wool and placed one behind the other. The 
hot water from the engine jackets is delivered into a 
trough formed in the top of the casing as shown in 
ey after passing through a detachable strainer 
indicated in Fig. 3, is distributed over the screens 
through perforated brass plates fitted in the bottom of 
the trough. At one end of the casing a propeller fan, 
arranged for belt driving, is mounted, and the air 
from this cools the water as it trickles over the screens, 
The air leaves through an outlet at the opposite end 
of the casing. Fig. 1 is a view of the cooler looking 
on the fan end, while the outlet end is shown in Fig. 2. 
In the latter illustration and also in Fig. 6, are shown 
the vertical blades, or eliminators as they are called, 
which are provided to collect the small drops of water 
which might otherwise be blown out with the escaping 


air. The blades are of galvanised steel and are mounted 
en bloc in a separate frame fitted just inside the outlet. 
They can easily be removed to give access to the 
interior. 

The cooled water collects in the bottom of the casing 
whence it is re-circulated through the jackets by means 
of a small rotary pump of the positive-gear type 
driven by belt from the shaft, as shown in most of 
our illustrations. A ball valve connected to the 
water mains is also fitted in the bottom of the casing 
to make up any deficiency in the supply, and. an 
overflow connection is also provided to allow any 
surplus to drain away. The overall dimensions of the 
cooler are given in Figs. 3 and 5, and from these it 
will be seen that the space occupied is quite small. 
The cooler is intended to be placed as close to the 
engine as circumstances permit, and it can be arranged 
equally well for use in land installations or on board 
ship. As its capital cost is less than that of tanks of 
sufficient capacity to ensure continuous running, there 
appears to a wide field for ite employment. The 
cooler has been standardised for belt driving, but it 
can, of course, be arranged for direct coupling to a small 
electric motor if more convenient. 
t+ An idea of its capacity may be gained from the fact 
that working with a 10 h.p. engine requiring a heat 
extraction of 4,000 B.Th.U. per b.h.p. per hour, the 
a aig ve of the water leaving the Vackets would be 
92 deg. Fahr. under average atmospheric conditions in 
this country. With a 50 h.p. engine, under similar 
conditions, the water temperature would be 195 deg. 
Fahr., while under average atmospheric conditions in 
tropical countries, the water outlet temperatures, for 
the same engines, would be 106 deg. Fahr, and 196 deg. 
Fahr., respectively. These figures have been obtained 
from tests carried out at Messrs. Heenan and Froude’s 
works at Worcester, where the atmospheric conditions 
for tropical countries were reproduced as accurately as 
possible by artificial means. 





THE TWIN-SCREW TURBINE S88. 
“MENDOZA.” 
(Continued from page 137.) 

Havine dealt with the passenger and other accommo- 
dation of the vessel, we now pass on to the machinery, 
the general arrangement of which will be followed in 
Figs. 15 to 17, Plate VIII, and Figs. 18 to 20, Plate IX. 
Of these Fig. 15 shows the forced draught fan which will 
be refe to later. Fig. 16 gives a longitudinal 
section of the engine room, Fig. 17 being a plan of the 
same. In Plate IX, Fig. 18 is a section of the engine 
room taken just astern of the engine-room forward 
bulkhead (Fig. 17) looking aft, while Fig. 19 is from the 
same position looking forward and showing all the 
gear arranged against this bulkhead, Fig. 20 is a 
section taken at frame 64 (Fig. 17) looking aft. 

The vessel is provided with two sets of Metropolitan- 
Vickers Rateau marine turbines. Each set has two 
cylinders, high and low pressure respectively, running 
at the same speed and each driving a pinion of the 
reduction gearing. Astern sections are provided in 
the same casings. The turbines are capable of 
developing a maximum of 4,000 shaft horse-power per 
shaft, or a total of 8,000 h.p. working with steam at 
190 lb. per square inch and superheat of 150 deg. The 
normal turbine speed is 3,000, reduced by the gearing 
to 113 at the propellers. The ing is of the double 
helical type, made by the Parsons Marine Steam 
Turbine Company, Limited. _The steam-driven turning 
gear is situated on a distance bracket between the 
aft end of the gear case and the Michel thrust block 
in each case, this position being indicated in Fig. 17, 
Plate VIII. 

The turbines, gears and thrust blocks are provided 
with lubrication on a combined gravity and pressure 
system, comprising Messrs. ©, A. Parsons & Co.'s 
arrangement of extra cooled oil delivered to the 
sprayers. The coolers for this system can be seen in 
Fig. 20, Plate IX, in which also the elevated gravit 
tanks will also be easily identified on the awning deck 
level. The words “‘ Fresh Water Plant” which appear 
on these tanks in some copies of Piate IX refer to the 
fresh water distillers behind, which can be seen in 
Fig. 16. The connections.to the sprayers and bearings 
will also be seen. Therejare four coolers of the same 
size. In normal working the whole of the oil passes 
through the first pair, and is then divided, part 
flowing to the overhead gravity tanks, and thence to 
the high-speed bearings. The remainder passes through 
the third cooler and is further reduced in temperature 
before delivery to the sprayers and low-s bearings. 
The fourth cooler is a stand-by, and can be substituted 
for either of the first two coolers, or for the third 
cooler. Alternative valve and piping arrangements 
allow the system to be converted to one using gravity 
only, or pressure only. | 

The single-flow coolers have a series of horizontal 
baffles, the oil flowing alternately towards a central 





hole in one baffle and then out towards the rim of the 
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next, and so on, the oil thus crossing the tubes at ri 
angles, and being split up in this manner into a number 
of small streams. The coefficient of heat transmission 
thus obtained is extremely good, with only a very small 
= mg drop, the latter seldom amounting to 1 Ib. 
ater circulation through the cooler tubes is provided 
by a small centrifugal pump by Messrs. sdale and 
Co., Ltd., driven by an enclosed forced lubrication 
engine. In Figs. 16 and 17 the coolers will be seen 
in elevation and plan, and the positions of the lubrica- 
tar Nay drain rok and of the 
e oil lubricating force pumps are two in number, 
and are shown in Figs. 16 and 17. They are by Messrs. 
G. and J. Weir, Ltd., and are of the single-cylinder 
vertical direct-acting type. The cylinder diameter is 10 
in. by 18 in. stroke, one pump being capable of dealing 
with the whole quantity of oil in circulation. These 
pumps draw from a separate drain tank under the 
engine-room floor. Oil strainers in duplicate are 
provided both on the suction and delivery sides of the 
pumps, 

The maneuvring gear for the turbines is placed at 
the engine-room forward bulkhead (Fig. 19), that for 
each set of turbines comprising one emergency self- 
closing bulkhead valve, and one ‘‘ ahead ”’ and “‘ astern” 
combined maneuvring valve by Messrs. Cockburns, 
Limited. The emergency self-closing valves are auto- 
matically shut down, through the turbine governors 
acting on an Aspinall patent oil transmission valve fitted 
at the end of each turbine bearing, in the event of 
excessive speed of the turbine rotors, also through a 
special piston oil control in the event of the lubricating 
oil supply falling below a predetermined level, or 
sto e of a lubricating oil pump. An electric alarm 
is also fitted in conjunction with the latter. The start- 
ing platform is at a height from which a clear view 
of the engine-room can be obtained. The Aspinail 
governor was, it may be stated, described on p. of 
our last volume. 

The condensers are of circular section, each having a 
cooling surface of 3,510 sq. ft. and designed for 28-in. 
vacuum at 76 deg. F. sea temperature. The shells are 
constructed of mild steel plates, and the end doors and 
water boxes of cast-iron. The two 15-in. centrifugal 
circulating pumps (Figs. 17 and 18) are by Messrs. 
Henry Wilson & Co., Ltd., and are each driven by a 
compound enclosed forced lubrication engine, having 
cylinders 6 in. and 12 in. diameter by 5} in. stroke. The 
two main air pumps (Figs. 17 and 19) are of Messrs. 
Weir's ** Dual”’ type, 18 in. diameter by 15 in. stroke ; 
each pump serves one condenser. A “ Parsons” 
vacuum augmentor, Fig. 17, is also fitted to each con- 
denser, for use in the event of any abnormal influx 
of air to same. 

The feed heater is of the builder's “ Neptune” 
surface type, and is shown in Fig. 19. The feed filter, 
shown below in Fig. 19 and in Fig. 17, is List and 
Munn’s* gravitation type by Messrs. J. and H. Car- 
ruthers, Limited. There are two main feed pumps 
seen in Figs. 17 and 19, placed at the forward end of 
the engine room, one pump being capable of doing the 
whole duty required. An auxiliary feed pump, Fig. 19, 
of the same capacity as either main feed pump is also 
installed. These pumps are of the *‘ Weir” direct-acting 
vertical type. 

From the arrangement of machinery it will be seen 
that there is no undue restriction of space around any 
of the auxiliaries. Included in the auxiliary equipment 
and not previously referred to are: Two ‘“ Lamont”’ 
duplex bilge pumps, with 5-in. cylinders, 6-in. pumps 
by 6-in. stroke, shown in Fig. 19; one ‘* Lamont” duplex 
ballast — on the port side of the engine room near 
the aft bulkhead, with 8-in. cylinders, 1l-in. pumps by 
10-in, stroke ; two ‘** Lamont’’ duplex sanitary pumps 
(Figs. 17 and 19), 5-in. cylinders, 6-in. pumps by 
6-in. stroke ; one ‘‘ Lamont”’ duplex fresh water pump, 
3-in. cylinders, 4-in. pumps by 5-in. stroke ; ‘and one 
** Lamont” duplex general service and ash ejector pump 
(Fig. 19), 10}-in. cylinder, 7-in. pump by 10-in. stroke ; 
a “ Weir’’ 50-ton evaporator (Fig. 19); and two No. 3 
distillers by Messrs. John Kirkaldy, Ltd., seen in 
Fig. 16. 

An auxiliary condenser of the non-vacuum type, 
having 1,000 sq. ft. cooling surface, is placed on the 
engine-room aft bulkhead for dealing with the exhaust 
steam from winches and other auxiliaries working in 
port. This is seen in Figs. 17 and 20, The condensate 
is led to a separate tank with float control for the 
auxiliary feed pump. 

The auxiliary engines generally are suitable for the 
full boiler pressure, and for working with superheated 
steam, and to this end they are provided with metallic 
packing to the piston rods, whilst every care has been 
given to the lagging of the cylinders. All auxiliaries 
are designed for working against a back pressure of 
10 Ib. per square inch (gauge). The auxiliary exhaust 
system is such that the various auxiliaries can 
exhaust to the feed heater, auxiliary condenser, 
low-pressure turbines, main condensers, or atmos- 
rer the normal arrangement being to the sur- 

ace ffeed heater, any surplus exhaust steam passing 


ters are also indicated. | H 








through a special spring-loaded valve and thence to the 
low-pressure turbines. 
The two “ Shanks-Siemens”’ electric generating sets 
each of 33 kw. are placed on the main deck level in the 
rt wing of the engine room, and may be seen on the 
right-hand side of Fig. 18. At the same level on the 
starboard side is the engineers’ workshop and also 
a No. 9 CO, refri ing machine by Messrs. J. and E. 
Hall, Ltd., for ip’s provisions, also shown in Fig. 18. 
The main refri plant, also by Messrs. J. and E. 
between the lines of main shafting 
abaft the engine-room bulkhead. 


(To be continued.) 
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WORMS AND SKEW GEAR. 
7 ne THE EpIToR oh ENGINEERING. 
18,— over interesting paper on 
* Develo: ts in Transmission,” by Captain Bramley- 
Moore, M.C., in your issue of ~ wapion the writer was 
thas duahed, culver eiicey Gowen 
t i with an i 2 
The main difference between a skew gear and a worm 
is the number of teeth, a worm is a skew gear with an 
unusually small number of teeth. The teeth of an 
ordinary skew gear are cut of involute form, and the end 
view, é.e., view looking al axis, will show the flanks 
of the teeth of involute form, if correctly cut. If a right- 
angled triangle be 
rpendicular 


pe 

piven sow gene Sr ee ae ee 
length to base circle circumference of the oe. 
and this triangle be wra round a cylinder, whose 
diameter is equal to the base circle diameter, on un- 
wrapping, the hypotenuse of triangle will sweep out a 
correct spira] involute. 

This is exactly what the worm gear described appears 
to do, the base circle (or worm cylinder as Captain 
Bramley-Moore prefers to call it) being made small to 
ensure a strong form of tooth and to keep the lead angle 
and base circle diameter in the region of 45 deg. 

If a flat were milled on a skew gear to such a depth 
that the dimension from centre of gear to flat equals the 
radius of base circle in end view, the sides of the teeth 
would be straight lines, as indicated in Fig. 43, on page 
152, with the inclination to the axis the compliment of 
the lead angle and this radius. 

Yours faithfully, 
W. B. Woop. 

10, St. James’s Park, West Croydon, Surrey. 

February 12, 1921. 





“ LUBRICATION.”’ 
To THe Eprror oF ENGINEERING. 

Str,—I have read, with interest, your editorial 
‘* Lubrication,” in the December 31 issue of ENGINEERING 
and believe your brief reference to the findings of the 
‘Lubricants and Lubrication Inquiry Committee,” 
regarding the value of Oildag, as determined by their 
investigations, forms sufficient excuse for this com- 
munication. 

The Lubricants and Lubrication Inquiry Committee 
was very generous in their treatment of Oildag. Their 
report contains evidence of having given considerable 
thought and time to it, and if the results they obtained 
fell short of those possible of attainment, the cause may 
be found in either one of two facts stated in their report, 
namely, first, ‘‘ It was obviously impossible to run the 
gear on Oildag for six weeks previous to making the tests, 
although this was stated by Messrs. Acheson to be 
ny before any beneficial results could be expected”’; 
second, * The neutrality of the oil was not tested in the 
manner described by Messrs. Acheson, but no appreciable 
flocculation of the graphite was observed during the use 
of the oils.” It would seem that the committee was 
looking for beneficial results from Oildag in the same 
manner that they might look for improved results from 
the substitution of a superior oil for an inferior oil, but 
in this way they were in error, for there are many reasons 
that would cause one to believe that the presence of 
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for during the first month, whereas it was, in fact, the 
sixth month before the final results were shown. During 
this period deflocculated graphite had been continuously 
removed from the oil and became affixed to the metals 
forming the shafting and bearings. 
_ The second practical test was in a large plant operated 
in Greater New York, where it was determined by the 
management to make a test of Oildag in factory lubrica- 
tion, and for this pespece one ent of the plant 
peer rman Borst A machinery and operated by electricity, 
was set for the experiment. Careful measurements 
were first taken of the power required to operate the 
t, using the best system of lubrication up to 
practised. Oildag was then substituted, and 
i two weeks, measurements bei en 
daily, it was found that the power consumption had 
been reduced 18 per cent., and during the next week of 
operation the consumption went down still 
further until it a total reduction of 24} per cent. 
Here, again, we see distinct evidence of the necessity 
of time, and this can only be attributed to the fact that 
time is eee for the deflocculated graphite to leave 
the oil unite with the: metals. s Im every case 
where Oildag has been used, like evidence has been 
roduced that the beneficial results are due to the 
ormation of hoid surfaces, by the reason of the 
union of the phite with the metals, we 
are warranted in believing that the presence of defloccu- 
lated graphite in oil does not improve the lubricating 
value of the oil as an oil. 

Referring to the second quotation from the committee’ s 

rt, as above cited, it would be interesting to know 
w means were used by the committee to determine 
that no appreciable flocculation of the graphite was 
observed during the use of any of the oils. In my own 
experience I have found it required a good deal of care 
and special precautions were necessary to determine 
whether or not the graphite was flocculating, and I have, 
further, proved conclusively that after the graphite has 
flocculated it is no longer ible to produce a graphoid 
surface with it—it is, in fact, no longer Oildag. True. 
the graphite content may be partially flocculated, and 
to a certain extent the desired results may be obtained 
with that still remaining in a deflocculated condition. 

Another statement in the committee’s report, ‘“‘ There 
was no evidence of the so-called ‘ graphoid surface’ 
beginning to form, even at the end of the series of tests,”’ 
has a bearing upon the question under discussion. As 
Oildag has an advantage over the oil from which it is 
formed only by reason of the formation of a graphoid 
surface, I must necessarily assume that notwithstanding 
the fact that the committee failed to see any evidence 
of the formation of a graphoid surface, that such graphoid 
surface to a limi extent had formed; otherwise 
there would have been no beneficial results, which they 
state they actually did obtain. A graphoid surface is 
not readily seen with the eye. 

The formation of the graphoid surface is a necessary 
preliminary to the reduction of friction, or any other 
improved condition that is a result of Oildag lubrication. 
This surface can be quickly formed by the use of what is 
known as concentrated Oildag, this being a product 
consisting of a neutral oil carrying 12} per cent. of 
deflocculated graphite. Painting, or otherwise coating 
rubbing surfaces with this material previous to the use of 
Oildag reduces the time necessary to form graphoid 
surfaces. 

This method of procedure is now being practised by 
a number of railroads where Oildag is being tried out in 
car journal lubrication; for instance, on the Long 
Island Railroad, the Chicago and Great Western Rail- 
road and on the cars of the street railways and trolley 
lines of the Public Service Corporation of the State of 
New Jersey. In all cases of car journal lubrication, 
most remarkable results are being obtained in the matter 
of the elimination of hot boxes, reduction of power 
consumption and smaller amount of lubricant required. 

I have been doing some work that has a bearing upon 
the 13 points the committee suggested for future in- 
vestigations, and the results give promise of clearing 
up some of the doubtful questions regarding petroleum 
lubricating oil. One little experiment that can be easily 
and quickly performed by any one possessing the 
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deflocculated graphite in the oil to the? t of 
} of 1 per cent. of the weight of the oil does not to any 
appreciable extent improve the lubricating value of the 
oil itself. There is conclusive evidence that it is 
only when the graphite has been removed from the oil 
on to, or into, the metals forming the journal or bearing, 
that any beneficial results are obtained. 

Perhaps this can be more readily understood by giving 
the men 4 obtained in two cases where;Oildag has been 
used in factories in the United States. The first was 
in a factory where the results were expressed in dollars 
and cents, with the entire elimination of all testing 
apenaciee. The factory was operated by electric motors, 
and the electricity was brought from an outside company 
and paid for monthly. In letters received from this 
firm, they state they commenced the use of Oildag in the 
month oF March, 1920, and without any change in the 
amount of work being performed in the factory, the same 
amount of machinery and shafting being in operation 
during the entire period, they found as follows :— 


Dollars. 

Their power bill for March was 266-05 
bs " April was 242-31 

- ” May was 229-15 

mm * June was 200 +65 

pe July was 165-99 

” ” August was 162 -55 


Thus showing a reduction in power bills of approximately 
38} per cent. Had the presence of ulated graphite 
in the oil been simply to improve the oil as a lubricati 

body. all of this power reduction might have been looked 





'Y apparatus is as follows : 

Place one drop of lubricating oil of, say, 300 Saybolt 
viscosity, in a test tube. Add 125 drops of acetone, 
shaking the tube until the oil is dissolved, then add 
350 drops of water and again shake the tube, which 
will now be found to be filled with a light-coloured 
liquid. Remove one drop of liquid from the tube, place 
on a slide and examine under an ultra-microscope and 
it will be found that the liquid contains matter in the 
colloidal state. If the tube be set aside, it will be found 
that this colloidal matter will, in a few weeks, rise to the 
* of the liquid, as cream rises to the top of milk. 

f this same experiment be repeated with a drop of 
kerosene instead of lubricating oil, it will be found the 
amount of colloidal matter will be much less. If again 

ted with a drop of gasoline still less colloidal matter 
will be obtained, and, lastly, if a drop of petroleum 
benzin is used, no colloidal matter will be found. | 
believe this colloidal matter is, in fact, the lubricating 
part of the petroleum and, further, that it is it that 
produces the viscosity of the oil and is the best part 
of the oil. I have, therefore, ventured to give it the 
name of petroleum fat, or the fat of petroleum. 

In my experiments, as well as in those of Professor 
C. H. Benjamin and Dr. C. F. Mabery, and in many 
practical uses in manufacturing plants, on railroads 
and in automobiles, it has been positively proved that 
colloidal graphite is a vastly superior lubricant to 
petroleum fat, or the colloids to be found in petroleum. 

Av inferior lubricating oil, that is one deficient 
in geetelcion fat, may be made the carrier of colloidal 
graphite, thereby producing a lubricating agent superior 
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to the very best petroleum lubrie..cing oil. To obtain this 
result, however, the oil <. carrier must be free from 
electrolytes, and to obtain such aj pure oil, I found it 
necessary to have the oil refiners*supply me with an 
untreated distillate for the reason thet the refined 
petroleum oils as found on the market have been treated 
with sulphuric acid and caustic soda, and traces of them 
remain in the finished product, and those traces act as 
@ poison to colloidal graphite, causing flocculation. 
Yours very truly, 
Epwarp G. AcHEsoN. 
Aeolian Building, 35, West Forty-Second-street, New 
York, January 20, 1921. 





“THE HUMPHREY PUMP.” 
To THe Eprror oF ENGINEERING. 

Siz,—We note with interest the article by Dr. Walker 
in your current issue on the “‘ Humphrey Pump.”’ 

The extraordinary} high efficiency which this pump 
attains in raising large volumes of water must have 
caused some engineers to wonder at the apparent want 
of development and usage which would naturally follow. 
It is very simply explained—the war ; the great activi- 
ties resulting on the success of the Chingford Station of 
the Metropolitan Water Board as, for instance, the huge 
drainage scheme at Mex where the Humphrey pumps 
had a capacity of 1} times the flow of the Thames, were 
completely suspended. 

Now, however, things are once more going ahead, 
The Chingford Station is running better than ever, 
thanks. to the engineers of the Metropolitan Water 
Board who, by their skill have completely got over the 
initial ‘troubles incidental to all new types of engine. 
We have pleasure in informing you that we have taken 
over the Humphrey pump and are now actively engaged 
in developing it. 

Yours faithfully, 
(For William Beardmore and Co., Limited). 
Atan E, L, CHortton, 
36, Victoria-street, Westminster, London, 8.W. 1. 
February 14, 1921. 





“ CENTRIFUGAL PUMP TEST RESULTS.” 
To tHe Eprror oF ENGINEERING. 

Srr,—In your issue of January 28, page 116, you 
publish some test results, by Seales an, of a 
centrifugal pump, results which contain very unusual 
figures for the size of impeller. It would be interesting 
to learn Professor Goodman's theory to account for 
these, 

In Fig. 4 he gives the head with no discharge at 
1,320 r.p.m., as 102 ft. For an ordinary centrifugal 
pump, with a 12-in. impeller at the same revolutions, 
this head would be approximately 74-3 ft., based on 
the peripheral speed of the impeller. The figure given 
is 37-5 per cent. greater than this. Similarly at 1,200 
r.p.m., the increase is 19 per cent., and at 1,000 r.p.m. 
it is 50 per cent. over the theoretical head. 

From a large number of test results, the ratio between 


the head calculated by the formula h = = where vis 


the velocity of the impeller rim, and the actual test head 
at no discharge appears to vary in different pumps with 
the ratio between the outer and inner diameters of the 
impeller vanes, and this may account to a certain extent 
for the high values 1-375, 1-19 and 1-5. With the 
same impeller, however, the head at no discharge varies 
directly as the square of the peripheral velocity, That is 
to say, in the test results given the value of the constant c 


in the formula At = c. = should be the same at all 
g 


speeds, 
Yours faithfully, 
T. Henry Burn. 
4, Manor-road, Richmond, Surrey, 
February 15, 1921. 





“ BALANCING TURBINE ROTORS.” 


To THE Eprror oF ENGINEERING. 

Srr,—In your issue of January 21 your correspondent, 
Mr. Cox, raises some points in connection with your 
account of our balancing device published in your issue 
of December 31 last (pages 864 and 865). I quite agree 
with Mr, Cox that a lot of running troubles could have 
been avoided, if static balancing tests were made in a 
more sensitive way than is usually done. Mr. Cox asks 
me if I feel sure that the results I obtain are entirely 
due to unbalance in the rotor. 
find in fact that if a rotor which we have thoroughly 
balanced be replaced in the machine it proves to be in 
equilibrium in all positions, The object of 
suspending the tiltable bearing is to avoid constraint 
on the weighing machine, (Note that the movement of 
V-notch in beam is only about ; in. for a 15-ton 
machine.) 

At the outset a fixed ball bearing was tried, but with 
this it was ay yey to consistent readings, With 
this bearing the end of the rotor carried by the V was 
forced to move in the are of a circle with the length 
of the shaft as radius, and the beam of the weighi 
machine did not swing perfectly freely as its V wan 
his end to describe an arc around the beam’s fulcrum. 
It was no good making the ball bearing slide axially 
as the emer os on it would prevent it from doing so. 
Only when the suspended ing was adopted did all 
trouble disa: and repeat read become identical ; 
and the sensitiveness secured is such that with a 9-ton 
rotor in the machine and the steel with its pointer 
at zero, it is possible to “blow” the pointer out of 
position, It may be added that all ings are 
with the axis of the rotor at right angles to the plane 


My reply is, Yes. We] used 


of movement of the steelyard and with its axis and the 
centre of gravity of beam and balance weights in the same 
horizon e, The level of the knife is slightly 
above this plane so as to secure stable equilibrium. 

The machi are built in standard sizes. One size 
will take rotors ranging from 4 tons to 15 tons in weight, 
and can in some cases be used for a 25-ton rotor, by 
changing the oo The V-notch carried by the 
stesivand is designed for a standard shaft, and if several 
diameters have to be dealt with, it is best to provide a 
corresponding series of vees, though may be 
dealt with by providing them with temporary extensions 
to suit the vee. The method of axial location adopted 
eliminates any chance of errors arising from the axial 
displacement of the shaft, due to raising and turning 
it into another angular position. 

The V-notch in the has two soft copper strips 
dovetailed in its sloping sides, which are easily replaced. 
The shaft is provi with an A-shaped ridge, about 
4 in. high, where it bears in the V-notch. This ri 
will force its way into the copper strips. The weight will 
thus always bear in the resultant line of the side- 


pressures 
of the ee which goes vertically through the apex of | has 
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this ridge. also ensures after lifting and turning the 
rotor to another angular position, that its shaft will 
return to the same position axially on the beam in regard 
to the suspended end of shaft. 

For raising the shaft vertically off the vee, we have 
designed a safe and easy lifting device, the stirrup 
end of the shaft being held axially when lifting. It is, 
I may add, quite unnecessary to turn the rotor end for 
end and repeat readings. What we measure is purely 
@ torque present in a shaft, and it makes no difference 
at what part of the shaft’s length such a torque is 
measured. An operator can detect and locate the un- 
balance in a large rotor easily in half an hour or so. In 
any built-up type rotor, existing dynamic balancing 
methods do not compensate for internal stresses ; they 
may, in fact, introduce such stresses. In these cases our 
method not only gives perfect dynamic balance, but all 
internal stresses are completely eliminated as well. 

Mr. Cox suggests that I might have obtained much 
more accurate results by arranging the a with 
the rotor-shaft co-axial with the fulcrum of the steelyard 
and eliminating the ball bearing’s friction. As, however, 
our intention was to design a machine that would 


accurately balance such unwieldy bodies as long and 
a rotors, I am afraid a machine as by 
Mr. Cox would not do, as it could only be ie by using 


two ——— line with each other to take the rotor 
in between t , and such a machine could never be 
made rigid enough to keep the knives in constant 
alignment. If it were even possible to hold the knives 
in such a way in this frame that they were not influenced 
by the frame bending, it would never be possible to 
the knife-edges to register with one and other sufficiently, 
and moreover, to get them to be in perfect alignment 
with the axis of the rotor. In our machine we can measure 
eccentricities of the centre of gravity of a rotor to 
1/50,000th in. To do this on such a double knife-edge 
machine we would first have to bring the knives and the 
axis of the rotor to register within this dimension, which 
cannot be done, 

To illustrate this, imagine a 10-ton rotor on such a 
double knife machine. If the axis of revolution 
lies only 1/1,000th in. out of line of the knife-edges 
(assuming the latter in line), this would give us an 
unbalance moment of 22 in.-lb. As a matter of fact, 
it would not be possible to get that axis correctly in 
line even to within 1/100th in., giving a ten times larger 
error. In our machine we can easily measure a moment 
of 1 in.-lb. In my opinion the machines shown by 
Mr. Cox in his Figs, 3, 4 and 5, will all have an unknown 
amount of dulum-effect due to this Ee 
The adjustable weights provided above the knife-edges 
on. I think, never compensate for this while balancing 
a y. 

I cannot agree with Mr. Cox that it is impossible to 
detect such small errors as 0-25 in.-drams, in any other 
manner than he shows. It seems to me that this 0-25 
in,-drams, as I have shown above, may quite well all, 
or for the ter part, be made up of the pendulum-effect 
in his machine and not really give a measure of the actual 
moment of unbalance present in =e at all, If I am 
mistaken about this, I shall be glad if Mr. Cox will put 
me right. ‘ 

I would refer Mr. Cox to the notice of my machine 
in your issue of December 31, in which particulars were 
given of a test made on a -wheel with our small 
machine. There we corrected an out-of-balance moment 
of 0-00036 kg.-cm. The tiny aluminium jockey weight 
in that instance weighed only 0-018 grammes. 

By displacing it 0-25 cm., the upsetting moment could 
be quite well noticed, this moment being equal to 0-005 
-cm,, whilst Mr. Cox’s moment of 0-25 in.- 


and comprises, in my opinion, an unknown amount 
of —— sn FO — ’ es 
it was impossible to get two knife-edges in accura 
alignment we reverted to the ball bearing, which had, 
however, to have a free s msion so as not to influence 
the motion of the beam. This single beam is the lightest 
thing to measure with, and consequently the most 
sensitive and accurate. It is not the centre of aaviy 
of a body but its axis of revolution which is as 
the basis of measurement, which can only be accuratel 
obtained by setting it at tight angles to the steclyard. 
Even if in our case the axis of revolution in the V-noteh 
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-notch, it would onl 
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us to a simple weigh beam perpendicular 
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axis of L 
In the small machines shown, as used for gyros, &c., 


is approximately equal to 1,000 grammes-cm., J 





ible to substitute two small steel 
of knives, thereby getting a two-point 


contact which ‘orce jy oe ay 
Cox for his appreciation an 


TI can only Mr. d 
——— in our method of the evolution 
of which was a very interesting of alternately 
diagnosing gradually curing small aberrations in a 
With apologies 


seemingly very simple A pam e 

to you for trespassing so much on your valuable space, 
I am, yours faithfully, 
Hamitron Mart, A.M.I.N.A. 


w. 
58, Harleyford-road, Vauxhall, 8.E. 11, 
January 30, 1921. 


we" have found it 
balls instead 





“ SELF-ACTING ROPEWAYS.” 
To Tae Eprror or ENGINgerrne. 

Sir,—I have perused with much interest the formula 
given by Mr. H. J. Smith in his paper on the mechanical 
oading of ships given on page 185 of your issue of 
February 11. 

Mr. Smith gives a very interesting formula which he 
arrived at for calculating the horse-power required 
to drive an aerial wire ropeway. 


Accord: to this formula and to the figures given 
by Mr. Smith, this ropeway he assumes Guat 
be self-acting with a fall in favour of the load of 480 ft. 


in a length of 2,400 ft., say a gradient of 1 in 50. 
Personally I have never yet come across a ropeway 


which would be self-acting with such a slow ient 
as 1 in 50. It would be interesting if Mr. Smith could 
give any definite iculars of a self-acting ropeway 


working at such a slow gradient, even with ball bearings. 


Yours ome 
J. W. Wurre. 

Widnes, Lancashire, February 15, 1921. 

(Mr. H. J. Smith, the author of the paper referred to 
in the above letter, is at present in China, so that some 
time must ela) before he can deal with the point 
raised. Meanwhile some other of our readers may be 
able to furnish data as to the working of self-acting 


ays on flat ae. and we shall be glad to 
publish any such information.—Eb. E.] 


Banaenie We. Ant BR ear canny i BAp Bie. 
managi irector of t ningrove D pany, 
Limited, been elected a Member of the Council of the 
Iron and Steel Institute to fill the vacancy arising 
through the death of Sir Charles Allen.—Scholey and Co., 
Limited, 56, Victoria -street, Westminster, inform us 
that from February 21 their head office will be trans- 
ferred to their works. After that date their address 
will be Scholey and Co., Limited, Victoria Works, 
Gloucester-road, Croydon, Telephone, Croydon 2164. 








Cura anp GermMany—CoMMERCIAL NEGOTIATIONS,— 
It is reported in Peking, says The London and China 
Telegraph, that the unofficial negotiations which have 
recently been proceeding between Peking and Berlin 
with a view to the conclusion of a Sino-German com- 
mercial treaty have lted in a deadlock. It appears 
that Germany held out for the most-favoured nation 
treatment, contending that America would shortly grant 
her such treatment. The Chinese Government has 
replied that it prefers to await the issue of the American- 
German negotiations, and does not wish to resume 
relations with Germany before the Allies have done so. 


Unrversiry or Honea Kone.—The Acting British 
Commercial Secretary at Hong Kong has been a 
by the University of Hong Kong for assistance in a new 
scheme for commercial training which has recently 
been started there. The course of study for the Degree 
of Bachelor of © ce includes lect in i , 
trade and transport. In connection with these t 
university has expressed the desire to receive from 
United Ki manufacturers for exhibition purposes 
lantern slides and, if possible, cinematograph films 
illustrative of the processes used in the following indus- 
tries, among others: Textiles; tools and machines ; 
structural industries—(1) smelt: and manufacturing 
of heavy iron and steel, (2) ships, — and railways. 
Illustrated catalogues large-si photographs of 
works, &c., would also be welcome, It will probably be 
of interest to United Kingdom manufactrers to suppl 
the university with material of the nature indicated, 
and communications should be made direct with Pro- 
fessor W. J. Hinton, University of Hong Kong, Hong 
Kong. The Department of Overseas Trade would be 
glad to learn of any action so taken. 

Tue Sm Joun Cass Txrounicat Inetiturs.—On 
Thursday, the 10th inst., the prizes and certificates gained 
by the students at this Institute, which is situated in 

ewry-street, Aldgate, London, E.C. 3, were distributed 
by Sir Frederick k, K.C.B., President of the Institu- 
tion of Petroleum Technologi and late Director- 
General of Munitions Su; to the Ministry of Munitions. 
After the distribution Sir ick delivered a popular 
address on the subject of liquid fuel, and the occasion 
was also utilised for the unv of a memorial window 
which has been erected to the memory of the members 
of the staff and students who fell in the war. The 
chairman of the Governing BG, in summarising the 
work of the Institute, ment that it was intended 
shortly to initiate a course of instruction in petroleum 
techno! to the needs of those already 
. They had, he said, received consi ~ 
encouragement in this dev: t from representative 
i that the 











Institute was ji well situated to deal with 
this branch of applied \ further announcement 
will, doubtless, be made as soon as the arrangements are 
com) \y 
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THE WESTLAND LIMOUSINE AEROPLANE. 
Most of the aeroplanes so far employed in civil 


aviation work were origi 
and have been modi for the carriage of 

or goods. Many such machines were in existence 
at the termination of the war, so that to utilise them 
as far as possible under peace conditions was the most 
natural course to pursue. There is little doubt, 
however, that had the machines been intended for the 
work in which they were afterwards engaged their 
design would have differed in some respects, and the 
results obtained would probably have been distinctly 
better. That this is so is indicated by the generally 
superior performances of the few machines which have 
been specially designed for commercial work. oe 
the latter is the Westland limousine aeroplane, whi 
we illustrate on this and the opposite pages and also 
on 200. 

is machine was designed by Mr. R. A. Bruce, 
M.S8c., assisted by Mr. A. Davenport, and was built 
at the Westland Aircraft Works (a branch of Messrs. 
Petters, Limited), Yeovil. Most of our readers will, 
doubtless, remember that it obtained first = in 
the class for small land machines in the Air Ministry 
competitions held last summer, so that the particulars 
of its design, which we are able to give by the courtesy 
of Mr. Bruce, will be studied with interest. The general 
arrangement of the machine is shown in Figs. 1, 2 and 3, 
on this page, and the accompanying table gives its 
main dimensions, &c. A better idea of its appearance 
will, however, be gained by an done pane of the photo- 
graphs of the machine reprod in Figs. 10 and 11, 
on page 200. From these illustrations it will be seen 
that the machine is a single-engine tractor biplane, 
and one feature of the design, which will be 
immediately apparent, is the fact that the two main 
petrol tanks are suspended from the lower planes 
well away from the fuselage. This * arrangement 
certain! the a slight disadvantage from the point of 
view of air resistance, but the reduced risk of fire, 
saving of in the fuselage, and increased accessi- 
bility which result from it, are found in practice to 
more than compensate for the above-mentioned 
drawback. It is generally considered desirable to 
carry the tanks as close as possible to the centre of 
gravity of the machine so that the varying weight 
of the contents will not affect the balance, but no 
difficulty has arisen from the departure from this 
practice in the Westland machine. Even with onc 
tank full and the other empty, the machine has been 
flown without any noticeable effect on the lateral 
controls. 

The wing structure follows standard practice and 
calls for no special comment. The main planes are of 
R. A. F. 16 section and have equal spans of 54 ft. each. 
The outer sections are divided into three bays with a 
cantilever tip, and are set with a dihedral angle of 
24 deg. A-positive stagger of 9 in. is also given, and 
the angle of incidence of both planes is 2} deg. The 
gap is 7 ft. and the chord of both wings is 7 ft. 3 in., 
giving a total wing area of 726 sq. ft., including the 
ailerons and centre section. This gives a wing loading 
of 8-05 Ib. per square foot, since the weight of the 
machine, fully loaded, is 5,850 Ib. Of this weight 
1,200 Ib., or over 20 per cent., is accounted for by the 
ty and the five passengers which the machine carries. 

e machine is fitted with a 450 h.p. Napier engine, 
so that the weight per horse-power works out at exactly 
13 lb. The length and height of the machine are 
33 ft. 6 in. and 12 ft. 6 in., respectively, as given in 
the table adjoining Fig. 2. 

One of the parts of the Westland aeroplane which 
contains some novel and interesting features differing 
materially from the corresponding detail of machines 
intended for war service, is the un riage. In 
war machines the main function of the unde iage, 
viz., that of absorbing shocks in landing, had to be 
sacrificed to some extent in order to obtain lightness 
in conjunction with low air resistance, and the fact 
that the rate of deterioration of the structure of the 
nachine was accelerated by this cause was a matter 
of secondary importance, since the life of the machine 
was generally determined by other considerations. 
In commercial work, on the other hand, it is essential 
to prolong the life of the machine as much as possible, 
as well as to study the comfurt of the occupants, 
and for these reasons special attention has been given 
to shock-absorbing properties in the Westland under- 
carriage. Side and 'front elevations of the latter are 
reproduced in Figs. 4 and 5, and i 
ment is also shown in 
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to the bottom longeron 
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THE WESTLAND LIMOUSINE AEROPLANE. 
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CONSTRUCTED BY THE WESTLAND AIRCRAFT WORKS, ENGINEERS, YEOVIL. 
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PRINCIPAL DIMENSIONS, &c. 


Length overall 33 ft. 6 in. 
Height overall 12 ft. 6 in. 
Wing span (both planes)... 54 ft. 
Chord (both planes) 7 ft. 3 in. 
Gap tee bas 7 ft. 
Weight (fully loaded) 5,850 Ib. 
Weight of pilot, five pas- 

sengers (or mails) 1,200 Ib. 
Maximum speed at ground 

level — ... 118 m.p.h. 
Landing speed 46 m.p.h. 
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of elasti 


rings covered by a streamline casing, as 
—- in Fig. 4; the maximum longitudinal movement 


shock absorbers is 6 in. The main wheels, 
have a diameter of 800 mm. (31-5 in.) and a track 
ft., are each fitted with brake drums and 
Ferodo-lined brake bands, the latter being operated 
a Bowden cable connected to a lever in the 


which 


t. 
reduci 
ecessary, however, to provide against the possibilit; 
their too-sudden application causing the sachin 
tilt forward on to its nose, and for this 
two smaller wheels are mounted on a forward 
extension of the underca’ 





iage. The arrangement 
of thie detail will, however, be clear from an inspeotion 

















of Figs. 4 and 5, without further explanation. We 
may add that, in practice, the elevators are found to 
be sufficient to keep the tail of the machine within 
2 ft. or 3 ft. of the ground, even when the brakes are 
put hard on, so that the auxiliary wheels rarely come 
into action. 

The fuselage is constructed in three distinct sections, 
each of which can be easily and quickly detached 
from the others—a feature of considerable importance 
in a commercial machine since it materially reduces 
the cost of repairs. The engine mounting, which 
forms the front section, is of steel tubular construction 


with wire cable bracing, but as its design and arrange- 
ment are well shown in the drawings reproduced in 
Figs, 6 to 9, and in the half-tone illustrations, Figs. 
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THE WESTLAND LIMOUSINE AEROPLANE. 


CONSTRUCTED BY THE WESTLAND AIRCRAFT WORKS, ENGINEERS, YEOVIL. 
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SIDE ELEVATION 


Fig. 7. SECTION A.B" ;HALF FRONT 
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12 and 13, on page 200, it need not be referred to in | this 


detail. The engine, as already mentioned, is a 450-h.p. 
Napier, an illustrated description of which will be 
found on page 106 of our last volume, and, as will 
be obvious from an inspection of Fig. 12, it can easily 
be lifted out of the machine for examination or repair 
without actually detaching the ine mounting. 
The whole of the power plant is Afee ve separated 
from the passenger cabin, which forms the central 
section of the fuselage, by a fireproof bulkhead com- 
posed of sheet aluminium and asbestos, and this, 
together with the cowling and radiator, encloses the 
engine in what is virtually a metal box. Petrol is 
supplied to the carburettors by two wind-driven 
pumps connected to a distributor box, and the excess 
petrol passes up to a gravity tank in the centre section 
of the upper plane. The overflow from the gravity 
tank is led back to the main tanks, and the former, 
being kept always full, is available for emergency use 
in the event of the failure of the main system. A hand 
pay also fitted in the cockpit, so that the machine 
can be kept in flight by this means if the mechanical 
pumps should break down. In a recent test, the 
machine was flown for 3 hours on the hand pump 
without undue exertion on the of the pilot. The 
petrol pipes are all kept outside the cabin—in fact, 
every effort has been made throughout the whole 
design to reduce the risk of fire as far as ible. 
One other detail of the power plant should be men- 
tioned, viz., the means pe in accordance with 
to enalile the pilot to start the engine Sithors looving 
his seat and without excessive muscular effort. For 








par an auxiliary carburettor and a decom- 
pressing device are fitted on the engine to enable an inlet 
and exhaust valve on each cylinder to be opened and an 
explosive mixture to be pumped in by hand. After 
closing ithe ,valves, the mixture in {any of the yr 
which happens to be in the firing position, is by 
a. hand « , and the ting explosion is 
sufficient} to start up the engine. The arrangement, 
we understand, has been found quite satisfactory in 
practice. 

The cabin, which gives seating accommodation for 
five passengers, measures 8 ft. 9 in. long by 3 ft. 
4 in. wide by 4 ft. 6 in. high, internally. It is con- 
structed of a spruce framework covered both inside 
and outside with three-ply wood. No internal braci 

is employed, but the construction, which has been 

in all other Westland commercial machines, has given 
no trouble from distortion. The interior of the cabin 
and the seats are comfortably upholstered, and nine 
triplex glass windows, four on one side and five on the 


other, are so that each has a clear 
view of the country over which he is tra ;. two 
of the windows can be opened inwards. itional 


ventilation is secured by means of a scoop projecting 
above the top of the cabin and delivering the air into 
the cabin through a diffuser box, the object of which 
is to prevent draughts. Provision is also made for 
ing the air in cold weather by passing some of it 
oy yer usage i i to 
valve i 


roportions of hot and cold air 
Lace 6 apstiettalie temperature in the cabin. 
times access to the cabin is obtained through a door on 


over 
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2 Clearance 
| Bet Wheels and Ground 


the starboard side visible near the trailing edge of the 
wing in Fig. 11. 

The pilot sits in an open cockpit immediately behind 
the nger cabin on the port side of the machine, 
as p omers in the plan, Fig. 2. The construction of 
this after portion of the fuselage follows standard 
practice and calls for no particular comment, but 
attention should be called to an interesting feature of 
the empennage which might otherwise escape notice 
since it is not very obvious in any of our illustrations. 
This is the employment of two vertical fins mounted 
out on the tail plane instead of a single fin placed 
in line with the rudder, as is usual with a_single- 
engined machine. The fins are best shown in Figs. 
1 and 2, and from the latter it will be seen that they 
are set at a slight angle with the longitudinal axis 
of the machine to allow for the deflection of the slip 
stream from the propeller. The two small fins, the 
total area of which is 6-93 sq. ft., have been found to 
give much better directional stability than a large 
central fin, which would be more or less protected 
by the fuselage from the propeller slip stream. The 
rudder is snail shaped, as shown in Figs. 3 and 11, and 
is balanced aerodynamically by the portion in front 
of the hinge; its total area is 19-4 sq. ft. The tail 
plane and elevator are each 40 sq. ft. in area, The 
latter is not balanced, but the ailerons, each of which 
has an area of 27 sq. ft., are balanced as shown in the 
plan, Fig. 2, and in the front view, Fig. 10, ow 
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“L the official trials, above referred to, the machine 
attained a maximum speed of 118 m.p.h. at ground 
level, while the minimum speed obtained was 46 m.p.h. 
The range of speed thus amounts to 72 m.p.h., and was, 
we believe, greater than that of any other machine 
competing in either the small or large classes. The 
i ble load carried in the reliability trials was over 
1,100 Ib., and the total weight of the machine, as 
reviously mentioned, was 5,850 lb. The petrol tanks 
Fast a capacity of 99 gallons, this being sufficient for a 
flight of 54 hours’ duration at a height of 5,000 ft., 
with the engine throttled down to give a cruising s 
of 90 to 100 m.p.h. The quantity of lubricating oil 
ceutal ts: 4.qlenn. and e water capacity is 11} 
gallons. 








Swepisu Coat In SrirzBercen.—We read in Swedish 
Export that the directors’ re of the Swedish Spitz- 
bergen Collieries Company shows that the amount of 

raised during last year reached 35,000 tons, as 
compared with 23,000 tons in the previous year, ‘There 
is @ prospect of bringing the amount raised during the 
current year up to 60,000 tons. A number of building 
and extension works have been undertaken at the Svea 
Colliery with the object of facilitating and augmenting 
mining operations. A new thick seam of coal Tas been 
encountered during the year. 





Tae Moror Traps, Universiry or Bristo..— 
The Merchant Venturers’ Technical College, which pro- 
vides the Faculty of Engineering of the University of 
Bristol and maintains a separate Department of Auto- 
mobile Engineering, is just completing the re-equipment 
of the automobile laboratory. Several firms, oognieing 
the value of such a department devoted to the study 

the problems of the industry and to the training of auto- 
mobile engineers, have presented valuable specimens of 
engines and ip t to the college from time to time. 
The latest gift, presented by Messrs. Motors, 
imi is a standard 2} twin air-cooled ne, They 
have also promised one of their new O.H.V. engines 








immediately these are in production. ine will 
be used wi 


with results, it is 
and the motor 
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BREAKDOWN OF TURBO-ALTERNATOR 
PLANT AT GLASGOW. 


We have received the following communication from 
the itan-Vickers Electrical Company, Limited, 


of Trafi Manchester, with a request that we 
should give it licity. 
“On the i 


of December 8, one of the new 
15,000-kw. taube-aibiensitees at Dalmarnock Station, 
Gidsgow, broke down after having been in commercial 
operation for about two and a half months. The 
insulation on the windi at one end of the machine 
took fire, and as the ine could not be stopped for 
some 20 minutes, the whole of the insulation on this end 
of the machine was destro. No evidence could be 
found at the time as to the cause of the breakdown. 
The machine was vey heavily insulated and every 
precaution had been taken with regard to winding and 
testing. 

ay generator was almost ready for service, 
it was substituted for the first machine, and although the 
breakdown occurred on Wednesday morning, the new 
machine was in position, dried out, and put on load the 
following Wednesday, After operating on commercial 
lapd for about a week, sparks were seen issuing from the 

of the stator frame and the ayy ages ut ye 
T i were found to in ect condition 
and ay enliaos was run up again with field on, when 
yee were again noticed: and further examination 
wed that one of the insulated bolts through the core 

had broken down near the end plate. These bolts 
through the core in an axial direction and serve to hold 
the end plates tightly against the laminations. The 
bolt was removed and it was found that it had vibrated 
violently and the insulation had broken down near the 
centre of the core as well as near one end. The windings 
were found to be in perfect condition, but an inspection 
of other bolts which had not given trouble showed that 
vibration of a more or less serious nature had occurred 
on several of them. 

A series of tests and investigations were at once under- 


taken, and it was found that for the icular length 
and diameter of bolt used, a relatively slight tension was 
sufficient to bring the frequency of the bolts to such a 





value as to synchronise with the freq y of vibrat 

of the whole set, corresponding to the speed of 1,500 
r.p.m, A further and more careful inspection of the 
first machine which had broken down, showed that the 
breakdown was due to a similar trouble, as it was found 
that one of the bolts had broken down to the core and 
molten metal had come into contact with the insulation 
at one cone of the machine, thus ne it on San, ' 

A third generator was ically y for running 
at the time the first roo ma occurred, and it was 
decided to remove the steel core belts and replace them 
with copper bolts of smaller diameter which would 
carry heavier insulation. These bolts are stressed to 
such a low value as to leave their natural frequency very 
far below the running frequency of the machine. 
consi le amount of work was required in order to 
replace the bolts, but this was done in an exceptionall 
short time, and before the end of the month the wor 
had been completed and the machine was under load. 
Since this time it has carried peak loads up to 21,000 kw. 
The two machines which broke down are being rewound, 
and wil) shortly be in commission. 

The use of core bolts has been standard practice on the 
part of many companies in this country, America, and 
on the Continent. Machines have been in operation 
for fifteen years in which this construction has been 
used, and the Westinghouse Company of America has 
a very large number of machines in operation in which 
the same construction is used. This is the first case on 
record where troubl ited due to the use of the 
core bolts, and it is very remarkable that it should have 
occurred on two ssoghines in such rapid succession, 
though the fact that they are duplicates and built by 
the same workmen may explain this. 

The trouble was due to the fact that a peculiar com- 
bination of conditions resulted in the bolts having a 
frequency equal to that of the machine, and vibration 
once having been set up, the insulation on the bolts 
was more or less raj ialy disintegrated. While the 
Metropolitan-Vickers Company assumes full responsi- 
bility for the trouble which has occurred, the following 
points might be emphasised :— 

1. The insulation on the windings of the machines 
has been in no way responsible for the breakdowns. 

2. The vol between bolts and core was approxi- 
mately 100, and while the damage was due finally to the 
breakdown of the insulation on the bolt, the cause of 
the breakdown was purely mechanical. 

8. The construction which was responsible for the 
trouble is not a new or e ental one, the break- 
downs being due to a particular combination of con- 
ditions the existence of which could not reasonably have 
been anticipated.” 








Barirish Propvotion or Irorw anp Sree..—The 
British pig-iron and steel production in 1920, the figures 
for 1919 being given in brackets, was as follows: Pig- 
iron, 8,007,900 tons (7,398,000 tons); steel, 9,056,800 
tons (7,894,000 tons), 





ont. Watsr Surriy.—The ee aiatvian 
unoil ugeley are now considering question 
increasing their water su . The 


which was designed and out in 1894, has a 
com success, but considerably more water is now 
req The council have instructed Mr. W. H. 


Radford and Son, of Nottingham, who were the 
for the original scheme, to report upon the best method 


of increasing the supply. 








THE FAILURE OF METALS UNDER 
INTERNAL OR PROLONGED STRESS. 

THE discussion on this subject which is being 
organised jointly by the Faraday Society, Institution 
of Mechanical Engineers, Institute of Metals and the 
Iron and Steel Institute, will take place on Wednesday, 
April 6 next. There will be both afternoon and evening 
sessions. The North-East Coast institution of ineers 
and Shipbuilders, the Institution of Engineers and Ship- 
builders in Scotland, and the West of Scotland Iron and 
Steel Institute are also participating in the discussion. 

A preliminary programme has m issued which 
states that the discussion will be opened by Dr. W, 
Rosenhain, F.R.8., who will give a general survey of the 
subject. Among other contributions on specific aspects 
of the subject which are expected are :— 


1. **Chemical Influences in the Failure of Metals grad 


under Stress,’’ by Professor C. M. Desch. 

2. ‘Mechanism of Failure in Metals from Internal 
Stress,” by Dr. W. H. Hatfield. 

3. “'The Removal of Internal Stress in Brass,’ by 
Mr. H. Moore and Mr. 8. Beckinsdale. 

4. “The Season-cracking of Brass: Digest of Pub- 
lished Information,”’ by Mr. Harold Moore. 

5. ‘‘ Notes on Fractures in Certain Steel Tubes,’ by 
Sir Henry Fowler. 

6. “Intercrystalline Cracking of Mild Steel,’ by 
Mr. J. A, Jones, 

7. ‘The Presence of Internal Fractures in Steel Rails 
and their Relations to the Behaviour of the Material 
under Service Stresses,” by Mr. H. 8. Rawdon. 

8. “The Spontaneous Cracking of Necks of Small 
Arm Cartridge Cases,’’ by Mr. W. C. Hothersall. 

9. ‘“‘The Internal Stresses in Brass Tubes,’ by 
Mr. R. H. N. Vaudrey and Mr, W. E. Ballard. 

10, “* The Failure of Condenser Tubes,’’ by Commander 
W. Campbell, U.S.N.R.F. 

11, *‘ Note on Corrosion and Season-Cracking,’’ by 
Mr. G, D. Bengough. 

12, “‘ Corrosion-cracking of Non-Ferrous Materials,” 
by Mr. R. W. Woodward. 

13. ‘‘ Stress and Season-cracking in Cold-Worked 
Brass Articles,’’ by Dr. F. nog. 

14, ‘‘ Effects of Prolonged Stress on Metals at High 
Temperatures,’’ by Dr. F. Rogers. 

15. “‘ Internal Stresses in Relation to Microstructure,” 
by Mr. J. C. Humfrey. 

16, “Failure of the Lead Sheathing of Telegraph 
Cables,”’ by Mr. L. Archbutt. 

Other contributions will probably be made by Pro- 
fessor C, Benedicks, Mr. W. O. Ellis, Dr. F. C. A. H. 
Lantsberry, Dr. A. McCance, Dr. E. A. Smith, Professor 
T. Turner, Mr. J. E. Howard, Dr. F. C. Thompson, 
Professor C. H. Mathewson, Dr. R. 8. Hutton, Mr. B, 8S. 
Haigh, Mr. R. W. Webster. An exhibition of specimens 
will be held in connection with the meeting, and those 
desirous of lending specimens are asked to communicate 


A| with Mr. F. 8. Spiers, Secretary to the Joint Committee, 


10, Essex-street, Strand, W.C. 2. 





Norrsa-East Coast InstrTuTion oF ENGINEERS AND 
SHrPBurtpeRs.—The Institution of Engineers and Ship- 
builders in Scotland have invited the North-East Coast 
Institution of Engineers and Shipbuilders to hold a 
summer meeting in Glasgow, in June next, the dates 
provisionally fixed for the meeting being the 22nd, 23rd 
and 24th of that month, Particulars as to programme 
of the meeting will be announced nearer the date. In 
the meantime, in order that arrangements may be begun, 
those members who propose to attend the meeting 
are requested to inform the secretary. 





Procress IN Crvm Avration.—Since the opening of 
civil aviation in May, 1919, British aircraft have flown 
considerably more than 1,500,000 miles, the approximate 
mileage to the end of last year being 1.556.000. For 
the quarter ending December, 1920, the number of miles 
flown was 175,000, as com with 138,000 in the same 
quarter of 1919, although the number of flights was 
considerably less. The number of flights reported since 
May, 1919, is 62,003. The total number of passengers 
carried to December 31 was 106,712, the figures for the 
last quarter being 6,427—a slight increase over the 
number of 6,284 for the same period in the previous 
year. There were three accidents to machines during 
the quarter, only one of these having fatal results. For 
the whole period under review, the number of accidents 
was 48, but of these 20 did not involve injury to personnel. 
The number of machine-miles flown per flying accident 
is 33,100. The rate of passengers killed per 1,000 was 
0-10, and for passengers injured 0-15. 

Ministry or Transport—Roap Funp Licencres.— 
The attention of the Ministry has been called to a mis- 
nae which has arisen with regard to the meaning 
of the word ‘‘ Owner’’ in the Licensing istration 
Book, issued under the Roads Act, 1920, to the person 
registering the vehicle and paying the licence duty. 
This misapprehension has arisen in connection with 
meshiantesliy propelied road vehicles let on simple hire 
or hire purchase agreements. The regulations shortly 
to be issued will define the term ‘‘ Owner’ as meaning 
the person by whom the vehicle is ‘kept and used,” 
who is, of . not ily the legal owner. 
Purchasers of vehicles should not therefore accept the 
production of the Licence Registration Book as absolute 





proof of | ownership with a power to sell, but only as 
evidence that the person t' named is as 
the “ At the same time, 


person keeping and using it.” 
@ failure of a vendor to produce the Registration Book 
should warn the purchaser to make inquiries as to how 
the vendor came into possession of the vehicle and as to 
his right to sell it. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—More inquiries are in circulation from 
both home and overseas customers for steel and engineer- 
ing products, but very little actual business is being 
booked, and works are finding increasing difficulty in 
i on. In other cases rolling mill proprietors 
hesitate to put into execution orders that cnaly have 
been booked, because of the difficulty of obtaining 
payment for former contracts. This applies particularly 
to the automobile section. Sheffield’s unemployed do 
not exceed 15,000, but large numbers of men are engaged 
on short time working, and may be released at any 
moment. Conditions ve slightly improved in the 
crucible steel trade. Users are at last getting to the end 
of huge stocks purchased during the war period, and are 
ually coming into the market for renewals. Foundries 
and fo: are moderately busy, but are not working 
to the limit of their capacity. No new orders have been 
booked for armament supplies to forei wers, despite 
rumours freely circulated in the daily press. The 
increasing importations of French pig-iron are reflected 
in the weakness of the market for local makes. Pro- 
ducers are experiencing considerable difficulty in dis- 
posing of the reduced output at cheaper rates, and are 
consi ering the closing down of more furnaces. A fair 
tonnage of agricultural implements and ere and 
general equipment is under order for Australia, but in 
regard to inquiries for rolling-stock for South Africa and 
France, local makers find themselves hopelessly under 
quoted. The market for high speed tool steels continues 
exceptionally quiet. An abundance of alloys is available 
at reduced rates. Further reductions are notified in 
—, of semi-finished materials. Acid billets have 
lined 11. to 1l. 108. per ton. The current price is 
231. 10s, for Siemens acid and 23/. for Bessemer acid. 
Manufactures therefrom are reduced proportionately. 


South Yorkshire Coal Trade.—Users of slacks and 
blast furnace coke are holding off the market in the 
anticipation of substantial reductions when decontrol 
sets in. Meanwhile colliery sidings are congested with 
loaded wagons, and pits find difficulty in producing a 
sufficient tonnage of the better-grade fuels to meet 
manufacturing needs, though these are considerably 
below the normal. Reduction of output of cobbles 
through short-time working has resulted in a keener 
demand for supplies. Gas fuels are firmly held at 
maximum prices, though public utility concerns are now 
in possession of substantial reserves. The widespread 
feeling that prices of the better qualities of house coal 
may be advanced from March | is responsible for in- 
creased pressure for supplies. Merchants are not over- 
bentened with orders, but as a result of the colliery 
position have some little difficulty in satisfying customers. 
Quotations :—Best branch handpicked, 37s. 2d. to 
38s. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; 
Derbyshire best brights, 358. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 33s. 2d.; Derbyshire best large 
nuts, 328. 8d. to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. 
to 328. 8d.; Yorkshire hards, 32s. 8d. to 338. 8d. ; 
Derbyshire hards, 32s. 8d. to 33s. 8d.; rough slacks, 
288, 2d. to 298. 2d.; nutty slacks, 28s. 2d. to 298. 2d. ; 
smalls, 23s, 2d. to 248, 2d. 


Hull Coal Traffic._—Last month 5,560 fewer tons were 
received in Hull as compared with January, 1920. 
The total receipts were 243,488 tons. Exports dropped 
to 28,502 tons as compared with 94,468 tons for the 
corresponding month of the preceding year. For the 
year 1920, however, the gross exports, 327,555 tons, 
represented an increase of 83,863 tons on 1919. Last 
year’s imports totalled 2,171,281 tons against 2,101,648 
tons in 1919, an increase of 69,633 tons. The Denaby 
and Cadeby Main Collieries were again the principal 
contributors to last month’s receipts, with 23,146 tons. 
Carlton, Grimethorpe and Frickley easily came second 
with 13,405 tons, and Hickleton came third with 10,813 
tons. In the case of the last-mentioned colliery last 
month’s receipts were in excess of those of January, 
1920, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipptessrovesr, Wednesday. 

The Cleveland Iron Trade.—There is no indication 
of any change for the better in the Cleveland pig-iron 
trade, and indeed such cannot be looked for until the 
= of stabilisation of prices becomes visible. 
That values will have to be further substantially reduced 
is apparent, for Continental competitors continue to 
capture home markets by undercutting. French and 
Belgian pig-iron is still being delive here at a few 
pounds per ton below the charges of local manufacturers. 
To home customers, No. } and siliceous iron are each 
200s.; No. 3 G.M.B. is 1958.; No. 4 foundry, 194s. ; 
No. 4 forge and mottled are each 192s. 6d. ; and white 
iron is 190s, Export prices are 5s. above home quota- 
tions, 


Hematite.——Little new is ascertainable concerning East 
Coast hematite. In this branch also supply is much 
more than ample, There are a few inquiries in the 
market, but at the moment, much actual] business cannot 
be looked for. Both for home use and for shipment 
abroad No. } is 222s, 6d. and mixed Nos. are 220s. 


Manufactured Iron and Steel.—There is procticaty 
nothing passing in finished iron and steel. Substantial 
orders are un to be withheld until the next fall 
in prices, which is considered to be at hand. Meanwhile 
the fi ing are amoug the principle market quotations : 
—Common iron bars, 25i.; steel ship, bridge, and tank 
Eee. 227. 10s, ; steel les, 21/.; steel joists, 21/. ; 

eavy steel rails, 217. ; medium steel billets, 177. ; hard 
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steel billets, 18/.; black sheets, 25/.; and galvanised 
sheets, 264, 

Foreign Ore.—There is practically nothing ing in 
foreign ore. Consumers are well placed and are not 
disposed to negotiate for further contracts until the 
market moves a good deal more in their favour. The 
freight, Bilbao-Middlesbrough, is now 9s,, and probably 
rubio, of 50 per cent. quality, could be qusckened at 
378. 6d. c.i.f. Tees. 


Coke.—The position as regards coke is not very satis- 
factory. There is abundance on the market, and sales 
are slow, local users displaying marked disinclination 
to pay recognised market rates, and sellers refusing to 
ol = further price concessions. Average blast-furnace 
description is 54s. 6d. at the ovens; and quality low 
in phosphorus is 57s, at the ovens. 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

State of Trade.—General trade in Glasgow and the 
West of Scotland is at a very low ebb at the present 
time, and this state also prevails right north to Aberdeen, 
Nearly every industry has di with numerous 
hands and with few exceptions short time is general. 
The numbers of unemployed throughout the country 
amount to many thousands, and subscription funds are 
being raised to assist the most deserving cases. Orders 
for all classes of goods are urgently required to put 
industry on its feet again, but present conditions are 
just the aftermath of the great and costly destruction 
during the great war. All countries are more or less 
suffering alike, and not until the rates of exchange become 
more favourable can any real improvement in trade be 
looked for. There is an incessant cry for lower prices, 
and these are coming along slowly, but not y fast 
enough to suit buyers. Fuel has eased off somewhat and 
metals are also much lower in price, but consumers act 
with very great caution in a falling market, with the 
result that only the most urgent business is being given 
out. Si of a revival in the home trade are not a 
noticeable, but many there are who openly state that 
before many months are past a buying movement will 
be felt. 


Scottish Steel Trade.—No improvement can be reported 
in the steel trade of Scotland, and each week sees the 
amount of work on order books getting gradually less. 
Nothing of any moment is being booked to replace 
orders Bt and in the case of structural sections 
alone there is extremely little ong owt. Shipyards are 
taking up @ certain quantity of plates, but nothing in 
comparison with the tonnage of last year, and at the 
present time a number of mills are not rolling at all. 
The recent all-round reductions in prices have not 
been successful in bringing out fresh business, and further 
concessions are being looked for in the near future, but 
when these may be agreed upon by the associated 
masters, and to what extent, it is futile to forecast. 
The black sheet makers, whose prices were reduced a 
week ago, report little accession of fresh business, and 
galvanised sheets are as dull as can be. The export 
branch of the steel trade is also without improvement, 


Malleable Iron Trade.—The malleable iron makers 
of the West of Scotland are very badly off for work just 
now and the prevailing state is not being helped by the 
low-priced stuff on offer from Belgium. Quite a fair 
amount of the latter has already found its way — this 
market, and for some these Belgian bars are 
said to be very cantelactory. The price named for 
crown bars is 251. per ton, net, delivered Glasgow 
district, but this is no inducement to buyers, who 
anticipate @ much easier quotation as soon as coal 
becomes cheaper. 


Scottish Pig-Iron Trade.—There is very little move- 
ment in the ttish pig-iron trade and the outlook is 
far from reassuring. fn many cases the smelters are so 
badly off for business that an increase may 7 be 
made in the number of furnaces blown out. In the hope 
of stimulating business it is quite expected that con- 
cessions in prices will be bt very soon by makers, 
hut meantime the demands for foundry iron and hematite 
are at the barest minimum. There is nothing doing in 
export, 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—When the national coal strike was 
settled in November last it was provided that the coal- 
er = bay a representatives should Leper os 
schemes for the future ion of in the mining 
industry. These pict eres to be pias before the 
Government prior to March 31. Negotiations have been 
proceeding between the representatives of the Mining 
Association of Great Britain and the Miners’ Federation 
of Great Britain on the subject, and the South Wales 
Miners’ Federation have convened a delegate meeting 
for Saturday next to consider the proposals of the Miners 
Federation, while a meeting of the South Wales Coal- 
owners’ Association has been arranged for Monday to 
consider the course to be adopted by its ey ee 
at @ meeting of the Executive Council of the Mining 
Association to be held in London on the 24th. Reports 
are current in usually well-informed quarters that 
the control exercised over the import and distribution 
of coal in France by the B.N.C. is to be abolished at the 





end of month. If this proves correct the 
ices now in force will be 


NOTICES OF MEETINGS. 


Tue Starrorpsuire Iron anp Sree. Instirvrs.— 
Saturday, February 19, at 6.30 p.m., at the Education 
Offices, St. James’-road, Dudley. Paper by Major 
F. A. Hooper on the “‘ Use of Magnets in Iron and Steel 
Works,”’ illustrated with lantern slides. 


Tae Braprorp Encrveerine Socrery.—Monday, 
Feb 21, at 7.30 p.m., meeting in the Hall of the 
Bradford Technical College. Mr. A. A. Williams, of 
Leeds, on “ Lifts and Hoists for Mills and Warehouses.”’ 


Sub-committees were appointed to arrange details of 
the scheme and also fix minimum prices for the different 
descriptions of coal. Collieries have now been officially 
informed that the auditors of the association have been 
given power to examine the books of any colliery com- 
y and to report any cases which come to their know- 
laa of companies accepting less than the minimum 
rices. It has also been decided that companies accepting 
—_ than the minimum shall pay to the association 
a sum equa! to the difference between the minimum price 
and the actual sale price. The commercial committee 
of the association have also been instructed to consider 






























the question of the fixing of minimum inland prices ity 2 
in view of the fact that the regulation of home prices A eo ee ae. pe ta i, 
at a maximum level is to be discontinued from the end re - 


to Industrial Chemistry,”’ by Mr. Eric K. Rideal, M.B.E., 
M.A,, D.8c., F.I.C, (Lecture II), Wednesday, February 
23, at 430 p.m,.: Trueman Wood Lecture, “The 
Present Position ‘of 


Research in Agriculture,’ by 
Sir Daniel Hall, K.C.B., F.R.8., Chief Scientific Adviser 
and Director-General of i 
Ministry of 


gence rtment, 

ture. Lieutenant-Colonel the Right 

Hon, Sir ur Griffith-Boscawen, M.P., Minister of 
Agriculture and Fisheries, will preside. 

Tue Instrrotion or Crvim Enoineers.—Tuesday, 

February 22, at 5.30 p.m. The following paper will be 

submitted for discussion: ‘“‘ Port Improvements at 


ofthemonth. Meanwhile the coal trade is in as depressed 
a state as ever and the demand is insufficient to absorb 
available supplies, despite the fact that quite 50 per 
cent. of the collieries are either idle or working short 
time. Prices for the better are on the basis 
of the maximum scale, but for the inferior qualities 
nnd those not yet scheduled values are determined by 
individual 





Tue Instrrvure or Marie Enoimveers.—This insti- 
tute has announced that the president, Lord Weir of 


Eastwood, has signified that in lieu of giving another Newcastle, N.S.W.,” by Mr, Percy Allan, M.Inst.C.E. 

address prior to - wotioematat from office, would svetente ans : Wednesday, ne 4 23, opm, 
I i A t t Lecture Mass 10n, 

Pim take ladies ov cockek vert S's to ebesdens 7 Mr. John Henry , M.Inst.0.E. Members of all 


are invited to attend this lecture. 


Tue Instrrors or Marine Enorngers.—Tuesday, 
February 22, at 7 p.m., at the Efficiency Exhibition 
at Olympia, paper on ‘“‘ Hydraulic Propulsion as Applied 
to Special Conditions,” by Major J. H. W. Gill, eRe. 
Tae Instirvtion or Exxorrican Enoinesrs.— 
Sg mar February 24, at 6 p.m., at % Institution 
visionally fixed as the date for the meeting | 0 /1V" ers, Great G » Westminster, 
aa lace at Paris. We may add that the Bessemer rT: “g aetna oy aa Order ”’ (Lecture 
gold medal of the Institute has been awarded this year | /1): “ Susceptibility Values,” by Professor E. Wilson, 
to Mr. Charles Fremont of Paris, whose important work} Tue Intuminatine Enoingerine Soorery.—Thurs- 
in connection with the development of the impact test | day, February 24, at 8 p.m., at the Royal Society of 
on notched bars is well known, Arts (John-street, Adelphi, London), when there will 
be a discussion on the ‘“ Use of Light as an Aid to 
Publicity,’’ including (a) ‘‘ Shop Window and Spectacular 
Lighting,” introduced by ptain E,. Stroud, and 
(b) ** Illuminated Signs, &c.,’’ by Mr. E. C. Leachman. 


Tue Royat Sanrrary Instrrvre.—Friday, February 
25, 1921, in the College of Technology, Manchester, at 
7 p.m., when discussions will take pie on “The Use 
of Open Fires for Domestic Heating,’ to be opened by 
Mrs. et = Fishenden, D.Sc. ; “the Present Position 
of Smoke Fires,’’ by Captain F. 8. Sinnatt, M.B.E., 
M.8c., F.1.C. ; and on “‘ Air Pollution,” by Professor J. 
Radcliffe, M.Sc.(Tech.). The chair will be taken at 


7 p.m. by Sir Hi Tanner, C.B., 1.8.0., F.R.1.B.A. 
(Depuiy-Obairman of Council), 


Tue Bririsn Cast-Iron Reszarcn AssocraTION,— Tae Junior Instrrvtion or Enorngens.—Friday, 
We are informed that the t February 25, at 8 = at Caxton Hall. Ordinary 
Industrial Research has canals anew Meeting. Honorary Members’ Lecture, ‘‘ Measurements 
of & ion in Dog meering.” by Mr. H. T. Davidge, 
he | B.8c., A.R.F.S., M. LEE. 
encouragement of industrial research, We also under- T Wr 
stand that as the association is to be registered as a non- February 3 Bt Br vgs A onesie kn deitoecd 
profit sharing company, the promoters have applied to the | wr. John Buchan, M.A., LL.D. The subject is “ The 
Board of Trade for the issue of @ licence under Section 20 | american Civil War.”” Afternoon lectures, at 3 p.m. ; 


of the Companies (Consolidation) Act of 1908. The secre- 
cep sk oe Aemeeaa Aanet Arthur Keith, M.D., LL.D. 


proposed to have a conversazione and on March 18, 





Iron anv Street Instirvre: A 


autumn meeting the 
month of September, and September 18 and 19 hae been 





Recent ENGINEERING Works 1n ITaty.—Professor 
Luigi Luiggi has accepted the invitation of the University 
of London to deliver a course of = ng ot». 
Engi ing Works in Italy”’ _— is fo ming 
visit to England. Dr. Luigg? i is the Professor of Hydraulic 

ineering in the University of Rome and also President 
of the Italian Society of Engineers, The lectures, which 
have been arran, to be given at the Institution of 
Civil Engineers at 5.30 p.m., on March 7, 9, 11, 15, 16, 
and 18, will be open to the public without fee or ticket. 
They will be illustrated with lantern slides, which promise 
to be of particular interest. The chair at the first lecture 


will be taken by the Italian Ambassador, 








ag" - Tuesday, F 22, Mr. 
the jon is Mr. Vickers, and the FRE MRI. Pulleion Professor of Physiology, on 
a offices are now at Central House, New-street, | « Darwin’s T of Man’s Origin (in Light of 
Foteusry 24, Me, Prank Ealtowr Brows, MA” 
Tae Royat Agorrcur : as :” " 


,ToRaL Soocrty’s SHow.— 
The next annual exhibition of the Royal Agricultural 
Society will be held at Derby, from June 28 to July 2 
this year. Firms or persons desirous of taking space 
for the exhibition of machinery or articles in the Imple- 
ment Department should apply for the necessary printed 
forms of certificates and specifications to the secretary, 
at No. 16, Bedford-square, London, W.C.1. No applica- 
tion for space can be considered unless the prescribed 
forms are “Gm and delivered to the 


, M.A., on 
T) ; Saturday, February 26, Mr. A. 
Fowler, ¥.R.8,, Pres.R.A.8., on “ Spectroscopy—(II1) 
Celestial py.” 





Mrvgerat Propvction i British Cotums1a.—The 
Agent-General for British Columbia states that an 
approximate estimate, in value, of the mineral production 
in that vince d last year is as follows: Gold 


2,708, dols.; silver, 3,265,000 dols.; co * 
on, or before, Monday, March 21 next: Regulations for ’485.000 dols.: lead. 1,541,000 dols. ; talli es 
the exhibition and taal of machinery, implements, &c., Ke ¥ dele: coal. RY on dele. seein no, 
at the Derby show have now 5,143,000 dols. ; » 13,661,000 fe » 477,000 


dols. ; miscellaneous, 1,400,000 dols. ; equal to a total 


contain all the information n of 35,580,000 dols. 


been issued, and they 

concerning the 

conditions upon which articles may be shown, the 

for space and other matters of importance to 
intending exhibitors. 





ANNEALING AND DEFORMATION TEMPERATURES OF 
Guass.—F. Weidert and G. Berndt (Zeitschrift fir 
Technische Physik, 1, pages 51 to 58) deduce the ing 
tem of a glass heating the between 
refractive 





twenty- anniversary. paper first made | rising 
its appearance in 1895 the speed limit for self-propelled | diff 
vehicles on public roads was 4 m.p.h., and heavy traction 


Spr et Se nates by «en oe eee 
A restrictions were abolished about 
& year by the passing of the Locomotives on 
Highways Bill, and since then the development of the 
motor car has been continuous. An in’ feature 
of the booklet is the reproduction of a ting of a car 
of the 1900 period contrasted with a 
of # motor car of to-day ; several illustrations of historical 
events in the world of motoring, such as the 1903 Gordon- 
Bennett race, the first Tourist y race in 1905, 
and the race for the Grand Prix in 1914, are also included. 





im free to deal |The appearance of such a publication is to give 
like and pay market It will be ' rise to many speculations as to the possible 

recalled that the South Wales coalowners recently in motor cars during the next quarter of a century, but, 
adopted a scale of minimum export prices based on 59s. |in the language of the text-book, we leave this as an 
per ton f.o,b. for best large and 20s, for best 


temperature, whilst 
will be lower than the deformation temperature, 
50 deg. in the case of flints, and by from 70 deg. tow 100 
in the case of crown and barium 





=a 


smalls. ! exercise for the reader. 
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THE WESTLAND LIMOUSINE AEROPLANE. 


CONSTRUCTED BY THE WESTLAND AIRCRAFT WORKS, ENGINEERS, YEOVIL. 
(For Description, see Page 196.) 
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NOTICE. 

A few months ago the Proprietors of ‘‘ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to 1s. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
1s. 24. per copy, and this price dated from and 
included the issue of Friday, April 2, 1920. As the 
Postal rates have been again increased, the price 
of fsingle copies sent by inland post is now Is. 2}d. 


NOTICE TO _NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining ‘“‘ ENGI- 
NEERING” each week should place an order for 
the J Journal witha newsagent or bookstall clerk, 


NOTICES OF MEETINGS. 


Notices of Meetings to “to take place during the 
present and next eee. will be: found on page 199, 
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SOME LIMITATIONS OF MOTION STUDY 


NATURALLY attention was devoted at the Effi- 
ciency Conferences at the Exhibition at Olympia to 
the subject of motion study, the name given to the 
minute analysis of the movements of an individual 
when performing any complex action. The object of 
such study is to discover and eliminate all motions 
not directly necessary to the performance of the 
work in hand, and so to evolve a method of working 
which shall be at once the speediest and the least 
fatiguing. The advocates of the art start from the 
assumption that there is “ one best way ” of carrying 
out every operation, and that maximum efficiency 
can only be obtained if this unique method is 
practised by every operator. In order to determine 
the “one best way” the movements of the most 
expert operator available are photographed on a 
cinematograph film, and this record, or possibly 
an evlectic synthesis of such records, is taken as the 
standard of excellence. The cinematograph permits 
the leisured study of “‘ micro-motions”’ too rapid 
and too complicated to be followed by the unaided 
eye. Those which are directly useful are noted 
for the teaching of less expert workmen and those 
which have no evident value are pointed out for 
the benefit of the man who made them. It may be 
mentioned that Major Frank Gilbreth, the foremost 
exponent of this kind of motion study, expressly 
deprecates the idea of using it as a means of 
“ speeding up” the workmen. He states, indeed, 
that the laziest operator often carries out his duties 
in the most efficient manner, because his natural 
indolence prevents him from making more un- 
necessary motions than he can help. Major 
Gilbreth’s principal contention is that useless 
motion means fatigue, and its elimina- 
tion therefore is beneficial to everybody concerned 
by improving both the quality and the quantity 
of the work produced. 

From an academic point of view the idea of motion 
study as an aid to industrial efficiency is very 
plausible. It has a pseudo-scientific aspect which is 
attractive to a certain type of mind. It is a matter 
of everyday observation that some men are neat 
and expert at their work while others are awkward 
and clumsy. What, therefore, could be more 
logical than an endeavour to trace deftness to its 
ultimate motions and teach such motions to the 
inexpert? But those who argue in this manner 
make two tacit assumptions, both of which are 
8| questionable. They take it for granted that what 
is the best series of motions for one man is necessarily 





208|the best for every other, regardless of aeanen 


in stature, strength and physical conditions, It 


, | may be broadly true that there is a right way and a 


wrong way of doing everything, but there is another 
equally true proverb to the effect that one man’s 
meat is another man’s poison. The more refined 
the study of men becomes the more numerous and 
significant are the points of difference discovered and 





since no two human rorenan are ever absolutely alike 
in all it is unreasonable and unscientific 
fn soratllineshigntten Genibanembeniaie 
absolutely identical manner. The other assumption 
is that micro-motions are teachable. The difficulty 
of inculcating any definite method of performing 

micro-motions, is well illustrated by the spectacle 
of a class of children to write. In spite 
of the fact that they take up the art of ip 
with no preconceived notions, and no bad habits to 
eradicate, and although they are taught by the 
same models and the same teacher, every one will 
develop an easily recognisable individuality of 
writing almost from the 
no doubt the reflex of physiological and mental 
differences and, like them, is not to be greatly 
altered, even by the most painstaking instructor. 
Writing, from the point of view of the motion 
students, is merely a series of micro-motions made 
with the object of reproducing letters of thoroughly 
standardised shapes. Using Major Gilbreth’s ex- 
pression there must be “one best way” of per- 
forming such motions, and consequently all really 
efficient writers must produce similar manuscript. 
A thorough going motion-student would be com- 
pelled to admit that the handwriting of all equally 
efficient writers must be indistinguishable. Even 
the high-priests of the new science might shrink 
from such an application of their own theories. 
Similarly the exponents of motion study might 
be expected to perform all their other little every- 
day acts with identical motions, before they are 
justified in advocating identity of muscular action 
in connection with workshop processes. 

It is somewhat significant that the advocates of 
motion study as an aid to the efficiency of industrial 
workers are to be found almost exclusively among 
men who have no practical experience of workshop 
conditions. The man who is actually responsible 
for industrial output, knows that the motions 
workman makes in tightening a nut or in picking 
up his callipers are of quite negligible importance 
in comparison with the larger questions of organisa- 
tion and equipment. However interested he may 
be in research for its own sake, he is not going to 
import cinematographs into his works unless he is 
satisfied on two points, firstly that their use will 
bring about an increase of efficiency which cannot 
be obtained by simpler methods, and secondly that 
any expected benefit will be worth the trouble 
and expense of obtaining it. ineering works 
are not experimental laboratories for the cultivation 
of pure knowledge, but are industrial undertakings 
organised for the production of necessary articles. 
The meaning of the “one best way” to a works 
manager, assuming that the phrase would be 
admitted by him, is that method of manufacture 
which, taking all circumstances into account, will 
result in the best showing at the end of the year. 
His problems are infinitely complex, and as the very 
existence of his factory depends upon practical 
results and not on physiological investigations, 
he is difficult to convince. 

The first thing which occurs to such a man, always 
presuming that he regards micro-motions as 
important and believes that they can be taught, is 
that it is obviously not worth while to make a minute 
micro-motion study of any operation unless that 
identical and precise operation is going to be per- 
formed a sufficiently large number of times to 
enable any benefit to be derived from the results 
obtained. How many such operations are there 
in an ordinary engineering works? One has indeed 
some difficulty in n thinking of any at all. All move- 
ments of an absolutely repetitive nature, such as 
the motions of a slotting machine, or of an automatic 
screw machine, are performed by power and make 
no demands on the human mechanism. The exercise 
of human muscles is only required when there is a 
“are or less variation in the conditions presented 

y the work, and consequently a need for the human 
intelligence to control the muscles in accordance 
with the particular conditions. Suppose we take 
the case of the tightening of a self-centring chuck 
as an example suitable for motion, ORY, Tt is an 
Operation which may be repeated sores or hundreds 
of times a day by a workman, and involves com- 

ted muscular movements. In o 
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appear eminently suitable for motion study. But 
on consideration it will be seen that the micro- 
motion of the operator will depend very largely 
upon the position in which the lathe stops, and a 
separate study would have to be made of the 
motions appropriate to each particular position. 
Furthermore the motions which would be the best 
for a short man would’ not necessarily be the most 
convenient for a tall one, thus necessitating a 
further series of films. Similarly the micro-motions 
involved in picking anything up are dependent 
upon the size, shape and weight of the article and 
the manner in which it is presented, as well as upon 
the physiological peculiarities of the man who 
picks it up. 

We have, we think, said enough to show that the 
useful field for motion study by means of the cine- 
matograph, is very limited in engineering work, 
even if it exists at all. One of the reasons for 
which it is advocated by Major Gilbreth is the oppor- 
tunity the cinematograph film gives for preserving 
the exact modus operandi of highly expert operators 
for the instruction of future generations. This, 
however, does not seem a very cogent argument. 
It is very rarely that the value of any particular 
process endures long enough to justify the preser- 
vation of films recording the detailed motions by 
which some individual performed it, and there is 
always the question whether the motions could be, 
or ought to be, beneficially adopted by someone 
else. A very few years suffice to render a process, 
and particularly a manual process, obsolete, and 
there passes away at the same time the importance 
of the methods by which it was carried out. Skill 
is acquired, lost, or regained in accordance with 
the immediate demand for it, and the time necessary 
for acquisition would not be appreciably shortened 
by the study of moving pictures. 

There is one aspect of motion study which seems 
always to be overlooked and that is its tendency 
to perpetuate and standardise bad and wasteful 
methods. When once a series of motions has been 
promulgated as the “ one best way ”’ it will be hard 
to displace it. The minute attention to detail and 
the tedious elaboration of the study of the micro- 
motions give a meretricious value to the results 
obtained. We do not merely mean that improved 
methods are more difficult to introduce on account 
of the crystallisation of existing practice. This is 
an obvious danger, but it is not the most subtle. 
The man who is immersed in the study of the detailed 
motions required to carry out any operation is the 
last man in the world who is likely to consider the 
much more important question of whether that 
particular operation ought to be performed at all. 
To use a homely phrase, he “ cannot see the wood 
for the trees,” and tends to develop a standpoint 
from which a broad and comprehensive view is 
impossible. His concentration upon minutie 
obscures thé larger field of vision, and even should 
a drastic alteration of method occur to him, he is 
likely to be prejudiced against it because its adoption 
would nullify the results of all his painstaking work. 

We may quote an example to illustrate our point. 
In a certain shell factory during the war, one of the 
operations consisted in wheeling shells from the 
lathes, lifting them on tc a bench for inspection 
and subsequently removing them and wheeling 
them away to the closing presses. This was arduous 
work, as the shells were heavy, and the men engaged 
upon it asked for a piecework price to be fixed, 
Here was an admirable field for motion study. 
The amount of manual work was considerable, and 
as every shell required two men to lift it on to the 
bench, the study of the most efficient sequence of 
their independent and combined motions presented 
just the kind of problem to delight the motion-study 
exponents. Moreover, the necessity of setting a 
fair piecework price appeared to indicate the desira- 
bility of some examination of the work involved. 
A series of cinematograph films would no doubt 
have led in time to a decision as to the best way 
of lifting shells, and possibly much unnecessary 
motion might have been avoided. But the works 
manager looked at the question in quite another 
way, as soon as his attention was called to it. 
He decided to save all the motion there was by 
entirely abolishing the whole operation, realising 
that the expense of closing a very small percentage 
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of faulty shells, which would ultimately be rejected, 
was far less than the cost of the labour involved 
in detecting them prior to the closing process. 

Good management, equally with bad management, 
has existed ever since there have been factories 
to be managed. It consists in regarding the work- 
men as fellow human beings rather than as com- 
plicated and unsatisfactory machines, and in 
adopting every labour-saving device or improved 
process of manufacture which can be justified on 
economic grounds. Good management is not made 
any better by being called “ scientific management ” 
and those who arrogate to themselves the epithet 
“ scientific’ must not claim the credit for having 
discovered the wisdom of providing for the workman 
the most appropriate equipment and conditions for 
performing his particular duties. Similarly the 
motion students have no right. to presume that 
nobody heretofore has realised that manual opera- 
tions can be well or badly performed. Every 
engineer will remember being instructed when an 
apprentice in the best way to hold a chisel or to use 
@ file, and that he acquired his individual skill in 
handicraft by continued practice based on general 
instructions. All skill is a function of the indi- 
vidual, depending on the combined action of 
hand and brain, and it is more than questionable 
whether expertness can be transmitted from one 
man to another, except in a limited degree, or 
otherwise than by the methods which experience 
has developed. Training the muscles of the hand 
will not produce a Shakespeare or a Paderewski, 
and, similarly, it will not make a good mechanic. 
The brain which directs the muscles is the essential 
thing. 





PETROLEUM MINING BY SHAFTS 
AND GALLERIES. 

At Pechelbronn, in Alsace, bituminous sands 
containing a thick greasy substance extend from the 
surface down to considerable depths. As this 
material is, near the surface, free from petroleum 
spirit and water, the beds were in the period 1735 
to 1888, exploited by means of ordinary mine shafts 
and galleries. With increasing depth, exceeding 
50 m., the grease became of a lighter consistency, 
and gas was met with. In 1882 oil and gas began 
to spout from borings 150 m. deep, and some years 
later the underground working was abandoned as 
being too dangerous. To obtain the grease the sand 
had to be washed with boiling water. Experi- 
menting in 1897 on the saturation of sand, Professor 
Paul de Chambrier, the present Director-General 
of the Pechelbronn mines, observed that though 
the beds of light crude oil retained most of their oil, 
allowing only a small portion to escape, under- 
ground working followed by washing of the material 
would produce quite 24 times as much oil as drilling 
would yield, and he reported that underground 
working should be tried, if the price of crude oil 
justified the expense. That condition arose in course 
of the war, during which, on Professor Chambrier’s 
report, the German Government made a grant of 
1,000,000 marks in 1916, and the first shaft was 
finished by April, 1917. Before the Institution of 
Petroleum Technologists last Tuesday, Professor 
P. de Chambrier was able to give a very promising 
account of the results obtained. 

Experimentally, he said, they had at Pechelbronn 
produced from 1 ton of bituminous sand 20 kg. of 
oil by boring and 52 kg. by shaft and galleries, the 
oil still adhering to the sand amounting to 48 kg. 
or 40 per cent. of the original saturation. By under- 
ground drainage 500 litres of oil would thus be 
available per cubic metre of sand, which was roughly 
ten times more than the yield of American borings. 
It should be noted, however, that the Pechelbronn 
sand was porous and relatively pure compared to 
the more or less cemented American sandstones. 
Professor Chambrier accounts for the improved yield 
by his oozing theory, in which the gas evolved from 
the oil does not play the same part as in boring. 
When oilfields are drilled the gas can escape only 
from the immediate neighbourhood of the well ; 
elsewhere it buoys the oil up, and where the bed is 
no longer saturated, the gas follows the line of 
least resistance towards the bore, flowing along 
the roof of the petroliferous strata. Thus the oil 
is kept in suspension in the porous rock, and its 





normal flow is impeded; finally the oil remains 
distributed in bubbles among the grains of sand, 
retained by surface tension, and considerable 
quantities of oil hence become unworkable. When 
the bed is opened up by drainage galleries, on the 
other hand, gas and oil flow freely, and the final 
departure of the gas facilitates the downward 
flow of the oil. The galleries form a drainage 
system for gas and oil. 

We will not discuss whether the gas pressure 
acts precisely in this way, or whether a drainage 
gallery, 5 sq. m. in section, simply has a naturally 
very much greater drainage effect than a single 
drill hole. The fact is that the galleries of Pechel- 
bronn have produced in 3$ years 51,080 tons of 
oil oozings against the 21,000 tons of oil formerly 
pumped up by tour borings in ten years. From 
1917 to December, 1920, the galleries advanced 
by 5,049 m., giving 11-5 cub. m. of oozings per 
meter. The beds now worked, between 150 m. 
and 250 m. in depth, may be the most productive 
portions. The work is certainly not free from danger. 
The pickaxe originally used has been replaced by 
pneumatic tools, and the miners walk in the galleries 
on iron grids under which the oil and most of the gas 
are carried away. The ventilation has been per- 
fected; but Mr. Chambnir left these points for 
further communication, remarking that the accidents 
did not exceed mine averages. The sand mined was 
brown and very oily, though apparently dry ; 
from the lower portions particularly oil was oozing 
out slowly, while almost imperceptible gas bubbles 
were liberated. The progress came up to 75 cm. 
(10 in.) per day, including all propping and clearing 
away work. The average percentages of the layers 
worked were by volume (weight): Oozing layers, 
26°6 (12); fatty non-oozing layer, 17 (18-5); 
layers exhausted, 9:3 (4:8). The cost and installa- 
tion of underground working would not exceed 
those of the large number of borings otherwise 
wanted. 

The meeting certainly appeared impressed with the 
possibilities of the method. Mr. Cunningham Craig 
considered from his own knowledge the process 
applicable to many fields of the Empire, in par- 
ticular to the tar sands of Athabasca. Sir John 
Cadman, who had seen Pechelbronn, said that they 
had there passed beyond the experimental stage ; 
but the conditions were perilous; the refining 
plant used was due to Sir George Beilby, he 
added. Dr. Ormandy further discussed the ques- 
tions of gas ignition by sparks and of safety. It 
was generally agreed that the full recovery of all 
the oil,in the sand, of which now a large portion 
remains buried, is a question of great importance, 
especially also for England where freely-flowing 
wells remain very scarce. The method is not suited 
for all conditions, of course. Professor Chambrier 
did not refer to the invasion of mines by water. 





MOTOR TRANSPORT ON SNOW. 

THE most difficult classes of surface over which 
transport is necessary are generally bog or marsh, 
sand and snow. The first can be traversed by chain 
track machines, fitted, if necessary, with extensions 
so that the surface pressure can be reduced far 
below the half-atmosphcre that represents the limits 
for a man without special foot gear. Sand gives rise 
to troubles of its own due to the great resistance it 
offers to rolling and the damage it produces in the 
bearings of the vehicle. Sand may be of any size 
from gravel to the finest dust, and it may vary in 
density. In its finer and lighter forms sand can be 
blown about by the wind producing dunes of irre- 
gular undulating form which are difficult to traverse 
on account of the work of ascending and descending 
that must be performed. All these difficulties, 
however, are small compared with those encountered 
in the problem of traction over snow and ice fields. 

Snow as it usually falls in this country is at a tem- 
perature near freezing ; it packs and cakes easily. 
The snow that falls most frequently in cold countries 
such as Canada, Russia and the Alps is loose and 
powdery, with properties more like very light sand, 
and it is easily swept into deep drifts which in Russia 
may. reach to the tops of the telegraph poles. The 
behaviour of this snow is complicated by the tem- 
perature, the action of the sun’s rays and the dryness 
of the air. In some places, such as parts of the 
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Karakoram mountain range, the air is so dry that the encouraged invention, and a machine has been | tractor worked up hill and better progress was made 
snow retains its powdery texture almost indefinitely ; | designed and tried experimentally for carrying the}as the work commenced on a -defined road, 


with more moisture and higher temperature the 
snow surface becomes crusted over with a thin 
coating of connected particles. Under repeated thaw- 
ing and freezing such a surface attains to a crust 
that will carry a man easily, but in snow-covered 
countries, such as Norway, Sweden, Russia, and the 
mountainous districts of Central Europe, the surface 
is more generally such that it will only bear a man 
when shod with raquettes, Canadian snow shoes 
or ski. The question of the carrying power of the 
snow is one of weight per unit area, but it is compli- 
cated in the case of wheels, chain tracks or raquettes 
by the fact that local fracture of the crust weakens 
the adjacent parts. Thus a man who knows how 
to walk on raquettes will get over a snow surface 
with little fatigue, whereas another who applies 
his weight more suddenly or less uniformly over 
the surface will break the crust continually and his 
progress will be correspondingly exhausting. For 
these conditions the most satisfactory existing 
method of individual progress is on ski; these 
skim over the surface, scarcely injuring the crust, 
and exert a pressure usually averaging less than 
0-7 lb. per square inch on the snow. 

The history of the efforts made to cross snow- 
fields by mechanical traction may be traced back 
to 1904, when the Phoenix log-hauler was first used 
in the United States for hauling sledges of timber in 
Montana and Wisconsin. The original load of 
8 tons for four bullocks was thus increased to a train 
of 400 tons hauled by a single steam tractor. A few 
years later an attempt was made to produce a 
vehicle capable of climbing over hummocky'‘ice and 
lumpy snow, but this machine did not meet Alpine 
conditions. Trials and experiments on these lines 
were continued and a vehicle was produced by the 
Wolseley Company, having a 12-h.p. air-cooled 
engine, for Captain Scott’s Antarctic Expedition. 
One of these vehicles was put through tests on Lake 
Fefor in Norway and was thought satisfactory ; the 
machines, though used at first, were left behind in 
the final dash for the South Pole. Meanwhile, 
experiments were being made in Russia by Mr. 
Adolphe Kégresse, the chief mechanical engineer to 
Czar’s Imperial Transport Service. 

About 1907 the Ozar expressed the desire to be 
able to travel over the snow for the chase, and he 
charged his chief mechanical engineer with the task 
of developing a machine capable of rapid travel over 
all kinds of snow. Owing to the length of the winter 
at Petrograd the conditions were favourable for the 
experiments, and towards the end of the second year 
of war an apparatus was produced by Mr. Kégresse 
capable of carrying a machine gun and making 
rapid progress over snow. Some 30 of these 
vehicles were put in hand and were so near com- 
pletion that when the Bolsheviks took possession 
they were able to complete a few, which they used 
with ‘disturbing results on the Polish front, the 
high “speed of the vehicles giving the Poles the 
impression that the enemy mobile machine guns 
were much more numerous than was actually the 
case. Amongst material captured by the Poles and 
sent td Vincennes was the greater part of one of 
these cars; this was recently discovered and recog- 
nised by the designer as the completion of some of 
his work. 

Whereas the Wolseley machine* was designed for 
low speeds of about 2 m.p.h. to 4 m.p.h., Kégresse 
machines have been produced, by adapting ordinary 
motor cars, so as to be capable of speeds of 20 m.p.h. 
to 25 m.p.h. on top gear, and of climbing gradients 
as steep as 15 deg. on the lowest gear. The arrange- 
ment consists of an endless band of rubber-covered 
fabric running over pairs of driving and idle pulleys 
on each side of the car, the gear being adapted to the 
driving axle, and attached by radius bars to a second 
axle carried on the chassis. The front wheels are 
each surrounded by a sledge with a central slot 
through which each steering wheel projects slightly, 
thus breaking the crust of the snow and obtaining 
sufficient lateral resistance to permit of the vehicle 
being steered. 

The difficulty of transport in Alaska has also 





* This machine was illustrated and described in our 
columns in 1910 and 1912, vol. Ixxxix, page 421, vol. «xc, 
page 855, vol. xciii, page 461. 





mails at higher speed and in greater quantity than 
is possible with the existing dog-hauled sleighs. 
In this case also the steering arrangement depends 
on a wheel, cutting into the snow, but with a sharp 
edge and an adjustment for depth of immersion. 

During the war experimental work of this kind 
was brought practically to a standstill in the great 
motor-producing countries—England, France, Italy 
and America—but none the less a successful effort 
was made by an American (Holt) machine on June 16, 
1919 to climb Pike’s Peak 14,109 ft. high, which 
was accomplished in 7} hours though the snow drifts 
are said to have been up to 15 ft. in depth in places. 

In America the use of machines for snow clearing 
has been studied carefully, and a large trade is now 
being done in tractors for pushing the ploughs for 
clearing country roads and the streets of large towns. 
The work is exceptionally heavy, not only because 
drifts over 8 ft. deep may have to be cleared, but 
also because outside the towns the road may be 
rendered quite invisible by the drifts, and the 
tractor may sink into depressions formed by ditches 
or watercourses. These difficulties appear to have 
been satisfactorily overcome by the leading American 
tractors in cases of fairly well-defined roads. 

In Europe, since the war, the problem has been 
studied further by the French Automobile Club, 
which organised competitions for mountain climbing 
by cars and tractors at Mégéve, in September, 1919, 
under summer conditions, but not over snow. In 
January, 1920, a second competition was held at 
Chamonix for traction over ice and snow. Both of 
these became, in actual execution, demonstrations 
rather than competitions, but considerable ex- 
perience was gained by the entrants. 

This year further trials were carried out by the 
French Automobile Club under nearly ideal condi- 
tions on the plateau at the top of Mont Revard 
(5070 ft.), and over the district between the Revard 
Mountain railway station and the Col de Planpalais, 
the summit on the direct road between Chambéry 
and Annecy through Les Déserts and Leschraine. 
Snow fell to a depth of about 1-60 m. several days 
before the trials which took place last week 
and instructions were given that the roads at the 
Revard were not to be cleared so as to give full 
opportunity for testing the snow clearing devices. 
The support of the French Government and the 
assistance of officials of the Ponts et Chaussées were 
given so that the competitors might have the fullest 
facilities for trying their appliances. The one 
difficulty was a slight but persistent fog which con- 
tinued through the trials making visibility difficult 
at more than 20 yards or 30 yards. The machines 
tried were of two kinds—the Ké running on the 
surface of the snow at high speed and the Renault 
tractor, a much heavier chain track machine. 

Three Kégresse machines which were Citroen 
10-h.p. cars fitted with the Kégresse gear, took part 
in the trials and showed remarkable facility in 
running over snow whether loose or crusted or in 
the condition in which it packed. On exceptionally 
steep gradients there was some slipping of the belt, 
but generally the machine showed capacity for 
crossing rough heaps of snow, travelling on side- 
lying surfaces, and holding on the brake on down 
grades up to 25 deg. One of these machines 
travelled by road on its own wheels to Chambéry and 
then on its tracks to the Revard station. As nothing 
definite was known at Chambéry as to the conditions 
on the plateau the other vehicles were taken to the 
Revard station by the rack railway. 

A Renault tractor fitted with eight passenger 
seats showed its capabilities in carrying passengers 
from the Revard station to the summit up gradients 
of over 18 per cent. on both hard and loose snow, 
climbing easily with a full load. Another Renault 
worked at clearing the road from the Revard towards 
Les Déserts, but, owing to the impossibility of 
locating where the road might be in a surface 
uniformly covered with snow, this machine sank 
below the snow into unknown difficulties and had 
to be abandoned till after the completion of the trials. 
Another Renault tractor which had figured in the 
Chamonix trials was brought round by motor lorry 
to the snow below Les Déserts and cleared snow on 
the road towards the Revard. In this case the 





though, it must be remembered the newly-covered 
road surface was one that had been trodden down 
by bullocks and polished by sleighs. The road is 
distinctly good so far as uniformity of gradient and 
width are concerned, but it abounds in hairpin bends 
and is generally devoid of any wall, kerb or pro- 
tection of any kind on the valley side, this absence 
apparently being the rule wherever there is a drop 
of several hundred feet. 

We hope to give in an early issue a detailed de- 
scription of the tractors above mentioned, The 
Comité d’Initiative d’ Aix-les-Bains, M. Lumet, Pre- 
sident of the Technical Committee of the French 
Automobile Club, and M. Chaix, President of the 
Touring Club of France, are to be congratulated on 
having brought trials of so novel a character and 
under such dangerous conditions to a satisfactory 
conclusion. 





ISOTOPES AND ATOMIC WEIGHTS. 

Tue fundamental problems of isotopes figure 
prominently on the agenda of learned societies this 
season. On March 3, Sir J. J. Thomson will open 
a discussion on isotopes at the Royal Society; 
on April 7, Dr. F. W. Aston, M.A., Fellow of Trinity 
College, Cambridge, will address the Chemical 
Society on the subject, and Dr. Aston’s discourse on 
“Tsotopes and Atomic Weights,” delivered last 
Friday at the Royal Institution, was a welcome 
summary of the present aspect of the problem, in 
the astounding development of which he has a main 
share. 

Introducing his discourse, Dr. Aston stated that 
according to the second postulate of John Dalton’s 
atomic theory of 1803, the most important generali- 
sation in the history of chemistry, “atoms of the 
same atomic weight are similar to one another and 
equal in weight.” That was the only one of the 
five postulates in which a century of research has 
detected a flaw. Taken as a definition of “ element” 
the postulate has become a truism. But what Dalton 
meant, and what we still understood by element was 
@ substance, like hydrogen or lead, which had 
unique properties and could not be resolved into 
more elementary constituents by any known 
chemical process. 


There was no experimental proof of the postulate, 
and as long as all experimenters dealt with billions . 
of atoms, the faith in Dalton’s postulate remained 
unshaken, and the suggestions of Schtitzenberger, 
Crookes and others, that the accepted atomic weight 
16 of oxygen might be a mean value, and that there 
might be oxygen molecules of molecular pee 
greater and smaller than 32, were ed as wildly 
speculative. The first direct evidence that the 
atoms of an element were at least approximately 
equal in mass was obtained by Sir J. 7 Thomson 
in 1910, when he succeeded, by his positive ray 
analysis, in developing a method of measuring the 
masses of atoms individually. In this analysis* 
Thomson deflected gaseous particles by strong 
magnetic and electric fields at right angles to each 
other. The fact that he obtained sharply-defined 
parabolic streaks proved that the ratio e/m (electric 
charge e carried by a particle of mass m) was 
constant, and as e was known to be either a definite 
unit or some multiple of it, the masses had to be 
constant in a similar sense. Meanwhile the theory 
of isotopes, substances of identical chemical pro- 
perties and yet of different atomic weights, had 
grown out of radioactive researches. In the case of 
lead certainly the work of Soddy, Richards and 
Hénigschmid left no doubt that different modes 
of the disintegration of radioactive substances would 
yield as final products metals ing all the 
properties of lead, yet varying in atomic weights 
according to their origin. 

All these radioactive substances were derived 
from the heavy elements. If isotopes occurred in 
these bodies, why not in the lighter elements, 
and might not the elements with fractional atomic 
weights be mixtures of such isotopes? That would 
be a very attractive explanation for the curious 
jumble of whole numbers and fractions in the tables 
of atomic weights when referred to oxygen 0 = 16, 





* See Enotneertne, March 12, 1920, page 336. 
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@ jumble which had always been a stumbling block 
in the way of any simple theory of atom building. 
The first support of the isotope theory among non- 
radioactive elements was obtained by J. J. Thomson 
when he analysed neon in 1910. The announcement 
was made at the Royal Institution, and the neon had 
been isolated in the Institution by Sir Jaines Dewar. 
Neon gave two parabolas, a bright curve roughly 
corresponding to mass 20, and a fainter curve close 
to it of mass 22; the accepted atomic weight of 
neon was 20-2. Dr. Aston himself then in vain tried 
to separate the two neons by thousands of fractiona- 
tions over cooled charcoal; F. A. Lindemann had 
later shown that failure was thermodynamically 
inevitable. By exceedingly laborious diffusion 
operations (through pipeclay), Dr. Aston afterwards 
separated the apparently homogeneous neon into 
two portions differing in density by 0:7. When the 
war interrupted the investigation, the existence 
of the two neons had not yet been so established 
as to carry conviction. 

The analysis was resumed with Dr. Aston’s 
modification of the apparatus, the principle of 
- whieh is indicated in Fig. 1. The positive rays are 
sorted out into a thin ribbon by the two slits S, 
and §, and are then spread into an electric spectrum 
by means of the charged plates P,, P,. A portion 
of this spectrum deflected through an angle ¢ is 
selected by the diaphragm D and passed through 
the circular poles of a powerful electromagnet O, 
the strength of which is such as to bend the rays 
back again through the angle @, more than twice as 
great as @. Rays of a constant ratio m/e are 
brought to a focus F, and when the photographic 
plate G F is placed as indicated, a spectrum depend- 
ing on mass alone will be obtained. The arrange- 
ment resembles a spectrograph in which the electric 
foree represented the first prism and the magnetic 
force the second prism of double the dispersive 
power, Details of the apparatus are shown in 
the diagrams Figs. 2, 3,4 and in the photograph, 
Fig. 5 


Referring to Fig. 2, the anode A and cathode}C 
of the X-ray bulb are of aluminium ; opposite C 
is a silica bulb to prevent fusion of the glass by 
the concentrated cathode rays with currents of 
1 milliampere and up to 50,000 volts. The brass 
co E at the neck of the bulb (Fig. 3, which 
shows the cathode on a larger scale) is cooled by 
circulating water through G; the gas enters through 
the hole Q, which is in the portion where the 
highest vacuum, secured by the charcoal tube I 
and a Gaede mercury pump, need not be main- 
tained. 

The slits (S,, S,, of Fig. 1) are 2 mm. long, 
0:05. mm. wide, opening out conically, and 10 cm, 
apart; j, j., Fig. 3, are the brass electrodes, 2-8 mm. 
apart, leading to the diaphragms K, K,, K, being 
movable in the bore of a stopcock. M, Fig. 2, is 
the large Du Bois magnet of 2,500 turns; the 
cylindrical pole-pieces are soldered into a brass tube 
which forms part of the camera N (shown in side 
view in Fig. 2, and in end view in Fig. 4) in which 
the rays pass between the vertical brass plates Z, 
3 mm. apart (which keep off external radiations) 
until they fall on the photographic strip W which is 
cut from an ordinary 5-in, by 4-in. plate ; this strip 
is normally resting to the right of the slot between 
the plates Z, but is pushed over it by turning a 
stopcock. The usual exposure period is 15 
minutes, but it ranges from 20 seconds (sufficient 
for hydrogen) to 30 minutes. In the photograph, 
Fig. 5, the pump is on the left. 

The spectra produced by these means appear like 
lines or bands crossing the photographic strip, 
the displacement to the right increasing with the 
mje. The measurements, Dr. Aston explained, 
yielded relative values based or. oxygen 0 = 16. 
Hydrogen appeared on all the plates, carbon, 
oxygen, &c., were rarely absent, and were added to 
the substances investigated if necessary to serve 
as reference lines. Very useful groups of reference 
lines were C 12, CH 13, CH, 14, CH, 15, OH, 16, 
shown in Fig. 6, V; and the C, group 24 to 30 
ending with the strong line C,H, 28 (CO 28 would 
give the same line), Fig, 6, I. When particles carried 
two, charges instead of one, the mass appeared 
reduced to }, with three. charges to 4, &c., and 
Dr. Aston spoke of these spectra as of the second, 


mp picked up two electrons it would appear on 
he negative side; these latter, rather rare cases, 
further facilitated the measurements. Some of the 
results illustrated by the photograph, Fig. 6, were 
further perfected subsequently. Neon was resolved 
into two elements of masses 20 and 22 (Fig. 6, I), 
and if these gases were mixed in the ratio 9:1, 
which roughly corresponds to the intensity of the 
lines, the atomic weight of the mixture would have 
the accepted mass 20 - 20; the second order spectra 
10 and 11 agreed with this. The elementary 
character of chlorine, supposed to have the mass 
35-46, had long been suspected ; chlorine gave four 
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strong lines, 35, 36, 37, 38, fainter lines 39, 40, and 
also negative lines 35, 37, and second order lines 
17-5 and 18-5, all indicating that the principal iso- 
topes of chlorine had masses 35 and 37 (possibly 39), 
whilst the 36 and 38 represented the respective HCl 
compounds (Fig. 6 II, III, IV). Phosgene, the 
carbon oxychloride COCI,, gave the additional lines 
63 and 65, in which the two principal chlorines 
could again be traced. The question why the two 
isotopes of chlorine had so long remained undetected, 
in spite of the many atomic weight determinations 
of chlorine by distinguished chemists, Dr. Aston 
met with the suggestion that all our chlorine had 
one common source, the sea water, in which it 
had been mixed for aeons; if we discovered some 
other original source, two chlorines of different 
atomic weights might be determined as in the case 
of lead. 

Argon gave an exceedingly bright line 40, and 
second and third order lines at 20, and 13}, the latter 
well placed for reference; there was further an 
isotope at 36, which would account for the atomic 
weight of chemists, 39°88, being smaller than 40. 
Hydrogen and helium presented great difficulties, as 
their lines were far removed from reference lines. 
This was overcome by means of a special ‘‘ bracket- 
ing,”’ the lines being checked in the following way. 
When the magnetic field was kept constant, a 
potential of 320 volts would make carbon 12 coincide 
with oxygen 12 by a potential of 240 volts. If, then, 
two batteries exactly of 250 volts were first put 
in parallel and then in series, all masses of a 2:1 
ratio should be brought to coincidence, and if we 
first added and then subtracted a small potential, 
we should get two lines closely bracketing the third. 
With a constant current in the t three ex- 

were made with hy at 250 volts 





posures 
(500 + 12) volts and (500 — 12) volts; the H, line 


third order, &. When o negatively charged 














was then found symmetrically bracketed by,two 
H, lines (Fig. 6, VII a and c), showing that the mass 
of the hydrogen molecule was exactly twice that 
of the atom. In similar experiments with helium, 
the bracket was not symmetrical, neither when the 
helium line He appeared between two H,, nor in the 
reversed case, H, between two He (VII 6 and d). 
That showed that He was not quite equal to 2H,, and 
as in other experiments He was found to be exactly 4, 
H had to be greater than 1 ; the value for H deduced, 
1-008, was in exact agreement with the value 
1-008 of the chemist. J. J. Thomson’s H;, more- 
over, gave the mass 3-024 = 3 x 1-008. 

Krypton and xenon yielded surprisingly complex 
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results ; krypton had six isotopes, 78, 79, 80, 82, 84. 
86, xenon five (possibly six), between 129 and 136, 
Silicon was also complex, 28, 29 (possibly 30). 
Boron fluoride showed that boron had two isotopes, 
10 and 11; but fluorine was a simple element, 19. 
Todine, contrary to all expectations, also proved a 
really simple element of mass 127; bromine, of 
interest because its accepted mass, 79-88, was nearly 
an integer, gave two lines, 79 and 81; 80 would 
make it an isobare (term presently to be explained) 
of krypton. Mercury was certainly mixed; there 
was a continuous succession of lines between 197 
and 200, also lines at 202 and 204 (weak), supported 
by observations of 50 other spectra. Though the 
resolution was not quite conclusive yet, Brénsted 
and Hevesy had recently, by fractional distillation 
at very low pressure, separated mercury into two 
portions, a distillate of relative density 0-99998 
condensed on glass cooled by liquid air, and o 
residue of density 1-000031. Selenium, tellurium, 
antimony and tin so far had not yielded any definite 
results which was especially regrettable with respect 
to the uncertainty of tellurium and iodine. But of 
19 elements analysed 9 had been resolved into iso- 
topes, and more would probably be discovered. 

By far the most important result, Dr. Aston 








Fes. 18, 1921.] 


ENGINEERING, 


205 








was that, with the exception of hydrogen, 
all the masses of the elements seemed to be in 
within one part in 1,000. That enabled us to make 
@ sweeping generalisation in our idea of mass. 
Prout had suggested in 1815 that all atoms were 
built up of atoms of protyle, identical possibly with 
hydrogen. For protyle we substituted atoms of 
negative electricity, electrons, and of positive 
electricity for which the term protons had been 
proposed. We believed that the chemical pro- 
perties of an element depended upon the atomic 
number N, numerically equal to the number of 
charges e of the tee of the- Rutherford-Bohr 
atom. A neutral atom of atomic number N would 
have a nucleus of (K +N) protons and of k electrons, 
surrounded by N electrons. On Dr. Aston’s 
scale the weight of the electron was 0-0005, and 
might be neglected. The weight of the atom would 
then be K + N, and any number of isotopes would 
be possible if no restrictions were placed on the value 
of K. The first restriction was that (apart from 
hydrogen) K could never be less than N, since the 
atomic weight was always equal or greater than 2 N. 
There seemed to be also an upper limit for K, for 
no two isotopes so far differed by more than 8 per 
cent. (the case of krypton). The actual occurrence 
of isotopes did not seem to follow any law at present 
obvious, though stability conditions probably 
limited their number. 

If then electrons and protons were the bricks for 
atoms, an atom of weight m might be converted into 
an atom (m + 1) by the addition of (one proton + 
one electron), itself a neutral pair. It both entered 
the nucleus together, the new element would be an 
isotope of the old one, since the nucleus charge 
had not been altered. If the proton alone entered 
the nucleus, the electron remaining outside, the new 
element would have the next higher atomic rumber. 
Thus we had two new configurations of elements, 
isotopes (elements with same properties, but different 
atomic weights) and isobares (same atomic weight 
but different properties). The radioactive disintegra- 
tion knew isobares, and Dr. Aston’s own studies 
of bromine, krypton and tellurium suggested other 
instances. The case of hydrogen was unique; its 
atom consisted merely of one proton as nucleus 
and one planetary electron. In all the other atoms 
protons were packed exceedingly close, and that 
close packing reduced the mass, such that ‘the 
four protons packed with ,two electrons in the 
helium nucleus should have a weight rather” less 
than four times the hydrogen nucleus, which was 
the case. It was not to be supposed that the 
“whole number rule” was of exact mathematical 
accuracy, for the unit of the oxygen ‘scale was a 
“ packed ” proton, the value of which would slightly 
vary with the degree of packing. On this account 
it was of the utmost value to push the accuracy of 
methods of atomic weighing as far as possible ; 
for variations from the whole-number'rule, if deter- 
mined with accuracy, would give us some hope of 
laying bare the innermost secret of the actual 
configuration of “the nucleus. As a chemist Dr. 
Aston viewed the possibility of 18 different mercury 
chlorides with some dismay ; as a physicist he was 
relieved to find that Nature employed at least 
approximately standard bricks in atom building. ~ 

With these last arguments Dr. Aston seems to 
shift his ground with respect to the “ whole-number 
atomic weight,” and to: the -“ sweeping generalisa- 
tion.” That assumption, indeed, ‘was consistent 
and tempting as long as'we believed in one'protyle 
as the only brick ‘of ‘all the elements : known. 
Dr. Aston suggests protons and electrons ‘of un- 
known mass relations packed ‘more' or, less closely ; 
he neglects the 'mass of the electron. The integer 
argument appears to lose its basis. 





NOTES. 
Brromtynovus Roap CovERINes. 

In a paper contributed to the Journal of the 
Institution of Municipal and County Engineers, Mr. 
W. P. Robinson, A.M.LC.E., describes the asphalte 
mixing plant which has been used at Redhill ,since 
1914. The plant comprises two driers, with 
elevators, hoppers, screens, mixers, bituminous 
to be ahe. San Gaier Sc tose ee oieee 

main in the ou 
They deliver the dried material at a temperature of 


400 deg. F. to 500 deg. F. After screening to 

a }in. guage, thie Eick iantatiel to tronabeared to 0 
5-ton. hopper, from which measured quantities are 
withdrawn. for the supply of the mixer. This is of 
the revolving paddle type and delivers the mixed 
material direct to the carts or lorries by which the 
roadmakers are supplied. The mixture used has 
the following proportions: Sand, 26 tons; filler, 
5 tons; Trinidad asphalte, 3-8 tons; plus 178 galls. 
of fluxing oil. Phe power required i is supplied by 
a 15 h.p. and a 25 h.p. electric motor, the cost. of 
current being 16s. 10d. a day. The operating staff is 
eight in number and the labour cost amounts 
to 61. 6s. 6d. a day. The fuel used per day is 
1 ton 14 ecwt., costing at present prices 51. 9s. 8d., 

whilst renewals, repairs and lubricants cost 1I. 5s. 3d. 
per day. The original cost of the plant was 1,8001., 
and depreciation and capital charges amount to 


18s. 7d. per day. The output is 36 tons daily, of 


which the total cost is 3/. 1s. 8d. per ton. One ton 


suffices to. cover 17 sq. yds. of roadway to a depth 


of 1} in. The cost of laying, including 
labour, rolling, 

ls. 4d. per square yard, making 
per square yard.of bituminous carpet 1} in. thick. 


Larecs Span Concrete Brivass. 


In a recent issue of Le Genie Civil, M. ee 


the eminent French engineer, who, 


Aothathanaitinge Shas af Satay: totter bean 


in actual practice optical methods of 


siauaenn aieunplbtiettesndaetintiaeaaaaenan 
concrete bridges which are now in progress in 
France. The most notable of these was commenced | ; 


in 1913 to carry a metre gauge railway across the 


valley of the Bernand, a tributary of the Loire. 
This bridge, which was designed by M. i 


Freyssinet, 
will have a span of 170 m. between centres, the rise 


being 29-65 m. The clear span is to be 165 m. 


and the width 4 m. at the crown and 6-5 m. at 


the springings. The foundations only had, however, 


been completed when the war broke out and the 


work had to be stopped, and the 


bridge, 
131 m. at foundation level and 125 m. at 
level, is to be commenced forthwith at St. Pierre-du- 


Vaudray near Rouen. It will support a roadway 


5 m. 80 ft. wide, with two pathways each 1-50 m. 
wide. The bridge is of the bowstring type. the road- 
way being suspended from two hollow 

concrete ribs of parabolic profile. In constructing 
these large concrete arches the plan followed is to 
leave a gap at the centre the opposing surfaces of 
which are faced with heavy metal plates, which in the 
case of the Bernand bridge were to be 40 em. thick. 
Hydraulic jacks bear on these plates, and by their 
means the load is removed from the centering, and at 
the same time, by suitably varying the thrust exerted 
by the different sets of jacks, the position of the line 
of thrust under dead load can be adjusted so that 
on ultimately filling in the gap the line of thrust 
under dead load passes at the crown the 
mid point of the arch section. By this arrangement 
not only are the bending stresses eliminated which 
would otherwise arise from the shortening of the 
arch on the centres being removed, but the shrinkage 
of the concrete whilst hardening is also provided 
for. 

Tramcak Design CoMPETITION. 


It may be remembered that in May last the 
London County Council arranged a competition 
and offered a prize of 1,000/. for the best design for a 
type of tramear for the London tramways service. 
The competition. was advertised in this country as 
well as in some of the Dominions, France and 
America, and in response to this 76 
submitted. » Mr. A. L. C. Fell, C.B.E., Gollaenad 
Manager of the Tramways Department, and Mr. 
J. P. Crouch, of the Metropolitan Carriage and 
Wagon Company, were appointed by the Highways 
Committee to examine and report on the designs 
submitted. The report of these gentlemen has 
just been made, and from it we learn that none of 
the proposals or designs received was considered 
to be of sufficient merit to justify the award of the 
prize. Many of the competitors, they point out, 
suggested the construction of g car with a central 





entrance without regard to the 
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Seonatiod with. Reverse staircases 





supervision and sundries amounts to 
























limits of length 


by physical conditions in London or to 
other regulations which have to be 
were also 
in some cases, although these are not 


permissible for the same reason. In the majority 
of cases, the assessors complain, a complete lack of 


electrical and mechanical knowledge was shown 
by the competitors with regard to the design of 
such important features as electrical equipment and 
trucks or bogies. Nothing new and practical has, 
in fact, been ted, so that the competition 
must be regarded as.a complete failure in every way. 
The reason for this we imagine must be either that 
the competition has not come to the notice of the 
right type of individual or that the prize offered is not 
sufficiently attractive to the class of man competent 
to effect a radical improvement. 


Tue -PNecmaTic TRANSPORT OF GRAIN. 


The transport of grain by pneumatic means was 
a subject in which this country many years ago 
held a lead which it subsequently relinquished 
to Continental nations through endeavouring to 


- | perfect plants from the mechanical standpoint only, 


without proper regard to the scientific base principles 
involved. Due to the war renewed attention has 
been devoted here to these problems, and matters 
have so far improved that the efficiencies are about 
twice what they used to be. As the result of a 
lengthy research by Dr. W. Cramp, conducted with 
the assistance of the Department of Scientific and 
Industrial Research, and Sir Joseph Petavel, by 
whose permission the experiments were carried out 
in the laboratories of Manchester University, the 
industry has now the benefit of information which 
will enable it to deal with these problems in a much 
more systematic and definite way. Dr. William 
Cramp gave a resumé of a good deal of this work 
in a paper|he read on the subject before the Royal 
Society of Arts on Wednesday last. The paper 
was extremely interesting, but, if we may say so, 
hardly fitted to the audience before which it was 
given. No doubt many of those present followed 
Dr. Cramp in his line of treatment, but lengthy 
formuls requiring close attention are better suited 
to institutions where the papers are available in 
advance. The Manchester experiments have re- 
sulted in‘methods by which the efficiency of a plant 
ean be determined, as well as the friction of grain 
on the pipe, and other important details, such as 
nozzle constants, &. We cannot quote the 
formule as they are long, and would require con- 
siderable explanation of terms to make them 
intelligible. The results Dr. Cramp illustrated by 
tables and curves which certainly a to show 
that, with the corrections he introduced for friction, 
&c., the calculated figures agre~d very closely with 
actual results. A series of calculated curves was 
shown which could be used as a guide to conditions 
of a wide range of working from low vacua and large 
pipes to high vacua and much smaller pipes. Dr. 
considers that improvements should be 
sought in the latter direction, and that generally 
plants are capable of being made much smaller 
and at the same time more efficient than at present. 
Their efficiency in his opinion may be increased 
from the 5 per cent. or 10 per cent. now usual, to 
fully 20 per cent. Makers had already effected 
considerable improvement, but he thought they 
might yet go still further. The research experiments 
conducted on special pieces of apparatus, were 
checked and elaborated on a small complete plant 
erected at Manchester, and including exhauster, 
filter, receiver and air lock and suction pipe, &c., 
and the whole investigation appears to have been 
most systematically conducted. It may be stated 
were|that the experiments are being continued for 
horizontal and sloping pipes, bends, &c., those 
completed to date referring to vertical pipes only, 


SPECTROSCOPY. 
The first of a course of three lectures on Spec- 


Institution, 

urday last by 
Professor A. Fowler, F.R.8. This initial lecture was 
devoted to a sketch of the development of the 
subject since Kirchoff supplied the explanation of 
the dark lines in the solar spectrums. At :the outset 
Professor Fowler said chemists were at one time 
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strongly attached to the speetroscope and several | 


new elements, notably thallium, were discovered by 
spectrum analysis. The interest of the chemists, 
however, soon waned, and the further progress 
made was due chiefly to the physicists, whose work 
was, however, better described as the analysis of 
spectra rather than spectrum analysis. Originally 
it was thought that each element had only one 
characteristic spectrum. It was found, however, 
that this was not the case, the character of the 
spectrum being dependent on the energy employed 
to excite it. In the spark spectrum lines which 
were feeble or missing: in 
a flame or are spectrum 
often became very pro- 
minent. Some clue to the 
cause of this difference 
was obtained when Living 
and Dewar discovered the 
banded spectrum of cy- 
anogen. This spectrum they 
declared to be the spectrum 
of the cyanogen molecule. 
This conclusion was dis- 
puted by German physicists 
but had now been conclu- 
sively proved. The pecu- 
liarity of a spectrum due to 
a molecule was that it was 
a@ banded spectrum, that 
was to say it consisted of 
clusters of closely spaced 
lines. By more energetic 
stimulus the molecule pro- 
ducing a banded spectrum 
was broken up and the line 
spectra corresponding to the 
constituent atoms obtained. 
It had been found, however, 
that the character of these 
line spectra also depended 
on the strength of the 
stimulus. This was now 
considered to be due to the 
fact that with a moderate 
stimulus the radiation was 
produced by the return of 
an external electron dis- 
placed from its normal posi- 
tion in the atom. With a 
more powerful discharge a 
second electron was dis- 
placed or expelled, and when 
this returned another type 
of radiation was given out 
having a different charac- 
teristic spectrum. For the 
adequate analysis of spectra 
it was essential to investi- 
gate not merely the visible 
spectrum but the infra red 
and the ultra violet regions. 
Of the former only a little 
could be photographed and 
the position of the lines in 
it had to be determined by 
means of a thermopile. The 
ultra violet extension, on 
the other hand, could be 
photographed throughout, 
though special precautions 
were required for the Schu- 
mann ray region. These 
ultra violet rays were com- 
pletely absorbed by 1 mm. 
of air at normal pressure 
and also by quartz, though 
this was transparent, to the longer waves of the | 
ultra violet region. A prism for use in dealing 
with the Schumann rays has to be made of 
fluorite, but the optical properties of this mineral 
are at present not well determined, and this 
gives rise to practical difficulties. By adopting 
the device of employing a grating in place of a 
prism, however, Lyman had been able to deter- 
mine the wave length of these rays, and 
he had thus contributed valuable data which 


will be useful for the analysis of spectra 
andi -their representation by a . mathematical 
formula. 
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THE LATE MR. JOHN CLARKE 
HAWKSHAW. 


A tance circle of engineers will hear with regret 
that Mr. John Clarke Hawkshaw died on Saturday 
last at his residence at Liphook, Hants. Mr. Hawk- 
shaw was 80 at the time of his death, and had retired 
from professional work in 1915, so that though a 
familiar figure in Westminster circles in former 
years, he had not been so prominent recently. 

Born in August, 1841, John Clarke Hawkshaw 
was the son of the late Sir John Hawkshaw, whose 
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THE LATE Mr. Jonn CLaRKE HAWKSHAW. 


name is connected with so many important engineer- 
ing works. The son was educated at Westminster 
School from 1851 till 1860, when he took a scholar- 
ship at Trinity College, Cambridge. There he 
obtained his M.A. degree, and passed the Mathe- 
matical Tripos in 1864. In the following year 
he entered the office of his father, Sir J. Hawkshaw, 
in Westminster, and in 1870 became a partner in 
the firm together with the late Mr. Harrison} on 
Hayter. Mr. Hawkshaw acted as resident engi- 
neer in charge of the construction of the Albert 
Dock, Hull. This, dock was opened by King} on 
Edward VII when Prince of Wales, in 1867. The 








work was s fully described pice by Mr. 
Hawkshaw in a paper read before the Insti- 
tution of Civil Engineers, published in vol. xli 
of the proceedings of that body, and for which a 
Telford medal was awarded by the council. Mr. 
Hawkshaw also took a personal part in the work 
on the Severn Tunnel for which Sir John Hawkshaw 
was responsible, as well as on the Middle Level 
Drainage Sluices and on the Dover Harbour, &c. 

Mr. Hawkshaw assisted his father in investigations 
and work connected with the Channel Tunnel, 
the Severn Tunnel (as just mentioned), the Thames 
Valley drainage, the purifi- 
cation of the Olyde, and 
other works. The firm was 
also asked to report on 
the First Cataract, Assouan, 
and Mr. Hawkshaw visited 
Egypt in this connection. 
When the firm became 
responsible for harbour im- 
provements at Buenos 
Ayres, Mr. Hawkshaw 
visited South America 
several times. 

When Sir John retired 
in 1890 Mr. Hawkshaw 
continued in business with 
Mr. Hayter, Mr. J. M. 
Dobson being brought into 
the firm as resident partner 
in South America. After 
Mr. Hayter’s death, Mr. 
Hawkshaw and Mr. Dobson 
continued in partnership, 
acting as consulting engi- 
neers to the Madras Rail- 
way Company, the Mauri- 
tius Railways, and for 
Holyhead Harbour. 

Mr. Hawkshaw was elec- 
ted a member of the 
Institution of Civil En- 
gineers in 1867. In 1889 
he was elected a Member 
of Council, and held the 
office of President in 
1902-3. His presidential 
address was an unusual 
one dealing largely with 
the conservation of tim- 
ber supplies, and geology, 
two questions in which 
Mr. Hawkshaw was very 
interested. In fact, these 
formed two of his chief 
hobbies. He was a mem- 
ber of the General Com- 
mittee of the British 
Association and of several 
learned societies. He was 
also a J.P. for Sussex. 
He was a  Lieutenant- 
Colonel Commandant of 
the Engineers and Railway 
Staff Corps for some thir- 
teen years, and finally was 
given the rank of Honorary 
Colonel. In his younger 
days he was very keen on 
rowing, and was a promi- 
nent figure at Cambridge 
on the river, having won 
the Colquhoun Sculls and 
been captain of the third 
Trinity boat in 1863 and 
1864. Mr. Hawkshaw had 
been in indifferent health for some time béfore 
his death, but only recently did the illness take a 
serious turn. 





InstiruTIon or Nava Arcurrects.—Among those 
who are to read papers at the spring meeting of the 
Institution of Naval Architects on Marc h 15 to 18 are: 
Sir Eustace d’Eyncourt, K.C.B., on “Some Features of 
German Warship Construction”; Mr. 8. V. Goodall 

“The ex-German Battleship Baden”; Mr. W. R. G. 
Whiti on “The Strength of Submerines ” ; Messrs. 
R. J. Walker and 8. 8. Cook on “‘ Mechanical Gears of 
pier cong aterm hy “9 nome Ships” ; Prof, T. B. Abell 

at mayen Ba Ships” ; and Mr. M. E. Denny on 
. “The Design lanced Rudders of the Spade Type.” 
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INDUSTRIAL NOTES. 

Tue Executive of the Associated Society of Loco- 
motive Engineers and Firemen have threatened to 
strike on a national scale as a protest against the 
shooting by Government forces at Mallow, County 
Cork, when several members of the society were killed 
and wounded. Mr. Bromley, the general secretary, 
speaking last week, said he was instructed to inform the 
Prime Minister that this was not an idle threat on the 
part of the society, The Prime Minister replied that 
he was sending the society’s resolution to Ireland for 
information, adding that no threat of a national strike 
could be permitted to influence the action of the 
Government on a matter of the administration of the 
law. At the close of a later meeting of the National 
Union of Railwaymen, it was stated that the executive 
of the union had instructed Mr. J. H. Thomas to raise 
the whole issue in Parliament, with a view to pressing 
for a full public inquiry to “investigate the cause of 
this terrible crime and to ensure protection for railway- 
men in the execution of their duty." Last Monday the 
following telegram, which speaks for itself, was sent to 
the Prime Minister, Sir Edward Carson and Mr. Brom- 
ley :—‘ The loyal staffs of the Northern Irish Railways 
emphatically repudiate Bromley’s illegal strike threat, 
and pledge themselves to carry on and support the 
Government in any course considered necessary to 
suppress murder and rebellion. They hold that 
Bromley’s attitude throughout these present troubles 
has been to assist the murder gang, and to embarrass the 
authorities. If Bromley and his executive are sincere 
and determined that the common law shall be properly 
administered, let them see to it that adequate protection 
is afforded loyal members of railway staff, such as 
Driver Fulton and Fireman McKee, who were tarred at 
Newry; Driver Stutt, who was tarred at Armagh ; 
Driver McKeown, shot in Dundalk ; and Driver Bruce, 
assaulted in Dublin; also the breakdown relief gang 
ambushed at Burton Port. All these outrages have 
been committed by rebel Sinn Fein gun-men, and no 
sympathy extended to those members of his union. 
The threat will be ignored North of Dublin by railway- 
men of all grades.’’ In Parliament last Tuesday, the 
Prime Minister invited Mr. J. H. Thomas to supply 
every evidence to enable the Government to elucidate 
the incident, and to try and persuade the railwaymen 
at the Mallow station to help the Government in 
finding out the guilty. The Government inquiry is 
proceeding. 

An article in The Sunday Times gives the information 
supplied to that journail’s diplomatic correspondent 
by an engineer just returned from Germany. The in- 


formation is to the effect that the German people’ 


subjected themselves to a discipline far more drastic 
than anything we have imagined in order that they 
might win the war. Having lost the war, they have 
determined to continue that discipline. The conse- 
quence is that severe restrictions and hard work are 
the order of the day in Germany at present. The whole 
nation is working as it has never worked before. 
Industry and strict economy are the twin rules of Ger- 
man life to-day. Asked whether or not Germany 
could compete with us in the manufacturing world, the 
engineer referred to said he would be inclined to turn 
the question round and ask whether we could compete 
with Germany. He was able, he added, to examine 
the books of a great engineering firm, and he found the 
average wage of skilled workers to be 7 marks per hour 
for a working week of 44 hours, and the wage question 
was enormously important, because in the manu- 
facture of machinery quite two-thirds of the cost 
was due to the wages of the workers, the raw material 
only costing one-third of the whole. “And with 
German wages at their present level, compared with 
wages in England as they stood to-day, how could 
we hope to compete with Germany.” Russia, he 
further stated, was practically without the means of 
transport, and until her transport system was restored 
there could be no hope of. harvests from that vast 
granary. England could do a little, but only a little, 
towards restoring that transport system. Geographi- 
cally and technically Germany was in a position to do 
the work swiftly and cheaply, and it was to our own 
and the world’s advantage that the work should be 
done. In the same journal there is a paragraph 
according to which Mr. Charles Laurent, the French 
Ambassador in Berlin, says that Germany is going to 
make a tremendous industrial and commercial effort 
to regain her preponderating position in the world’s 
markets. Germany, he adds, is not suffering in the 
slightest for want of coal. 


Writing in The Morning Posi, from Manchester, 
Dr. Edward Hopkinson, M.P., says that representing a 
Labour constituency, previously represented by a 
member of the Labour Party, and being an employer, 
he has some claims to discuss Labour problems. 
athe Ministry of Labour,” Dr. Hopkinson states, 

exists primarily for the supervision of employment 


exchanges, which are maintained at enormous cost. 
Judging from my own personal experience as an 
employer, the whole of this organisation might well 
be transferred to the trades unions, particularly if the 
latter are put on a more rational legal basis, and the 
unions might well be repaid from the Exchequer 
the cost of clerical work in consideration of the returns 
they would be under obligation to make to the Board 
of ie. It has often been argued that one function 
of the exchanges is to promote the mobility of labour. 
In this country the mobility of labour no longer exists. 
Owing to the failure of the Government housing schemes 
it is well nigh impossible for a workman, expecially 
if he has a wife and family, to remove from one district 
to another. We look for another Milton 
declaiming a new Areopagitica for freedom from 
bureaucracy in our private and business lives ; freedom 
for the working classes in particular to pursue their 
avocations, using to the fullest extent the enterprise 
and energy with which they are endowed; freedom 
from the tyranny of trade rings, whether of the capitalist 
or of the trade unions, throttling the free play of 
economic endeavour ; freedom of production and trade, 
though it might be by methods which are the antithesis 
of the old means to secure them ; freedom from forms 
of taxation which sap the vitals of the nation. If 
England on the old foundation of freedom can recover 
financially, intellectually, morally and physically from 
the havoc of war, she will save her own soul and, it 
may be, save Europe from utter ruin and chaos.” 

Last week a deputation from the Trades Union 
Congress waited on Dr. Addison and urged upon him 
the following resolutions: — 

1. Payment of increased benefits under the Insurance 
Acts for sickness of 1/. for 26 weeks, and 10s. for the 
remainder of disablement. All members of 70 years of 
age and becoming uninsurable to receive 10s. disable- 
ment pay for the remainder of life. 

2. The institution of a full medical service through- 
out the kingdom under the Ministry of Health; the 
present hospitals and infirmaries to be taken over for 
the purpose, and monies provided by Parliament and 
local authorities. 

3. An inquiry into the treatment of patients by panel 
doctors and a suggested limitation of the number of 
patients taken by one doctor. 

4. Unhealthy and dangerous occupations to be pro- 
vided for by State liability. 

In the course of his reply, Dr. Addison stated that 
the deputation were asking the department to incur 
expenses which in the present condition of business it 
could not afford. In the matter of panel patients, 
the department had already limited the number to 
each doctor, and where the cases were more than the 
doctor could properly deal with, the obligation rested 
upon him to employ an assistant. There was no 
objection to a further reduction of cases on a doctor's 
panel if it were found necessary. In regard to the 
provision of State medical service, the time was not 
opportune for the consideration of such a proposal. 





Brigadier-General Hickman, M.P., spoke recently at 
Bilston on the unemployment question in general, 
and upon its bearing in regard to the firm of Alfred 
Hickman, Limited, and said the truth was that his firm 
had no orders. Nobody else in the country had any 
orders. Looking, therefore, at the interests of the 
workmen, and also considering the interests of the 
district, what would they say of the firm if it carried 
on at full swing for a few months, and then became 
bankrupt? He thought if they would all be patient 
they would find that better times were coming, and 
that the depression would pass over. He also stated 
that he was now busily engaged with a scheme for a 
recreation ground for the workmen, and he was open 
to applications from disabled soldiers for employment 
upon it. 





In an address on “Trade Union Law,” given at 
Birmingham last Monday before the Midland Branch 
of the National Union of Manufacturers, Mr. A. E. 
Beck stated there was a clause in the Act of 1871 
which affected the whole community; it was to the 
effect that a trade unionist had no legal right to the 
benefits for which he paid. As the law existed at 
present, the power to grant benefite was left to the 
officials. Since the formation of the Independent 
Labour Party, he added, the socialists had secured 
dominance over the trade union movement ; the effect 
of this was that the voice of political labour in Parlia- 
ment and outside did not actually represent the voice 
of labour. It was the voice of one section, the extreme 
one; it was listened to with too great readiness 
the Government, and was credited with too muc 
influence and 
in question in the Act of 1871 he said Government 
should be approached with a view to having it repealed, 
adding that members of trade unions should have the 





same contractual rights as other people. Mr. Beck 
stated, as an example of the power owned by a trade 


power. Referring again to the clause | the b 
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union official, that an old age pensioner living at 
Wednesbury, a member of the Bricklayers’ Union, 


had his union pension allowance discontinued because 
he had been given a platform seat at a tariff reform 
meeting, the body of the hall being full. This example 
showed that the control of trade unions should be in 
the hands of those who reflected the real voice of 
labour. Further, under the Trades Disputes Act, 1906, 
a wrongful action on the part of a trade union, its 
members or officials, could not be entertained by an 
Court. A privileged class was thus constituted whic 
could do to any extent and at the same time 
be quite irresponsible for its actions. Such a situation 
was an insult to the intelligence of the people of this 
country. If real representatives of labour were at the 
head of labour a different tone would exist in the works 
and factories, and workmen would, adopt a different 
tone towards employers, 





Comments such as the following, taken from the 
report for February, issued by the United Society of 
Boilermakers and and Steel Shipbuilders, are not 
likely to make for peace and goodwill in industry. 
The report states: ““. . . The Chancellor has just 
announced something like the total abolition of the 
excess profits duty. This will enable our masters to 
make and declare profits without limit and without the 
controlling hand of the State sharing therein. . . . 
Some employers confessed that they had been holding 
back their most profitable work until this tax , 
was removed, so that all their extra profits would 
be secure to them without extra taxation. . . . 
There is a handsome gilt-edged volume to be found 
in employers’ offices. It is a souvenir of a big trade 
dispute in which the workers were defeated, and the 
employers established ome nee to freedom of - 
ment, and successfully resi the claims of the workers 
to interfere.” ‘1 wonder,” adds the general secretary, 
“whether our employers realise that freedom to 
m in their own way carries the guilt of the present 
failure of industry to provide the opportunity for 
willing men to live, This claim of absolute control 
in industry must be smashed by the united blow of 
6,000,000 organised workers.” 





That the employers at the present time have not 
much “ freedom of management,” to the t detri- 
ment of the country as a whole and of the working 
classes in particular, is afforded by the news recently 
received to the effect that the reconditioning of the 
Arabic, of the White Star Line, a contract which it is 
said would have been worth at least 100,000/., has 
been lost in favour of a Continental firm, the trade 
unions having regarded the work on the ship as a 
“ disputed job.” 








Youne Workers 1n Lonpon.—The Skilled Employ- 
ment and Appre hip A iation, 58, Deni House, 
296, Vauxhall Bridge-road, 8.W. 1, announce that a 
meeting is to take place next Tuesday, the 22nd inst., 
in the association’s premises, at 4.30 p.m., when an 
address will be given by Sir Robert Blair, the education 
officer of the mdon County Council, on “ Young 
Workers in London.”’ 








Tue Surveyors’ Instrrution.—Messrs, J. KE. Drower, 
O0.B.E., A. E. Harris, R. M. Kearns, and E. C. P. Monson 
have been nominated as representatives of the Institution 
on’ the Industrial Council for the Building Industry. 
Mr. E. H. Selby has been appointed by the Minister of 
Health to serve on the Departmental Committee to 
investigate the high cost of building. As a result of the 
recent examination two scholarships have been awarded : 
One, of 801. annum, to Mr. J. K. Reid, of 11, Warring- 
ton-road, Newcastle-on-Tyne, who will take his at the 
Armstrong College, Newcastle-on-Tyne; and one, of 
501, to Mr. R. J, Newcombe, of Brasenose College, 
Oxford, who has entered for the agricultural course at 
Oxford University. The council has invited repre- 
sentatives of the Auctioneers’ and Estate Agents’ Insti- 
tute and the Central Association of Agricultural and 
Tenant-right Valuers to confer with them as to the basis 
of remuneration for arbitrators to be laid down under 
Section 21 of the Agriculture Act, 1920, 





Tue Rxoonstruction oF WARRINGTON BRIDGE— 
Erratum.—In connection ag the onvele on the 
Reconstruction of Warrington Bridge, which appeared 
on 158 of our last issue, it should have been stated 
that, in addition to adjudicating on the designs sub- 
mitted, Mr. RS J. Webster also ee | Meg | 
engineer to the Warrington Corporation pro- 
grees of the work up to the time of his death, his partner. 

. H. W.. FitzSimons, subsequently acting in that 
capacity. The design of the abutment of the new bridge 
submitted by the Considére Construction Com: » 
Limited, was modified to meet Mr, Webster's w 4 
and it should be mentioned that Mr. Webster was 
entirely responsible for the architectural treatment of 
. We much regret that due credit was not 
given to . Webster and FitzSimons, of 39, Victoria- 
street, 8.W. in the above connection, We also regret 
that the name of the Considére Construction y; 
Limited, was wrongly given under the main ti of 
the illustrations on pages 158, 159 and 172, though 


correctly quoted in the article itself. 
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THE KINGSLEY KINEMATOGRAPH 
PROJECTOR. 


Ox Thursday, the 10th inst., a very instructive 
demonstration of a new shutterless kinem ph 
jector was given to members of the and 
Phy cal Societies by the Carey-Gavey Syndicate, of 
1, Lowther-gardens, 8.W. 7, the demonstration taking 
place in Professor H. C. H. ter’s lecture-hall in 
the Royal School of Mines. The instrument is the 
invention of Mr. Kingsley Higginson, who worked the 
machine and afterwards showed its construction, while 
Mr. R. J. Trump, B.A., B.Sc., the scientific adviser 
to the company, delivered the lecture and su uently 
explained the principle of the apparatus to the ical 
Society. 

In the ordinary kinematograph the positive film is 
run through a projecting lantern which is arranged to 
show a picture while the film is momentarily stationary 
and the shutter is open. The shutter is then closed, and 
in the next instant the light is shut off, while the film 
is moved forward to bring the next picture in position. 
This alteration of light and darkness produces the 
“ flickering,” which is not so unpleasant when the 
films are run at higher speeds than the rate at which 
the ph phs were taken, but cannot entirely be 
pred sneer (5 shutter cameras. In order to reduce the 
flicker, moreover, the speeding-up is frequently carried 
to an extent such that movements, walking, &c., 
appear ridiculously fast. The machine works 
without a shutter and without any intermittently- 
moving parte and can be run at any diminished or 
accelerated speed. The principle involved is that the 
film is run through continuously, and the image is 
kept on, the change of one picture for another being 
effected b fy pre oak baie sere These mirrors consist 
of a number of reflection facets mounted upon a ring, 
which is rotated in synchronism with the film 
movement. 

The general features of the optical system are shown 
a mmatically in Fig. 1, in which 8 is the source 
of light, K the condenser and N the projector lens. The 
film occupies the position shown by the line C, A, B, 
and in the diagram is assumed to be so placed that the 
pictures on it are in the positions shown in Fig. la, in 


which two pictures are both half ‘in the and half 
out of it, A being the point where one picture adjoins 
the next, while B and C mark the central points of 


successive pictures. 

With the film in this position two facets of the mirror 
C'A! and A'B' come into place (at equal inclinations 
to the central line) to catch the emergent rays between 
NC and NA! upon facet A'C' and the rays between 
BN and AN, ey ce to the other half picture, 
upon A’ B', The film being run downward and in- 
verted by the lens, AC provides the upper half of the 
image and AB the lower. The point immediately 
above A has to form the top X of the image, the 

int immediately below A the bottom Z. The angle 

ween the two mirrors should be such that—sup- 
the reflected rays are able to pass unhindered 

y the lantern—the two half pictures would exactly 
be transposed and arrive in their correct tions 
upon the Screen, the rays NB' and NC converging 

ter reflection to the centre point Y. 

Next, it will be seen that as the film is fed down- 
ward, and the rotating mirror facet follows it; the 


point A! will be carried upward, and the ight line 
ANA! is maintained while its inclination c 
the moving ray CN continuing to meet the screen 
at Y. As more and more of the picture enters the 
te the light emanating from it is reflected by the 
facet AC! into its proper position on the screen, until 
the picture DA (see Hig. la) is complete. At that 
moment the mirror stands full in the beam, as shown 
in Fig. 2. 

Thus one mirror facet corresponds to one picture 
on the film, entering and subsequently filling the beam 
as the picture enters and then the gate, and pass- 
ing out of action as the picture leaves the gate. Mr. 
Trump explained this action with the aid of a card- 
board model in which one picture replaced the other. 
The one picture does not dissolve into another, but 
the one disa’ continuously at the same rate as 
the other takes its place, each picture melting away 
from the top downward, so to say. screen henco 
always shows a complete pictuve, the mirrors trans- 
posing the two partial images formed by the junction 
of the two pictures which are in the gate at 
that constant, into their correct positions upon the 
soreen. As these two always complete one 
full picture in the gnte, image is always complete 
and there is no interruption .of the light nor any over- 


wpping , , 7 
the diagram Fig. 1, the projecting lantern is 
shown between the screen and the ing facets, 
but this position is, of course, an im one. 
The iplan diagram, . 8, indicates , in the 

instrument, the beam of light is able to pass 
unobstructed to the screen. Just in front of the 





Proje ‘vertical mirror X is fixed to divert the 
upon the acting facet Q, which is placed 
at an angle sufficient to enable the reflected beam to 
clear the mirror X. The facet Q forms one of a number 
of tapering mirrors which are built into a complete 
ring ro’ about an axis OO parallel to the 
central line of t' rojector lens. The image is seen 
on the screen I. The central facet is shown in its 
correct trapezoidal shape; the other facets appear 
distorted by perspective. If we imagine a pyramid 
having a many-sided base, cut by a plane parallel 
to the base at a distance of } in. from the base, 
each mirror facet represents the portion of a face 
between the base and that plane. The light falls on 
the inside of the facets. 
The machine exhibited was the first working machine 
constructed and may undergo modifications. It con- 
sists essentially of a cylindrical box, about 24 ft. 





, ted edgeways on a strong iron stand 


Fig. 1. 
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which also supports the electric motor driving the 
machine, the lantern and other parts. The front of 


the box is open. nee aie 
ring near the circumference, which leaves inner 
box space free, except the small ions oceupied 
by the lantern, projecting into the box from behind, 
with the film gate, the lens, projector and mirror, 
all these being concentrically mounted. The frame of 
the mirror system runs in two rings of rollers and is 
rotated by a sprocket wheel from outside the circum- 
ference. The motor also drives the film, synchronism 
being maintained by the aid of an epicycle gearing. 
The mirrors are made of invar steel; another material 
may be adopted. The base edges of the mirrors do 
not actually touch one another; a small gap of about 
4 in. is provided between any two adjacent mirrors 
in order to avoid a slight distortion of the marginal 
portions of the pictures on the screen. With the aid 
of the.mirror X the beam is thrown out of the box 
at a small angle to the vertical plane of the box, 
diaphragms fixed to the box limiting the field of view. 

the demonstration the projection screen was 
about 25 ft. from the box; it would, of course, be 
— to focus for greater distance. The films shown 
had all done service many times before, and hence 
were hardly suited to fully display the advantages of 
the novelty. The definition)of the pictures was cer- 
tainly good, however, and the absence of flicker 
Seen nnsees at Cn intent, The second 
set of old films suffered from the shaking of the worn 
films which is as unpleasant as the flicker, 





THE EFFECT OF BILGE KEELS AND'A 
GYRO-STABILISER. 
Comparative Tests of Bilge Keele and a Gyro-Stabiliser 


on a@ Model of the United Aircraft Carrier 
Langley.* ' 
By Commander Wii11am McEnrt2e, Construction Corps, 


U.8.N., Member. 


1. In recent rolling experiments carried out at the 
United States Experimental Model Basin on a model 
of the Langley, the Its obtained are believed to be of 
sufficient interest to naval architects to warrant*’making 
them the subject of a paper for this Society. Inci- 
dentally there is shown one of the purposes for which 
the wave making equipment at the model basin is 
employed. 

2. The experiments had for their object a comparison 
of the quenching powers of bilge keels and of a gyro- 
stabiliser so far as may be determined by model tests. 
As the Langley is being refitted to carry aeroplanes 
which are both to fly from and to land on her deck, it 
appears that the prevention of excessive rolling is a 
matter of im: than for other vessels. 
As an inci to the tests the increase of the towing 
resistance of the model when rolling'was measured, and 
the Sommpending increase in ective horse-power 

uired for the ship estimated with interesting results. 
_ 3. For use in the tests a small gyro-stabiliser shown 
in Fig. 18, on page 212, was obtained from the Sperry 

1;Company. This was an exhibition stabiliser, 

and, as it was not designed specially to suit the model, 
it was larger than Also the speed of the 
ion motor was not well ada: to the period 

of the model to give most efficient results. The designed 
stabilising moment of the twin gyros when running“at 








Fig. 7. DECLINING ANGLE CURVES 
FOR MODEL N° 2300 REPRESENTING 
US AIRCRAFT CARRIER LANGLEY. 
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7,000 r.p.m. is 57-4 lb.-ft., but during the tests the speed 
was cut down as far as possible to about 2,300 r.p.m., 
reducing the stabilising moment to about 20 Ib.-ft., 
which was still considerably larger than necessary to 
quench heavy rolling rapidly. 

4. The dimensions of the Langley are: Length, 
520 ft. ; beam, 65 ft. ; draught, 16 ft.; and 11,000 tons 
rr mare The model to 1/26th scale was first fitted 
with b keels, rej 


k ting to scale, keels 15 in. deep 
by 180 t. in length and ro in still water to obtain 
its declining angle curve. i 
removed and another declining angle , 
The results are shown in Fig. 1, from which the quench- 
ing power of the bilge keels may be seen. Thus without 
bilge keels to reduce the angle of heel from 11 deg. to 
3 deg. required about 54 swings as compared with eight 
swings with bilge keels. In making these tests a gyro- 
ic roll recorder was used so that, after the model 
been inclined by hand and released, a continuous 
record was obtained showing how the rolli i i 
the twocases. Typical curves are shown in Fi 
In plotting angles of heel in Fig. 1, the swing numbers 
correspond to successive hollows and crests on these 
sinuous curves. In other words, one swing comprises 
the motion from port to starboard or vice versa. 

5. The model was next rolled with and without bilge 
keels and with the -stabiliser in waves. For this 
prmnere it was held broadside to the waves by single 

ead and stern lines made fast to the model at the water- 
line close to the longitudinal axis. The height and 
period of the waves could be controlled within limits 
and could be so adjusted as to produce marked gs 
The results of these tests are shown in Figs. 4to 6. In 
the same system of waves the bilge keels reduce the arc 
of roll from 26-4 . to 9-6 deg., or about two-thirds, 
while the gyro ili i 
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longer synchronous the model stopped rolling almost 
entirely, and no other wave period could be found that 
would induce rolling to any extent as the typical record 
in Fig. 7 illustrates. When the bilge keels weré 
removed, however, it was easy to find a period of wave'in 
the vicinity of the half period of the model that would 
cause very heavy rolling. The angle rolled through was 
so great that it was necessary to use a shorter arm for 
the pencil of the gyroscopic roll recorder, thus cha 

the scale for angle roll on the records and running up to 
at least 48 deg. as shown in Fig. 8. The last record 
Fig. 9 shows the effect of the gyro-stabiliser. When 
cut in, the stabiliser almost instantly cut down the 
maximum roll to about 2 deg. 

7. As it was apparent from the preceding tests that 
the roll quenching capacity of the gyro-stabiliser was 
more than ample for the 1, an investigation was next 
made to determine its performance, without bilge keels, 
in higher waves, the higher waves being obtained by 
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corresponding to a 7-in. eccentricity. This was due to 
lack of proper adjustment of the control The 


to confirm{certain claims advanced for the so-called 
* Active Gyro-Stabiliser.” y 
9. As a final test an investigation was made of the 





control was adjusted after rolling in the smaller 
a the larger wave the roll was reduced to 
2-5 deg. © 

8. estimated stabilising moment of the - 


ger as run during the experiments was 20 Ib.-ft. 
This was the minimum stabilising moment which could 
be obtained because the gyro-motors could not be run 
at any. lower speed. To compare the estimated stabi- 
lising moment with a known impressed moment, addi- 
tional test were made in which be. sa br rocks 
° against a rolling moment pro ya t 
moving harmonically from side to side in the model 
Seedngh @ distance of 8 in. This weight was actuated 
by an electric motor placed in the model which was 
without b: keels and was free to roll in still water. 
By contro’ the speed of the motor it was possible to 
make the harmonic rolling moment agree with the 
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increasing the eccentricity of the wave maker while 
attempting to keep the period of the wave such as to 

uce maximum rolling. In Figs. 10 to 13 are shown 
the rolling records for the different waves. In the follow- 
ing table is given the eccentricity of the wave maker 
and the corresponding height, length, and period of the 
waves for the ship. 


18. 


natural period of the model. By vesyie the weight 
it was possible to increase or decrease the rolling moment. 
The result of this investigation is shown in Figs. 14 to 16. 
From this it is seen that, with a maximum rolling 
moment of 31-33 lb.-ft., the gyro-stabiliser reduced the 
roll from 87-5 deg. to 3 deg. 

It is to be noted, also, that it required several rolls 
before the angle was so reduced. When the rolling 
t was increased to 39-33 lb.-ft. the roll was 











Taste I. 
4 
Approximate Dimersion of Wave for Ship. 
Wave Maker 
Eccentricity, 
Inches. Height, Tength, Period, 
Feet. Feet. Seconds. 
4 11-9 1,891 16-5 
5 13°5 1,409 16-6 
6 17-3 1,275 15-8 
7 19-5 1,357 3 











Tt will be seen from Fie. 13 that the stabiliser was cap- 
able of controlling the with the largest wave that the 
wave maker could produce. In the case of the wave 
produced by the 6-in. eccentricity, the stabilised roll was 
5 deg. as compared with 2} deg. for the larger wave, 


reduced 
though t @ somewhat greater number of rolls to 
do so. When still further increase in the rolling moment 
was made to 47-33 lb.-ft., the capacity of the gyro- 
stabiliser was clearly insufficient to cope with the same, 
the roll being reduced from 42 deg. to 34 deg. only. 
It is apparent from these data and from the action of the 
gyro-stab: when opposed to the rolling moments of 
waves, that the moments required to 
angle of roll in still water are consi 

the moment of synchronous waves when causing a 
similar roll. It is also clear that the gyro-stabiliser is 
capable of controlling a maximum harmonic rolli 

moment of at least 50 per cent. greater than the stabi- 
Sa iiees eee tee Though the dis- 
ti moment may temporarily exceed the stabilising 


uce @ given 


ly greater than 





moment, it ap tly does not act for sufficient time 
to cause much increment in the are of roll. This appears 





by the gyro-stabiliser from 46 deg. to 5 deg. | P 





i of towing resistance of the model when caused 
to roll by an harmonic rolling moment applied to the 
model while being towed in smooth water. The results 
obtained, as reduced to effective horse-power curves for 
the ship, are shown in Fig. 17. From these it appears 
that at a speed of 15 knots the effective horse-power 
would be increased from 3,000 to 3,300 when the ship 
is rolling through an arc of 25 deg., and to 3,600 when 
rolling through an are of 45 deg., corresponding to an 
increase in effective horse-power of 10 per cent. and 
20 per cent. respectively. It is to be noted that this 
does not include the loss of power due to decrease in 
propeller efficiency for a twin-screw ship, when the 
propellers alternately approach the surface, if not 
actually coming out of the water. Also, as the method 
of towing did not permit free yawing of the model, the 


Fig.17. fons MRCAAPT CARRIER LANGLEY. 
ESTIMA eza00, 4: 
SHOWING INCREASE IN E.H.P CAUSED BY ROLLNG. 





Scale for 


6703.£) uv 
losses which occur on @ ship, because of the increase in 
rudder resistance as it noved from side to side in an effort 
to steer a straight course, were not present. 
These results confirm experience at sea that loss of 
— is found to occur when ships are rolling heavily. 
nder these circumstances it appears that the power 
and weight devoted to the means for stabilising a ship 
are more amply repaid by the saving effected in the power 
required to ielve Eee, 





INTERNATIONAL Motor ExursiTrion at BastE.— 
It has been to hold an international motor 
exhibition at Basle, Switzerland, from May 28 to June 8 
of this year. The Swiss Legation informs us that the 
Organisation Committee is a very influential one, com- 
posed of five members representing the Basle Section 
of the Swiss Automohile Club, three members repre- 
senting the Syndicate of Swiss Manufacturers of Auto- 
mobiles, Bicycles and Accessories, and three members 

resenting the Syndicate of Swiss Dealers in Auto- 
mobiles and Swiss Auto- The president of the 
committee is Dr. E. Niebergall, and the general manager 
Dr. W. Meile. The exhibition will comprise sections 
representing all classes of mechanical vehicles, includin; 
touring and other cars, commercial vehicles, agricultur: 
machines, bicycles, &c., with accessories. Further 
particulars may be obtained from the Committee of 
Organisation of the International Automobile Exhibition, 
Gerbergasse 30, Basle, Switzerland. 





Exectrotytic Nickgn Rertmive.—The tented 
process worked out in the metallurgical laboratory 
of the University of Toronto, and described by G. A. 
Guess in the Engineering Research Bulletin, No. 1, of 
that University, is based upon the observation that 
crude nickel anodes (containing copper and iron), electro- 
1 in nickel sulphate solution, yield a pure nickel 

it on the cathode, if that cathode be of lead or 
aluminium suspended in a sack diap and if 
sufficient calcium carbonate (finely divided limestone) 
be stirred into the bath. In that case any copper 
resent is precipitated as a basic double sulphate 2Ni0. 
2CuO. SO;. Some of the nickel thus also gets into the 
insoluble sulphate mud and, it is hence advisable to 
remove as much of the r of the anode as possible 
before the electrolysis. The removal can be effected 
by roasting the matte with sulphuric acid (as is done 
in the first s of the Mond process) or by fusing 
the matte with coke and saltcake (Orford process). 
Guess prefers the former method. His final anodes 
contained 80 per cent. of nickel, 18 per cent. of copper, 
and 2 per cent. of iron ; his electrolyte is a nickel sulphate 
of 6 per cent., + at about 45 deg. C., and electrolysed 
by currents of 13 amperes per square foot at two volts. 
The mod, whisk Consens’ in lime, is fused with 
silica, and the matte is roasted and electrolysed to gain 
the co; . Any platinum and ium present in 
the nickel would go into a slime to the 
anodes. ,. 
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HYDRAULIC-FILL DAMS. 
Some Investigations and Studies in Hydraulic-Fill 
Dam Construction.* 
By J. Atsert Hoitmes,t M.Am.Soc.C.E. 
(Concluded from page 184.) 

P Creek Dam.—Of the 442 samples taken and 
screened, 266, or those containing more than 35 per 
cent, passing the 100-mesh sieve, were put together 
for making the experiment. The 266 samples were 
taken from the core on 12 cross-sections, five of them 
throughout the height of the sections, from bottom to 
top of dam, and were representative of the entire core. 

The tank in which the test was made consisted of a 
section of 8-in. wrought-iron pipe about 4 ft. 8 in. long, 


Fig 8. Water Supply 
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as shown in Fig. 8, herewith. A blank flange, with 
gasket, was bolted to a flange screwed to one end of the 
pipe; this formed the bottom of the tank, the top 
being open. A §-in. outlet pipe connected at the centre 
of the blank flange led out and up about 6 in, above 
the inside bottom of the tank and had a short, horizontal, 
discharge section. At a point 12 in. below the top and 
directly over the outlet, was a gauge-cock, the glass 
tube of which extended above the top of the tank. 
The vertical distance between the invert of the outlet 
pipe and the water surface in the gauge-glass was the 

ead under which the flow took place and was measured 
here. A mark on the glass indicated the point at which 
the water surface should remain and a glance at this 
showed whether or not the head was being maintained. 
The tank connections were tested and found to be per- 
fectly tight. On the bottom of the tank, covering the 
outlet, was a sheet of No. 40, brass-wire cloth and on 
this was placed 5 in. of gravel and sand filtering material, 
graded from 1-in. stones at the bottom to sand passing 
a No, 30 sieve at the top. 

The gravel was washed and the sand was screened and 
washed, and screened a second time, and the varying 
sizes were placed in layers. 

The top of the filtering material was } in. lower than 
the invert of the short horizontal section of outlet pipe, 
and this formed a water seal to a point } in. above 
the filter and excluded air from the open material of 
the filter. To maintain a uniform head a supply reservoir 
was placed above the tank. The “ reservoir’ was 
@ l-gallon glass bottle, inverted and adjusted at the 
desired elevation by means of a wooden frame, Passing 
through the cork in the bottle were two small glass 
tubes, one extending through the cork, from the inside 
end and down into the water of the tank, the other 
passing through the cork from the outer or lower end 
and extending into the bottle. 

When the water surface in the fank had fallen slightly 
below the cork and end of the higher tube, air was 
admitted to the tube and passed into the bottle, displac- 
ing the water which, at first, flowed down the lower tube 
and then down both tubes, until another movement 
of air took place. “This was repeated until the head was 
restored. K very slight drop in head would start the 
flow from the reservoir. 

To prevent evaporation a small neck, small diameter, 
l-gallon bottle was used to catch the seepage water. 
This bottle was “weighed in” on an accurate scale, 
and the pound points were marked on a strip of paper 
pasted to the bottle. The pound intervals were divi 





* Paper read before the American Society of Civil 
Engineers, December 1, 1920. 
T Somerville, Mass, 


into tenths, thus permitting accurate readings of weights 
and volume of flow. 

The temperature of the tank water was taken by a 
thermometer placed in the tank and resting on the 
sample surface. The thermometer was removed from 
the water only long enough to make a reading, that is, 
it was kept almost continuously in the water and directly 
on the surface of the material being tested, . To induce 
settlement of the sample in the tank a piston and weighted 
levers were used. The head of the piston had a diameter 
of } in. less than that of the tank, and to this head was 
attached a sheet of cardboard, } in. thick and of diameter 
slightly less than the tank. Care was taken to keep the 

iston rod vertical when in use and to see that the 
Read did not jam. In calculating the pressures, the 





weight of water above the piston h and of the 


dry was 1-84 ft., and the percentages of settlement 
under pressure are based on this . The cross- 
sectional area of the tank was 0-36 sq. ft, 

The tank was first allowed to stand nine days with 
the outlet closed and the tank filled to the top with water, 
At the end of this period the first measurement of depth 
of material was made, using a wooden rod to the end 
of which was attached a sheet of thin metal of slightly 
less diameter than the inside of the tank, thus covering 
the whole surface of the material without sinking into 
it. Following this, the plug was removed from the outlet, 
anal tha Sot anbeared it avn dage t the drop in 
the tank. The outlet was again pl and allowed 
to remain so for 20 days, at the end of which time it was 





found that the sample had settled 0-151 ft. The pins 
was then removed and the flow measured for five days 








Fie. 9. Gewerat View or THE CatawsBa Dam. 
Fig. 10. Percentage of Compression 
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piston itself was added to that induced by the lever 
and weights. 

The material to be tested was placed in the tank in 
the following manner: The outlet pipe was extended 
about 5 in, above the top of the filtering material and 
water was introduced into the tank and upward through 
the filter to @ point 5 in. above it. The tank was then 
filled to within 1 ft. of the top by lowering water in a 
small bucket and tipping it out. A part of the fine 
ome ponent, be tes’ =n _ placed in a bucket 
of water in the proportion of about 1 to 3 parts 
of water, aa sr mixed, and addel to the water 
already in the tank. This was repeated three times, 
the water for the second and third mixings being taken 
from the tank and returned to it, 

The mixings extended over two days, the material 
settling during the intervals, the object being to simulate 
sluicing into the pool of the dam. After the test had 
been completed and the core material taken from the 
tank, it was found that the coarser parts had se 
somewhat from the finer in the process of . Tt 





was estimated that the depth in the tank of the sample 
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Up to this point in the experiment no pressure other 
than that due to the water had been applied to the 
material in the tank, 

The seepage rate was high, amounting in 24 hours 
to several times the capacity of the supply reservoir. 
This flow was collected in an open bucket and ret 
to the tank and in this way the evaporation was deter- 
mined and added to the measured drop to obtain the 
correct flow. Measurements were made at 9 a.m. and 
9 p.m., to obtain both the day and night flow and tem- 
peratures of tank water taken at the sametime. Pressure 
was now applied to the sample by the piston, lever, 
and weights, the first load so applied amounting to 760 Ib. 
per square foot. Following each flow the load 
was doubled. During the fifth or last flow period the 

page had b so small that it was measured only 
once in 24 hours. The measurement was made at 9 p.m. 
and the temperature of tank water taken at 9 a.m. 
and 9 p.m, 

Whenever increased pressure was applied to the 
material in the tank an immediate settlement took place, 
which amounted to a greater part of the settlement 
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induced by pressure. That is, most of the settlement ~ Tins v. and 3) is smoothed out by applying the corrections 
took place a under each increased load and then (column 4). 
slowly for the remainder of the od. In the dam Taste VI. 
the load is applied gradually and the core settlement Seopage, Seepage, 
is more uniform. In applying the load of 3,400 Ib. per | Pressure, | Feet per | Depth of a le | in Cable Maximum Cubic Feet 
square foot, this initial movement was quite marked. in Pounds| 24 Hours | Material 24 dere Feet per | Rate, in Cubic Feet r 

Pressure was maintained each load until no per on 0-36 | above [O14 24 Hours | Gall Tempera- | 24 Fours 
further movement of the lever could be | Square | Sq. #t., | Outlet | st. ‘wich | om 1 89. | per Acre 24 Hours | ture of on 
Measurements were taken at the beginning and end of ost. Pies in Beet. | 4°45-ft. woe, Sm os Hours on Tank 0-98 9q. t., 
each flow period to determine whether or not the material Head. Head Slor e--3 ft.,| Water, in 
in the tank had risen after been removed ‘ -» Date, 1019. a a ae 
and during the flow period. No rise of material occurred Heed. igs oy 
during any of the flow periods, The pressure data 710 | 0-1514 | 2-260 | 0-4205 | 0-2200 | 74,600 aa 50 deg. F 
obtained are given in Table II, the pressures given 710 |*0-1699 2-281 | 0-4719 | 0-2594 | 184,500 
yon settlement and flow periods being those due to s ensiiniaan senis-'e-ehen alee opines (1) (2) (3) (4) 
the column of water above the sample. 1470 |*0-1474 2-290 | 0.2006 | O-R199 $71,600 

Taste II, July 30, day 0-128 85 0-081 

3,360 0-083. 2-104 0-2319 0-1176 38,300 - . 7 | ° 
3,360 |*0-1072 | 2-110 | 0-2078 | 0-1514 | $49,300 | JUY 30-81. night esas oT Soe 
Pressure Per- y 31, day es 8 } 2 
in "| Depth Auguticdsy e <:| 0-428 | 83 | 0-083 

, da: om ° , 
“ sper. (Material Settie- | settle tray alee Agua 1-2 night < phy Games 
days. Period _ in Feet.| ment. — i 24 per cent. increase. August 23, night 0-119/ 75 | 0-084 
1-84 ft Ho eee August 3-4, night O13 | 70 | 0-086 

e , 2 . ” ° 
en ay oe ny eo higher rate obtained in each of these | August 4, day a 0-132 84 | 0-084 
periods been ogarithmic A , night .. +122 74 0-087 

4 Settlement 150 | 1-791 a ~~ the resulting curve an 7 greater teens. August Saye 0-137 86 | 0-086 

20 | Settlemend  ° bo 1-640 | 0-268 ii Seepage data from Paddy Creek Dam and compression | A¥sust 5-4, night 0-128 | 

5 | Flow... 120 | 1-640 | 0-151 ll data from both dams are similarly plotted. (Fig. 10.) 

7 | Pressure 760 | 1-505 | 0-286 18 If the pressures exerted by the overlying material at 

12 flow .. 170 | 1-505 | 0-286 18 various depths in the dam were known, the corresponding Average _ — 0-0835 

12 Pressure ++} 1,550 | 1-476 | 0-315 20 seepage rate could be taken from the curve and the 

18 flow , 170 | 1-476 | 0-315 20 for that icular depth and, there- 

as “mend : — +cat . . ~ | fore, , the full height the dam. The Goldbeck| The experiment on Paddy Creek Dam material was 

7 5 Pox Brio Poor in the Miami Dams are giving | made during September, October, November and De- 
te information for those dams. Other valuable in- commer, SES and that from Linville Dam during June, 

Using the average flows under the varying pressures | formation needed is the weight per cubic foot and the | July and August, 1919. In the first experiment, the 
of the aidienens periods, the maximum rate or quantity of contained water at various in the | average temperatures ranged from 60 deg. F. to 66 deg. F., 
of water that will filter through the material with a| core. T will also be obtained at the Miami Dams | and there wasa gradual decrease in the volume of seepage 
loss of head equal to the depth of the ven in | by borings in the cores and from test wells in the masonry | during each flow period. In the second experiment, 
gallons per day per acre, is shown in T . The | structures, the temperatures were much higher, and there was an 
quantities have been reduced to a uniform temperature| To estimate the total seepage through the Linville | increase in volume of seepage during each flow period. 
of 50 deg. F Dam, without knowing the weight of the material in|The apparatus was housed. This experiment might 

Taste TIT the core or the depth at which a particular pressure takes , Well be extended in a laboratory where apparatus for 
applying greater pressures is a. ; 
See . See . ; MN. ome interesting experiments have been made by W. 

in Cable Depth of | in C able Tn buble Maximum Spring on the permeability of clay.* . F 
Pressure, | Feet per Feet Feet per | Rate, in To determine whether or not clay would give up its 
in Pounds} 24 Hours} above | 24 Hours | 24 Hours| Gallons moisture under pressure and in the presence of water, 
per on 0:36 | Outlet, on 1 on 1 per Acre Chenhly de bide @ mass containing 33-66 per cent. moisture was placed 

“ee with rae an Fest. Jia} i5 A. 3+) 24 i nesnted qupntllng 43 in @ porous jar—battery cell—the cell surrounded by 

Bg J pm \< tore Te tha fomparevere water, and the clay subjected to a pressure of about 
: . : - * ma Wale ae wore t 3 tons per square foot for three days. This reduced the 
& | moisture content to 26-86 per cent., or 30-33 per cent. 

150 | 0-5721 | 1-770 | 1-s802 | 0-6778 | 220,800 § | of the original quantity of water present. =. ? 

160 | 0-5138 1-619 | 1-4272 | 0-5568 181,400 | ~ A number of trials, using pastes containing varied 

760 | 0-1210 1-484 | 0-3361 | 0-1202 39,200 4 quantities up to 70 per cent. of water and subjecting 

1,550 | 0-0759 1-455 | 0-2108 | 0-0739 24,100 & ¥ | each to the same pressure, or 3 tons per square foot, 

3,400 0485 1-300 | 0-1847 | 0-0451 14,700 resulted in reducing each sample to about the same degree 














Linville Dam.—An e iment similar to that described 
for the Paddy Creek Dam was also made with core 
material from the Linville Dam. Of the 577 samples 
taken on five cross-sections, from the bottom of the 
dam op to 10 ft. below the flow line, 370 contained 
more than 35 per cent. passing the 100-mesh sieve. 
The hag core samples were combined to make the test 
sample. 

The same tank was used in this experiment as for the 
tests on the Paddy Creek Dam material. After placing 
the filter gravel in the bottom of the tank, water was 
introduced through the outlet pipe and upward through 
the filter to a depth of about 1 in. above the gravel. 

Following this, the core material was put in the tank 
dry to avoid wir Bema that occurred when the 
Paddy Creek mai was placed wet, and the sample 
was not rammed in the tank. It had a depth of 2-75 ft. 
in this loose condition, 

Through an extension of the outlet pipe, water was 
again introduced into the tank and passed upward 
through the loose core material in a very short time, 
about 25 minutes. Pressure was applied to the sample 
at once, and the settlement and flow periods, as in the 
first part of the Paddy Creek dam experiment, were 
omitted. Under a pressure of 710 lb. per square foot, 
this material settled 17 per cent.; the Paddy Creek 
Dam material ‘settled 18 per cent. under a pressure of 
760 lb. per square foot. The settlement data in Table IV 
show a close , oo with the data given for Paddy 
Creek Dam in Table IT. 








Taste IV. 
Pressure, in | Depth of ntage of 
No. of Pounds per Material, | Total Settlement 
Days. Square Foot.| in Feet. |Settlement.| of 2-75 ft 
ll 710 2-281 0-469 17 
14 1,470 2-240 0-510 19 
ll 3,360 2-125 0-625 23 











Greater resistance to is encountered by the 
water at the surface of the sample than lower down, 
and to remove or reduce this resi ce, the surface of 
the sample was seratched. This was done with a knife 
and to a depth of about 1 in. The scratching caused 
a slight increase in depth of the sample and a considerable 
increase in the seepage rate. To show the effect of the 
seretching, the quantities were d both before 
end after scratching the surface, and the results were 
not uniform, as may be noted in Table V. In this 
table the rates have also been reduced to a uniform 
temperature of 60 deg. F. 








Quontity 


place, the rate derived from the test under the highest 
ressure applied—3,360 lb. per square foot—was ysed 
‘or the entire height of the dam; this gives excess 
seepage for the lower portions, With water standing 
for a considerable time at full reservoir, the seepage was 
estimated to amount to 21 gallons per minute, or 0-047 
sec.-ft. This is considering only that portion of the dam 
containing more than 35 per cent. passing a 100-mesh 
sieve or more than 35 4 cent. fine. 

Similarly, for the Paddy Creek Dam the seepage 
was estimated to amount to about 10 gallons per minute. 
This, however, was at a higher temperature and without 
having scratched the surface of the sample in the test 
tank. Reducing the temperature to 50 deg. F. would 
lower this estimate and scratching the surface of the 
sample would have raised it, but probably to an amount 
less than that estimated for the Linville Dam, if the 
scratching could have been to exactly the same depth 
and of the same amount. The scratching introduces 
a very disturbing element into the problem in that it 
cannot be done in a uniform manner. 

Careful measurements of depth of material were made 
at the beginning and end of each flow period, and no 
increase in th occurred during any period, that is, 
there was no swelling of the material after pressure had 
been removed. The sample was found to contain 
28-6 per cent. of moisture immediately after removal 
from the tank. It was very compact and was taken 
out with difficulty, and there was no stratification. 
This was the condition after a pressure of 11 days under 
3,360 Ib. per square foot and a continuous flow of 21 days. 

Temperature.— Viscosity.—Corrections from tempera- 
ture of tank water, tail-water, or water in the gatge- 
glasses are all unsatisfactory in that they are not t 
same as that of the water as it passes through the sample. 
The temperature in the sample changes less rapidly 
than does the water in the positions mentioned pre- 
viously. The notes often show a ter flow for a low 
night temperature than for a higher day tem ture. 
For a rising temperature the correction is too large and 
for - falling one, it is ps Nene To obtain results more 
nearly correct, more é rate apparatus is necessary, 
and thermometers should be introduced into the core 
material through holes drilled in the sides of the tank 
and fitted with stu -boxes. 

Fig. 11 illustrates the importance of carefully obtain- 
ing correct temperatures, and Table VI shows how the 





record, made irregular by temperature changes (columns 2 


of hardness and the same moisture content, namely, 
about 27 per cent. Doubling the pressure, or increasing 
it to 6 tons per square foot, further reduced the moisture 
to 23 per cent. ot much pressure is necessary to cause 
clay to give up its water, and a greater pressure makes 
@ quicker expulsion. 

nother question investigated was: Is a clay which 
is iachentoolty prevented from expanding still permeable 
by water ? 

To test this two porous earthen battery cells were 
filled with clay. The clay was dried, pulverised, sifted, 
and carefully tam: into the cells. Covers were bolted 
to the cells, and t ugh the cover of one was passed an 
open metal tube in which expansion might take place. 

Both cells were placed in water, keeping the tube above 
the surface, The imprisoned clay absorbed only 3-37 per 
‘cent. of moisture and became very hard, while that in 
the open cell was soft and absorbed 12-09 per cent., 
or nearly four times as much. 

Other experiments were made with still greater care. 
Samples were placed in sections of an artery and im- 
prisoned in porous earthenware. The function of the 
artery was to prevent solids, colloids, or substances 
dissolved in the water from passing into the sample. 

An imprisoned sample of clay absorbed 2-67 per cent. 
of water, while a sample enclosed in an artery only 
absorbed 15-65 per cent., or six times as much. Loam 
was found to take up 24-56 per cent. when firmly en- 
closed and 51-80 per cent. when free to expand. 

In the case of a clay having a specific gravity of 2-62, 
the increase in volume was found to almost pro- 
portional to the volume of water added. The contraction 
due to absorption of water amounts to less than two parts 

r 1,000 of the total volume, the conclusion being that, 
in general, a wet clay expands in proportion to the 

uantity of water it absorbs. The Me gig og force of 
clay in contact with water is estima to be less than 
2 kg. per square centimeter. 

Vogutable Matter as ¥t Affects Porosity.—The presence 
of vegetable matter in soil diminishes the porosity, and 
in proportion to the quantity of vegetable matter present. 
D.C. Henny, M.Am.Soc.C.E., found that surface soil 
containing vegetable matter had a seepage rate less than 
one-half that of volcanic ash, —. the latter con- 
tained a much greater proportion of fine material. 

Very small percentages of vegetable matter have & 
notable effect on enepege rate, but just how these small 
percentages affect the flow is not known, although the 
theory has been advanced that it is by crushing into 
the voids. It is true that the percentage of vegetable 

* ing, W., “‘Quelques Experiences sur la Per- 
meabilite ‘ie Argile,” Societe Geolagique de Belgique, 


Annales, Tome 28, pp. 117-127 (1901). 
t+ Engineering News, Vol. 57, p. 251. 
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seem to be to account for the remarkable 
in flow-through materials. 

Tt is known that there is colloidal as well as vegetable 
matter present in soils. An examination of each size 
of grain of a material and a determination of the pro- 
portion of vegetable or colloidal, or vegetable and 
colloidal matter, accompanying each size and their 
effect on that particular size, would, in the writer's 
opinion, furnish valuable information as to the per- 
meability of a material and disclose just how and why 
Me are and colloidal matter influence the flow. 

t has been suggested, in the case of colloids, that their 
characteristic swelling in the nce of water, and thus 
’ filling voids, might account for decreased porosity. 

At the Somerset Dam the nature of the materials 
and the method of construction produced a satisfactory 
structure. The large quantity of rock in the dikes, 
due to the method of construction, made them stable, 
and their stability was increased by sluicing from them 
the fine material which formed the core. At no time 
during construction were there indications of movements 
of the dikes. The same methods produced successful 
results with an entirely different material in the South, 
and in dams carried to a much greater height. 

The methods being used on the Miami Valley Dams 
in Ohio are also producing satisfactory structures ; 
very clean gravel tad sand are deposited in the dikes and 
the fine material is washed from them and into the cores. 

The Miami dam, the Bridgewater dams, of which the 
Catawba dam is shown in Fig. 9, and the Somerset dam, 
are characterised by thin cores and broad, stable dikes, 
but not all by fine core material. Those in the glacial 
region have fine material in their cores, not those in 
the non-glacial country. In the latter, experiments with 
material from the cores show a low seepage rate. 

During its construction period, a hydraulic-fill dam 
may be likened to a cantilever bridge in process of 
erection. Such a bridge will not again be subjected to 
the stresses that must be withstood during erection, 
nor will the dam, with its central l, again be in so 
unstable a condition as it is in during construction. 
In*designing an earth dam, this construction condition 
must be considered, just as it is ni to provide 
for erection conditions in the case of a cantilever bridge. 


matter is less by weight than by volume, but it does not 
enough 





THE RUSTING OF STEEL CONTAINING 
COPPER. 

Ir is generally believed, and this belief was confirmed 
by the rust tests of the American Sheet and Tin Plate 
Company, of Pittsburgh, in 1913, that iron containing 
copper, in amounts of small fractions of one per cent. is 
less liable to rust than iron free from copper, though that 
might seem to contradict the assumption that iron 
should be corroded electrolytically more easily in 
the presence than in the absence of a metal like 
copper. To investigate this problem further some 
comprehensive tests extending over six years were 
started in 1913 by Professor O. Bauer of the 
Materialpriifungsamt, at Gross Lichterfelde, near 
Berlin, on behalf of the German ironmasters. The 
material was obtained from three works, two in the 
Rhenish district, one in Silesia; all three works sent 
Thomas and Siemens and other steels in large sheets to 
be tested both with their skins on and after the skins 
had been removed. All the steels were fairly pure: 
Carbon about 0-1 per cent., manganese about 0-5 per 
cent., phosphorus and also sulphur up to 0-09 per cent., 
nickel up to 0-2 per cent., chromium 0-04 maximum ; 
the copper had purposely been added in percentages up 
to 0:35. The weighed sheets were exposed to various 
atmospheres and liquids for varying periods, and the rust 
was then removed for quantitative determination by 
an unusually thorough method. ‘The sheets were brushed 
and then placed in an iron tank, in which they were 
heated to boiling temperature for 2} hours in 8 per cent. 
solution of caustic soda, granulated zine having been 
spread on the upper surface of each sheet ; the sheets 
were then turned, the zinc was applied to the other 
surface, and the me | was renewed. All rust could 
then easily be brushed off if still adhering ; the treatment 
did not attack the clean metal. A full account of 
these tests is given in Stahl und Hisen, of January 
13 and 20 last, on pages 37 to 45 and 76 to 83. 

The specimens, thosts 1 m. by 0-5 m. were exposed for 
over four years on the roof of the Amt in country 
air, being suspended from wooden frames to which they 
were fixed by iron nails, Any influence of the copper 
content on the rapidity of rusting was not noticeable. In 
the salt spray of the island of Sylt, in the North Sea, 
the rusting was more marked, but again the copper made 
no difference ; in the very impure air of the Hoesch iron 
works near Dortmund, however, a protective influence 
of the copper was perceptible. In all the cases the 
nickel in the steel also seemed to prevent rusting. Buried 
in the sand dunes of Sylt so as to be exposed both to the 
sea water and to air the sheets suffered more than in 
impure air, but the influence of copper was uncertain. 
Exposed in the sea water alone the rusting ) tee! also 
strong, and again the action of the copper was doubtful. 
Sheets were then buried in the ground of the Hoesch iron 
works, the full size sheets being, as in the other buried 
tests, placed edgeways in the ground. The ground in 
this instance consisted of coarse-grained slags containing 
about 31 per cent. of silica, 42 per cent. of lime, 13 ~ 
cent. of alumina and only 0-13 pre cent. of SO;; this 
last percentage is interesting with regard to other tests 
to be mentioned. In this slag sand the corrosion of the 
steel was not more marked certainly than in the sand 
dunes of the North Sea, but again the influence of the 
copper was not clear; the copper seemed to protect 
the Siemens steel, and to hasten the corrosion of the other 
steels. Summing up these various tests—all made on 





the metal with its skin on—it would a that in the 
presence of relatively high percentages of carbon dioxide 
and of sulphur dioxide a slight Baie ur of copper— 
and of nickel as well, it should be noted—seemed to 
retard the rusting of steel. 

The other experiments were made with smaller plates, 
about 80 mm. by 47 mm. by 2 mm. generally, which had 
been cut out of the wae plates and had cleaned 
and ground bright by the aid of emery. These smaller 
specimens were strung on wires of mild steel for the 
atmospheric tests. In the clean country air the copper 
possibly afforded some protection against rusting, but 
the influence was weak at the best. In distilled water 
the copper made no difference ; in the supply water 
of the Amt and in the salt water of the North Sea copper 
was equally ineffective, come the supply water con- 
tained some carbon dioxide and, for that reason probably, 
corroded the steel more than the sea water. In special 
tests made in distilled water impregnated with CQ), as 
well as in diluted solutions of common salt (1 per cent.), 
with or without CQ2, the copper seemed to have a 
<v influence, that was confirmed by measure- 
ments of the potential differences. But the potential 
differences observed were very small, and they vanished 
altogether in the course of a few days ; in any case they 
seemed to remain effective only in fairly-saturated 
solutions of carbon dioxide. 

Finally, electrolytic tests were conducted with the 
specimens ded in diluted sulphuric acid, on the 
assumption 
noticed in the atmosphere of the Hoesch iron works might 
be connected with the vapours of SO, in that atmosphere. 
It was indeed found that steel suffers in diluted sulphuric 
acid less corrosion when it contains a small percentage 
of copper.than in the absence of copper. This protective 
influence was particularly mar in the case of the 
steels relatively high in phosphorous ; the eopper seemed 
to counteract the evil effects of the phosphorus. Even 


in these cases the anti-corrosive effect of copper on steel | 


was not strong, however, and it does not appear that 
the addition of copper to steel for the ware of pre- 
venting corrosion would generally be advisable. 





CATALOGUES, 

Lamp Stands.—A catalogue of focussing and self- 
sustaining joint stands and hangers for electric lamps 
has amedl us from Messrs. J. and E. J. Dugdill, Fails- 
worth, Manchester.§ 


Pure Air System.—Ozonair, Limited, 96, Victoria. 
street, London, 8.W. 1, send a catalogue describing 
their air-purifying and ventilating plant, and containing 
interesting informevign about the cleaning and cirou- 
lation of air. 


Oil FPilters.—Three leaflet catalogues from Messrs. 
Davis-Perret, Limited, 30, Campo-lane, Sheffield, explain 
the character and treatment of oily water and the 
separating appliances made by this firm, expecially for 
the treatment of steam condensate and lubricating oil 
refuse. 


Small Lathes.—A catalogue of small precision lathes 
made by Messrs. Hardinge Brothers, icago, U.S. 
has reached us from Messrs. Alfred Herbert, Limited, 
Coventry, who have been appointed sole agents for that 
firm. he lathes seem to be substantial tools, and to 
be carefully designed for accurate work and continuous 
workshop service, 


Electric Lorries,—Electric storage battery lorries and 
trucks made by Messrs, Ransomes, Sims and Jeffries, 
Limited, Ipswich, has been received from the agents 
Messrs. Mossay and Oo., Limited; 7, Princes-street 
London, 8.W. 1. The 2-ton lorry dealt with has a 
battery capacity sufficient for a run of 35 miles to 40 
miles. Several types of trucks are shown for ware- 
house, railway platform and similar service. 


Electric Transmission Lines.—A book of 80 octavo 
pages with illustrations has been issued by Callenders 
le and Construction Company, Limited, Hamilton 
House, Victoria-em! mt, London, E.C. 4, fully 
describing the construction, method of erection, &c., 
of the Callendar-Kay poles or towers for power trans- 
mission lines. The system allows of very long spans, 
gives a clear archway under the centre pole and offers 
very little surface to the wind, 


Bench Lathe.—A 4-in. bench lathe, very substantially 
and conveniently designed and made to interchangeable 
limits throughout, has been produced by Toolmakers 
and Light hinery, Limited, Cricklewood, London, 
N.W., and) placed with Messrs. Charles Churchill and 
Co., Limited, 9, Leonard-street, Finsbury, London, 
E.C. 2., as sole agents. A veryjfull range of accessories 
and supplementary parts for special and repetition work 
are available. T lathes are suitable for hard work- 
shop operation and for precision work. 


Small Lighting Plant.—A complete small plant for 
generating electrical current for lighting country houses 
is described in two catalogues received from the Electric 
Construction Company, Limited, Wolverhampton. The 
engine is of the air-cooled two-stroke type, and develops 
about 24 h.p., starting on petrol and running on paraffin. 
The battery capacity is sufficient to light five lamps 
for 6 hours a day for half a week, so that the engine 
would only have to be run about twice a week for 
charging. The plant is designed and arranged with a 
view to easy operation by any careful person, 

mps.—The Aldrich Pump Company, Allentown, 
po OBA. send a catalogue duesbing their pl 
pumps for oil line service, which are made with five 
plungers, in the vertical and horizontal types and also 
in the three- rey a and two-plunger types. The pumps 
are aimagel | for belt-driving or for direct coupling to an 


it the protective influence of copper | dr 


engine or e 


A catalogue of hydraulic 
lant, inclndi 


ric motor. hy 

‘accumulators, intensifiers, reducers, 
— straightening and other presses has also come 
to hand from the same firm. These catalogues are fully 
illustrated and contain descriptive matter and technical 
particulars, 

Small Electric Plant.—An electrical generating plant 
for light and power on a small scale is being toduced 
by the Aster Engineering Company, Limited, Womble 4 
Middlesex, who send a catalogue describing it, T 
engine is of the air-cooled, four-cycle, tingies nder 
type to run on petrol, paraffin or town gas fuel, and the 
whole plant is as nearly automatic in action as ble. 
Its power is best stated as sufficient to light sixty 
30-candle half-watt lamps continuously; while the 
battery fully charged will light 30 such lamps for 10 hours. 
The plant may be used to operate domestic i 
such as pumps, washers, churns, flat irons, sewing 
machines, &c., and is made on standardised lines, on 
—_ scale of production for both home and export 
t le 


Oil Engines,—Messrs, Marshall, Sons and Co., Limited, 
Gainsborough, send a catalogue of oil engines made from 
new patterns and with all parts to dimensions. 
Three series are dealt with, viz.: Fixed engines suitable 
for all general power purposes, including dynamo pee 
for charging accumulators; fixed for wor 
where exceptional steadiness of running as in 
iving generators for lighting without the use of accu- 
mulaters ; and portable engines on four wheel trucks for 
agricultural, building and similar work. In all the three 
series the brake horse-powers are 8, 12, 16, 20 and 25. 
These engines will run on crude, refined or residual oils 
of ordinary quality, or with a reduced output of some 
10 per cent. on inferior crude or residual oils. All these 
ong are substantially designed with horizontal 
cylinders, forged Stunkshalte and two flywheels. 

Mill Plant, Laundry Machinery, Oooking Angemiue, 
&c.—A complete set of sectional catal which has 
reached us from Messrs. Manlove, Allo “and Co., 
Limited, Nottingham, whose London is 42, 
hydreubp tapeinery. oll nd, Wyuteil dgelpmadte 

ulic machinery, and sugar- equipments, 
laundry machinery in manufacturing, hospital and 
domestic branches, steam cooking apparatus, dis- 
infectors, drying, filter presses, refuse destructors, special 
pumps, &c. though the lists are varied and extensive 
in range there is a unity of technical relationship between 
them. - veg oy —~ ee aaa, cote, wae 
requires in its ign a knowledge industrial - 
cesses in addition to the purely mechanical chatlees: 


tion. This mill work is of great to British 
satislactory to. find old- 


engineering interests, and it is 
pre oy firms showing a full measure of progressive 
zeal, 


Motor Starters.—A leaflet giving prices and particulars 
of their air-brake reversing starters for squirrel-cage 
motors has reached us from the Electrical A us 
Company, Limited, Vauxhall Works, South beth. 
road, London, 8.W. These starters are made in the 
star-delta, direct starting and auto-transformer type 
for three-phase motors and in the series- lel, direct 
starting and auto-transformer types for two- 
| motors, They are in all cases fitted with the ‘s 





| patented slow motion device, which ensures @ 

| Stop in the “stert’’ position end elso allows a quick 
movement from one position to the next, A special 

| arrangement is provided to bring the handle to rest 

|in the ‘off’? position and the apparatus is d 

| a is arrange 

| 80 that accidental reversal of the motor is es le. 


| The iculars given include a general fication, 
ship specification and approximate overall 
dimensions, 





AvaprasLe Cuatn-Grare Stoxer.—The Bessert chain 
grate stoker, which the Berlin Anhaltische Maschin- 
enbau A.G, is placing on the market: under the name 
Bamag-Bessert pre-stoker, was favourably commented 
upon by Dr. Kreyssig, in a recent paper on fuel economy, 
capusteliy for tes which may have, occasionally or 
regularly, to burn inferior fuel, lignite, &c. The 
Bessert pre-stoker can be added to any chain grate 
without requiring any alterations in the grate or in the 
brick setting _(Zeitechrift des Vereines Deutscher In- 
genieure, Jan 16, 1921.) A horizontal rod is fixed 
in front of the boiler, above the chain grate. On this rod 
rest, with their hooked upper ends, a series of L-sha; 
bars, so arranged ays, the one close to the other, 
that the lower arms of the L form a grid, through which 
only small coal particles can drop. The Ls lie in a 
tilted (backward) ition on the chain te, and they 
are rocked up and down as the grate Mtease. The 
coal falls from the hopper which is provided with an 
adjustable shutter into the space between the arms 
of the L, and is there preheated by the nee grees from 
the grate. The fuel is disintegrated, only the 
fine particles fall on the as it moves on into 
the furnace, Some coarser ps of fuel will also find 


their way out through the opening of the hopper without 
first falli into the L. But the seriace of the bain grate 
will have been covered with a layer of fine dis- 


integrated fuel before the lumps reach the , and the 
finer particles will readily catch fire and to burn the 
inferior fuel, while also | hes an excessive air 
supply. When the fuel is deci RR geen the lower 
arms of the L are made long, so i all 
the fuel has to force its way through the L grid. ith 
a better fuel shorter bars are used, or the device is 
removed altogether. That the addition of these pre- 
stokers to grates does not involve much trouble seems 
to be shown by the fact that poe 4 have temporarily 
been put up during boiler tests with various fuels, 
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and terminating at one end within the 
hollow extension 12 has a V- or tr 
4 wall and so 
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bp Avner ye 6 where none is mentioned the Specification is not 


& 

a 
1 

t 


i 


atent on any of the grounds 
AERONAUTICS. 

. . J. Mooney, Westminster, E. E. 

a D. a estminster. 


y device comprises a cy 
connection at the bottom, centrall 


member 2, each v 
flanges on’ the upper member 1, and 4 the 





sess 
Fait 
ifs 
ges 
et 
Eee 
He 
i 
i 
g 
He 


Bae 
a} 
78 
J 
‘ 
8 


Sag 

EE Es 
4 
E 
g 
g 
z 
B 
5 
: 
§ 


and one of the washers being operativel 
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end of the stem 6b of the valve head ¢, and the portion”d of 
the cylinder casting through which said stem passes, and said 
washer is mounted upon the lower end of the valve guide proper e. 
second washer f is mounted and retained upon the lower end 
the valve stem, and two opposed sets of three spaced spring- 
Ce ae have their ends fitted within slots formed 
rs 


sear 


f, and secured therein such as by soldering. 
The lower end all gp et epee eh hm ted at h, 
the washer a, in the r case, being screwed thereon. The 
stem } is an 2 eee Sapien te eeeier 
seated an annular recess formed in the lower surface of 
said washer. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &C. 
m. Tool Holders. (4 Figs.) 
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150,873. H. Marr, Rotherha 
small excess of pressure in the | July 15, 1919.—The invention relates to boring bars and tool- 
pward | boxes or holders, and refers npn Ae Ls means emplo 
rein. 


| vessel a, and upon a momentar 
ipe connection above a certa 
istance sufficient to establish communication between the | for hold cutters 

it and of the grooves f | invention into effect, the 





value, will be moved w 


In carrying this 


and other tools 
cylindrical boring head a of the bar b 


the escape of gas | is slotted by two diametrical intersecting slotways c in one plane, 
normal value, before it can | form: four radial cutter yoy at right angles. A central 
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GRAPHICAL METHOD FOR DETERMIN. 
ING THE PROPORTIONS OF REIN- 
FORCED CONCRETE T-BEAMS. 

By G. Ivan Cops, B.A.I. 

Tue subjoined diagram presents a rapid and accu- 
rate method for determining the size and quantity 
of steel necessary in a T-beam, for a given bending 
moment. It has been derived from the formula and 
fundamental principles given in most text books, 
and it will be found that the results correspond 
to those obtained by the slower and more tedious 
method otherwise necessary. Furthermore, it has 
the advantage that the most suitable and economic 
results canbe selected by observation, since by 
tracing the curve representing any variable, the 





ds are fixed, the rei remaining unknown variables 
are : 





The compressive stress in the concrete (c). 
The depth of beam (d) and 
The steel ratio (p). 
When one of these is fixed the other two can be 
found. 
Enter the curve on the left at the computed value 


for M. Travel horizontally until the known value |* ° 
of d s is cut, from this point travel in a vertical line | ¢ 


up or down, then any point on this line gives three 
readings: ¢, - and p. Take a point, then its 
relative position between the dotted lines gives the 
value for c, PS is read by taking the value of which- 
ever line, radiating from the top left-hand corner, 
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corresponding dependant value can be seen. Any 
error which is due to the difficulty in reading the 
curve to a finer degree of accuracy, is inappreciable. 

In designing a T-beam, the thickness of flange, 
being the superimposed slab, is already known. It is 
then necessary to find what depth to make the beam 
so that the stress in the concrete is not too high. At 
the same time it should be remembered that the 
deeper the beam is made the less steel is required, 
which therefore reduces the cost up to a certain 
point, depending upon the relative cost of concrete 
and steel. 

The bending moment and thickness of slab being 
fixed the curve enables one to select varying depths, 
showing for each case, the stress in the concrete 
and the percentage of steel required. 

In order that the use of the curve may be clearly 
followed, a short description showing the method of 
procedure is given, and examples worked out. 
The curve is based on the stress in the ea being 
16,000 lb. per square inch, and the ratio-— = 16. 

When the bending moment M and depth of slab 








Hs 15 


is cut, and p is read horizontally on the scale shown 
on the right-hand side. 
Take an example :— 


A bending monient of 200,000 ft.-lbs. and 
A 4-in, slab. 
From the junction of the lines representing these 


two values, travel vertically up until the dotted 
line representing c = 600 lb. per square inch is met, 


then - =7 .*. d=28) and p= 0-0043 and 


As=pbd .-. As =0°0043 x 48 x 28 = 5-76. 
Travel further up until the line representing 


11 is met (that is d = 44), then read ¢ = 370 


and p=0-0017 (.:. As =0-017 x 48 x 44= 
3-59. 

This curve is worked out for cases in which the 
breadth of flahge b equals 12 times the thickness 
of the slab. If a smaller breadth must be used, 
the computed bending moment must be increased 
in the ratio of the decrease in breadth, and the new 
value for the bending moment gives the required 


d 








depth, compression in the concrete, and the per- 
centage of steel. 

Taking the foregoing example, but considering a 
breadth of flange equal to 36 in. instead of 48 in., 


then M = 200,000 x © — 266,667 ft.-Ib. 
Therefore for ¢ = 600 ; + he 35 and p = 0-0036 

-, As = 4:53 and for 2 = 11 or d = 44 ; 
= 460 and p = 0-00226 .-. As = 3-58. 


It will thus be seen that results can be obtained 
in a minimum space of time, especially when one 
becomes familiar with the different variables. In 
short, for any given bending moment variovs 
sections and their other dependant values can be 
obtained at a glance, and from these the most 
suita: le can be selected. 





CATERPILLAR ARTILLERY. 

CONSIDERING the fact that the caterpillar type 
of vehicle had been known for a good many years 
before the outbreak of the late war and that the 
importance of being able to push up artillery to 
support any successful attack was fully realised, it 
seems curious that no serious attempt should have 
been made in our Army to mount guns on self-pro- 
pelled trucks suitable for going across country. Holt 
caterpillars were employed to move the heavier guns 
by towing them, but these machines were in many 
ways not as suitable as they might have been for 
the purpose. In the first place the majority of 
them had only one speed, and anyone familiar with 
the petrol engine can see that this was a very serious 
handicap. The natural result was that their fastest 
pace was very slow, little over 2 miles an hour. 
There was ample power for a very much higher 
speed than this on the flat, while in the other hand 
there were many occasions when a considerably 
lower speed would have been an advantage in order 
to get greater tractive force for exceptionally bad 
ground. In fact, ghe necessity for three or four 
speeds is just at least as great in a caterpillar as in 
any other petrol-driven vehicle. 

In addition to this defect the Holt had a very 
short track, and consequently the obstacles it would 
surmount were very limited. It was, in fact, a 
machine made purely for commercial work and never 
intended to be used either in places where speed 
was of any serious importance or for crossing 
ground which had been shelled. Considering this 
fact the work it did in the war was extra- 
ordinarily good. 

It was, however, obviously not a machine which 
could be used for rapidly pushing up guns to support 
a successful infantry attack. As a rule the cater- 
pillars were parked some considerable distance from 
the guns for purposes of safety, and it took quite a 
long time for them even to reach the guns they 
were to move. Having got there they could only 
take the guns very slowly and might easily get stuck 
in a shell hole. 

The tanks appeared in 1916, and in these many of 
the faults of the Holt were remedied, as they had 
four speeds, and the length of track resting on the 
ground was so great that they could cross trenches, 
shell holes, &¢., which would have been quite 
impassable to a Holt. The tank, however, was not 
intended to take the place of heavy artillery and 
only carried 6-pdr. guns or even machine guns. 
Later on it was felt that some means of moving guns 
more rapidly over really rough ground was required 
and a machine called the “‘ gun-carrying tank ’’ was 
produced. 

This was a caterpillar type machine arranged to 
carry @ 6-in. howitzer or 60-pdr. gun. The intention 
was that the tank should pick up a gun and take 
it to a forward position, returning then for another. 

None of these expedients seem, however, to supply 
the needs of rapidly advancing artillery supporting 
an advance of infantry, and the only way of doing 
this would appear to be to put each gun on its 
own self-moving carriage, making such carriage 
capable of moving fairly fast over any ground which 
is likely to be encountered, and making the machine 
of such a type that the gun can be fired from the 
vehicle without any great delay in special fixing. 

Great interest therefore attaches to a description 
in the Journal of the United States Artillery for 
January, 1921, of the various experimental machines 
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TABLE GIVING CHIEF PARTICULARS OF UNITED STATES SELF-PROPELLED CATERPILLAR MOUNTINGS FOR GUNS. 
| ; : ; 
5 = = $s = ; ba g 2 SPEED, MILES PER Hour. Gun g -- 
; |8 18 |8 [88 1/58) 8 12 | 2s , Ss. | 4 
= S © Fs se s |& e146 . $B) 8%5 
8 162/52 |S. |928/ 86 | E | 2a] | s8 RS |B" s 
: = °s ~*s = 3 2 
— s ee em | 8s 5e4 = 3 es 5 ge | ge hives a4 1: Bs oe =é 
| 28 | 28 Ee | ste : a -3 B = | <3 : ; ; aa Sf /| Sg ; ge] os +4 ee 
gS: 14 es | 2 g| 4 | g.)a3.12 - ss 8 ; $ & | 28/22 & | as | Be | &S low 
£\2 |3 |3 €=4 S2;2 ie |% |E°/8 | |] 5] & | &| S| SB) BE] 2 | FB] GE ge | B.6 
- = we | Ax s = Zz © = B = a g  s2| Sa Cie zg 
a g= | ° ee Be) ‘ts “4 S| * | pe) ee) * ) 82) 28) 5 [8 
t. c. | ft. in. | ft. in. | ft. in. | ft. in. | ft. in. | in. | ft. in. in. | ft. in. | t. e. Ib. t. c. | yards| deg deg 
Mark I, 8-in. (25 18 (23 8|9 0/;910/18 4;8 1 18 jill 850 | 0-93 | 1-82 | 2-07 | 4-05 8-0 |12 4/3 9 200 | 5 10 |12,000) 45 8 3-1 10-0 
howitzer 
Mark I1,155-mm. |27 5 /22 0/|8 0/;910/)14 7;8 1 18 j1l 130 1,200 | 1-30 | 2-30 | 2-94 | 5-40 61/19 5|3 8 95 | 7 8 {17,200} 35 10 3°5 9-7 
gun | 
Mark III, 240-|47 6/24 9/9 5/;910/16 5/|8 9 24 #/15 8 | 210 1,200 | 0-89 | 1-79 | 2-18 | 4-3 9-4 16 8 | 416) 356 | 7 7$)16,500) 60 | 2 4-4 15-0 
mm. howitzer : | | 
Mark IV, 240- (31 19 /30 7 (13 0/8 8/11 6/6 O | 19-7 /12 11 | 150 — Avera|ge 6-5 9-416 8 | 4 16 356 | 7 7%/)16,500) 60 0 4-7 13-5 
mm. howitzer ; 
Mark VII,75-mm./47 6 11 3/;511);5 3/7 9)4 0 8 8 8 35 1,500 | 3-0 5-5 _ 9°5 2-9 7 | 6-7 16 1 7) 9,750) 45 28 7-4 71 
field gun | 
Wheeled cater- 19 12 19 8/6 74/9 33) — 8 5b) 22 —_ 120 1,200 | 1-75 | 3-5 | 7-0 |14-75 6-1 | 19-8 | 3-18 _ — |17,417| — — 6-2 6-1 
pillar 155-mm. | 
gun | | | 
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SELF-PROPELLED CATERPILLAR MARK 


Mopg. 1918 (Fi.ovx). 


constructed to carry artillery for the United States 
Army. 

It appears that the suggestion for #elf-propelled 
gun carriages came from the engineers of the Holt 
Manufacturing Company, and that they made an 
experinfental machine in 1916. This was a very 
crude experimental affair, but is very interesting 
from the fact that it carried quite a large gun, being 
first used for a 3-in. anti-aircraft gun and afterwards 
for an 8-in. howitzer. It was proved that it was 
quite possible not only to carry the 8-in. howitzer, 
but to fire it from the caterpillar. 

Following these first experiments a series of more 
elaborate machines was constructed, particulars of 
which are given in the annexed table. In this 
table the weights, given in pounds, have been 
reduced to English tons and hundredweights, smal! 
fractions of hundredweights being omitted, and 
the overall dimensions given in inches reduced to 
feet and inches. The speeds and horse-powers are 
those at the normal revolutions and no doubt all the 
engines could be run faster, and somewhat higher 
speeds obtained on occasion. The horse-power of 
the Mark VII is not definitely stated, but the 
engine appears to be a Cadillac, and in that case 
should be capable of giving over 35 h.p. at 1,500 
r.p.m., and this has therefore been assumed. 

Two points are very remarbable in these machines. 
The first is the power of the guns and the second 
the speeds aimed at. With regard to the first, even 
the Mark I carries an 8-in. howitzer. The later 
machines carry either 240 mm. (9-4-in.) howitzers 
or 155-mim. (6-1-in.) long guns, with the exception 
of the Mark VII. We illustrate Marks II and III 
in Figs. 1 and 2, and from these the size of the 
guns 1s very evident. When we consider that our 
gun-carrying tank at the end of the war was only 
meant to move 6-in. howitzers or 5-in. guns we see 
that the aim of the American Army is to have 
mobile weapons of very great power indeed. For 
such heavy guns the speeds aimed at are high. 


II For 155-mm. Gun, Fie. 2. 





SELF-PROPELLED CATERPILLAR MarK III ror 240-mmM. 
Howrrzer, Mopet 1918 (ScHNEIDER). 





Fie. 3. 


In the case of the Mark VII, which is illustrated 
in Fig. 3, the gun is only a 16-pdr. field gun, but 
on the other hand the speed at normal revolutions 
of the engine is 9} miles an hour on top speed. 
As the engines should be capable on emergency of 
running nearly twice the normal revolutions it 
seems likely that this machine would be capable of 
over 15 miles an hour. 

With regard to the general construction there 
does not appear to be any very special feature of 
interest in the vehicles Marks I, IJ, III, or VII. All 

















SeLF-PROPELLED CATERPILLAR Mark VII For 75-mm. Gun, Mopet 1916. 


these vehicles are simply large caterpillars with a 
gun earriage fixed to the top. In the case of the 
Mark III, a special auxiliary recoil system was 
added to the ordinary recoil arrangement in order 
to reduce the stress on the vehicle. It was found 
in practice, however, that this was not at all 
necessary, and that the vehicle would stand per- 
fectly with the auxiliary recoil arrangement locked. 
In future machines it will, therefore, be abandoned, 
and a good deal of weight saved. Arrangements 
are made for the gun to traverse over a small arc 
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on the vehicle while the latter can, of course, 
traverse over large arcs as required. 

Mark IV is a very remarkable vehicle and realiy 
consists of two parts, Mark IV and IVa. Mark IV 

is an electrically-propelled caterpillar carrying the 
’ gun, but having no engine on it. Mark IVa is a 
separate vehicle carrying the power plant consisting 
of an engine of 150 -h.p. and a 70-kw. 400-volt 
compound wound generator. The latter unit carries 
42 rounds of ammunition and when loaded weighs 
30 ton 14 cwt. The total weight of the two units 
would therefore appear to be well over 60 tons, and 
in this case the speed claimed, “ average 64 miles 
an hour,” appears very high, as the horse-power per 
gross ton weight is only 2-4. Each unit has two 


The vehicle has four 36-in. wheels on each side. 
When used as a wheeled vehicle the two centre 
pairs of wheels are raised off the ground, and steering 
is effected by turning the wheels at one end in the 
ordinary way. When used as a caterpillar the 
centre wheels are lowered into place, the steering 
wheels locked and steering effected by disengaging 
the driving gear from one track in the ordinary way. 
The tracks are driven from the road wheels by dogs 
on the tracks, which engage slots in the wheels. 
The change from wheeled vehicle to caterpillar can be 
made in 15 minutes, and it is stated that this time 
can be considerably reduced by better design. 
The road wheels are shod with rubber tyres. Seven- 
teen miles an hour on the road has been obtained 





gun crews and drivers. A Mark VI machine to re- 
place the Mark VII is, in fact, stated to be under 
construction, having such shields, and this is 
provided with a 70-h.p. motor, so presumably will 
be very fast. It will carry a 75-mm. (3-in.) gun. 
or 105-mm. (44-in.) howitzer. 

The use of guns of all sizes mounted on such 
vehicles will probably have very important results 
indeed, whether used in an advance or a retreat. 
The smaller guns of the field type can clearly”move 
faster than infantry, and it is probable that the 
larger ones can be made to do so also. Unlike 
the horses used for moving field guns the vehicles 
would be virtually proof against shrapnel and 
machine-gun fire. In an advance, therefore, guns 














WHEELED CATERPILLAR CHRISTIE FOR 155-mm. Gun, 
Mover 1918 (Fitziovx). 











70-h.p. motors, so that apparently the whole of the 
engine power can be used in either unit separately. 
This might be a great advantage in. rough ground. 
This machine is a very interesting type, but the 
details given are hardly sufficient for an opinion 
of its merits to be formed. 

The wheeled caterpillar for the 155-mm. gun is 
another special type machine which appears to have 
great promise. In this an attempt has been made to 
combine the advantages of the ordinary wheeled type 
road vehicle and the caterpillar. To accomplish this 
the wheels are so arranged that the vehicle can either 
be run on them in the ordinary way or a track can 
be put round them for travelling ever rough ground. 
We illustrate this machine in Figs. 4, 5, and 6. 
Fig. 4shows it as a wheeled vehicle and Fig. 6 as 
a caterpillar. When in use as a wheeled vehicle a 
length of track is carried under each mud-guard 





WHEELED CHRISTIE FoR 155-mM. 
OPERATION AS A CATERPILLAR. 





ready to drop on to the wheels when requived. 








with this vehicle and 
9 miles an hour when 
used as a caterpillar. 
Four speeds in either 
direction are pro- 
vided, and the ve- 
hicle can be driven 
equally well either 
end first. 

It would appear 
that there should be 
a great future for 
this type of vehicle, 
as it combines the 
advantages of the 
wheeled machine 
and the caterpillar. 
The latter is un- 
doubtedly the best type for crossing soft and rough 
ground, but it is not at all adapted for going long 
journeys on the road, especially when the road is 
pavé. In the first place the resistance of a cater- 
pillar on a good road is much greater than that 
of a wheeled vehicle, and therefore the speéd is slow 
and the fuel consumption great. In the second 
place the caterpillar track suffers a great deal of 
wear and tear when going over long distances of 
hard road, Hence in the late war caterpillar type 
machines were often taken from place to place by 
train. This entails delay and congests the railways. 

It is impossible to go further in to the detail of 
these vehicles, but their development may mean 
very considerable changes in land warfare. Although 
no shields are shown in the photographs of the 
machines illustrated in the paper, there would, 
of course, be no difficulty in providing any of the 
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vehicles with shrapnel-proof shields to cover the 








Fie. 5. Waeecep CATERPILLAR CHRISTIE FOR 155-mu. Guy, 
SHOWING EngyVinw oF Mount. 


of every calibre required could be pushed up to 
support an infantry attack and the enemy never 
given the chance he has now of consolidating a new 
line while the artillery is being laboriously brought 
up. In defence against attack they could fight 
on the retreat, allowing the enemies’ infantry to get 
very close to them with little risk of capture, and 
would probably in most cases make large advances 
such as those of the Germans in 1918, impossible. 
They would, of course, be a most effective weapon 
against “tanks.” Also, as such machines should 
be able to cover easily 100 miles in a day on roads, 
or 50 miles across country, they could be concen- 
trated as desired in a way that is now quite 
impossible. 

A further advantage in the case of the larger 
guns is that the power of the engine could easily 
be used for loading the gun, in which case the rate 
of fire could be enormously increased over that 
obtainable by hand. Arrangements would, of 
course, have to be made to supply ammunition 
by means of caterpillar vehicles, but there is no 
difficulty in this. 

In fact, the possibilities of such self-moving 
weapons is enormous and, as already stated, it 
seems surprising that no attempt was made to use 
them in our Army in the war. The fact that they 
were not used seems, in fact, an instance of the 
gross neglect of mechanics in the conduct of the 
War on land. Had our engineers been asked to 
do so they could have produced such self-moving 
armoured guns in large quantities very early in 
the War, and in this case many thousands of 
lives would have been saved and the War probably 
shortened. This American development shows, 
undoubtedly, how important it is that mechanics 
should be given their proper place in our Army. 
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DESIGN AND TESTS OF FREIGHT LOCO- 
MOTIVES ON THE PENNSYLVANIA 
RAILROAD. 

By Lawrorp H. Fry, M.Inst.C.E. 
(Continued from page 191.) 

Boiler Tests.—In arranging the test data the writer 
has given some thought to the method to be used 
so as to facilitate clear and accurate comparison 
betweeti the various engines. The boiler tests 
present three main variables in which we are 
interested: (1) The rate at which coal is fired, 
(2) the rate at which steam is produced, and (3) the 





boiler efficiency, which is a measure of the ratio 
of (2) to (1). 

To compare the performances of the different 
boilers it is desirable to ascertain for each the law 
connecting the variables. The method of doing 
this follows below, the illustration being based on 
the boiler tests for the L 1s class.* The first step 
is to plot the values found for the boiler efficiency 
against the corresponding rates of firing as in Fig. 3. 
It is evident that the general relation between 
the two is represented satisfactorily by a straight 
line in Fig. 3, having the equation 

F=m-—nG () 
where F is the boiler efficiency in per cent., G is 
the rate of firing in pounds of dry coal per sq. ft. 
of grate area per hour, and m and » are constants. 


Fig. 3. BOILER EFFICIENCY & RATE OF EVAPORA- 
TION, PLOTTED AGAINST RATE OF FIRING. 
Is 


BOILER 


: 


(6693.0) per 

Having established this relation, that between 
the rate of evaporation and the rate of firing follows 
as a matter of simple algebra ; 


Lf W is the rate of evaporation in pounds of water per 
hour per square foot of heating surface, 

k the heat units required for the evaporation of one 
pound of steam from feed water to branch pipe 
temperature, 

K the heating value of the coal in B.t,u, per pound 
of dry coal, 

R the grate area in square feet, 

8 the heating surface in square feet, 

c = S/R Ratio of grate area to heating surface, 


and Ko = 10 &, 


it follows that since the boiler efficiency is the ratio 
of the heat utilised in evaporation to that in the 
coal fired— 

F= * Koc 
and by combining this with equation (1) it is found 
that— 


(2) 


w= _mG — nG? 
Koc 

This equation gives the required smooth curve 
for the relation between rate of firing and rate of 
evaporation. The curved line in Fig. 3 is drawn 
from equation (3) which represents a parabola. 
The agreement of this curve with the points plotted 
from the individual tests is necessarily of the same 
order as the agreement of the straight line with the 

original points plotted for the boiler efficiency. 
Tale olene Decstno fee-0, glemh Sete cf fring ths 
boiler efficiency and rate of evaporation are not 
independent quantities, but are merely two methods 
of expressing the same condition. 


. (8) 





* This method is dealt with in greater detail in 
**A Note on Locomotive Boiler Tests,” by Mr. Lawford 
H. Fry, page 125 ante. 








The straight line relation between boiler efficiency 
and rate of firing which is not peculiar to the tests 
on the L. 1s locomotive, but is found in all tests 
of locomotive boilers, is most useful in analysing 
and comparing boiler performances. One advantage 
is that the parabola relation for rate of evaporation 
defines clearly the maximum value for the evapora- 
tion beyond which the boiler cannot be forced. It 
can be shown from equation (3), that if W max. 
be the maximum rate of evaporation and G max. 
and Fw max. the corresponding rate of firing and 
boiler efficiency then at the maximum boiler power— 
the rate of evaporation is 





2 
ie GS atte 4 
mr 4 Koen ¢ ) 
the rate of firing is 
m 
Gu,,.. = an (5) 
and the boiler efficiency is 
F w,,., = = (6) 


2 

The results obtained by the use of the above 
method in comparing the performance of the boilers 
are shown in Tables III, IV, V and VI, and Figs. 3, 
4and 5. The first step is to establish from the test 
data the straight line connecting boiler efficiency 
and rate of firing. The lines for the five boilers are 
given in Fig. 4, but the individual test results are 
not shown except as described above for the L1s 


Boiler Efficiency (F) 
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in Fig. 3. From these lines it is a simple matter to 
find the coefficients m and n of equation (1). Values 
for these are given in columns 2 and 3 of Table ITI, 
while values of the other coefficients occurring in 
equations (2) and (3) are given in the remaining 
columns of that table. The use of these values 
with equation (3) enables us to calculate the rate 
of evaporation for each of the boilers for a given 
rate of firing. Figures computed in this way for 
the five boilers are given in Table IV, and show 
the total water evaporated for various quantities 
of coal fired. The curves in Fig. 5 cover the same 
information. These show clearly the great increase 
in boiler power that has been made. To facilitate 
a more detailed comparison of the performance of 
the various boilers under conditions of maximum 
evaporation, Table V has been computed from 





equations (4), (5) and (6). All conditions are 
referred to the maximum rate of evaporation. 
Columns 2 and 3 show the rate of firing as pounds 
of dry coal per hour per square foot of grate and as 
total pounds per hour respectively. Column 4 
shows the boiler efficiency, columns 5 and 6 show 
maximum rate of evaporation as water per square 
foot of heating surface per hour, and as total water 
per hour respectively, while column 6 shows the 
total equivalent evaporation per hour. In com- 
paring the rates of firing in column 2, it is seen 
that the H 6a was not able to burn over 93 lb. 
per square foot of grate per hour. This is a low 
figure, and an analysis of the test plant results 
showed that combustion was hampered by a re- 
stricted air inlet to the ash pan. A change in this 
detail enabled the locomotive to develop a con- 
siderably greater boiler power than is shown by the 
figures presented here. The H 8b boiler, with a 
maximum rate of 143 Ib. of coal per square foot 
of grate per hour shows considerable improvement. 
This, in the H 9s, is cut down to 123 Ib. by the 
addition of a superheater. The reduction is due 





to the reduced heating surface and the consequent 





reduction in the total weight of steam produced, 
which reduced the amount of draught available 
for forcing combustion. The lessons taught by 
the tests have borne fruit in the boilers of the 
L1s and I 1s, which show, respectively, rates of 
combustion of 184 lb. and 186 lb. of coal per square 
foot of grate per hour. This increase is attributable 
to the use of combustion chambers, and to improve- 
ments in the draft arrangements. Table VI shows 
that the boiler efficiency at the maximum rate of 
evaporation is practically the same for all five 
boilers, being.42 per cent. for the L 1 s and 43-5 per 
cent. for the other four. From this it follows that 
the rates of evaporation for the five boilers stand 
in the same comparative positions as the rates of 
firing. 

The effect of changing from saturated to super- 
heated steam is shown by a comparison of the 
H8b and the H9s locomotives, which have 
duplicate boilers except for the change necessary 
to apply a superheater to the H9s. The evapora- 
tive heating surface of 3,730 sq. ft. in the H8 b 
is reduced by 700 sq. ft. (19 per cent.) to 3,030 sq. ft. 
in the H 9s, while 809 sq. ft. of superheater surface 
is added. At maximum output the rate of evapora- 
tion per square foot of evaporative heating surface 
is practically the same for both boilers, being 11-2 Ib. 
and 10-9 lb. per hour, respectively. Consequently, 
the superheater boiler, having less surface, gives 
approximately 19 per cent: less total evaporation, 


Fig.5. RELATION BETWEEN TOTAL WATER 
EVAPORATED & TOTAL DRY COAL FIRED. 
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but at the same time the superheater surface adds 
to the steam, heat to the extent of 8- 7 per cent. 
of the heat of evaporation. This is shown in 
Table VI. The net result of the conditions described 
is, that if the steam production of the two boilers 
be compared on a basis of equivalent evaporation 
from and at 212 deg. F., the maximum output is 
50,000 Ib. per hour for the H8b, and 43,000 lb. 
for the H9s. That is, the superheater boiler has 
a capacity 14 per cent. less than that of the other- 
wise similar saturated steam boiler. The rate of 
firing is less in the same proportion, 123 Ib. against 
143 Ib. of dry coal per square foot of grate per 
hour, the boiler efficiency being the same in both 
cases. So far as the locomotive as a whole is 
concerned, this reduction in steaming capacity 
through the addition of a superheater does not 
involve a reduction in power, as it is more than 
offset by the superior efficiency of the superheated 
steam in the cylinders. The point is dealt with 
again in discussing the engine tests. 

To secure information which should point the way 
to further improvements, the boiler tests: were 
studied closely by the railroad engineers. Heat 
balances calculated by the method suggested by the 
writer (ENGINEERING, February 19, 1909, page 237) 
were drawn up. These showed, for the maximum 
rate of evaporation, with 123 Ib. of coal being fired 
per square foot of grate per hour, a distribution 
of heat approximately as follows :— 

Per Cent. 





Heat utilised in steam production... «- 43°5 
Heat escaping in dry smoke-box gases ... 16°5 
Heat lost in producing CO . a 7°5 
Heat escaping in vapour of combustion .. 5-0 
Heat lost in coal escaping unburnt 27°5 

Total heat in coal fired ... -.- 100-0 
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Taste III.—Various Coefficients in Equations for 
Boiler Efficiency and Evaporation. 
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H6a| 87 | 0-468| 1,160 | 14,000] 49-2 | 2,883| 57-9 | 8-30 
H8b| 87 | 0-304] 1,160 |14,140| 55-3 | 3,730] 67-5 | 8-20 
H9s| 87 | 0-355] 1,260 | 14,140] 55-3 | 3,030| 54-8 | 8-90 
Lis | 84 | 0-228] 1,260 | 14,140] 70-0 | 4,018} 57-5 | 8-90 
Tis | 87 | 0-284/ 1,330 |13,400| 70-0 | 4,334] 62-0 | 9-90 





























TaBLE IV.—Total Water evaporated by the various Loco- 
motive Boilers in relation to the Rate of Firing. Values 
Computed from Equation (3) and the Coefficients in 
Table III. 























Total Total Water Evaporated in Lb. per Hour (W 8). 
Dry Coal 
Fired ary 
or ewe Class of Locomotive. 
(G R). Hé6a. H 8 b. Hs. Lis I1s. 
1,000 9,400 9,900 9,000 9,100 8,500 
3,000 21,200 25,800 22,700 25,100 23,400 
5,000 24,100 36,300 30,800 38,200 35,500 
7,000 (17,800) | 41,400 = 48,400 45,500 
9,000 _ (41,200) — 55,400 51,600 
11,000 — —_— — 59,800 55,800 
13,000 — -- — 60,800 57,000 

















TaBLE V.—Rates of Firing and Evaporation, and Boiler 
Efficiencies corresponding to the Maximum Rates of 
Evaporation. 

Values computed from Equations (4), (5) and (6) and 

the Coefficients in Table III. 











1 2 3 4 5 6 7 
< | Ratio of Firing Water sé. 
= | in Lb. of Dry > Evaporatedin | ¢s5& 
=) Coal per Hour. 2 Lb. per Hour. | 24 .- 
& z Sass 
9 co —i/2=6F 
s = = ema 
= a Per Sq. asen 
| Per Sq. - Ft. of =8he 
me Ft. of | Total. | Evap. | Total. | 2 Sts 
@ | Grate. z Heating esse 
5 Surface. Pa = 7 
Ib.-hr. | Ib.-hr. |per cent.) Ib.-hr Ib.-hr. | Ib.-hr. 
H6a 93 4,600 43-5 , 8-45 24,000 | 28,600 
H8b 143 7,900 43-5 11-2 41,800 | 50,000 
H9s 123 6,800 43-5 10-9 33,000 | 43,000 
Lis 184 12,900 42-0 15-1 60,500 | 78,500 
Ils 186 13,000 43-5 13-1 56,800 | 78,000 


























Taste VI.—Comparative Figures for Heat taken up by 
Evap. Heating Surface and by Superheating Surface. 























1 2 | 3 | 4 5 
At Maximum Rate of Evaporation. 
Equivalent 
Evaporation 
per Hour 
Pounds of | per Sq. Ft. | Heat Added 
Water of Evap. in Super- | Superheating 
Class | Evaporated Heating Heating as | Surface as a 
of per Hour Surface a per Cent of | per Cent .of 
per Sq. Ft. | correspond- | Heat Used Evap, 
motive.| of Evap. ing to in producing) Heating 
Heating Production Saturated Surface 
Surface. of Steam Steam. 
before Super- 
Heating. 
Ib.-hr. 1b.-hr. r cent. r cent. 
H6a 8-45 10-1 ms mS 
H8b 11-2 13-4 _ — 
H9s 10-9 13-1 8-7 26-6 
Lila 15-1 19-6 8-7 29-2 
Ils 18-1 18-0 13-7 34-2 











From this it follows that of the heat in the coal 
fired, 35 per cent. is lost through imperfect com- 
bustion, while only 21-5 per cent. is lost in heat 
in the waste gases. This is a clear indication 
thatin order to obtain a better boiler performance, 
attention must be given to securing better com- 
bustion rather than to an attempt to improve the 
heat absorption. The L1s boiler shows the 
results of the lessons taught by the testing plant. 





The engine design was changed from 2-8-0 to 2-8-2, 
the addition of the trailing truck affording opportu- 
nity for ample grate and firebox. The firebox volume 
was increased from 3°6 cub. ft. per square foot 
of grate area to 6-1 cub. ft., a combustion chamber 
having been added. Improvements in exhaust 
nozzle and draught arrangements were also made. 
As a consequence the L.1s when burning 123 Ib. 
of coal per square foot of grate area shows a boiler 
efficiency of 56 per cent., as compared with 43-5 per 
cent. found in the H 9s at this rate of firing. Also 
it is possible to force the L1s boiler to rates of 
combustion and evaporation considerably in excess 
of any which had been previously obtainable. At 
maximum output the evaporation was 15-1 Ib. 
of water per square foot of heating surface per 
hour, the rate of firing being 184 pounds of dry 
coal per square foot of grate per hour. This 
represents a very high standard of achievement 
in locomotive boiler design. The I 18s boiler doeg 
not represent any innovation in design intended 
to influence: the steam production or efficiency. 
The problem set the designer in this engine was to 
produce a boiler having approximately the same 
steaming capacity as the L 1s, but with a working 
pressure of 250 Ib. per square inch, and fitted to a 
ten-coupled engine (2-10-0 type) instead of to a 
2-8-2 type for the L1s. This change in locomotive 
type brought a driving wheel instead of a trailing 
wheel under the firebox, and made it necessary 
to reduce the height of the throat-sheet, thus 
reducing the firebox volume and the firebox heating 
surface. The grate area is the same as that of the 
L1s, while the evaporative heating is slightly 
larger, 4,334 sq. ft. against 4,018 sq. ft. The 
superheater surface is considerably larger, 1,479 sq. 
ft. against 1,172 sq. ft. It is worth noticing that 
in the successive designs there has been a con- 
tinued increase in the super-heater surface in 
proportion to the evaporative surface. Column 5 
of Table VI shows that the superheater surface 
was 26°6 per cent. of the evaporative for the 
H9s, 29°2 per cent. for the L1s, and 34-2 per 
cent. for the I 1s. 

Particulars of the performance at maximum 
output, given in Table V show that the maximum 
rate of firing for the I1,s was 186 lb. of coal 
per square foot of grate per hour, practically the 
same as that for the L1s. The water evaporated 
per square foot of heating surface per hour was 
only 13-1 Ib. against 15-1 lb. for the L1s. The 
difference was offset to a considerable extent by 
the higher pressure and superheat of the I 1s, 
so that expressed in equivalent evaporation per 
square foot of heating surface per hour, the maxi- 
mum was 19-6 lb. for the L1s, and 18-0 lb. for 
theI 1s. This gave a total equivalent evaporation 
of 78,000 Ib. per hour for the I 1 s, against 78,500 Ib. 
for the L 1s. 

(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE annual general meeting of the above Institu- 
tion was held on Friday last, the 18th inst., at the 
Institution Building, Westminster, the chair being 
occupied by the President, Captain H. Riall Sankey. 


ANNUAL REPORT. 


The first business before the meeting was the 
adoption of the Annual Report, which was taken as 
read. The following is a summary :— 


The seventy-fourth annual report showed a net increase 
on the membership rol] of 644. The total additions to 
the roll in 1920 were 894, including 188 members, of 
whom 56 were transferred from the associate member 
class, and 479 associate members. The total deductions 
owing to death, resi tion, &c., numbered 250. The 
losses to the Institution by death included Sir William 
Mather, Sir Lindsay Wood, Mr. Joseph Adamson, 
Mr, Mair Rumley and Mr. Wilson Worsdell. A number 
of honours had been conferred by His Majesty the King 
on members of the Institution. A memorial to members 
who fell in the service of their country during the great 
war was unveiled at the Institution on Thursday, the 
17th inst. During the year, as recorded in our columns, 
Mr. Worthington retired from the secretaryship after 
23 years of service. The total revenue of the Institution 
for the year avas 23,0921. and the expenditure 29,441/., 
inclusive of 2,000/. placed to certain reserve funds, 
total assets amount to 163,012. Deducting 34,0251, of 
debentures and liabilities with 57,5981. represented by 
the reserve funds, a credit balance is left of 63,7931. 





The following grants had been made .in connection 
with researches being carried on under the direction of 


the Institution :—Alloys, 220/.; wire ro 1001. ; 
steam nozzles, 2001.; hardness tests, 100/.; cutting 
tools, 2002. A t of 251. had been made from the 


Sir Robert Hadfield prize fund to Dr, B. P. Haigh for 
@ paper on ‘“ Prism Hardness,”’ and one of 10/. to Mr. H. 
Moore for his paper on a “ Small Ball Hardness Testin 
Machine.”” The tenth report of the Alloys Researc 
Committee will be presented during the 1920-21 session. 
Experimental research on wire ropes is being i 
out at Woolwich Pol hnic. The Refrigeration Re- 
search Committee been dissolved as a committee 
has been formed on the Department of Scientific and 
Industrial Research lines. nomenclature committee 
on oil engines had been appointed, A prize of 5l. was 
awarded to W. Abbott in the April Associate Member- 
ra: Examination, and grants of 3/. to W. H. Morris and 
A. C. Page in the Graduateship Examinations. A prize 
of 5l. was awarded to Mr. T. F. Davey for his paper. on 
“The Manufacture of British Association Screw-Thread 
Gauges,” read before the Graduates’ Association, and 
one of 31. to Mr. F. M. Green for his paper on “ Modern 
Steam Turbines.” 
MEETINGS, &C. 


Informal meetings had been inaugurated. Twelve 
had been held with an average attendance of 40, about 
one-third of those present taking part in the discussions, 
The Council had acceded to the request for local branches 
in Birmingham, Leeds and Manchester. In connection 
with the Watt Memorial the Institution had offered to 
contribute 2,0001, towards a building which might be 
utilised as a library and meeting place if likely to be of 
service to members and associate members in’ tlie 
district. 

On the subject of the accounts the president 
pointed out that the actual excess of expenditure 
over revenue was 4,349/. 19s. 3d. The reason for 
this excess was that last year the revenue was taken 
on a pre-war basis, the recent increase in subscrip- 
tions not having taken effect. During the present 
year it was anticipated that the increased sub- 
scription rates would yield 4,000/. On the other 
hand, the expenditure last year was on @ post-war 
basis.. In 1915 it became necessary not only to 
restrict activities, but also e iture, in order 
to conserve revenue. In 1916, Mr. Mark Robinson 
(chairman of the Finance Committee) worked out 
a scheme of reserves, which was approved by the 
council in 1917. Apart from the larger funds for 
permanent and necessary objects, a special fund 
was created under the name of “ general reserve,” 
amounting to 18,061/., expressly to meet the com- 
ditions of the post-war transition period. The 
council, on May 18, 1917, decided’ that this fund 
was to be used as necessity might arise, and be 
carried forward from year to year until the tran- 
sition from the war period might be completed, 
which should now be taken to mean until the 
completion of 1921. The council had determined 
that, without detracting from the activities of the 
Institution, expenditure should not continue to 
exceed revenue. Three special committees with 
definite references had therefore beeneformed, to 
find out in what way expenditure could be reduced 
and efficiency, nevertheless, maintained or even 
increased. 

The president then invited comments on the 
report as presented, whereupon considerable dis- 
cussion took place. It is not necessary that we 
should report the matter in detail in the present 
article; we need only state that as a result the 
report was adopted by the meeting. 


ELECTION OF OFFICERS. 


The ballot list for the election of officers having 
been opened, the following were found to be elected : 
As president, Captain H. Riall Sankey; as vice- 
presidents, Sir Robert Hadfield and Dr. Hele-Shaw ; 
as members of council, Mr. H. I. Brackenbury, 
Mr. A. E. L. Chorlton, Colonel A. E. Davidson, 
Sir Gerard Muntz, Mr. Loughnan Pendred, Mr. 
William Reavell and Dr. T. E. Stanton. Under 
Article 27 the council had appointed: As past- 
presidents, to serve upon the council, Dr. E. 
Hopkinson, Mr. Michael Longridge, Dr. W. H. Maw 
and Dr. W. C. Unwin; as past vice-presidents, to 
serve upon the council, Mr. William H. Allen, 
Mr. J. R. Hoyle and Mr. Mark Robinson ; as vice- 
presidents, in view of this transference, Sir John 
Dewrance, Sir Gerard Muntz, Mr. W. H. Patchell 
and Sir Vincent L. Raven ; as members of council, 
to fill the vacancies caused by the appointment of 
four vice-presidents, Mr. F. H. Livens, Mr. L. A. 


he | Legros, Mr. E. W. Petter and Mr. David E. Roberts. 


The chairmen of local branches had also been duly 
elected: At Birmingham, Mr. E. 0. R. Marks ; 
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Leeds, Lieutenant Edwin Kitson Clarke; Man- 
chester, Mr. Charles Day. These local chairmen 
were co-opted members of council, The final 
business of this part of the meeting was the re- 
election of the auditor. 


STANDARDISATION IN THE TESTING OF WELDs. 


The meeting then turned to the consideration of a 
paper entitled “‘The Desirability of Standardisation 
in the Testing of Welds,” by Mr. F. M. Farmer, 
of the American Bureau of Welding, New York. In 
the absence of the author the paper was read by 
Mr. W. H. Patchell, who incidentally stated that 
Mr. Farmer was connected with a large testing 
institution in New York in addition to the American 
Bureau of Welding. The paper is reprinted else- 
where in this issue. 

The president, proposing a vote of thanks to the 
author, said that the question of the testing of 
welds was very important, and the lack of a really 
standard test perhaps explained why electric 
welding, and other kinds of autogenous welding, 
had not been as much used as otherwise might have 
been the case. 

Brigadier-General Bagnall-Wild opened the dis- 
cussion. He would confine his remarks, he said, 
to commercial testing only, and to the use of welding 
for metal fittings for aircraft. On reading the paper 
he was firstly struck by the fact that the tests to be 
imposed were tests of special test-pieces, involving 
the testing of the ability of the workman. The 
latter would put his very best work into the test, 
and the welds were not made under the conditions 
of ordinary commercial production. The only way, 
so:far as he had himself found, was to test the 
actual part by allocating to destruction a certain 
percentage of the finished articles and making the 
test on the test-piece cut therefrom. He noted that 
in the material test the composition was given, and 
that he regarded as very important. One item had, 
however, been neglected—the specification of the 
percentage of nickel. He had experience of some 
sheet steel which would not weld. It was ordinary 
carbon steel, but investigation showed that the scrap 
used in making it contained a percentage of nickel. 
In steel for welding the content of nickel should either 
be nil or “ only a trace.” 

With regard to the mechanical tests, the author 
had not stated whether the test-piece was tested as 
“* cast,”’ or whether it was normalised after the weld. 
That was an important point and should be stated 
in the specification ; he would prefer that the test- 
piece should be normalised. Mr. Farmer, moreover, 
had machined his weld ; speaking of thin or light 
material, Colonel Bagnall-Wild considered it im- 
possible to get any test result representing the 
tinished artjcle if the skin were machined off. The 
bending test, was of course, a good test and he had 
used it throiighout the war. He suggested, however, 
that the stress reversals test was hardly a commercial 
one, and he would substitute the ordinary impact 
test for it. The author had referred to the angle 
of the vee ; that should be most carefully considered 
in any test, and recorded every time. In con- 
clusion, he would repeat that the best test was 
to destroy a percentage of the parts made. Best 
of ail, perhaps, was the practice of sawing some 
in two and etching. This was necessary, not so 
much with regard to the weld itself as with regard 
to what had happened to the material. 

Mr. R. S. Johnson, of Lloyd’s Register, referred 
to welding in connection with ship repairs and said 
that by 1917 welding was in a sufficiently advanced 
stage to warrant the possibility of its being applied 
to the structural members of a vessel, and it was 
realised by Lloyd’s Register that more information 
should be obtained regarding the physical properties 
of welds. Experiments for th purpose of ascer- 
taining the ultimate strength with welded connec- 
tions had already been carried out at Washington 
and by the British Admiralty with very unsatis- 
factory results, and they were quite inadequate as 
far as a general standardisation of welding tests 
was concerned. The tests arranged and carried 
out by Lloyd’s Register were very similar to those 
recommended by Mr. Farmer. They had been 
described by Sir Westcott Abell in his papers read 
before the Institution of Civil Engineers and the 
North-East Coast Institution of Engineers and 
Shipbuilders. 
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So far as mechanical tests were concerned, the 
only practical import they held for the structural 
engineer was the evidence they gave of the properties 

by the welded joint when stressed up 
to the elastic limit ; or, more accurately perhaps, 
within the working limits of the material. Ultimate 
strength was only of value as a rough test, while 
the measurement of the yield point and of the total 
elongation was entirely misleading, because the 
weld formed such a small portion of the length of 
the specimen over which those items were measured. 
The ultimate elongation of a welded specimen 
was considerably less than that of the unwelded 
plate, the reason being that the welded material 
was much less ductile than ordinary mild steel, 
and broke without flow of the metal and without 
a gradual contraction of area at the point of fracture. 
In the experiments carried out by Lloyd’s Register 
the average ultimate elongation measured over a 
distance of 8 in. was found, in the case of a 
plain piece, to be 29 per cent. for a longitudinal 
weld, and in the case of a transverse weld 8 per 
cent. The measurement of the reduction in area 
at the point of fracture had no practical value, 
because, in most standard systems of welding, it 
was found that the test-piece broke clear of the 
weld. 

Mr. Farmer attached considerable importance to 
the value of the bending test. In the tentative 
regulations and tests required by Lloyd’s Register 
for the approval of welding systems no bending 
test was included; this was in view of the results 
obtained from a series of cold bending experiments. 
The specimens were 18 in. in length by 3 in. in 
breadth, and were bent over a block having a 
diameter equal to three times the thickness of the 
plate. Tests were made with plates ranging from 
a }-in. to 1 in. in thickness, with the apex and 
base of the weld arranged alternately uppermost. 
As was expected, there was considerable difference 
in the angle of bend in the two cases at which the 
specimens fractured, depending upon which end of 
the weld was uppermost. In the }-in. and 1-in. 
plates the average differences in the angle of bend 
were found to be 14 deg. and 5 deg. respectively. 
The best angle of bend at which fracture occurred 
in the }-in, plates was 87 deg. and for the 1-in. 
plates 23} deg.; whereas similar test-pieces of 
plain plate cut from the plates from which the 
welded samples were made were found in all cases 
to submit to an angle of bend of 180 deg. without 
fracture. It would therefore be unreasonable to 
include the bending test in any regulations framed 
for the purpose of testing the merits of a system of 
welding. It could also be concluded from the 
results of those bending tests that the angle at 
which the vee was cut in the original plate would 
have considerable effect upon the angle of bend at 
which fracture would occur. 

Mr. E. R. Dolby mentioned that he had witnessed 
the falling in of the roof of Charing Cross Station 
some years ago, due to the breaking of a tie rod. 
He had also had the interesting experience of seeing 
some sections of the very tie rod, which was about 
4} in. in diameter ; right through the section there 
was a hole as big as a hen’s egg. He wondered, in 
this connection, whether any process would have 
discovered the defect in that tie rod at the time, 
or shortly after, it was made. For any light that 
the paper revealed, he saw no indication of any 
test that would have proved the unsoundness of the 
rod. 

Captain David Richardson thought it might be 
of interest to sketch out what had previously been 
done in the way of standardisation of welds. In 
1912 the Central Bureau of Welding in Germany, 
at Niirnberg, offered a prize of 1,500 marks for any 
system which would enable the quality of a weld 
to be fixed without destroying the actual joint. 
There were 26 entries for the competition, and the 
committee who decided were the leading technical 
people in Germany. There proved to be no winners 
of the prize; no system of examining welds which 
would not involve the destruction of the joint was 
put forward. Five of the processes suggested 
had hopeful possibilities, and they were mainly 
on the electrical side. In 1913 the magnetic system 
was brought forward, and he considered that in 
this direction a good field was offered. 





The activities of the Bureau of Welding were 
very marked, and they hoped to get help from this 
country in solving some of their problems while 
they themselves switched on to others. An allied 
society, the American Welding Scciety, would, 
after having discovered or settled methods of work, 
develop these and push them forward. The 
standardising tests dealt with in the paper really 
constituted item No. 6 in the programme of the 
Bureau of Welding; but other items were of 
greater importance. Testing welds was a minor 
matter when compared with producing them ; 
a more significant proposition was the standardisa- 
tion of welders. 

Turning to the paper itself, Captain Richardson 
considered that the last paragraph contained its 
essence. Test welding was often negatived by the 
fact that sets of welds made by the same man 
would give entirely different results. With trained 
welders it was easy to get uniformity of result. 
It was a defect of the tests indicated by the author’s 
paper, and previous papers, that the specimen was 
machined or turned up, while tests were frequently 
made on round specimens, which, in addition to 
being most difficult to weld, were seldom needed in 
practical applications. With regard to bending 
tests, his experience led him to regard the method 
indicated in the paper as incorrect. It might be 
correct for determining the ductility of the added 
material, but it was necessary to find out the 
quality of the weld, and, in that connection, he 
would say that the weld (on the sample shown in 
the paper) between the two joists should be reversed 
in direction for a proper test. Everyone familiar 
with welding knew that one of the most serious 
defects was lack of penetration, of metal at the 
bottom of the weld; so that if the weld were bent 
outwards from the narrow side it would open almost 
immediately in most cases. During the war it was 
a common practice to bend welds in that direction, 
and most inferior welds would stand bending 
to 180 deg. quite comfortably. Finally Captain 
Richardson regarded X-ray examination of welds 
with favour, believing that the method would lead 
to much better information than was obtained by 
mechanical tests. 

Dr. B. P. Haigh remarked that it was generally 
agreed that what was needed was a particular 
method of testing the finished product. As that 
was not forthcoming, a means of testing the product 
of the welder had to be sought for. What was 
wanted was a method of carrying out shop tests to 
ascertain when the welder had reached a suitable 
standard of efficiency. Standard commercial tests 
were also needed. Research would look after itself, 
and would elaborate suitable methods without 
standards. The time had passed when the tensile 
test could be regarded as a final criterion in com- 
mercial tests, particularly when the strength was 
compared with that of the plate being welded. 
Tensile tests of this character were unsuitable 
because the plates varied greatly. He had recently 
had an opportunity of testing a series of welds 
produced by the Kjellberg process, but all broke 
through the plate and the fracture could not 
be examined. Any test to be serviceable should 
afford opportunity for examination of the fracture, 
so that the different types of fracture might be 
studied. 

Dr. Haigh did not approve of the type of machine 
for fatigue tests described in the paper, as it con- 
centrated stress on the outside of the specimen, 
yielding but little more information than visual 
examination. If the skin of the specimen in a 
rotating bend were free from flaws, the test was 
fairly certain to prove satisfactory ; whereas with 
a comparatively small flaw on the outside the test 
would be bad. On the other hand, a comparatively 
large flaw in the material might exist, and yet the 
test be a good one. There was a need for a uni- 
formly distributed stress across the whole section of 
the test-piece. He deprecated Mr. Farmer's state- 
ment that fatigue tests were necessarily of an 
arbitrary nature; fatigue limit could be very 
accurately measured with suitable appliances. 

The author had alluded to the impact test, but 
had not suggested how impact testing should be 
carried out—a great omission. Dr. igh had 
found that test pieces that never broke through the 
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weld could be tested by impact, and often gave 
poor results. He regarded the Izod test as an in- 
valuable one both as a shop test and as a commercial 
test. Passing to shop tests—tests of the welder 
rather than the system—these involved the most 
important point of all. To see whether a welder 
had freached a suitable standard of proficiency, a 
simple torsion test, such as used for wire, was one 
of the most suitable, requiring little apparatus. 
Measuring the number of turns on a piece 100 dia- 
meters long, composed wholly of added metal, would 
give a good indication of the uniformity which any 
individual welder could attain to. The piece might 
be either 1 ft. or 2 ft. long, and if the welder produced 
uniform metal, that uniformity gave a very good 
test of the man’s skill and efficiency. 

Dr. Haigh then referred to the question of photo- 
micrographs, remarking that he noted Mr. Farmer 
recommended 100 magnifications as the standard 
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for commercial work. This was in many cases an 
instinctive magnification to take, and Fig. 1 (pre- 
pared from a lantern slide which Dr. Haigh ex- 
hibited) was of this scale, and showed the junction 
between the metal of a weld and the material welded. 
This was probably the best magnification for a book 
illustration or for teaching work in a university 
or college, but was not suitable for research work, 
or for shop tests—if one thought of using the 
microscope for the shop tests—since all welds 
turned out, if not alike, yet very much alike under 
that magnification. Much more information could 
be obtained by using either a very low power, or 
a very high power. Fig. 1 was typical of a weld of 
a mild steel plate and showed the added metal 
and the brittle structure of the plate resulting 
from overheating. This had little influence except 
perhaps in fatigue tests. 

An example of a weld of low magnification was 
given in Fig. 2. The magnification was 2 only, and 
was one of the most instructive scales that could be 
chosen. The example was a butt-weld between 
two plates and had been made on the three-run 








system. . The bottom of the vee was clearly visible 
and was hardly properly filled up. The first run 
at first sight appeared to be made up of two parts, 
but careful examination would show that it was one 
run. The upper part had been made more tough 
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by the heat from the second run. The second run 
had a flaw in it—a minor point only, however— 
and it, in turn had been refined by the heat that 
came from the top run. But the top of this run 
and the: bottom of the first had not obtained any 
second heating, and one got a comparatively brittle 
structure. The successive waves of heat running 





through the metal from each run were clearly 
shown, and one could gauge fairly well how much of 
the plate had been damaged by the action of the 
heat. 

Fig. 3 showed a cause of fracture. It was of no 
particular importance except to show what was 
demonstrated more clearly by Figs. 4 and 5. This 
weld had something wrong with it, but it was 
difficult to say exactly what. Half appeared to be 
brittle and half not, in one and the same sample, 
The effect was not quite uncommon, as the author 
of the paper said. Figs. 4 and 5 were under 500 
magnifications and showed the two types of struc- 
ture obtained. The tough material shown in 
Fig. 4 was partially pearlite and had a certain 
amount of carbonaceous matter mixed up with it. 
The structure was fine and good. The brittle part 
of the weld was shown in Fig. 5. The structure 
was characteristically laminated. One often got 
these two types of structure mixed up in a single 
field of view, and the point he wished to make 
was that 500 magnifications had made clear a 
difference of structure not revealed by 100 magnifi- 
cations. 

Dr. T. E. Stanton emphasised the value of the 
impact test. There was a tendency, on account 
of the heating, towards brittleness in the neigh- 
bourhood of the weld which could only be detected 
by this test. The standardisation of the welder, 
was important, and he thought it would be a good 
thing if some sort of diploma could be given to 
welders. Men of no training were taken into 
service and in a few weeks were turned into pro- 
fessional welders ! 

Major J. Caldwell remarked that the author had 
referred to the absence of welding standards in 
America. Although comperehensive welding tests 
had been undertaken in the United States, these 
were invariable carried out by welding enthusiasts 
or by those acting on behalf of large users or pro- 
spective users of the process. The results of the 
former class were not suitable for comparison of 
materials and workmanship, while, for obvious 
reasons, the results of the latter class had to be 
considered as confidential and withheld from com- 
petitors interests in the supply and manufacture 
of electric welding material and apparatus. During 
the war, many tests of the latter kind were com- 
municated here, and the speaker desired to acknow- 
ledge, in this connection, the unbiassed and careful 
investigations carried out by Mr, E. B. Katte, the 
Engineer of the New York Central Railroad, These 
tests represented the attempt of the Welding Com- 
mittee of the Emergency Fleet Corporation of the 
United States Shipping Board at standardisation 
of welding tests. But these tests were not convinc- 
ing because, as had already been emphasised, no 
attempt was made to standardise the operation and 
method of executing the work. 

In this country the circumstances were more 
fortunate, as the testing of electric welds had 
engaged the practical attention of the Admiralty 
and of Lloyd’s Register of Shipping during the last 
three years, and with special reference to ship- 
building use. Both these bodies found no difficulty 
in adapting all welds to methods which they had 
developed during many years for testing materials 
and reliability of workmanship in material. It 
was doubtful whether any great advantage could 
be gained by standardising the size of test pieces ; 
the sizes necessary to test a weld under conditions 
approximating to those in use varied very con- 
siderably. For butt or lap welds in ship plates, or 
similar structures, it was more representative to use 
a large width of plate than to cut out a narrow speci- 
men, which might or might not be fairly representa- 
tive of the whole weld. Lloyd's tests included 
specimens 20 in. and 48 in. wide. Clearly, a riveted 
test piece of 1} in. or 2 in. in width would not give 
the true strength of riveted joints. 

Turning to the author’s advocacy of a bending 
test, this was the most searching and simple test 
for workshop use, and was the readiest way of 
testing the quality of a welder’s work and different 
kinds of electrodes, and the changes in working 
conditions. The Admiralty used a block with a 
radius of 1 in. for }-in. plates and of 2 in. for }-in. 
up to l-in. plates, In a series of tests carried out 
by the N.P.L. the block radius was slightly less 
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than the thickness of the plate. He held that the 
block radius should be somewhat more than the 
thickness of the plate. As a commercial test, how- 
ever, it seemed doubtful whether the bending test 
was of any real use. Great numbers of structures 
were not, as a rule, exposed to large angles of 
bend, and, in designing them, joints of any kind 
were so placed that they were not subjected to 
such bends. In workshop practice, the use of 
the microscope should have an important place, 
and microphotographs made for comparative pur- 
poses should have a magnification of about 1,000. 
These microphotographs would show the workmen, 
more definitely than anything, the class of work 
they were carrying out. 

Major Caldwell particularly wished to emphasise 
the value of the practical test, after all, the most 
reliable, informative and searching test of welding 
was that afforded by practical use ; it was convincing, 
ultimate and decisive. The stresses on structures 
were often composite and not predictable, and they 
could not be reproduced by testing machines. 
Electric welding, had already made good in this 
country for such various uses as shipbuilding, tank 
construction, steel building and roof trusses, and 
had been so applied to a greater extent than was 
generally realised ; a recent use was in the many- 
facture of wheels for motor "buses and large com- 
mercial vehicles. This last-named application 
afforded a most searching test ; the stresses in a 
motor *bus axle and motor *bus wheel were com- 
posite—alternating, tensile, compressive, bending 
and torsional, combined in quite unforeseeable ways. 
In these services, electric arc welding had given 
excellent results. The wheels referred to, built 
up with 93 welded parts, had run many thousands 
of miles in the London streets without any sign of 
failure. 

Mr. William Mills referred to the testing of 
blacksmith’s welds by re-heating. The weld was 
allowed to cool and was then re-heated. If any 
difference in colour or transparency was noted the 
weld was marked as a bad one. He had never 
known a weld so tested to give way. Reference 
had been made to the Charing Cross tie rod failure. 
He believed that had that tie rod been re-heated 
where the weld was made, a different colour or 
transparency would have been observed and its 
unsafe character would have been detected. He had 
carried out this method of testing by re-heating 
for about 30 years or 35 years. 

Mr. William H. Patchell, made no attempt to 
reply to the discussion, pointing out that Mr. 
Farmer would receive copies of the various remarks 
in due course and would respond through the 
“Journal.” Mr. Patchell’s own experience of 
welding had been chiefly in connection with steam 
pipes. He believed the Admiralty did not permit 
the use of a welded steam pipe flange, although he 
was unable to say why they did not. If some 
standard form,of weld test could be devised it 
might convince the Admiralty and others of the 
value of welding in this connection. When the 
paper before the meeting was first thought of, he 
(Mr, Patchell) had endeavoured to get a paper from 
an Englishman, to put against the present American 
contribution, thinking that the standardisation 
methods on both sides could be compared. On 
going into the matter, however, he had found that 
there was no really authorised method of standardisa- 
tion. But he believed, from investigations he had 
made last summer, there would be no difficulty 
in getting specimens contributed; many people 
would give them, some thick specimens and some 
thin, and the cost would be trifling. If work could 
be obtained from different people having machines 
and methods of testing, the net result should prove 
valuable. It would be advantageous if the Institu- 
tion of Mechanical Engineers or the Iron and Steel 
Institute would take up the matter, and he thought 
the work better suited to the Institution of Mecha- 
nical Engineers than to the British Engineering 
Standards Association. He looked forward to very 
useful results if the best that was possible were 
done both here and on the other side. 

The President then announced that the informal 
meeting on Friday, the 25th February, had been 
cancelled on account of the Reception at the 
Efficiency Exhibition at Olympia to be held on 





that evening. There would be a joint meeting 
with the Society of Chemical Industry on Fiiday 
the 4th March next. This would be a special 
meeting, at which a paper on the “‘ De-gassing and 
Purification of Boiler Feed Water”? would be read. 
Further, the President stated that local branches 
had been established at Birmingham, Leeds and 
Manchester, and that Chairmen of Committees had 
been appointed. 


. Tae Beyevorent Funp. 

Immediately after the termination of the general 
meeting, the ninth general meeting of the members 
of the Incorporated Benevolent Fund of the 
Institution was held. After the confirmation of the 
minutes and presentation of the Honorary Auditor’s 
report, the President remarked that, in spite of the 
many appeals made, the Fund was not taken up by 
the members in the spirit it deserved. There 
seemed to be a feeling that unless an annual sub- 
scription of £1 1s. could be given it would be un- 
dignified to give less. It was obvious that a guinea 
a year might be a serious tax on some of the younger 
members of the Institution, but a contribution of 
5s. or even 2s. 6d. would be welcome. If all the 
7,500 members of the Institution subscribed 5s. 
each, the income would be £1,875 ; at present it was 
only £429. It was true that the demands on the 
Fund were not very great, but the present was the 
time to build it up. Moreover, if the income were 
larger many things could be done which were not 
now practicable; such as paying college fees or 
apprenticeship expenses of the sons of widows of 
members. He therefore hoped each member of the 
Institution would see his way to pay a small sub- 
scription. He moved the adoption of the Report 
of the Committee of Management 

Mr. L. St. L. Pendred, remarked that last year 
he had directed attention to the fact that fewer 
calls had been made upon the Fund than were 
anticipated. The Committee were anxious to 
build up a big reserve fund, but for 1920 receipts 
had exceeded payments by £698, only £387 having 
been spent. It was felt that there was hesitation 
in coming on the Fund, due perhaps to sensitiveness 
or to ignorance of the existence of the Fund. Widows 
and children of members might not have appreciated 
their right to look to the Fund for assistance when 
needed. It was desirable that members should, 
as far as possible, let it be known that the Committee 
were anxious to help cases of distress. 

Other speakers discussed the Fund, the view 
being expressed that many members would be only 
too glad to subscribe such a sum as 5s. a year if 
they believed it would be acceptable ; and it was 
suggested that the members should be circularised 





so that the point might be made known. The 
report was adopted unanimously. 
NOTES ON NEW BOOKS. 
A.THouGH doubts as to future supplies may tend 


slightly to check the development of ail fuel for steam 
raising in marine practice, there is every prospect of 
its use for this purpose continuing to extend at least 
until the price becomes prohibitive or the internal- 
combustion engine becomes general. In any case 
there are quite sufficient existing installations in tie 
Navy and in the mercantile marine to justify the 
publication of a practical book on the subject for the 
use of marine engineers in both services. Such a 
work, bearing the title “ Oil-Fuel Burning in Marine 
Practice,” has been compiled by Mr. J. W. M: Sothern, 
the author of several other useful publications for 
marine engineers, and it is rightly described as a 
manual of practical instruction in oil-fuel burning. 
The book first deals with the properties of fuel oil, its 
combustion, and the various methods of testing it, 
afterwards describing fittings of general utility in all 
systems of oil burning. A considerable part of the 
work, however, is occupied with detailed and fully- 
illustrated descriptions of practically all the important 
systems used on British vessels. Many of the illus- 
trations in this section are line drawings reproduced 
on a comparatively large scale and printed on folding 
plates, which certainly have the distinct advan of 
clearness, though they perhaps make the book a little 
difficult to handle. Another useful section is that 
devoted to faults in oil-fuel burning and the concluding 
section, which contains general notes on the subject, 
will also be appreciated. The book, in fact, appears 
to us to be an excellent publication in every way and 
to achieve its author’s object of supplying practical 
information for the use of operating marine engineer 


officers in a very complete manner. It is published 
by Messrs. James Munro and Co., Limited, 15 and_60, 
Brown-street, Glasgow, at the price of 30s. net. 


The Schlomann series of illustrated technical 
dictionaries in six languages, namely, German, English, 
French, Russian, Italian and Spanish, has recently 
been augmented by volume XII, which covers 
Hydraulics, Aerology and Refrigeration. Under hy- 
draulics, theoretical terms and expressions are first 
dealt with, including those on screw and ship motion, 
the following sections dealing with hydraulic motors 
and power plants, hydraulic power transmission, 
fittings, &c. The chapter on Aerology treats of 
blowing engines, air compressors, air pumps, and wind 
power machines; whilst that on Refrigeration covers 
theoretical data on heat, followed by details of the 
Fem and machinery, and their various applications. 

e illustrated references occupy 1,400 pages, and the 
index in the six languages 559 pages. The book is 
edited by Alfred Schlomann, and is issued at the price 
of 30s. net by Constable and Co., Limited, 10-12, 
Orange-street, Leicester-square, W.C. Volume XIII, 
by the same editor, and issued by the same publishers, 
at the price of 22s. net, applies to Constructional 
Building, above and under ground, and after a series 
of technical words and terms it deals with building 
materials, foundations, stone structure, timber work, 
iron construction, bridge construction and _ special 
buildings. The illustrated references cover 744 pages 
and the index in the six languages 286 pages. The two 
books show evidence of great care in their preparation 
and form a welcome addition to the eleven preceding 
ones. 





The Association of Engineering and Shipbuilding 
Draughtsmen have hit upon the excellent idea of 
getting their members to prepare papers describing in 
considerable detail the principles followed in pro- 
portioning the machinery for which they are the 
responsible designers. We have from the Association 
three of these papers. The first, due to Messrs. A. M. 
Heppell and C. Watson constitutes a most useful and 
clearly-written introduction to the design of marine 
steam turbines of the impulse type, and apparently 
this is to be supplemented by a second paper in which 
the subject is to be further developed. In a second 
paper, Mr. Fred. Clements, M.I.Mech.E., discusses 
the design of large ventilating fans, whilst in a third 
paper Mr. A. Newby describes some properties and 
applications of logarithmic scales. 





THREE-CYLINDER 4-6-0 TYPE SUPER- 
HEATER LOCOMOTIVE FOR THE NORTH- 
EASTERN RAILWAY. 

Some. new locomotives of the 4-6-0 type, fitted with 
superheaters have been lately been put into service 
on the North-Eastern Railway, designed by Sir 
Vincent L. Raven, K.B.E., M.Inst.C.E., and con- 
structed at the me grade works at Darlington. The 
engines are intended for fast goods traffic. We illus- 
trate them in Figs. 1 and 2, Plate X, with our issue 
this week, giving there sectional elevation and plan, 
while on page 223, the view in Fig. 3, shows the 
general appearance of the engine and tender. Fig. 4, 
on the same page, shows a tractive effort diagram, 
which is well worth careful examination, giving as it 
does very interesting data with regard to the excellent 
performance of the type of engine we are illustrating. 
Fig. 5 is an outline drawing giving weights and leading 
dimensions, &c. 

The cylinders of the engine under notice are, as 
already stated, three in number, each 18} in. in 
diameter by 26 in. stroke. The cylinders and steam 
chests are in one casting, the steam chest being common 
to all, while the three exhaust chambers are separate 
to the bottom of the blast pipe, where they are com- 
bined. The cylinders are fitted with piston valves 
and the valve gear is link motion, inside the frames for 
all cylinders. We may mention here that about a year 
ago—in our issue of February 13, 1919, page 208—we 
illustrated fully the cylinders of a goods locomotive 
for the North-Eastern Railway, the views then given 
showing very clearly the leading features of the design 
which Sir Vincent L. Raven has adopted for the 
cylinder castings used on his three-cylinder locomo- 
tives. These drawings are of considerable interest, 
and may with advantage be referred to in connection 
with the engine at present under notice. 

The boiler is fitted with a round topped firebox 
shell, the barrel being 15 ft. 10} in. long and having an 
outside diameter of 5 ft. 6 in. The distance between 
tube plates is 16 ft. 2§ in., and the tubes are 2 in. in 
diameter and 5} in. in diameter. There are 102 of the 
former, and 24 of the latter, and consequently 24 super- 
heating elements. The firebox is 9 ft. long and 3 ft. 
11 in. wide outside the shell, the actual grate area 
being 27 sq. ft. The tube heating surface totals 
1,397-9 sq. ft., and the firebox surface 166 sq. !t., 
making 1,563-9 sq. ft., supplemented by 530 sq. ft. of 
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INDUSTRIAL NOTES. 


Reptyine in Parliament last week to an amend- 
ment to the King’s Speech, put forward by Mr. Clynes, 
Dr..Macnamara, Minister of Labour, said he profoundly 
regretted that in the figure of 1,039,000 unemployed 
on February 11 there were 368,000 ex-Service men. 
The policy of the Government had been to see that, 
as far as possible, the relief work put in hand was of a 
useful and productive character. On the making of 
new roads and on road-repairing work, schemes 
involving 10,500,000/. were now in hand, and there 
were now 35,000 additional men employed who would 
not have been employed but for the special measures 
which had been taken. The Ministry of Health had 
expedited sewerage schemes, involving 5,000,0001., 
and Lord St, David’s Committee had had 3,000,000/. 
placed at its disposal to assist local authorities to carry 
out useful works connected with gas and water supply, 
sewage disposal, parks, &c. The Government had 
also done what they could to provide alternative work 
in Government factories from which there was no 
longer an output of munitions of war, and had inau- 
gurated the system of short time in those establish- 
ments, by which it was su to men who were 
working 47 hours a week that they might, by way of 
helping their fellows, have their working hours reduced 
to 40 weekly. In that way four men, by earnin 
15s. a week less each, could enable work to be foun 
for a man who otherwise would be earning nothing. 
Referring to the Government’s offer for the trainin 
of 50,000 ex-Service men in house building work, an 
to its refusal, on February 3, by the Builders’ Opera- 
tives’ Union, Dr. Macnamara said 64,222 members of 
the building trades were unemployed on that date, and 
one-half of that number were unskilled labourers ; 
25,500 were painters, i.e., members of a seasonal trade ; 
3,524 were carpenters; 1,808 plumbers, Of brick- 
layers only 238 were registered as unemployed, and 
there were registered at the Labour Exchanges on 
that same date vacancies for 5,576 bricklayers. Surely 
the right way for the operatives to ensure the carrying 
out of the housing programme and, at the same time, 
give a helping hand to ex-Service men was to grant the 
demand of the ex-Service men for admission to the 
trade, Speaking in the debate, Mr. Barnes said that 
the speakers on the Labour benches had failed to offer 
any practical suggestion for getting over the present 
difficulty, or as to the cause of the present spell of un- 
employment, nor had they given the slightest indica- 
tion that they would induce labour to take its part 
in getting the country back to normal conditions. 
The resumption of trade with Russia would not help, 
because there was nothing to be got out of Russia. 
Mr, Barnes added that one cause of unemployment 
was that the world was disrupted by the war. Another 
was the paralysis of industry through lack of confidence 
as a result of industrial disputes and strikes. During 
last year 27,000,000 days had been lost by strikes. 
He deplored the attitude of the bricklayers towards 
unskilled ex-Service men, 





Continuing the debate, Mr. Renwick stated that 
strikes and threats of strikes had led to the loss or 
cancellation of orders, and, as in the case of the coal 
strike, to the loss of foreign markets. Mr. Sexton 
said that Labour based their demand for higher wages 
on the increased cost of living, and, if the cost of living 
went down permanently, they could not ignore an 
application for a reconsideration of the whole question. 
In the course of his reply, Mr. Lloyd George referred 
to the provisions now made for unemployment insur- 
ance, and to the means taken for giving employment. 
He added: “ ... This country depends more on 
export, on international trade, than any country, 
and, if international trade fails, 1 do not care what, you 
do by legislation in this House, by administration 
outside, or by expenditure of public money, you will 
have nothing but starvation and ruin.... Mr. 
Clynes has moved an amendment in which he expresses 
regret that there is no mention in the King’s Speech 
of legislation recognising the right of the genuine 
unemployed to work. ‘Does he mean everybody's 
right to work, or simply the right to work with a trade 
union permit? Mr, Clynes wants legislation recognis- 
ing the right to work; has a trade union the right to 
veto? Take the building trade; there are plenty of 
able-bodied men wanting work, men who have served 
the country well, and who, if anybody, have earned 
the right to work. Why are they not working? The 
trade unions which demand the right to work 
are preventing them. It is a sham and hypocrisy. 
These 50,000 men have got to be maintained by the 
State at the present moment. .. .” There voted for 
5 Clynes’ amendment 84, and 262 against, a majority 
of 178, 





We read in The Railway Review for the 18th inst. 
the following: ‘‘ It has been said that the safest place 
in the world is within a British express passenger 





train, and it is a fair claim to make be ee om ho 
the railwaymen’s trade union has been the main 
inspiring factor in achieving such a result. The story 
is a proud one; it has been told from the platform, 
in many books, and the files of this journal (The Railway 
Review) are a history of the part the union has taken, 
in making railways safe for those who use them.” 
The editor of the journal in question to over- 
look the improvements and developments in railway 
construction and railway working which have made for 
safe travelling, very few of which are even indirectly 
traceable to the N.U.R. and to its 
A.S.R.8. 


A Central News representative was informed last 
week at the offices of the Mining Association of Great 


Britain that there was no truth whatever in a state-| the 


ment recently made, according to which the coal- 
owners had issued secret plans to cut down wages, 
In regard to the allegation that the coalowners were 
applying for the closing of certain mines as of 
the planned conspiracy against miners’ wages, a 
coalowner said the following: “The reason for the 
applications is simply, as Mr. Hodges stated, that the 
export market is dead, and the inland trade is limited. 
The simple truth is that the colliery owners cannot 
get rid of the glut of coal due to these causes, and 
with the present high rate of wages they have no 
alternative but to close some mines as soon as 
necessary permission is obtained. No less than 75 per 
cent. of the cost of coal is due to miners’ wages, and the 
consumer is saying that he cannot afford to pay so 
highly for the services of the miner. There is, however, 
a ray of hope for the consumer. Recently the huge 
American export trade has been extended to this 
country—hitherto the home of the coal export trade. 
Only the other day one large gas omer bought 
largely of American coal at lower rates than they could 
buy British coal because they considered it their duty 
in the interest of the consumer to buy in the cheapest 
market. What America has done once can be re 

and if the exorbitant costs of production lead to the 
closing of British pits, the consumer will at any rate 
benefit by cheap American coal. If the coal trade 
were decontrolled, and the high costs continued, the 
owner would be able to do better financially by closing 
down his pits, buying American coal, and selling it 
to the British consumer. But the owners have no 
intention of doing this.” 





In our last issue we referred to the possible strike 
of members of the Associated Society of Locomotive 
Engineers and Firemen, under the guidance of Mr, 
Bromley, the general secretary, on the matter of the 
Irish troubles we mentioned. It was announced last 
Friday that, following upon a meeting of the executive, 
a telegram was sent to the Prime Minister saying: 
“This Executive Council hereby place on record our 
appreciation of the opinions expressed by our members 
in connection with the above matter, and also accept 
with pleasure the expressions of goodwill forwarded to 
us from other trade unions and bodies. Whilst 
adhering to our original intentions to have the matter 
thoroughly inquired into by the Government, with 
facilities being given to the representatives of the 
parties affected to be present, we feel that as the public 
(although not agreeing with the strike policy) have 
expressed themselves as favourable to our demands for 
proper inquiries being held, and that the continuance 
of the strike arrangement may create an atmosphere 
unfavourable and prejudicial to such inquiries, and the 
results of same being given to the public, we, therefore, 
in the interest of the public, who so loyally have 
supported our demand for the inquiry, and to facilitate 
the inquiry being made, hereby decide, and instruct 
our members to present themselves for duty in the 
usual course, and not to strike on February 20, as 
previously instructed, or in the future, on this question, 
unless further instructions are issued by this Executive 
Committee.” 

We believe “the public” will learn with much 
surprise from the above resolution that the executive 
of the A.S.L.E. and F. are so deeply indebted to them. 
In view of the threats pronounced by Mr. Bromley, the 
resolution is, to our mind, one of the lamest éver 
issued by a labour organisation. 





In a written reply to a question oe oP 
decontrol of the coal mines, Mr. Bridgeman, M.P., 
Secretary for Mines, stated that the aggregate 
of the coal-mining industry (after deduction of owners’ 
standard profits and certain statutory charges) were 
estimated to have slightly exceeded 20,000,0001. for 
the period from April 1, 1919, to September 30, 1920. 
It was impossible to give a later estimate yet. Any 
credit balance that remained was being rapidly 
diminished by the present depression in the industry. 
He also stated that, according to his information, 
the announcement that a lock-out had been arranged 


profits | the nga ry to help found the Industrial Le 
Council. e King bas now endorsed the id 





by the Coal Owners’ Association in order to force a 
reduction of wages was absolutely without foundation. 





A deputation claiming to be representative of 
30,000 signalmen called at Unity House, last Tuesday, 
and handed in a resolution stating that they were tired 
of waiting for the result of the negotiations on their 
behalf, and adding that should a satisfactory settlement 
not be reached at an early date a meeting of the 
National Council would be convened with the object:of 
utilising the machinery of the national signalmen’s 


the | movement to bring about a strike of signalmen. They 


state that e grade, except themselves and the 
shopmen, has obtained the standardisation promised 
after the last national strike. We referred, on page 167 
ante, to the negotiations which are proceeding between 
gamated Engineering Union and the N.U.R., 
with regard to the standardisation of the wages of 
tailway shopmen. 
Speaking last Monday at the twenty-first annua 
ordinary general meeting of the Northumberland 
Shipbuilding Company, Limited, Mr. R. A. Workman, 
the chairman, said generally speaking business 
for the year ended June 30 last was excellent, but all 
the associated ss were handicapped for want of 
steel plates, and to prevent trouble with customers 
and to secure supplies, contracts were placed and other 
steps taken with the object of keeping the yards fully 
employed. Owing to the subsequent cancellation of 
contracts for building, these arrangements had to be 
modified, and the loss in connection therewith had been 
distributed amongst the associated companies, and was 
partly provided for in the accounts. It was difficult 
to forecast the future, but at the moment Doxfords, 
Monmouth Shipbuilding Company, and Howdon-on- 
Tyne were almost at a standstill for want of work, 
while, although able to take further orders, the Fairfield 
Shipbuilding and Engineering Company and Workman, 
Clark and Co., had cient steamers building to ensure 
good results for the current year’s trading. Ship- 
building at the moment, like the majority of trades in 
this country, was in a peculiar position, and perhaps 
was in a more difficult position than ordinary trade 
would warrant, owing to the Government putting on 
the market some 200 or 300 German steamers, some 
of which were quite modern vessels, at a price much 
below the cost of construction. These steamers were 
being sold gradually, and it was hoped when they were 
i of, that new building orders would he placed. 
If costs of construction were brought down to what he 
might call a normal basis, whether such reduction was 
procured by greater production for the wages paid 
to workmen, or by a reduction of wages as a result of 
the falling cost of living, or by a combination of both, 
then, he added, we should very soon see a return to 
days of real prosperity, when the employees would 
receive a wage commensurate with the work they 
produced, and employers would obtain a fair and 
reasonable return for the money employed in their 
business. 








It has become increasingly evident of late that if the 
unemployment problem is to be solved it will only be 
by the co-operation of the two essential factors, 
namely, “‘employer and employed,” or, as commonly 
stated, “‘ capital and labour.” The King, in his 
speech at the opening of Parliament last Tuesday, 
after alluding to the measure it was the intention 
of the Government to introduce relative to unem- 
ployment, said: ‘‘ I earnestly trust that these efforts 

ill be seconded by loyal and frank co-operation 
between employers and employed, for it is through the 
co-operation of capital and labour in a spirit of mutual 
trust arid confidence that an early solution of this 
grave problem is to be found.” The attitude of 
official labour, however, is in many respects proble- 
matical, and the Right Hon. G. N. Barnes, M.P., in 
the course of an interview referred to in the journal of 
the Industrial League and Council, said: ‘“‘ The 
Government have committed themselves through = 
King’s speech to the principle of co-operation in a 
diilises th tndenht a0 0a tn gut the best resulta. For my 
part I am glad of that because co-operation, good at 
any time, is especially desirable just now when the 
world is torn to pieces by the war. It is a principle 
which was inculcated during the war and one which 
was realised by labour ers at the time. It is a 
“ which led my old colleague, the Right Hon. 

. H. Roberts in 1915, when he was Junior Lord of 
e and 
— 
that organisation has for years been propagating wi 

ced success. I am sorry that the Labour 

did not avail itself of the opportunity that was 
_ to it on Christmas Day to co-operate with the 
vernment in devising ei and means to minimise 
the evil of unemployment. I think possibly if that had 
been done, there would have been an expediting of 
relief work, and, generally speaking, help given to the 
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rane in kind or in work more than has been 
done. e Labour Party chooses rather to play the 
part of the critic. It is the easiest part, but what we 
want just now is construction, and one fails to find 
much in the way of construction, or even in the way 
of facing the facts on the part of these who ought to be 
leading. I hope still that the principle incorporated 
in the King’s speech may yet be put into operation 
by all those who really have the interests of the un- 
employed at heart,” 





GERMAN INDUSTRIES. 
Tue Zeitechrift des Vereines deutscher I 


e for 





February 12, ~~ the following information on the 
a iedrich-Alfred Hiitte, Rheinhausen, taken from 
the 


pp monthly magazine for December. The plant 
now comprises 10 blast furnaces, the largest of which 
have a capacity of 600 cub. m. (21,200 cub. ft.), also 
other furnaces for the making of special pig-iron alloys, 
the whole plant taken together forming the largest of its 
kind in Europe. The blast furnaces are in a line and 
each has, as the case may be, four or five hot blast 
stoves, 34 m. (110 ft.) a. The required blast is 
supplied by 20 gas-driven blowing engines which are 
located in five separate buildings and supply together 
20,000 cub. m. (706,330 cub. ft.) per minute. There are, 
as a standby, four compound, steam-driven blowing 
engines, each having a capacity of 840 cub. m. (29,670 
cub, ft.) per minute. On a line with the blast furnaces 
are the coke ovens, in three sets, of each 60 ovens. 
The basic converter plant consists of six converters of 
each 25 tons, served by a large gas-driven and two steam- 
driven blowing engines. The former open-hearth furnace 
plant, which consisted of two 30-ton and three 40-ton 
furnaces, has been increased by four 80-ton to 85-ton 
tilting furnaces. The article proceeds to refer to 
the developments made in the rolling mill plant, and 
states that the works are served by 21 normal-gauge and 
14 narrow-gauge locomotives, the wagon stock consist- 
ing of 440 normal gauge and 110 narrow-gauge wagons. 
Tho tracks throughout the works total a length of 78 km. 
(about 50 miles) normal gauge, and 24 km. (about 15 miles) 
narrow gauge. The blast furnace slag is utilised for the 
manufacture of cement, the capacity of the Rheinhausen 
cement works being about 70,000 tons of cement per 
annum, which corresponds to the utilisation of 60,000 
tons of slag. We gave an illustrated description of these 
works in former issues (ENGINEERING, vol. xcvi, pages 
309 and 416), and stated that the nine blast furnaces 
then running (in 1913) had a maximum annual output 
of 1,250,000 tons. The coke oven plant then consisted 
of two sets of each 60 ovens, the total daily coke pro- 
duction being 800 tons. The five basic steel converters 
existing in 1913 gave an output of 620,000 tons annually, 
which, it was said, could be increased to 780,000 tons. 
In 1913, the open-hearth steel plant contained three 
35-ton and three 45-ton basic furnaces, the annual output 
of which was stated to be 120,000 tons, the total annual 
capacity being given as 140,000 tons. The four new 
80-ton to 85-ton tilting open-hearth furnaces will tend 
to decrease the difference between the Krupp output 
of blown steel and of open-hearth steel. It should 
be borne in mind in this connection that in the annual 
allotments of commercial material, rails, girders, &c., 
made by the Stahlwerksverband, many other German 
works were intrusted with the manufacture and supply of 
larger quantities than Messrs. Krupp, this pointing to 
these other works having a larger everyday commercial 
capacity than even the Krupp establishments. 

In the Moniteur de la Flotte, for February 19, we read 
that the organisation in Germany of a trust to group 
together the private and the Government shipbuilding 
yards is being considered: the new organisation would be 
capable of raising the German shipbuilding output to 
1,500,000 tons annually. The 200,000 tons to be built 
during five years for the Allies would thus easily be dealt 
with ; the German merchant marine, moreover, would 
be reconstituted in less than ten years and would 
then be stronger and better equipped than in 1914. 
This programme, the French journal adds, is connected 
with one providing for the necessary raw materials, and 
in this Germany reckons upon 8,000,000 tons of 
iron ore mined within her own borders, also on Swedish 
and Spanish exports and on 1,500,000 tons of Lorraine 
ore which she hopes to obtain in exchange for her 
Westphalian coke. 

A third article, contained in Stahl und Eisen, for 
February 10, is interesting, taken in conjunction with the 
above. It rts to deal with the “‘ Future Prospects 
of the Italian Iron Industry,”’ but touches only the fringe 
of the subject. It says that when one speaks of the 
Italian iron industry one deals with a matter (“‘ Gegen- 
stand ’’ = object) the actual expansion of which, in 
comparison with the corresponding dev t in other 
European countries, is a very modest one. It, therefore, 
hardly comes into play in the shaping of the larger 
economics of the world. Further on, the article says, 
that on considering the situation of the Italian iron 
industry it is found that in several respects there is a 
similarity with what obtains in Germany. In Italy, as in 

rmany, there is a lack of raw materials and coal. 
The causes, however, are different. 
lack is due to the peace terms which took from her the 
t ore deposits and imposed upon her a huge tribute 
in the shape of coal supplies; in Italy, on the other 
hand, the lack is due to natural causes. article then 
deals briefi with the Elba iron ore deposits, wage 
questions, the socialistic movement, &c., and in one 
part says that “the Italian currency received at one 


Sane cuetheg blow, since other countries saw with 


In Germany, the | the 


this third article does not conclude by saying ‘“‘ Codlin 
is the friend, not Short,’’ but that is most probably 
the point he wants to make. 





THE FISHER OIL FUEL BURNER. 

Tue difficulty of maintaining the whirling motion 
often aimed at in liquid fuel, over a wide range of con- 
sumption has led to the adoption in the United States 
Navy of a burner introduced by Commander J. 0. 
Fisher. This is a development of an atomiser applied 





to an internal n engine, a —- 
in the accompanying Figs. 1 to 4. In this burner the 
iced to Seralibedl ch © bing oxubewar which han ¢ 
central hole and four tangential grooves on its conical 
face, continued the side of the plug head. This 
plug fits into the hollow burner oe y &@ CO ring 
which is perforated being put in the ann space 
surrounding the plug shank, An outer pipe screwed 
into the head keeps the plug and ring in ition, An 
inner pipe is fixed to the plug shank, and in the hole of 
the latter is a spindle with a coarse thread. Oil is 
supplied to the burner through the annular space between 
the outer and inner pipes, and passing through the 












PLUG SHOWING 
INGENTIAL CHANNELS. 





SS 














eaninas i: 


SS 


Wy eecdaccddeacceeddbdedded 






rd 
SS 


Ys 







Ulli tly 
WSS 
— 

ROMOOOMAH4y 


wr 




















SS 
Sy 





(ua 


rforated copper disc enters the grooves in the plug 
a sets up a whirling motion in the small head chamber, 
and issues from the orifice in a spray. The surplus 
oil continues its whirling motion but is returned through 
the central pipe, the amount being regulated by t 
central spindle. The capacity of the burner is governed 
by the amount thus allowed to by-pass back to the pump 
suction, The amount of oil entering the slots and head 
is always the maximum, and the atomising effect is 
always the same whether the burner is working at full 
capacity or below it, the successful range being un- 
usually large. Thus it is stated in a paper on oil fuel 
burning, read by Mr. E. H. Peabody recently before the 
Society of Naval Architects and Marine Engineers, New 
York, that a burner capable of consuming 1,820 Ib, 
of fuel was successfully operated on test at 250 Ib. per 
hour, while smaller burners of a capacity of 800 lb. 
per hour were used effectively at 80 Ib., the range been. 
effective down to 10 per cent. of the maximum, ins 
of about 50 per cent. as in the ordinary burners in use. 
In a modification of the Fisher burner the central spindle 
is replaced by a valve in the return line so that several 
burners can be controlled simultaneously. 





ABRASION AND THE Harpness or Sreets.—The 
Bureau of Standards has made an interesting investi- 
gation on the influence of abrasion on the hardness 
the various types of steels, according to The Iron Age, 
“In all cases except the high-carbon austenite steel,” 
says their report, ‘‘no pronounced effect of abrasion upon 
the steels used in these experiments was observed. In 
all cases the hardness of plain carbon steel containing 
0-85 per cent. shows the greatest increase in hardness. 
The alloy steels generally show a smaller increase in 
hardness of abraded surface than plain carbon steels, and 
in some cases they show a decrease of surface hardness. 
High-carbon austenitic steel shows a marked 
of Brinell and scleroscopic hardness, This process of 
abrasion viewed in the light of Beilby’s theory may be 
considered as resulting in the uction of amorphous 
matter at the expense of crystalline matter which affects 

hardness of the abraded surface of the metal, but 
probably not the general character of its structure. Asto 
the increase of Brinell and scleroscopic hardness of high- 
carbon austenitic steel, the following explanation may 
be suggested : i to Benedick ’s pressure theory 
the martensite should be present in a greater emount on 
the lower layer of the examined specimen than in 
inner portion, and it seems possible that if the surface 
layer is ground away the next or more austenitic layer 





great 
strust Italy’s commercial expansion,” The writer of 


should be found to be somewhat softer.”’ 


ROYAL METEOROLOGICAL SOCIETY. 


TxeE usual monthly meeting of this Society was held 
on Wednesday, the 16th inst., in the Society’s Rooms, 
70, Victoria-street, Westminster, Mr. R. H: Hooker, 
M.A., F.8.8., President, in the chair. Mr. M. De C. 8. 
Salter read a paper on “ A New Method of Constructing 
Average Monthiy Rainfall Maps.”’ In 1914 the author 
pointed out that isomeric rainfall maps, prepared from 
a few hundred average monthly values of rainfall by 
plotting the percentage which each month’s a 

re to the yearly average, could be utilised in the 
preparation of isohyetal maps, showing the actual 
distribution of the average fall in each month. For the 
present purpose @ new series of isomeric maps for the 
period 1881-1915 has been on the scale of 
20 miles to 1 m,, from 550 . A map showing the 
distribution of average annual rainfall for 35 years has 
been compiled on the same scale (1) from Dr. H. R. 
Mill’s survey maps on the scale of 2 miles to 1 in., pre- 
pared from all available data, and (2) by computing 
1,700 — average values for the districts not yet 


The twelve monthly isomeric maps and the annual 
map were ruled in a of lines, 10 miles 
apart, and values were interpolated at each of the points 
of intersection. The twelve evaluations for 
each point were collected an ly applied to the 
value from the annual map, thus obtaining twelve 
monthly rainfall values applicable to the point in ques- 
saoan, Soqutune unre diaeaal on ty Aa 
maps, wi act average ues for 

550 stations a utilised, and the whole were used 


as a basis for isohyetal lines. In areas where the rainfall 
gradient were steep, or the distribution involved, 
values were computed for additional in iate points 


in the same manner. 

The whole gave 2,573 values for each month and left 
no space of more than 10 miles without some means of 
controlling the drawing of the lines. The paper discusses 
the limits of error introduced by the method. The 
weakness of average monthly rainfall maps based entirely 
on directly reduced data lies in their want of homo- 

neity and consequent masking of the type of distri- 
exten which is the key to a correct interpretation of the 
causes underlying the seasonal variations of rainfall. 
The method now put forward appears to a large extent 
to overcome this difficulty. 

The secretary read a second paper, by Mr, G. Auborne 
Clarke, of Aberdeen Observatory, entitled “‘ An Unusual 
Pilot Balloon Trajectory.” It is at Air 
Ministry meteorological stations to send up pilot 
balloons in order to obtain information of the direction 
and velocity of the wind aloft. Provided that the air 
is travelling horizontally the rate of ascent of the balloon 
will remain fairly uniform, and, therefore, the calcula- 
tion of the balloon’s path will give dependable results, 
even though the balloon is observed by one theodolite 
only. But it sometimes happens that eddies cause 
ascending and descending currents in the atmosphere, 
which affect the calculated results of the flight. On 
the date in question a balloon, observed by one theodolite, 

ursued @ course so erratic that its ts, if calculated 

y the method applicable to the one-theodolite ascents, 
would have shown a wind of over 110 miles per hour 
from W.S.W. at 2,500 ft., with a return wind of similar 
velocity from E.N.E. only 500 ft. higher. Such con- 
ditions in the atmosphere being extremely improbable, 
an endeavour was made to deduce the magnitude of the 
vertical currents, and it was found that the path 
described could be accounted for by a descending current. 
of about 6 miles per hour followed by an ascending one 
of somewhat similar velocity. 





Tue InstirvTiIon or Enocingeenrs (Inp1a).—An Institu- 
tion has been formed in India, under the foregoing title, 
composed of all classes of engineers, civil, mechanical or 
electrical, concerned with work of the profession and 
industry in that country. It is stated that some 500 
members had been elected by the middle of January, 
and the inaugural meeting was to be held on February 23, 
when His Excellency the Viceroy and His Excellency the 
Governor of Bengal were expected to be present, The 
council consists of a long list of names, many of them 
well known in connection with Indian affairs, and also 
in the circles of the Institution of Civil Engineers and 
Institution of Mechanical Engineers. The secretary of 
the new institution is Mr. H. W. Brady, M.I.Mech.E., 
the offices being at Clive Buildings, (Post Box No, 669), 


of | Calcutta. 





Temporary Power Piant aT THE Cork Forpson 
Factory.—Owing to a strike of the employees of the 
Cork Electric Tramway and Lighting Company, the 
Fordson Factory in Cork was notified on the morning 
of February 4, that all power would be cut off at noon 
that day. It was deci to utilise Fordson tractors 
as a substitute. By the time the outside supply failed 
half the department were working under their own power 


decrease | in this way. By 8 a.m. the next morning the foundry 


was going in full swing, tractors replacing motors on the 
blowers and com rs, rattlers, &. Current for 
small machines and for lighting was supplied by a 

of 12 tractors driving a length of line shafting from whic 
dynamos were driven. Six 20 h.p. and four 25-h.p. 
electric motors were driven as dynamos, while one tractor 
drove a 20-h.p. motor to supply the shunt field ourrent 
required by the others. The system of the shop was 
460-volt three-wire direct current, and a balancer had to 
be provided. This consisted of two 20-h.p. motors 
direct coupled. The installation gave an av output 
of 200 h.p. and worked admirably. As the news of the 
substitution got about demands came in for the supply 





of tractors to other works in the city. 
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THE FIRE FLOAT “PHCNIX” FOR THE BRISTOL CORPORATION. 
CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LIMITED, ENGINEERS, GREENWICH. 

Fig.1, ’ ' Fig. 3. 
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Messxs, MERRYWEATHER LimIrep, 


AnD Sons, 
Greenwich, delivered a few weeks ago, by way of the 
Thames and Avon canal, to the Bristol Corporation, 
the motor-driven fire boat Phoenix for the protection 
of waterside property and shipping in the dock area 


under the jurisdiction of the corporation. The boat 
is illustrated in Figs. 1 to 7 on this and the opposite 
pages, Figs. | to 4 showing the general arrangement of 
the machinery in the engine room, Fig. 5 the boat 
ready for service in Bristol harbour, Fig. 6 the 
arrangement of the machinery in the engine-room 
looking aft; whilst the view, Fig. 7, illustrates the 
Merryweather Hatfield pump as adapted for marine 
purposes, The hull has the following dimensions : 
Length, 50 ft., beam, 12 ft.; draught, 2 ft. 9 in. 
It is constructed of timber throughout, with oak 
scantlings and 1}-in. pitch pine planking. It has a 
flush deck from the bow to the aft engine-room bulk- 
head, where a navigation well is provided to allow 
of sufficient head room for the pilot and crew when 
passing under the low swing bridges in the docks, the 
bridges being only 7 ft. above the water line. A cabin 
is forward, having sleeving accommodation for two 
men ; aft of the cabin is the accumulator compartment, 
and aft of this latter, the engine room which occupies 
the greater part of the boat. 

A special feature of the machinery equipment, as 
will be seen from Figs. 1 to 4, is that it is in duplicate ; 
should, therefore, any repair be necessary to one unit, 
the boat would not be put out of commission. This 
arrangement has another great advantage in that 
one engine could be used for towing away a craft on 
fire, the other engine being used simultaneously for 
extinguishing the fire on the craft being towed. Each 
petrol engine has four cylinders, 135 mm. in diameter, 
for a 150 mm. stroke, and develops 65 brake horse- 
power at 1,050 revolutions. The ignition system is also 
in duplicate. Both engines are provided with water- 
cooled forced lubrication and have each an electric 
starting gear. The petrol supply is on the “ auto- 
vac " system, the petrol being carried outside the engine 
room in each wing of the navigation well aft. The aft 
end of each motor crankshaft drives a bronze propeller 
shaft through a reverse gear of standard type, the 
forward end having metal-to-metal cone clutches 
which are thrown in and out of gear with the pump 
transmission by a hand-operated screw gear. 

The pumps are of the Me r patent Hatfield 
type, shown in the outside view, Fig. 7, and in Figs. 
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1 to 3. The main feature of these pumps is the 
single crank which operates three plungers in the same 
plane, a constant flow of water being thus maintained 
during every complete revolution of the crankshaft. 
The latter is carried in long gun-metal sleeve bearings 
on flange side-covers which totally enclose the whole 
of the working parts. The pumps are throughout of 
gun-meta]l. Each barrel has a separate valve chamber 
closed by a single cover, the three chambers being 
connected by large water ways forming the body of 
the pump. The suction and delivery valves are of 
rubber and operate noiselessly ; they are so arran 
that the space between them is almost entirely filled 
by the plungers on the completion of the delivery 
stroke. A remarkably high vacuum is thus obtained 
during the suction stroke, and owing to this water can 
be drawn into the pump from the greatest possible 
depth. A_ bye-pass valve is fitted betweén the 
suction and delivery passages, by the adjustment of 
which any quantity less than the full amount displaced 
by the plungers can be delivered, thus enabling the 
pump to work under all circumstances at a sufficient 
number of revolutions to ensure the smooth running 
of the prime mover. The bye-pass valve also facilitates 
starting, as by its means the load of the pump on 
the engine can be relieved when starting up and the 
full load ually applied. The pumps in the Phenix 
have a capacity of 500 gallons per minute, and 
we may here mention that they are of the same size 
and type as those fitted in the London fire boat Delta. 
As will be seen from Figs. 2 and 3, they are mounted 
on the centre line of the boat, in the forward part of 
the engine-room; they are driven through silent 
chain speed-reducing gear by the same engines which 
propel the boat. The pump suctions are connected 
to the sides of the hull below the water-line by full-way 
sluice valves and strainer boxes having quickly detach- 
able perforated plates. The deliveries are piped to the 
deck through fullway valves; they are connected to 
a six-way deck fitting having separate rack valves 
for the connection of fire hose and to a double-swivelling 
monitor fitted with irreversible worm gearing. 

A very complete electric equipment is provided for 
lighting the boat and for starting the engines. A 1-5 
kw. generator driven by a single-cylinder petrol engine, 
located in the port side of the engine-room supplies 
current for these purposes to a large accumulator of the 
shop lighting type. A swivelling searchlight is fitted 
on deck together with a very powerful electric hooter, 








The contract speed of the boat was 10 m.p.h.; the 
average of three runs each way with and against the 
tide, showed that this speed was exceeded by 10 per 
cent., a very gratifying result. We witnessed the 
trials of the boat on the Thames a few weeks ago, 
previous to her delivery at Bristol, and were impressed 
with the very prompt manner in which she got under 
way the moment the driving gear was engaged, with 
her acceleration when ringing on from slow to full 
ahead, and finally with the admirable manner in which 
she was brought up dead almost immediately her 
engines were reversed. The boat therefore appeared 
a most easy one to handle. She can turn in her own 
length. The pumping performance was remarkable 
also, since on the day of the trial on the Thames, a 
windless one, a 2-in. jet of water was thrown from 
the monitor on deck to a height of about 180 ft. in the 
air vertically. We understand that the Bristol Corpo- 
ration were greatly satisfied at the result of the official 
test carried out last month under their supervision. 

Owing to the rapidity with which petrol engine 
driven fireboats of the type of the above can be sent 
out on the receipt of an alarm, and the celerity and ease 
with which the pumps can be started running imme- 
diately the scene of the fire is reached, they constitute 
a great improvement upon the older type of steam- 
driven fire floats, and there is every likelihood that in 
the near future they may replace the latter entirely 
in every port and anchorage. 





UNIVERSAL HAND DRILL ATTACHMENT. 

VeRyY many engineers in a small way, garage 
owners and others, have frequent use for the ordinary 
small breast drill. Every now and then it also becomes 
necessary to drill a number of detached pieces which 
could most easily be handled in a light sensitive 
drill. However, these occasions and quantities may 
not be numerous enough to warrant expenditure on a 
bench drill, and a small fixture which will enable the 
breast drill which is already in the workshop to be 
adapted for this purpose is, we think, sure to prove of 
value. A simple rig of this character has been brought 
out by the Phonix Engineering Company, Church- 
street, High-road, Lee, S.E. 13. It consists of a pillar 
mounted on a foot or base which can be screwed or 
bolted to the wooden top of a fitter’s bench, g 
two arms. Both arms are adjustable on the pillar. 
The drill is mounted in these arms, the upper one taking 
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the thrust at the end of the spindle, while the lower 
virtually takes the place of the operator's left hand, 
clamping the drill at the horizontal handle. Below is 
a small table, 6 in. in diameter, which is fed upwards 
by a treadle and push rod. The push rod carries a 
collar and spring which ensures the return of the table 
to its lowest position as soon as pressure of the foot 
isremoved. The feed being operated by foot the hands 
are left free so that one can manipulate the work and 
the other the crank handle of the drill. The height 
of the column is 22 in. The whole is very simple and 
is expressly designed to meet the requirements we have 
indicated above at small cost. 








PORT IMPROVEMENTS AT NEWCASTLE, 
NEW SOUTH WALES.* 


By Percy Auuan, M.Inst.C.E. 


NEWCASTLE, on the Hunter River, is the principal 
coal port of Australia, with a record export of 5,236,621 
tons for the year 1913. The source of supply has been 
extended in recent years by the development of the 
Greta coal measures, which have been estimated to 
contain 1,893,000,000 tons of workable coal above a 
depth of 4,000 ft. over an area of 158 sq. miles. In April, 
1908, representations were made as to increasing the 
then 20-ft. depth at the port entrance, 45 vessels having 
had to leave only partly loaded in the previous twélve 
months, 

Upon the removal of the Regent Murray wreck a 
trailmg dredger was put to work, and the sandspit 
removed, giving an additional 2 ft. 6 in. depth. It was 
then discovered that boulder formation extended over a 
considerable area, and clam dredgers were set to work, 
with the result that in October, 1921, 38,700 tons of 
boulders and rock had been removed, and the adver- 
tised depth of the port increased to 23 ft. 6 in. at low 
water spring tide. During the following six years this 
additional depth of 3 ft. 6 in. has enabled all vessels, 
with 17 exceptions, to leave the port loaded to full capa- 
city. 

Port Se aternarn -In December, 1908, port improve- 
ments were determined upon‘as follows : — 

(1) Extending breakwaters. 

(2) Extra wharfage and mooring accommodation, 

(3) Additional coal-shipping appliances. 

The question of extending the northern breakwater 
by 1.170 ft. at a cost of 102,500/., having been referred 
by Parliament to the Standing Committee on Public 
Works, an inquiry was opened in March, 1909. The 
author urged that an extension of the northern break- 
water only by 420 ft. was required to minimise the inflow 
of sand, which necessitated constant dredging, 573,000 
tons having been removed during 1909. But he advised 
that, unless the committee was pre to recommend 
the simultaneous extension of the two breakwaters by, 
aay, 420 ft., nothing should be done. At the same time 
he pointed out that with the extension of the northern 
breakwater the inflow of sand would be so reduced as to 





.. Abstract of paper read before the Institution of 
Civil Engineers, on Tuesday, February 22, 1921. 
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effect an estimated saving in the dredging bill of 3,000/. 
per annum, and that the extension of the two break- 
waters would be # sound commercial undertaking. The 
committee eventually reported in favour of the simul- 
taneous extension of the two breakwaters by 420 ft. at 
a cost of 90,000/., but effect was only given to that 
portion of the commiitee’s recommendation relating 
to the extension of the northern wall at a cost of 
34,7501. 

The breakwater is built of rough sandstone blocks, 
tipped to natural slopes, and weighing from 1 ton to 
30 tons. The cost complete was 33,453/., or 68. 2d. 
per ton in situ. In the 6} years ending November 2, 
1918, it has only been necessary to dredge 231,000 tons 
of sand at the entrance to maintain the “ 1912 "’ depths, 
Thus the extension of the breakwater has well fulfilled 
its purpose of minimising the inflow of sand, no dredging 
having been uired since November, 1915; the saving 
in dredging during the period has been 36,6901. » 

As the outcome of representations that the extension 
of the northern breakwater had seriously increased the 
range in the harbour, in 1911 the Standing Committee 
on Public Works recommended an extension of the 
southern breakwater by 460 ft. at a cost of 54,0007. The 
cross-section adopted had 6 ft. more freeboard than the 
northern wall. Work was started in January, 1913, but 
after an expenditure of 10,0007. without much gain in 
length, the work was stopped, and has not yet been 
continued. The author is of Opinion that until the 
southern breakwater is extended, vessels entering the 
port in heavy weather will be subjected to grave risk, 
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whilst the range will continue to cause trouble and 
complaint. 

Additional Wharfage.—in the year 1910 there existed 
9,500 ft. of Government coal wharfage. This, however, 
was considered insufficient, and the construction of a 
coal-loading longshore wharf was decided upon. The 
wharf—1,725 ft. long by 41 ft. 5 in, in width—is of 
timber, and carries six 15-ton high-speed electric travel- 
ling cranes, each weighing 209 tons, and costing 47,7001. 
complete. The filling behind the wharf is held up by 
a rubble mound and reinforced concrete plates, which 
are designed for a load due to locomotives weighing 
127 tons. The working stresses adopted for steel in 
tension and concrete in compression were 15,900 Ib. and 
480 Ib. - square inch respectively. 

Coal-Shipping Appliances.—The hopper wagons owned 
by the colliery proprietors are hauled by Government 
locomotives to the compound at North Carrington, 
where storage is provided for 5,000; the wagons are 
sorted and shunted thence to the feeder sidings at the 
cranes, Each hopper, weighing 30 cwt., and containing 
9 tons of coal, is lifted from the body of the wagon and 
can be lowered to the bottom of the ship’s hold, thus 
reducing breakage of the coal to a minimum, with a 
consequent lessening of the risk of spontaneous com- 
bustion. 

The coal-shipping appliances are owned by the Govern- 
ment and worked the Railway Commissioners ; the 
trimming of the coal is left with the shipping companies, 
and as a large proportion of the vessels taking coal 
cargoes are not specially built for the purpose, the output 
of the different coal-shipping appliances is limited to that 
of the speed of trimming. Including the six recently 
installed electric cranes the estimated output of the 
shipping appliances of the port at the present date is 
9,500,000 tons per annum. 

Electrie Travelling Cranes,_-The main features of the 
design are the method of distributing the loading on the 
live ring of rollers, the high speeds and the low unit- 
stresses adopted. The machinery for hoisting, slewing 
and travelling is actuated by separate direct-current 
series-wound electric motors, driven by current taken 
from a third rail running the whole length of the wharf. 
The current is supplied from the tramway power house 
about 2 miles away to a sub-station at Carrington, and 
thence to the third rail, The cranes were constructed 
by Messrs. Cowans, Sheldon and Co., of Carlisle, and upon 
erection in situ were subjected to a series of tests with 
a 15-ton load, the following being the results obtained :— 


Hoisting, 118 ft. per minute. 

Slewing, 366 ft. per minute at 55 ft. radius, 

Traversing (with a flying start of 10 secofids), an 
average of 139 ft. per minute over 100 ft. 


The contract price for the six cranes, complete and 
ineluding conductor rail, was 48,197/., delivered New- 
castle, 

The north breakwater extension was designed by 
Mr. E. M. de Burgh, M.Inst.C.E., and was carried out 
under the supervision of the author. The wharf was 
designed by the author, and was carried out under the 
supervision of Mr. H. A. Blomfield, M.Inst.C.E, Mr. W. 
Shellshear, M.Inst.C.E., consulting engineer in London 
to the New South Wales Government, supervised the 
manufacture of the cranes, whilst the reassembling in 
situ was carried out by the Government Dockyard 
authorities at Newcastle. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the annual general meeting held on February 11, 
at the Imperial College of Science, Professor Sir W. H. 
Bragg, F.R.8., president, in the chair, the report of the 
council was read by the secretary, Mr. F. E. Smith. 
The report was unanimously adopted. The report of 
the treasurer was also read by Mr. W. R. per, 
and was unanimously adopted. Votes of thanks to 
the honorary auditors, the officers and counci], and 


the governing body of t#® Imperial Col were unanim- 
ously ‘passed, the respective cna seconders 
being Dr, Chree and Dr, Lister, Mr. Clark and Dr. Borns, 


Dr. 'Lhomas and Mr, Paul. 

The scrutators, after examination of the ballot papers, 
declared the officers and council for the ensuing year to 
be elected in accordance with the followi list :-— 
President : Professor Sir W. H. , C.B.E., M.A. 
F.R.8. Vice-Presidents (who have filled the office of 
President): C, Chree, 8c.D., LL.D., F.R.S.; Professor 
H. L, Callendar, M.A., LL.D., F.R.8. ; Professor R. 
Clifton, M.A., F.R.8.; Sir Richard Glazebrook, K.C. 
D.8ec., F.R.S.; Sir Oliver J. Lodge, D.Se., F.R. 
Professor C. H. Lees, D.Sc., F.R.S.; Professor A. W. 
Reinold, M.A., F.R.8.; Sir Arthur Schuster, Ph.D., 
Se.D., F.R.8. ; Sir J. J. Thomson, O.M., D.Sc., F.R.S. ; 
Professor ©, Vernon Boys, F.R.8. Vice-Presidents : 
Professor W. Eccles, D. 
M.A., M.8e., F.R.S. ; 


Dey 


t Hon, Lord Rayleigh, 
F.R.8.; Professor Sir Ernest Rutherford, D.8c., F.R.S 
Secretaries: F. E. Smith, O.B.E., F.R.S., National 
Physical Teddington; D. 


Laboratory, 

D.8e,, 62, be nay orm mn N. — 
secretary: Sir hur Schuster, Ph.D., Sc.D., F.R.8. 
Treasurer: W. R. Cooper, M.A., B.8Sc., 82, Victoria- 
street, 8.W.1, Librarian: Professor A. O. Rankine, 
D.8e., Imperial College of Science and Technol 
Other bers of il: G. B. B , D.Be.; C. R. 
Darling, F.1.C.; Professor C. L. , O.B.E. ; 
E. Griffiths, D.8c.; F. L. Hopwood, D.8c.; E. H. 
Re , M.A., D,Be. ; A. Russell, M.A., D.Sc. ; T. Smith, 
B.A.; J. H. Vincent, D.Se., M.A.; Professor W. B. 
Morton, M.A. 

After the conclusion of the general business a discus- 
sion on “ Absolute Measur ts of Electrical Resistance, 
and Instruments Based on the Temperature-Variation of 
Resistance,” was held, 

Sir Richard Glazebrook opened the discussion with a 
historical review of the work of early workers on absolute 
resistance measurements and the ually increasing 
accuracy which had been obtained in such measure- 
ments with the development of improved methods and 
apparatus, 

r. F, E. Smith wished to confine himself to two sug- 
stions. The first was that the accuracy of absolute 
leterminations being now in excess of the accuracy 
with which the International Mercury Standard could 
be reproduced, such a standard was now useless, and 
workers should express their results in true ohms rather 
than in international ohms. His second jon 
was that teachers should familiarise their students with 
absolute methods of resistance measurement, and he 
showed a simple apparatus with which such measure- 
ments could be in the laboratory in a few minutes. 











Professor H. L, Callendar explained the principles of 
nn , Ron rature-comp ted resist Coster: and 
exhibi 


various resistance thermometers for special 
purposes and several instruments for radiation measure- 
ments. 

Mr. C. R. Darling described the early work of Siemens 
on resistance thermometry. Major Tucker exhibited 
and described his hot-wire microphone. Professor J. 
T,. McGregor Morris exhibited and described a robust 
and portable hot-wire anemometer. Miss Hai -Ash, 
in the absence of Professor Leonard Hill, exhibited and 
explained the latter's “ Calcometer.’’ Mr. E. A. Griffiths 
exhibited and described a resistance gauge for measuring 
the depth of liquid in a tank. Mr. A. H. Davis read a 

per on “ An Instrument for Measuring C. Heat.” 

r. J. 8. G. Thomas exhibited and explained his direc- 
tional hot-wire anemometer. Dr. Daynes, in the absence 
of Dr. G. A. Shakspear, exhibited and explained the 
latter's permeameter. Other instruments were 
exhibited, but, owing to the lateness of the hour, were 
not described. 





ELECTRIFICATION OF THE PAULISTA RAILWAY, Brazit. 
—An extraordinary general meeting of the Paulista 
Railway Company, held on December 20, passed a 
motion by more than a two-thirds majority for an 
increase in the capital of the company from 100,000 
contos of reis to 132,000 contos, by the issue of 160,000 
shares of Rs, 200$ each. This increase is to meet the 
expenditure to be incurred in the electrification of the 
system, 





Sprerrications or Sranpatp | WaTER Pipes AND 
Firtmes.—The Standing Committee on Water Regu- 
lations of the British Waterworks Association has now 
completed the revision of the ifications of standard 
water pipes and fittings. T British Waterworks 
Association took over the powers and duties of the late 
Incorporated Joint Committee on Water tions, 
which was wound up in voluntary liquidation in Novem- 
ber, 1919. That Joint Committee issued specifications 
in 1908, which were revised in 1912 and supplemented in 
1913. These specifications have been revision 


under 
during the twelve months, and the first issue of the 
1921] re edition of the specifications is now available 


upon application to the Secretary, British Waterworks 
daatilon, Metropolitan Water Board , New 
River Head, 173, Rosebery-avenue, London, E.C. 1, at 
5s, per copy. 


. | approximating 15/. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—It is difficult to say whether the 
worst has been in the heavy i ing sections, 
or whether a further extension of depression will be 
experienced. Optimistic manufacturers assert that the 
tide has turned, and that an early improvement may be 
looked for. This view is supported by the fact of a 
further increase in the number of inquiries from overseas 
buyers, but consumers both at home and abroad are 
very loathe to enter into actual contract commitments. 
The result is that more employees are being released, 
Sheffield’s total of unemployed now e 16,000. 
The balk, of See ee ae oe . The 
more rapid expansion of unemployment in i i 
section to some extent oat checked by the wider 
adoption of a short working shift. Considerable activity 
is still to be found in departments manufacturing railway 
material and i . The demand for springs is 
such that work be found for more spring-smiths 
if these were available, but the dearth of a; ices 
continues. At the same time manufacturers of railway 
stock are having to exert themselves to their utmost to 
secure anything like a fair proportion of the new business 
on offer, A num of contracts from those who 
formerly were regarded as Sheffield’s icular customers, 
notably in the case of South American Railways, have 
gone to Germany under the influence of reductions 
to 201. a ton. There is not much 
improvement in the steel-making section. are 
working fitfully. Business in steel-making alloys is 


ically non-existent for the time being. market 
or pig-iron is weak, ly as the it of increased 
importations. An abundance of scrap, both iron and 


steel, is available at cheap rates, but the demand from 
steel makers is only of a very moderate character. 


South Yorkshire Coal Trade.—The general offer of 
slacks much below listed prices has not greatly affected 
stocks at colliery sidings. Short-time working is 

neral, and pits find increased difficulty, owing to wagon 

ge, in meeting the demand for large coal, cobbles 
and nuts. The demand from the cotton industry 
and coke-producing works has rarely been smaller. The 
call for best qualities of house coal has materially 
improved. Merchants have a considerable number of 
orders on their books. The prospect of increased prices 
acts as a spur to purchases. Quotations :—Best branch 
hand icked, 378. 2d. to 38s. 2d. ; Barnsley best Silkstone, 
378. 2d. to 378. 8d. ; Derbyshire best brights, 35s. 2d. to 
36s. 2d.; Derbyshire house coal, 32s. 8d. to 338. 2d. ; 
Derbyshire best large nuts, 328. 8d. to 33s. 8d. ; Derby- 
shire small nuts, 31s. 8d. to 328. 8d.; Yorkshire hards, 
328. 8d. to 33s. 8d.; Derbyshire hards, 32s. 8d. to 
338. 8d. ; rough slacks, 28s. 2d. to 29s. 2d. ; nutty slacks, 
278. 2d. to 288. 2d. ; smalls, 238. 2d, to 248. 2d. 





Prrsonat.—Messrs. Alexander Jack and Co., Limited, 
crane makers, Motherwell, state that they have yom 
Mr. William Sharp, Assoc.M.I.Mech.E., their London 
District tative. Their London office address 
will now 1l, Pancras-lane, Queen-street, E.C. 4. 
Telephone number, City 8566.—The Institution of 
Locomotive Engineers (London) has elected for the 
1921-22 session: President: Lieutenant-Colonel Kitson 
Clark, Airedale Foundry, Leeds. Vice-presidents : 
Mr. R. H. Whitelegg, chief mechanical engi , Glasgow 
and South-Western Railway, Kilmarn ; Sir P. M. 
Nash, K.C.M.G., Director-General of _— mam 

Members of council: Mr. C. N. Goodall 

and Co.), Darli m; Mr. I. 

, Caledonian Railway ; 

« chief mechanical engineer, North 

British Railway; and Mr. J. Hookham, locomotive 

superintendent, North Staffordshire Railway. The 

offices of the Institution are at Caxton Hall, Westminster, 

8.W. 1.—We are informed that Messrs. J. Samuel White 

and Co., Limited, of East Cowes, Isle of Wight, have now 

opened a Liverpool Office at 305, Roya] Liver Building, 
with Mr. A. T. Wall as their representative. 


(Messrs, 


Kempt, Locomotive 
Mr. W 


New Rotimwe-Stock FoR THE METROPOLITAN D1s- 
Trict Raitway.—The first complete eight-car train 
made up of the new steel rolling-stock illustrated and 
described on pages 12, 37 and 102 of.our current volume 
was put into service on Monday last. As we have already 
dealt very fully with the general arrangement and detail 
design of cars, we need only add here a few particulars 
of the electrical equipment. This is more powerful than 
that of previous District trains, the two motor cars 
being each equipped with four motors rated at 198 h.p. 
for 1 hour. These are sufficient to give the eight-car 
train an acceleration of 1} m.p.h. per second, and to 
enable the maximum of 45 m.p.h. to be attained 
after running 1 mile on the level. The control is 
substantially the same as that previously used, though 
a number of improvements have been made in detail. 
The contactors, for instance, are of an improved type, 
the contact tips being provided with arcing horns and a 
moulded arc shoot, while the reverser connected to the 
motor fields is of the drum t operated by a pair of 
opposed solenoid coils. Ano’ feature of *the electric 
equipment not hitherto employed on the District line, 
is an arrangement by which a section of the motor field 
winding is cut out automatically as soon as the maximum 
speed with full field has been reached. The weakening 
of the field by this means, of course, results in a further 
increase of s The cars are equipped with Westing- 
house brakes on the double-block system, provided with 
automatic adjustment for taking up slackness. With a 
cylinder pressure of 50 Ib. square inch the brakes are 
capable of e ing a total k pressure of 39-6 tons on 
the motor cars. d brakes are also fitted on all motor 
cars and control trailers. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRoUGH, Wednesday. 

The Cleveland Iron Trade.—Matters seem to be going 
from bad to worse so far as Cleveland pig-iron is con- 
cerned. Furnaces are being put out because of over- 

roduction, and the outlook at present is indeed gloomy. 

akers declare that present quotations are below cost 
of output and are consequently very reluctant to consider 
price concessions, but as Continental competitors 
are, by underselling, capturing home and foreign markets, 
another cut in quotations in the near future seems 
inevitable. Home transactions are on an smeneioey 
limited scale, and foreign business is practicall ‘ 
To home No. 1 and siliceous iron stand 
at 200s.; No, 3 G.M.B. is 195s. ; No. 4 foundry, 194s. ; 
No. 4 forge and mottled are each 192s. 6d,; and white 
iron is 190s. For shipment to foreign ports prices are 
put at 58, above home quotations. 

Hematite Iron.—A very quiet feeling prevails in the 
hematite branch. Odd iittle inquiries are reported, but 
actual transactions are exceedingly few and small. For 
home purposes, as well as for export, Nos. 1, 2 and 3 
East Coast brands are 220s., and No. 1 is 222s. 6d. 


Foreign Ore.—There is absolutely nothing doing in 
foreign ore. Consumers are very well placed, havin 
large stocks, and good supplies coming steadily forward, 
so that they are off the market altogether. Orders 
would readily be accepted at equal to 37s. 6d. c.i.f. 
Tees for rubio of 50 per cent. quality. 


Coke.—Though there is abundance of coke, and sales 
are slow, sellers are very reluctant to further lower 
ices. On the othef hand, local users show very marked 
isinclination to pay recognised market quotations of 
54s. 6d. at the ovens for average blast-furnace quality, 
and 57s, at the ovens for descriptions low in phosphorus. 


Manufactured Iron and Steel.—There is little or nothing 
passing in finished iron and steel. The recent drop in 
steel prices has not brought in customers. Among the 
principal market quotations are :—Crown bars, 251. ; 
steel ship, bridge and tank plates, 21/.; steel angles 
and sections, 19/. 10s.; steel joists, 19/.; heavy steel 
rails, 18/.; fishplates, 23/.; steel billets, 17J. to 181. ; 
and corrugated galvanised sheets, 251. 





-Torston oF AEROPLANE Wine TRussEs.—Report 
No. 104, recently issued by the United States National 
Advisory Committee for Aeronautics, is entitled ‘‘ Torsion 
of Wing Trusses at Diving Speeds,’”’ and its object is 
to indicate what effect the distortion of a typical loaded 
wing truss will have upon the load distribution. It is 
pointed out that a given angular distortion will have a 
maximum effect on load distribution in the neighbour- 
hood of the angle of no-lift, and that it is in this region 
that the greatest r distortion will occur. The 
R.A.F, 15 aerofoil was chosen for the investigation with 
the J.N. 4 wing truss, which is a biplane with overhanging 
upper wings. As a result it was found that no great 
angular distortion occurred at panel points where there 
was uate bracing, but that the distortion 
was considerable at the tip of the overhanging portion 
of the upper wing. The conclusion is that it is not 
worth the added complication to correct the load dis- 
tribution for wing-truss distortion on the usual biplane, 
but that such correction would be highly desirable in the 
case of a monoplane, It is also thought to be advisable 
in the case of internally-braced wings where the relative 
deflection is likely to be high. A copy of the report can 
be obtained on application from the National Advisory 
Committee for Aeronautics, Washington, D.C., U.8.A. 





THE LATE Dr. Inc. Ernst Kért1xc.—Ernst KGrting, 
of injector and gas-engine fame, died on January 4 in 
his native town of over, nearly 79 years of age. 
K6rting was essentially a Hanover man. He was 
educated at the Technical High School there, and after 
having been connected with the construction of the new 

works at Pisa, with the Ziirich railways, and with 

firm of A. Friedmann, at Vienna, he returned to 
Hanover. In the Friedmann works, he made his 

tical acquaintance with injectors, and he left Vienna, 
in 1870, when he was 28 years of age, in spite of the 
offer of a most enans. salary, to start on his own 
account. The firm of Gebriider Kérting was established 
in two small rooms, the most important item of the 
outfit being a lathe for making machine models. Injec- 
tors of the suction and condenser types, single and 
double-acting, spray nozzles and atomisers were his 
first main speciality. By 1880 he had developed another 
branch, the construction of ribbed pipes by new moulding 
machinery, and Kérting radiators and central heating 
plants became as widely known as his injectors, The 
next speciality, engines, brought him in conflict with 
the Gasmotorenfabrik Deutz; the lawsuit gave him — 
to his , as he put it—the satisfaction of having 
practically destroyed the Deutz patent. Kérting con- 
structed the first double-acting four-cycle engine, 
followed by large size two-cycle engines, and it is note- 
worthy that some of his early internal busti 
engines were fed with a producer gas of his own, The 
firm had meanwhile into several branches, in 
Germany and abroad, which he and his brother initiated 
and in which other members of the family were active. 





business —— last years. His orary 

came from the ver Technical High School ; 

the Grashof medal of the Verein Deutscher Ingenieure, 
the Carl Lueg medal of the Hiittenleute and the 
gold medal of the Prussian Building Academy. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The depression which clouds 
business shows little sign of passing off, and all the 
Scottish steel makers are suffering from want of orders. 
They have made several cuts in prices in the hope of 
inducing business, but very little fresh has been booked, 
and at end of last week they met in London and again 
made another reduction in prices of from 20s. to 30s, 
per ton. For home delivery the following are now the 
current quotations :—Boiler plates, 281. ton, a 
reduction of 20s. ton; ship plates, } in, and up, 
211. per ton, a Ee St 200, ger tans Sed See 
192. 10s, per ton, a reduction of 308. per ton, £ 
prices ave oll ie es ae Buyers have 

n persistently keeping out of the market on the plea 
that they could not possibly do business at the prices 
ruling for local steel, but this latest fall may tend to 
poe terial welll Keine offered et he ] om 
foreign material is sti i at a very low 
and certain orders have been secured by the agents. 
Makers of black sheets are poe, sayy ing @ very poor 
demand, and the galvanised qualities are also extremely 
dull and are called 28/. per ton, net, f.o.b. Glasgow. 
Export of all kinds of material is as low as it can 
possibly be. 

Malleable Iron Trade.—The condition of things in 
the West of Scotland malleable iron trade is unchanged 
and employment is much reduced. With plant only 
partially employed the output is small, but even the 
smaller quantity being turned out is more than sufficient 
to meet requirements. The official price quoted for 
‘‘crown’’ bars is 25/. per ton, delivered Glasgow, but 
Belgian material is being offered at less money. 


Scottish Pig-Iron Trade.—The pig-iron trade of 
Scotland continues in a dull and lifeless condition and 
there seems to be an entire absence of business. Buyers 
are not passing inquiries, in many cases because they have 
not got any either for the home or the export markets. 
The damping-down process is again being resorted to, 
and the present-day none your is on quite a small scale. 
There are stocks on d sufficient to meet any demand 
springing up, but, in the case of hematite, for instance, 
the steel makers are so quiet that they are not ordering. 
The outlook is not improving in the slightest degree, 
even with prices reduced as low as og now are. The 
current quotations are, foundry iron, No, 1, 11/. 5s. per 
ton, and No. 3, 111. per ton, loaded into trucks at makers’ 
works ; and hematite is round 110, 108. per ton delivered 
at consumers’ works. Should it be decided again to cut 
prices in order to obtain more business, it is doubtful if 
— can turn out the goods on a profitable basis 

ecause of the high on-costs now ruling, but a further 
fall may take place so as to keep the minimum amount 
of plant running rather than close down altogether. 





Goops Trarric sy Arr.—Statistics issued by the 
Air Ministry show that the total value of goods imported 
into and exported from this country last year amounted 
to 1,016,155/., the imports totalling 677,0471. and the 
exports 339,108. The principal classes of merchandise 
carried during the year were clothes and furs, the most 
important item the imports being women’s 
outer clothing to the value of 307,500/. brought into this 
country from France ; furs to the value of about 78,0001. 
were also brought from France. In the export trade 
the different classes of goods handled were more evenly 


represented, but one of the chief items was men’s and |i 


boys’ woollen clothing to the value of 27,7007. During the 
last quarter of the year, the value of goods imported 
by air was 224,164/., and the value of the exports during 
the same period was 141,320/. The total value of the 
traffic was thus 365,484/., and this, it may be mentioned, 
is more than four times the value of the merchandise 
carried during the corresponding period of the previous 
year, 





Tue Jarcer Concrete-Mrixmne’ Macuine.—At a 
demonstration arranged on Friday morning last for the 
benefit of members of the Institution of Municipal and 
County Engineers, one of the most interesting machines 
to be seen at work was the Jaeger concrete mixer, 
employed on mixing concrete for the sub-layer of a road 
being relaid in Upper Montague-street, W.C. The 
machine was of the portable type with a drum of 4-5 cub. 
ft. capacity, and was capable of mixing 40 cub. yards of 
concrete per day of 8hours. Other sizes, both rand 
smaller are made, the smallest of all being serviceable 


for patching. The machine consists of a drum hung| The 


on trunnions and capable of being revolved an 
exceptionally large angle. On one side of a tall frame is a 

inged hopper which can be raised by er and serves 
at the same time the purpose of a guiding chute. This 
hopper is lowered to the ground and with the 
aggregate, &c. Its outer end is then raised by cable 
worked by power, and the material ti into the mixer. 
After mixing is complete the drum is inverted on the 
other side of the machine and the contents dumped, 
The drum is revolved, and the hopper tipped by oe 
from a small petrol engine, using 2 gallons or fuel 
perday. The contents of the drum are dumped by hand. 
The machine saves 50 per cent. of the labour, and requires 
one man for the engine, one for the levers, and two to 
feed the hopper. The drum is fitted internally with 
spirally arranged blades to improve the mixing. After 
use the drum can be washed with water and then inverted 
so as to drain clean, thus avoiding the necessity which 
often arises with such mixers, of having to use a hammer 
and chisel to _remove set concrete. The machine is 
marketed in this country by Messrs. Millars’ Timber and 
Trading Company, Limited. Battersea, 8.W. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—At the beginning of the month 
the South Wales coalowners adopted a scale of minimum 
f.o.b. export prices and sub-committees were appointed 
to fix prices for certain descriptions of coal not included 
in the original schedule, which was based on 59s. per ton 
for best large and 20s. for No. 1 steam smalls. The full 
cureses Sepneiiag oan atlapeud tor sn patton Snaiaguae 
owners , an ort ruary 
to March 31. the new schedule the price of 
coal has been reduced by 2s, per ton and of 
by le., but no alteration has been made in smalls, which 
are based on 20s. for No. 1's. Special prices have been 
made for washed , un duff and gas 
coals, while no i has yet been fixed for anthra- 
cites. The minimum prices of representative descriptions 
are 57s. for smokeless best, 55s. 6d. for second quality, 
54s. for best drys and best Black Vein large. 53s, for 
i Vv and best Eastern Valle . 


ordinary Western 

51s, for No, 2 Rhondda , 348. Id, for No. 2 

through and 168, 6d. to 208, for steam 

to quality. Whether new prices will attract 


business remains to be seen. At any rate the general 
opinion of operators negatives this idea, and it is a 
significant fact that an important pp aoe agp | 

onmouthshire collieries, which has a y ype 
notices to two-thirds of its men, has deci to 
terminate contracts with the remaining third. In 
respect to inland prices, after the withdrawal of the 
maximum prices which terminate at the end of the 
month, South Wales colliery companies have been 
instructed that they should make the maximum prices 
minimum values. The effect of this will be that buyers 
will be compelled to pay more for their small coal than 
has been the case during the past few months and that 
sellers will be free to secure the best prices for large. 
South Wales coke makers have withdrawn the minimum 
prices of 57s. 6d. at oven applicable to blast furnace, 
and 72s. 6d. at ovens for other purposes for coke sold 
for inland consumption. This decision represents a 
restoration to complete freedom in regard to prices which 
have been controlled since May, 1919. 


The Depression and Shipping.—Though a considerable 
uantity of shipping was laying up in January, ballast 

clearances from South Wales ports were of a heavy 
character, indicating that the supply of tonnage was 
more than sufficient to meet the needs of charterers. 
In all 90 vessels cleared to foreign ports with pe = | 
holds, as compared with 49 in the corresponding mont 
of 1920, and an average of 35 per month in 1913. 

Steel and Tin Trades.—De ion continues the 
chief characteristic of the South Wales tin-plate trade. 
Only a few mills are running and thousands of men are 
idle in consequence. The demand is stagnant, and for 
the little business doing sellers have been compelled 
fo eee seeerd peiees. As low as 28s. 6d. per box has 
been . The output of Welsh tin plates in 1920 
amoun’ to 13,935,421 basis boxes compared with 
12,386,326 in 1919 and 8,808,272 in 1918, wile Galivenion 
from the works in 1920 totalled 12,215,260 boxes, against 
11,039,966 in 1919 and 8,888,700 in 1918. 





Commercian Moror Exursrrion.—The Society of 
Motor Manufacturers and Traders, Limited, has decided 
to o ise a commercial motor exhibition at Olympia in 
October next. An Exhibition Committee has been 
appointed representative of all the sections of the 
outer interested, and the exact dates and other detail 
arrangements will be announced shortly. 





Tue Inpustrian Wetrare Socrety.—This society 
is arranging a conference to be held at the Mansion 
House on March 2, on “The Human Problems of 
Industry.’”’ The Lord ae will take the chair, and 
the principal speakers will be the Duke of York, the 
Home Secretary, the Minister of Education, Mr. Clynes, 
Sir Charles Wakefield and Sir William Ellis. 





Om-Ticut BULKHEADS For TANKERS.—We are in- 
formed that a new system is being applied in the making 
of a good connection of the centre line and thwartship 
bulkheads in a number of oil tank steamers now in course 
of construction. The system by which a perfect joint 
and saving in cost are achieved, consists of a vertical 
plate lapped on the central keelson and extending to 
the oil deck, with two tee bars, one on either side of the 
plate, extending from keel bar to oil deck, forming a 
cross-section to which the horizontal plating of the 
centre line and transverse bulkheads are connected. 
cross-section forms a metal-to-metal joint, dis- 
pensing with the injection of cement or other substances, 

advantages of the system are the following : 
All di it riveting is eliminated; three-ply riveting 
and caulking are each reduced by 50 per cent.; the 
cost of erecting is also much less; and, further, the 
structure being light it can be erected with ordinary 
facilities. The cross-section consists of a centre plate 
about 20 in. wide; the bulkhead plating being lapped 
to each arm of the cross-section, all b stiffeners 
and knee connections can be hydraulically riveted to the 


bulkhead plating on the ground before being erected, 
lea only the seams of the bulkhead plating to be 
rivi in position. Moreover, the narrow plate fore 


and aft, connected to the longitudinal bulkhead plating 
by a double-riveted lap increases the strength of the 
centre line bulkhead, this being of the greatest import- 
ance in oil tankers, to withst the hogging and sagging 
stresses. The system has recently been approved by 
Lloyd’s Registry of Shipping, and at the present time 
there are eight oil tank steamers being built in which it 
is opted ; four of these are under construction 
in the Wallsend shipyard. 








NOTICES OF MEETINGS. 





Tue Keroeutey Association oF ENGINEERS.—Satur- 
day, February 26, at 6.30 p.m., Lecture in the Assembly 
Room of the Cycling Club, by Mr. C, H. Ebbrell, Leeds. 
Subject, “‘ Electric Welding.”’ 


THe MANCHESTER ASSOCIATION OF ENGINEERS.— 
Saturday, February 26, at 7 p.m., in the Memorial Hall, 
Albert-square, Manchester, a <x on ‘Cleaning and 
Dressing —*,. by Mr. F. W. Wilson, will be read 
and discussed, ednesday, March 2, at 7 p.m., in the 
Memorial he lecture will be delivered by Air Com- 
modore R. Brooke-Popham, C©.B., ©.M.G., D.8.0O., 
entitled “Some Problems in the Design and Operation 
of Aircraft,” 


Tae Braprorp Encrveerine Soormry.—Monday, 
Feb 28, at 7.30 p.m., meeting in the Hall of the 
Bradford Technical ge. Paper by Mr. R. F. 
Woodburn, of Bradford, on “ Electric Welding.” 


Tue Royat Socrery or Arts.—Monday, February 28, 
at 8 p.m.: Cantor Lecture, “ Applications of Catalysis 
to Industrial Chemistry,’’ by Mr. Eric K. Rideal, M.B.E., 
M.A., D.Se., F.1.C, (Lecture ITI). Wednesday, March 2, 
at 8p.m.: Ordinary Meeting, ‘‘ The Re-Education of the 
Disabled,” by Captain J. clark Hollis, Secretary to 
the Village Centres Council, Lord Henry Cavendish 
Bentinck, M.P., will preside. 


Tue InstrTUTE oF TRANSPORT.—Monday, February 28, 
at 5.30 p.m., at the Institution of Civil Engineers, Great 
George-street, London, 8.W. 1, when Sir Philip Nash, 
K.C.M.G., C.B. (Member of Council), will read a paper 
entitled “ Electrification of Main Line Railways in 
Relation to Traffic Working.” 


Tue InstiTuTIon or Crvit Encineers : YORKSHIRE 
AssocraTion.—Wednesday, March 2, at 7.30 p.m., 
Students’ Meeting in the Library of the Philosophical 
Hall, Leeds. Mr, F. Grover, Assoc.M.Inst.C.E., will 
read a paper, “‘ Automatic Wrapping Machinery.” 


Tue Institution or AvtTomosine ENGINEERS,— 
Wednesday, March 2, at 8 p.m,, at the Institution of 
Mechanical Engineers, Storey’s Gate, St. James’ Park, 
London, 8.W. Dr. W. H. Hatfield will read a paper 
on “‘ Automobile Steels,”’ 


THE InstiTUTE or Costs anD Works ACCOUNTANTS. — 
Wednesday, March 2, at 7 p.m., at the Hall of the 


Institute of Chartered Patent nts, Staple Inn 
Buildings, Holborn. A lecture will be given on ‘‘ Some 
Deviations in Costi ie yw Mr, R. J. H. Ryall. 
Chairman, Mr. W. Howard . J.P. 


Tae Newcomen Socrery ror tae Srupy or THE 
History or ENGINEERING anp TECHNOLOGY.—Wednes- 
day, March 2, at 5 p.m., at Marconi House, Strand, 
W.C. 2. Paper to be read and discussed, ‘‘ Trevithick’s 
London Locomotive of 1808,’’ by Mr. Loughnan St. L. 
Pendred, M.I.Mech.E., Member, 


Tue LiverProot Enoingerimne Socrery.—Wednesday, 
March 2, at 8 p.m., at the Royal Institution, Colquitt- 
street. A per by Mr. C. F. Farrington on the 
“Cowlyd Waterworks ’’ will be read and discussed, 


Tue Royat AgERoNAUTICAL Socrery.—Thursday, 
March 3, at 5 p.m., at the Royal Society of Arts, John- 
street, Adelphi, London, W.C. 2. Two papers will be 
read, one by Major Orde-Leeds, O.B.E., A.F.C., on 
“Parachutes,” and another by Mr. J. W. Dyer on 
“ Airship Fabrics.”’ 


Tue InstITUTION OF MECHANICAL ENGINEERS AND 
THE Society or CHEMICAL Inpustry.—Friday, March 4, 
at 6 p.m., Joint Meeting at the Institution, Storey’s 
Gate, St. James’s Park, 8.W. Paper on “ Degassing and 
Purification of Boiler Feed-Water,”’ by Mr. Paul Kestner, 


of Paris. Chairman, Captain H. Riall Sankey, C.B., 
C.B.E. 
Tae West Bromwicn Enoingeertnc Socirery.— 


Friday evening, March 4, at the meeting to be held at 
the Technical School, a paper will be read on “The 
Value of Scientific Research to the Iron Foundry,” b 
Mr. Thomas Vickers, C.E., secretary for the ritiah 
Cast-Iron Research Association. Mr. Alfred Vaughan, 
J.P., will preside. Open meeting. 


Tue Royat Instrrvtion or Great Barrarn,—Friday, 
March 4, at 9 p.m., a discourse will be delivered by 
Mr. W. A. Tait, M.Inst.C.E., M.R.I. The subject is 
“Severn Crossings and Tidal Power.” Afternoon 
Lectures, at 3 p.m.: Tuesday, March 1, Mr. Arthur 
Keith, M.D., LL.D., F.R.8S., M.R.1., Fullerian Professor 
of Physiology, on ‘ Darwin’s Theory of Man’s Origin (in 
the Light of Present Day Evidence)” (Lecture II); 
Thursday, March 3, Mr. nk Balfour Browne, M.A., 
on (IT) “‘ Mason Wasps” ; Saturday, March 5, Sir Ernest 
Rutherford, LL.D., D.8e., F.R.S., M.R.1I., Nobel Laureate, 
Cavendish Professor of Physics, Cambridge, on “ Elec- 
tricity and Matter’ (Lecture I). 


Universtry Cortzcs, Lonpon, ENGmIngeerine 
Soorrty.—Friday, March 4, at 5.30 p.m., the Annual 
Public Meeting of this Society will take place in the 
Botanical Theatre, University College, wer-street, 
when Sir Dugald Clerk will read a paper on ** Joule and 
the Mechanical Theory of Heat.’’ Visitors cordially 
invited. 

Tue Junior InstTiTruTION oF ENGrIneERs.—Friday, 
March 4, at 8 p.m., at Caxton Hall. Lecturette, “ Manu- 
facture of Gun-cotton,” by Mr. W. Hall Simmons 
Member. 











THE KEGRESSE MOTOR FOR TRANSPORT ON 





Fie. 1, 


ENGINEERING. | 





_ [Fes 25, 19211 





(For Description, see Page 234.) 


SLEIGH ATTACHMENT TO FRONT Stusp AXLez. Fic. 





2. Ruspper-Coverep Bert Track AND Back AXLE. 























Fie. 3. 


Aero-Enaine Erricienctes..—The third volume of 
the Transactions of the Royal Aeronautical Society, 
which has just been issued, is entitled ‘‘ Aero-Engine | 
Efficiencies,” and contains a large amount of experi- 
mental data on that subject obtained by the author, 
Dr. A. H. Gibson, and his colleagues at the Royal | 
\ircraft Establishment between 1916 and 1919. Some 
of the more important conchisidns deduced from the 
experiments are that the’ mechanical efficiency of a 
well-designed water-cooled line engine, having a direct 
drive, should not be less than about 89 per cent, at full 
load, while the corresponding figures for a stationary 
radial air-cooled engine should be about 3 per cent. 
higher; with a well-cooled rotary air-cooled engine | 
a mechanical efficiency about 10 per cent. lower than 
the above figure may be expected. The volumetric | 
efficiency, Dr. Gibson points out, is higher for an aero- | 
engine than for a corresponding gas engine, owing to the 
cooling effeet of petrol vaporisation in the former. 
Under normal conditions of operation a volumetric | 
efliciency of 88 per cent. is about the maximum to be 
expected, Taking the working properties of the fluid 
into account, Dr. Gibson states that the best water- | 
woled engines now give a thermal efficiency, at maximum 
load, of 80 per cent. of that theoretically possible on their | 
compression ratio; but with weak mixtures the corre- | 
sponding figure is 84 per cent. The best air-cooled | 
engines, the author states, are at least ual in this 
respect to the best water-cooled engines, and with weak 
mixtures a thermal efficiency of 91 per cent. of the 
theoretical has been reached in the former, The price 
of the publication under notice is 5s., and it can be | 
obtained from the offices of the Royal Aeronautical 
Society at 7, Albemarle-street, London, W. 1. 
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KEITH, JAMES.—On Februs ~ 7, 1921, at ‘‘Dunottar,” 17, 
Kidderpore Avenue, Hampstead, Lo London, N.W., of pneumonia, 
James, the beloved 4 husband of Margaret Baxter Keith. Funeral 
on Saturday, the 26th inst., at 11 a.m., Hampstead Cemetery. 
Friends please aceegs this, the only intimation. 
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MOTOR VEHICLES FOR MILITARY 
SERVICE. 


We have dealt in recent articles with some 
of the defects which developed themselves in con- 
nection with the mechanical details of the motor 
vehicles used for mechanical transport during the 
late war and there is evidently room for improve- 
ments in the design of such vehicles. Some 
little time before the war the majority of the 
European nations arranged a scheme for subsi- 
dising such motor vehicles as would conform to 
certain requirements fitting them for use in war 
time. The obvious reason for such an arrange- 
ment was that it was felt there would be need of a 
large number of vehicles, especially lorries, gener- 
ally of the ordinary commercial type, but that 
it was desirable that these vehicles should be slightly 
modified to make them more fitted for army work, 
and that certain parts should be interchangeable. 
It was also desirable that the Army should be able 
to Jay its hand at once on a reasonable number of 
machines in good running order. The cheapest 
way of securing these ends is to subsidise vehicles 
which are suitable at such a rate that it is worth 
while for purchasers to become possessors of that 
pattern. Unfortunately the subsidy offered by our 
Treasury was quite insufficient to induce purchasers 
to join the subsidy scheme, and therefore the 
number of vehicles in the country subsidised at the 
beginning of the war was negligible. 

Accordingly, when very large numbers of lorries 
were needed at once at the outbreak of war, practi- 
cally any vehicles which could be obtained had to 
be taken. The arrangements for impressing were 
very crude and not at all convenient. There was 
no register of vehicles which gave the impressing 
officer any real information as to their suitability 
for army work and he had no power to make the 
owners produce their vehicles for inspection, though 
he could impress them if he could find them. The 
result was that in many cases the owners hid such 
of their vehicles as were in good condition and only 
ran old crocks in the hope that these would be 
impressed at a high price. In many cases the 
impressing officers were young A.S.C. officers with 


236| practically no commercial experience, and they 


naturally did not always prove capable of dealing 
with hard-headed and often unscrupulous owners 


239} in the matter of prices. It is not to be wondered at, 
249| therefore, that many machines were taken, some- 


times at very high prices, which should never have 
been impressed at all. The fact is that it was only 
because the officers concerned rose extremely well 
to the occasion and showed an enormous amount of 





|energy and common sense that enough machines 
| were obtained to carry us through the early part 


of the war. 

In order to be fit for really hard military work 
practically all the impressed machines should have 
been overhauled before being sent abroad. There 
were, however, no arrangements for doing this 
in any quantity, and also the impressment was not 
able at first to get so far ahead of the immediate 
requirements that vehicles could be overhauled 
before issue to the forces. 

The result was that many vehicles which could 
have been made very serviceable at comparatively 
small cost had to be sent abroad in the condition 
they were taken off the road and proved a source 
of weakness and expense overseas. A further 
result of the failure of the subsidy scheme was that 
a comparatively small proportion of the English 
makers were constructing vehicles which complied 
with the requirements. Hence, even to the end 
of the war, a great proportion of the new vehicles 
made for the Army did not fulfill the subsidy qualifi- 
cations, and the value of uniformity was lost. Ina 
few cases makers were induced to make a new type 
of vehicle complying with the subsidy specification 
at the beginning of the war, but these vehicles 
frequently gave a great deal of trouble from the 
small defects which are usual in any completely new 
design. The net result of the whole procedure was 
that there were a very great number of different 
makes and types of all kinds of vehicles, both cars 
and lorries, all requiring different spare parts, and 
some of them of obsolete types. The difficulty 
was increased by the fact that in some cases makers 
of cars were taken off car work and put on to making 
aero engines after a considerable number of cars 
of their make had been bought for the Army and 
these had been registered as one of the standard 
makes of Army cars. A still further difficulty with 
regard to spares arose owing to the fact that a very 
large number of vehicles were imported from 
America. For financial considerations it was not 
desired to get the spares for these from America, 
and they were therefore made in this country. 
Anyone who knows anything about modern manu- 
facturing will realise that setting up fresh gauges, 
&c., for making spares for an existing machine is 
not at all an economical undertaking. 

All these considerations make it quite clear that 
there should be some much more comprehensive 
scheme for the supply of vehicles in the future, 
and that this scheme should provide the Army with 
the number of vehicles required without having any 
very large variety of makes and types all requiring 
different spares. 

As regards the supply of vehicles for ordinary 
road work the difficulty can, as we have already 
stated, probably be met by a really well worked. 
out subsidy scheme in which the inducements are 
enough to induce purchasers to comply with the 
subsidy requirements. A part of this scheme 
might be a proviso that makers of a satisfactory 
subsidy machine would be allowed to go on 
making their own type for war purposes while 
makers who ignored the subsidy scheme would 
be turned on to make to some subsidy design. 
It seems rather a pity that new designs should have 
been evolved during the war and that makers who 
had no suitable design were not turned on to make 
some subsidy design already in existence. The only 
objection to this latter plan is that there would 
have been a certain loss in goodwill, but it would 
probably have been cheaper to have compensated 
the makers for this than to have the great variety 
of types which actually existed during the late war. 

An alternative to the subsidy scheme would be 
to have a Government design of vehicle. This is 
undoubtedly theoretically the proper arrangement, 
as the number of types is reduced to a minimum, 
It was the arrangement adopted for guns, horse- 
drawn wagons and many other things which were 
simply made to Government design. It was, of 
course, suggested that a standard design for motor 
vehicles should be got out during the war, but 
the idea was very wisely given up. It is practically 
impossible to start the manufacture of a new 
standardised type of vehicle in the middle of a 
war, and the only way to make such a scheme a 
success is to do all the experimenting, &c., ‘in 
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advance and to have a nucleus of machines 
running with all plans ready for starting manu- 
facture at the outbreak of war. This was the case 
with other Army material, such as guns, wagons, 
&c., down to uniforms, and there is no reason 
why the same system should not be adopted with 
success in the case of motor vehicles. 

It is certain that in any future war a very 
large number of motor vehicles of various types 
will be required which cannot be supplied from 
the ordinary commercial productions of the country. 
There is no doubt that in the fature the motor will 
do a very much greater proportion of the transport 
than it has done up to date. In fact, there is no 
reason why it vt not do practically the whole 
in the near future. No serious attempt was made 
to develop cross-country motor transport during 
the war, though its possibilities were fairly obvious. 
It is, -of course, true that caterpillars and four- 
wheeled drive lorries were used for moving the 
heavier guns, but, as we have pointed out else- 
where, these were not machines designed for the 
job, but commercial products designed for other 

urposes. It is also true that late in the war some 
of the older tanks were used for taking up supplies 
and, had the war ‘continued, no doubt there would 
have been great development in this direction. As 
it was, however, it came too late to be of serious 
importance. 

It is now a matter of common knowledge 
that machines can be built to go over practi- 
cally any ground that a horse can go over and to 
carry quite large loads. Such machines can be 
made to travel quite fast, and can, if necessary, 
be armoured so as to be bullet proof. The ad- 
vantages of using such vehicles for the supply 
of the front areas in place of using horses will 
certainly be simply enormous. In the first place 
they can take al quantities of supplies and 
ammunition to places where horses cannot go at 
all and where transport has previously been done 
by hand. In the second the fuel they require is of 
much smaller weight than the fodder of the horses 
they replace, and this means less transport in the 
back areas. In the third place, they will not require 
so large a personnel. 

So far, the machines fit for going over rough 
ground have been of the caterpillar type and not 
suited for road work. It is, however, quite possible 
that a type may be developed suitable for both the 
road or the rough ground. This may be done by 
making a wheeled vehicle which can have tracks 
put round its wheels, as has already been done in 
the case of some of the experimental gun-carrying 
caterpillars in America, described in another article 
in the present issue. It is also possible that 
the four-wheeled-drive lorry might be made to go 
over all ordinary kinds of rough ground. This type 
of vehicle has never really been developed. The 
four-wheel-drive machines used in the war were never 
intended for war work, and could have been greatly 
improved by having an additional speed a good deal 
lower than their existing first, stronger transmission 
gear and really large spuds to give them a grip. 
This would have made them very useful machines 
on all ordinary kinds of rough ground. 

In view of these possibilities it becomes, of course, 
. ae whether the ordinary commercial lorry 

ill be sufficiently useful to be worth subsidising, 
and whether it would not be better to spend the 
money on a smaller number of really special 
machines, making arrangements to manufacture 
these on a large scale at the outbreak of war. This 
question is one of very serious importance and 
should be gone into very thoroughly with a real 
appreciation of the possibilities of modern transport. 
It is not enough to simply remedy the principal 
defects brought to light by the late war. What 
is wanted is to utilise to the utmost the experience 
gained during that war and to develop a really 
up-to-date service. 





FUEL EFFICIENCY. 

So much has been written and spoken during the 
last few years on the efficient production and utilisa- 
tion of fuel of all kinds that it is becoming increas- 
ingly difficult to adduce any new argument bearing 
upon the subject. The matter is, however, of 
such vital importance to the industrial future of 





this country that every opportunity should be taken 
to keep it prominently before the general public, 
and particulary before that section of the com- 
munity which is responsible for the consumption of 
large quantities of fuel. Fortunately, perhaps, 
the efforts of fuel economists have, for some time 
past, been largely encouraged by the scarcity and 
high price of coal, and although this staple fuel may 
become somewhat cheaper and more plentiful in 
the future, there are many excellent reasons why 
the available supplies should be utilised to the 
best possible advantage. 

One of the recent occasions on which reference 
to this subject was made was at a conference 
organised by the Higher Production Council in 
connection with the Daily Mail Efficiency Exhi- 
bition at Olympia on Thursday, the 17th inst., 
when the morning session was devoted to the 
matter of coaleconomy. The first speaker, Mr. J. D. 
Paton, referred particularly to the large quantity 
of coal left in the mines in this country for the 
purpose of supporting the roof, and advocated 
the system of packing the mines with refuse material, 
as is done in Germany and elsewhere. The chair- 
man, Sir Richard Redmayne, however, explained 
that this method of mining had been thoroughly 
investigated before the war, and it had been found 
that the conditions in this country differed so 
materially from those in Germany that the system 
was not economically possible here. 

Dr. Armstrong, the next speaker, dealt mainly 
with the well-known advantages of the low-tempera- 
ture carbonisation of coal. The chief object of this 
process is, of course, to produce a smokeless fuel 
suitable for domestic use and at the same time to 
extract and utilise as many as possible of the valuable 
by-products, which would be wasted if the coal 
were consumed in its raw state. With low-tem- 
perature carbonisation, he said, the gas produced 
was smaller in quantity, but richer in quality, 
than that produced by high-temperature carbonisa- 
tion in ordinary gas manufacture. The former 
process, however, produced a much larger quantity 
of tar, and this tar was of a more useful character 
than ordinary gas tar. Its consistency, he said, 
was more like that of crude petroleum, and it could 
be used in Diesel engines as well as burnt under 
boilers. Cresylic acid could be extracted from it, 
but the constituents of ordinary gas tar were 
absent ; dyestuffs would therefore have to be 
obtained from the tar produced from coke ovens. 
A certain amount of light motor spirit could, how- 
ever, be produced in the low-temperature carbon- 
isation process by scrubbing the gas and distilling 
off the more volatile part of the tar. 

Low-temperature carbonisation, Dr. Armstrong 
continued, was by no means a simple process, and, 
in his opinion, the greatest difficulty lay in the dis- 
charge of the hot coke from the oven in such a 
manner that it was not ignited by contact with the 
air. The various difficulties, however, had recently 
been overcome, and an efficient plant had been 
constructed. In this the charge was carbonised in 
an upright oven, near the centre of which were 
two vertical perforated iron plates, kept at a certain 
distance apart, but capable of being brought to- 
gether. Coal, he said, was filled into the two spaces 
between the plates and the walls of the oven, but 
the space between the plates themselves was left 
empty. The object of the plates was to exert the 
pressure necessary to keep the coke compact, and 
the perforations served to allow the gas to escape 
through them. Two slabs of “‘ Coalite”’ were thus 
produced, each about 4 in. thick, and, when the 
carbonisation was completed,.the two iron plates 
were moved in away from the charge and a movable 
plate in the bottom of the oven drawn aside, allow- 
ing the charge to fall into a cooling chamber below 
the oven. This chamber was airtight and water- 
jacketted, and in it the temperature of the product 
was reduced sufficiently to enable it to be removed 
by hand just before the carbonisation of the next 
charge had been completed. 

It has long been recognised that the extensive 
use of a smokeless fuel, such as that produced by 
low-temperature carbonisation, would have a most 
beneficial effect on the atmosphere of large cities, 
and that reason, in addition to those above men- 
tioned, would seem to justify its manufacture on 





a large scale. In our view it is, however, essential 
that supplies should be readily obtainable through 
channels open to the ordinary domestic consumer, 
and that the price of the fuel should be noticeably 
lower than that of raw coal. Under these con- 
ditions the fuel would doubtless be welcomed by the 
public, but purely ethical reasons far its consumption 
would not, we fear, appeal so strongly as would a 
monetary consideration, and their effect would, in 
any case, be weakened by difficulties in connection 
with supplies. 

Fuel economy in steam raising was dealt with 
by Mr. David Wilson, who called attention to the 
fact that a saving of many millions of tons of coal 
per annum would be made if the efficiency of all 
steam plants were equal to the best in use. The 
matter, he said, had been one for serious considera- 
tion during the war, and although it was not possible 
to do much to improve the situation under war 
conditions, he had been commissioned to make an 
attempt to deal with the more flagrant cases. The 
examination made showed that an aggregate 
saving of some 6,000,000 tons of coal per annum 
was possible with only minor alterations to plants, 
and that, if reconstruction work had been possible, 
the saving would have been two or three times as 
great. With a modern boiler plant, the speaker 
continued, an efficiency of 85 per cent. could be 
obtained, but the average efficiency of industrial 
plants was only about 50 or 60 per cent. The 
main reasons for this low efficiency, in Mr. Wilson’s 
opinion, were the lack of scientific knowledge, 
lack of facilities for obtaining data, and the quality 
of coal used. An enormous discrepancy was 
always found between trial results and the results 
obtained in daily working, the discrepancy being 
due, of course, to the fact that more attention was 
usually given to the working of the plant during 
the trial period. Only comparatively few industrial 
plants were at present provided with instruments 
to show what results were being obtained, although 
their use was of great assistance in effecting econo- 
mies. The class of fuel used certainly affected 
results, but, in the speaker’s opinion, it was possible 
to obtain the same efficiency with any class of fuel. 
High economy could, however, be reached much 
more easily with high-grade fuel than with low- 
grade. The use of coal of low volatility presented 
no difficulty in steam raising, although it had not 
yet been established that the same degree of flexi- 
bility could be obtained with it as with a more 
volatile coal. The use of powdered coal, he thought, 
was very promising, although many difficulties in 
connection with it had still to be overcome. From 
the national point of view, he thought the use of 
raw coal for steam raising should be prohibited. 

The only other speaker, Mr. Leonard C. Harvey, 
confined his remarks to the subjects of pulverised 
coal and colloidal fuel. The advantage of the 
former, he said, was the high combustion efficiency 
obtainable with low-grade coal. By reducing the 
coal to the form of fine particles, the whole of the 
combustible matter was consumed, and the com- 
bustion efficiency reached was as high as 994 per 
cent. ; theash content of the fuel was a matter of 
but little importance. Pulverised coal, the speaker 
continued, had not proved completely satisfactory 
for firing open-hearth furnaces, but was quite 
suitable ‘for other metallurgical furnaces and was 
eminently successful for steam raising with water- 
tube boilers. In the new super power station at 
Milwaukee, which would have a total capacity 
of 200,000 k.w., the first section of the boiler plant 
(40,000 k.w.) had been operated for some time with 
pulverised coal, the system having been installed 
after a two years’ trial in the old power station. 
The results obtained with the first section at the 
new station were such as fully to justify the exten- 
sion of the system to the second section of 80,000 
k.w. capacity, and the work on this section was now 
in pro . For locomotive work Mr. Hervey 
claimed that pulverised coal had the advantages 
of effecting a great saving in fuel and of rendering 
firing semi-automatic. The drawback was that 
special coaling stations would have to be installed 
at intervals along the route. With these coaling 
stations, however, locomotives could be coaled 
very expeditiously ; as much as 16 tons could be 
delivered in 5 minutes. Colloidal fuel, on the other 
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hand, had the advantage for locomotive work 
that it could easily be stored in barrels anywhere. 
It was also cheaper than oil alone and was more 
suitable than pulverised coal for firing Lancashire 
boilers. 

In the afternoon session, under the chairmanship 
of Sir Dugald Clerk, a paper by Mr. F. W. Good- 
enough on the subject of gas fuel efficiency, was 
read and discussed. Part of the paper was devoted 
to a comparison of the efficiency of power distribu- 
tion by gas and electricity, the author stating that 
with the most efficient electric generating stations 
only 12 per cent. of the heat energy in the coal 
was delivered to the consumer, the remainder being 
lost. The gas works, on the other hand, delivered 
224 per cent. of the heat energy in the coal to the 
consumers in the form of gas, and of the remainder 
50 per cent. was returned to the market in the form 
of coke and 5 per cent. was recovered as tar. 

Fuel for motor transport formed the subject of 
a communication by Mr. R. H. Montgomery to 
the Conference on the following afternoon, presided 
over by the Earl of Donoughmore. Mr. Montgomery 
dealt with the probable exhaustion of petroleum 
supplies and the need for the utmost economy in 
the use of petrol. His paper also directed attention 
to the necessity for developing alternative fuels, 
among which he regarded benzole as of first import- 
ance. Power alcohol, coal gas and solid fuels were 
also referred to, as well as electricity, as the motive 
power for vehicles for road transport purposes. 
The paper was, however, at the author’s suggestion, 
taken as read, and it was perhaps for this reason 
that no speaker in the discussion made the slightest 
reference to the possible development of portable 
suction gas plants for use on motor vehicles. We 
share with Mr. Montgomery the opinion that these 
appliances only need perfecting in details to render 
them suitable for commercial vehicles, and we 
would further add that none of the suggested 
alternatives can compare with the suction producer 
in the matter of fuel cost. In our view this possible 
solution, or partial solution, of the problem should 
certainly find a place in a discussion on motor-fuel 
efficiency, since it appears to be the most economical, 
if not the most convenient, method of utilising 
fuel in a motor vehicle. 





SPECTROSCOPY. 

In the second of his lectures on Spectroscopy, 
delivered at the Royal Institution on Saturday 
afternoon last, Professor A. Fowler, F.R.S., dealt 
with the regularities which had been found in 
spectra and the light thus thrown on atomic struc- 
ture and on the nature of radiation. The ultraviolet 
region of the spectrum had, he observed, been 
mapped by the use of concave gratings (operated 
in vacua) and its range far exceeded that of the 
visible spectrum, the relative limits of the different 
portions being exhibited diagrammatically in Fig. 1. 
The shortest wave length yet measured had a wave- 
length of 202 Angstrom units, the observation being 
due to Millikan. Some very short wave-lengths 
had also been measured in the spectrum of carbon, 
and two of the lines found were considered by 
Millikan to belong to the L X-ray spectrum of 
carbon; hence the gap between the ordinary 
spectrum and the X-ray spectrum had at last been 
bridged. The wave-numbers measured now ex- 
tended from about 13,000 per c/m. in the ultra red to 
nearly 500,000 per c/m. in Millikan’s experiments. 
It was, the lecturer said, important to obtain 
mathematical expressions for the distribution of 
the lines in the spectra, as when this was done 
hypotheses might be framed as to what must be 
the constitution of the atom and the nature of 
radiation in order that the formula should be 
reproduced, There was in general no obvious 
arrangement of the lines, but by careful analysis 
starting with the simplest case of hydrogen, certain 
very striking regularities had been established. 
The visible spectrum of hydrogen is represented 
in Fig. 2, and shows one characteristic common 
to all spectra, viz., that as we pass from the red 
to the violet the lines belonging to a given series 
come closer and closer together, and clearly 
approach a definite limit; this fact is confirmed 
on examination of the ultraviolet region. In 1885, 
Balmer showed that the wave numbers corre- 


sponding to the lines shown in Fig. 2 could be repre- 
sented by the formula 
in 30 ( . oF. ) 
= = — 
22 «me 
where m took in succession, successive integral 
values and N had the value 109,678: 3. 
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Two other series existed in the hydrogen spectrum 
which were given respectively by the formulas : 
1 1 1 1 
v= N (3, -4) andr=n (37m) 
The first of these expressions gave the position 
of the lines in the Lyman series found in the ultra- 
violet, and the last, the position of lines found in 
the infra red. 

A diagram showing the position of lines of these 
three series is reproduced in Fig. 3, and below are 
shown three curves in which the wave number is 
plotted against different values of m. Each curve, 
Professor Fowler said, approached asymptotically a 


limit which was si for the Lyman series, x for the 








Balmer series and P for the Ritz-Paschen series. 


It had been found that the position of these lines 
could be deduced as a consequence of Bohr’s theory 
of the Rutherford atom. 

On this theory, the hydrogen atom consisted of 
a positively-charged nucleus with an electron 
revolving round it, nearly the whole of the mass 
being concentrated in the nucleus, The attraction 
between the nucleus and the electron could be 


represented by ze » where E and e were the respec- 


tive charges of the nucleus and of the electron, 
and a the radius of the orbit. The centrifugal force 


due to the motion was equal to =, where m was 


the mass of the electron and v its speed. If the 
ordinary laws of mechanics held the nucleus might 
occupy any orbit whatever, but if it radiated out 
energy, it would in this case describe a spiral round 
the nucleus, and finally fall into it. In that case the 
spectrum obtained would be a continuous one, and 
not a line spectrum, as actually observed. Evidently, 
therefore the ordinary laws of mechanics did not 
hold in their entirety for such a system. A way out 
was provided by Planck’s hypothesis, according to 
which energy in the form of radiation was emitted 
in definite parcels or quanta, and not continuously. 
The quantum corresponding to any frequency was 
given by the relation «= hy, where h was a 
universal “action” constant. Hence when the 
frequency was low the quanta were small. If 
this view were adopted, it turned out that an 
electron could only travel in certain definite orbits, 
such that, when it described such an orbit, the 
angular momentum was some integral multiple 


of ~ These orbits had, in the case of the hydrogen 


atom, had radii proportional to the squares of the 
natural numbers. 

Taking these orbits as represented diagrammati- 
cally in Fig. 4, the electron would in normal con- 
ditions describe the innermost orbit, which was the 
most stable of the lot. If it received a sufficient 
disturbance it might be displaced to orbit No, 2. 
Here it was less stable, and when it fell in to its 
original position it would radiate out a quantum 
of energy. A larger disturbance might displace 
it to, say, the third orbit, and if it fell back to its 
original position from this a larger quantum of 
energy would be radiated out. An electron dis- 
placed to one of the outer orbits did not necessarily 
fall back in the innermost all at once, but might 
do so on successive steps, and at each step a quantum 
of energy equal to the work required to displace it 
from one orbit to the other would be radiated out. 
Each step, whether from one orbit to a neigh- 
bouring one, or direct to the innermost orbit was 
responsible for the production of one line in the 
hydrogen spectrum. As an enormous number of 
atoms were radiating at any particular instant 
the average of the whole gave us the whole of the 
h spectrum. The Lyman series of lines 
in the ultra violet was due to the falling in to the 
innermost orbit of an electron from any one of the 
outer orbits. The electrons producing the Balmer 
series fell in from an external orbit to the second 
orbit; and. similarly the Ritz-Paschen series of 
lines was produced by electrons falling into the 
third orbit as represented in the diagram. 

According to this theory the wave number 
should be given by the relation : 


ya te Mm (; x ) 


i? @ 
where e denoted the electronic charge, c the velocity 
of light, 4 Planck’s constant, and M and m the 
masses of the nucleus and electron respectively, 
whilst ¢ denoted any integer ; and ¢, had the value 1¢ 
for the Lyman series, 2* for the Balmer series and 
3* for the Ritz-Paschen series. The ental 
values found agreed with this equation not 
merely qualitatively but quantitatively, and the 
radius found for the first orbit agreed with the known 
radius of the hydrogen atom. Further the energy 
required to displace an electron from the innermost 
orbit and remove it entirely outside the range of the 
nuclear attraction could be calculated and was 
found to agree with the ionising potential of hydro- 
gen. Since the theory fitted the facts so closely, it 
was evidently some approximation to reality, and 
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marked a tremendous advance in anything accom- 
plished prior to the working of Dr. Bohr. 

Elements of higher atomic weight than H had, 
the lecturer said, a more complicated spectrum, 
but it was found that they could be represented 
quite similarly, Thus, as shown in Fig. , 5, 
the spectrum of lithium could be divided up 
into, four main series, known respectively as the 
Principal, the Sharp, the Diffuse and the Funda- 
menta) series. There were also, however, certain 
combination series. The curves corresponding to 
the four main series as plotted in the lower part 
of the figure, showed, Professor Fowler said, a 
eertain relationship between the different series. 
Thus the sharp and diffuse series had the same 
asymptote and the distance between this and the 
asymptote of the principal series was equal to the 
wave number of the first line in the principal series, 
whilst similarly the distance between the limit of the 
fundamental series and the limit of the diffuse 
series was equal to the wave number of the first line 
in the diffuse series. 

Each member of the four main series of lines 
in the spectrum of an element might, he said, be 
represented by a doublet or by a triplet ; and in 
elements of high atomic weight the components | 
might be very widely separated. All elements of | 
the first group had doublets in their spectrum, as | 
had also those of the third group. 








| 
MOTORS FOR TRANSPORT ON SNOW. | 


Iw our last issue (pages 202 and 203) we referred 
to the trials of motor traction on snow just com- 
pleted by the French Automobile Club at the Mont 
Revard in France. The two classes of vehicles that 
entered for the competition were entirely different 
in construction: The one class, the Kégresse 
type, represented by three identical vehicles, being 
essentially an adaptation of such accessories to an 
ordinary motor-car chassis as to enable it to be 
driven and steered over the surface of snow and 
to climb gradients steeper than those met with on | 
ordinary roads. The other class, the Renault | 
machines, consisted of chain track agricultural 
tractors modified in one case to carry passengers, | 
and in two other machines arranged to push snow | 
ploughs. 

The arrangements used in the Kégresse machine 
are the invention of Mr. Adolphe Keégresse, for 
fifteen years chief mechanical engineer to the | 
Imperial Transport Service of the late Czar | 
Nicholas II, and they were evolved as the result 
of lengthy experiments made in Russia. 

In attacking the problem of crossing such soft 
material as snow it is necessary to ascertain the 
supporting power of the worst surface, which is that 
of the light powdery snow found in very cold 
countries. The existing methods of travel on foot 
are by means of snowshoes and ski. The alpine 
“ raquette ”’ adopted for slightly crusted snow is 
of oval shape, about 16 in. long and measures about 
120 sq. in. area; the Canadian snowshoe is more 
than twice the length and about double the area ; 
ski are nearly parallel, about 3-25 in. wide by 7 ft. 
to 8 ft. long, the actual length bearing on the snow 
being about 75 in. long, so that the area of each 
is about 240 sq. in. For a man of average weight 
(about 12 stone) the insistent weight is therefore 
from 1°4 lb. per square inch on raquettes to 0°7 Ib. 
per square inch on ski. In Norway, Sweden and 
Northern Asia ski form the chief means of travel 
over snow-covered ground and though capable of 
very high speed on declivities, or on give-and-take 
ground, their capabilities for average speed from 
point to point are often overrated. Nansen* gives 
the figures for a 50-km. race (twice over a 25-km. 
course) on hilly ground near Christiana in which 
the winner av 7 m.p.h., and another in 
Swedish Finland, of 220 km., for which the winning 
time including stops was 21 hours 22 minutes, or an 
average of just over 6 m.p.h. Though ski in various 
forms have been in use for several hundred years 
their recent advent into the realm of sport apparently 
has produced such standard dimensions as form 
a safe basis for the study of mechanical traction on 
snow. 


Another difficulty that occurs with snow is 











* “The First Crossing of Greenland,” pages 109-10. 
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packing or binding, which increases the friction in 
the case of building up on sleighs and runners, 
and must be avoided in the driving gear, because 
under repeated compression the snow which has 
begun to build up will become nearly as hard as ice, 
and consequently may cause fracture of parts of 
the gear. In the case of the Scott tractor to which 
we have previously referred wood was largely 
used. Inthe Kégresse machine, which is illustrated 
in Figs. | to 5, on page 230, and Figs. 6 to 1], sub- 
joined, a rubber surface moulded on an endless belt 
is used for the drive, and the wheels on which the 
belt track runs, or by which load is transferred to 
it, are of pressed steel. Experience showed that, 
although at times the belt track would slip on the 
driving pulleys and that the snow melted by friction 
tended to lubricate the surfaces and so increase 
the slipping, yet at no time was any one of the 
vehicles more than slightly delaved by this cause. 
A simple form of scraper fitted near the track- 
driving wheels proved effective in clearing the 
surfaces and no building up was observed during 
the trials. 








is limited in its downward travel by two stout 
leather straps, one at each side of the car, passed 
over a cross member of the frame and under the axle 
itself. The front idler wheel fork can turn fairly 
freely about the dummy axle so that the idler wheel 
can rise easily to any obstacle. It will be seen from 
the arrangement (Fig. 6), that any of the wheels 
can rise when passing over a projection from the 
ground, but that the opposite effect of depressing 
the belt track into a hollow is limited. The ordinary 
road wheel fitted to this particular type of chassis 
being 710 mm. diameter and the effective diameter 
of the belt track drive being about 460 mm., the 
speed on the belt track is reduced to about two- 
thirds of the normal speed of the car, so that an 
actual speed of 25 m.p.h. can be obtained with the 
attachment. 

In order to ensure lateral grip and to prevent 
slipping sideways, two longitudinal ribs (Fig. 11) 
are moulded on the belt, and the edges of the belt 
are also provided with a reinforcement. To give 
the grip necessary for driving the car there are cross- 
ribs spaced about 6 in. apart. The clearness of the 
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Fig. 7. 
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The cars used by Mr. Kégresse were ordinary 
10-h.p. Citroen cars having a four-cylinder engine 
of 65-mm. bore by 100 mm. stroke and road wheels 
710 mm. diameter. A general view of the machine 
is given in Fig. 5, while Figs. 3 and 4 show it con- 
tending successfully with considerable difficulties, 
About 2 ft. 3 in. in front of the rear axle (Figs. 2, 
6 and 7) a dummy axle is fixed to the chassis ; 
this serves as a pivot for two other members ; first 
for the adjustable forked radius-rod carrying the 
short bearing shaft for the front idler wheels ; and 
second for the main compensating lever for trans- 
ferring the load to the intermediate part of the belt 
track. The main compensating lever carries at 
each end a spring box and plunger acting on the 
central pivot of its secondary compensating lever, 
as shown in Fig. 6. The load is thus distributed 
uniformly over the four intermediate pairs of wheels 
of small diameter. The pressed steel wheels or 
pulleys are flanged inwards at the sides and are 
arranged in pairs with a space between to receive 
the projections moulded on the inside of the belt 
for taking lateral pressure and keeping the belt 
from running off. These projections which are of 
truncated pyramidal form are shown in side- 
elevation in Fig. 6. and in section in Fig. 11; the taper 
is such that they do not close in passing round the 
curved surfaces of the driving or idle wheels. The 
back axle, which carries the driving wheels in place 
of the ordinary road wheels is shown in Fig. 2, and 
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impression left by these ribs on the surfaces over 
which the cars were run showed that much care and 
experience had been devoted to the design of the 
belt, which gave equally satisfactory results for 
adhesion on the roads, on cinder heaps, on loose 
sand, grass and snow. 

The steering gear of the car (Fig. 1, page 230, and 
Figs. 8, 9 and 10, annexed), of the ordinary Acker- 
mann type, is retained ; the front wheels are taken 
off and a double swinging arm is put into place 
carried from the stub axle and capable of rotating 
about its centre. This double arm is fitted with a 
sleigh or broad runner of thin steel plate, having 
spring reinforcements to the front and back and 
a ¢entral slot through which the wheel protrudes 
somewhat over aninch. The front wheels thus cut 
through the crust that may have become glazed 
and afford steering resistance ; also on the road, 
whether free from snow or covered with hard snow, 
the wheels carry the car and the sleighs being free 
to rock, can adjust themselves to irregularities 
of the surface. 

It will be seen that the whole of the control is 
the same as on an ordinary motor car, the steering, 
change-gear and brakes are all unaltered ; the new 
gear is put on as is a spare wheel, and although there 
is certainly more work than in changing a wheel the 
alteration from road wheels to tracks can be effected 
in about'a couple of hours. Among the performances 





of the car may be mentioned climbing a snow slope 
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of 15 deg. from the station to the hotel (26 per cent. 
gradient); holding on a slope of over 20 deg. and 
running down 35 deg., as shown in Fig. 4; running 
along a road from which the snow had been cleared 
by a plough and climbing out over the snow banks to 
get round an obstacle ; this was done with the same 
apparent ease as that with which a car driver would 
go over grass round an obstruction in a road, 
Another car, on which the belt track was somewhat 
slack, attempted to climb a gradient of 17 deg. : 
the driver, finding he could not get enough adhesion 
between the driving wheels and the belt track, 
turned the car at about 45 deg. to the contour lines 
so that the actual gradient was reduced to about 
10° 30’, and at this angle the gradient was easily 
climbed and the tracks showed no apparent side-slip 
on the snow surface, while to those used to the 
behaviour of an ordinary car on a snow-covered 
road the performance appeared impossible. Although 
at times, in going through snowbanks and in turning, 
the whole of the track gear became filled with snow, 
this was thrown off very quickly in running, and in 
no case was any vehicle seen to get into a difficulty 





réquired by the Forestry Department. A few of 
these were adapted for carrying tourists over country 
impracticable to ordinary means of transport ; one 
of these modified tractors capable of carrying eight 
passengers was subjected to tests at the Mont 
Revard, where it climbed successfully from the 
station to the hotel at the summit with its full 
complement of passengers. The machine is illus- 
trated in Fig. 12. 

Renault tractors had taken part in the previous 
demonstration at Mégéve, in 1919, and on compara- 
tively level snow at Chamonix, in January, 1920. 
The present tractor was considerably wider in the 
chain tracks, which were 37-5 mm. (14*7 in.) 
wide. The length of chain in contact with the 
ground was 1-6 m. (5 ft. 3 in.), giving a total area 
of 1,852 sq. in., or about 33 per cent. more than that 
of the Kégresse. The total weight, however, 
3 tons 6 ewt., is approximately four times that of 
the light Kégreese machine, so that the insistent 
weight is about three times as great and the sinkage 
of 7 in., on snow that had already been somewhat 
compressed, was to be expected. Owing to the 
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from which it was unable to extricate itself. The 
insistent weight of the Kégresse cars was about 
1-1 Ib. per square inch, so that they actually 
approached the condition of raquettes more nearly 
than those of ski, but although the track was 
deepened by the increase of load at the rear, due 
to the effort transmitted, the maximum depression 
on thinly crusted snow was only about 3 in. For 
comparison the sinkage of carefully-used raquettes. 
2 in., and of ski, 0-7 in., was measured, at ¢he same 
part of the snowfield. Generally the snow crust 
was more resistent and the sinkage smaller in 
amount. 

A measure of the difficulty of transport was 
observed in the local methods, a mule-drawn sleigh 
was used to haul about 500 lb. and a two-wheel 
wagon with wheels 3 ft. diameter by 3 ft. 4 in. 
gauge, and a capacity of 12-5 cub. ft., required 
two. heavy bullocks to haul it loaded up the 
country tracks. 

In an earlier and very interesting demonstration 
at La Fournaise, St. Denis, Paris, on January 30, at 
which we witnessed the same vehicles that were used 
subsequently at Mont Revard, tests were made over 
heaps of sand, through mounds of loose sand, over 
cinder heaps and up the steep banks of the canals, 
&c. The tracks appeared to clear themselves 
quickly of sand, and the vehicles had no difficulty 
in getting up over the edge of the bank which, of 
course, involves a greatly reduced area of contact 
at the transition from the gradient to the level. 

At the conclusion of the war the firm of Mesers. 
Renault had a large stock of parts that had been 
prepared for the orders for light tanks or chars 
@assavt. To turn the standard parts to advantage 
a design of agricultural tractor was prepared, of 
which large numbers were made, the majority being 
used for agricultural work and the heavy haulage 
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narrowness of the mountain tracks as defined by the 
sleigh and bullock wagon already described, the 
width of the machine, 1-9 m. (6 ft. 3 in.) overall, 
is rather large for mountain use. 

One of the objects of the demonstration was the 
clearing of snow from mountain roads by mechanical 
means, but when snow is as deep as 4 ft. on the 
average it is by no means easy either to locate the 
road, or, having found it, to keep to it. If the 
plough is pushed the driver cannot see what he is 
doing for the piled up snow in front, and if the plough 
is hauled the tractor gets into difficulties, partly 
because the heavy draw-bar pull alters the weight 
distribution on the tracks and partly because it 
‘grounds’ on the snow. The problem of dealing 
with snow so deep as this by mechanical methods 
appears, therefore, to involve some method like that 
of the rotary shovels in use on American railroads 
which cut the snow and throw it off the road. 
Experiments with such machines brought up by 
rail could be made safely on the plaveau at the top 
of the Mont Revard, but the problem would be much 
more difficult on the lower part of the road from 
Chambéry, with its numerous hair-pin bends, its 
steep gradient and its absence of side walls or other 
protection from going over the edge. 

Another Renault machine which had taken part 
in the trials at Mégéve in 1919, took a plough 
up part of this read from Les Déserts to Copet, on 
the road towards the Col de Planpalois, but from this 
part the snow had been removed in great quantity 
so that travel on foot without raquettes or ski was 
possible along this section. 

It is evident from the trials that the one problem 
of motor transport over snow for four people, or for 
the carriage of light loads up to 500 or 600 Ib., has 
been solved for speeds up to 26 m.p.h. The other 
problem of clearing a mountain road from heavy 





snow and opening it to ordinary traffic is one that 
still requires much investigation and experiment, 
one of the main difficulties being that due to the 
necessity for driving the clearing apparatus up the 
hill while obtaining sufficient adhesion on the 
cleared road for pushing the plough. 





THE BRITISH INDUSTRIES FAIR AT 
BIRMINGHAM. 

Tue Birmingham section of the British Industries 
Fair comprises the engineering, hardware, and 
allied exhibits, the London and Glasgow sections 
being devoted to articles of less professional concern 
to our readers, The fair is the second of its kind, 
and constitutes, as is generally known, a serious 
attempt to increase trade by providing facilities 
for foreign buyers to inspect a representative 
collection of the articles in which they are interested. 
It is strictly a business exhibition organised under the 
auspices of the Board of Trade, and, in accordance 
with its object, it naturally contains nothing but 
British products. The Biongenes Fair, which 
opened last Monday, is being held at Castle Brom. 
wich, only 15 minutes by rail from the centre of the 
city, where the three large aerodrome buildings 
provide unrivalled accommodation for an exhibition 
of the kind in question. Since last year’s fair these 
buildings have been connected by wide covered 
alleyways several hundred feet long. Rows of 
stands along these alleyways convert them into 
an integral part of the exhibition, as well as per- 
mitting visitors to go from end to end of the latter, 
a distance of some 550 yards under cover all the 
way. In the arrangement of the stands the con- 
venience of buyers has been considered by grouping 
as far as possible the stands exhibiting similar 
articles, and the catalogue, which is again an 
excellent piece of work, contains an alphabetical] 
list. of articles giving a reference against every 
article to all the stands upon which that article 
is to be seen. There are, in fact, three such lists, 
in English, French and Spanish, respectively, and 
the detail with which the work has been carried 
out will be understood from the fact that the 
English list alone contains a tabulation of something 
like 2,400 names of articles. The organisation and 
arrangements for the fair have been carried out 
jointly by the municipality and the Chamber of 
Commerce, and Birmingham people may be justly 
proud of the outcome of their energy and 
ability. 

While complimenting the organisers upon the 
results obtained one cannot help feeling that justice 
has not been done to the British engineering trades. 
A foreigner might come away from the Birmingham 
Fair with the impression that such things as steam 
engines, locomotives, traction and portable engines, 
agricultural machinery, cranes, &c., not to mention 
bridges and ships, were not manufactured at all 
in Great Britain. Machine tools are very in- 
adequately represented, as the machine-tool makers 
have decided that the firms in the association 
shall not be allowed to exhibit. There is no 
electrical machinery or apparatus of any size to be 
seen, and no prime mover of any sort, except a few 
little internal-combustion motors, driving small 
electric lighting sets. It would, no doubt, be 
impracticable to exhibit all, or even most, of the 
missing classes of machinery, but surely something 
might be done to suggest their existence, even if 
only by models or photographs. It must be remem- 
bered that nearly all foreign buyers are general 
machinery merchants in a large way of business, 
who are willing to quote for anything which a - 
customer may desire. Having made a special 
attempt, by direct invitation, to ensure the atten- 
dance of buyers of this class, it is highly regrettable 
that they should be allowed to depart without 
having brought to their notice articles which are 
really typical of British engineering. 

The really strong feature of the Birmingham Fair, 
is the display of the innumerable articles which 
come under the heading of domestic hardware and 
household utensils. Hearth furniture, electric light 
fittings, lamps, bedsteads and cooking requisites 
make a great showing, as also do brass and copper 
in the form of tubes, sheets and sections. Carpenters 
and engineers’ tools, belting, wire ropes, scales and 
balances, cycles, motor cycles, motor car aceessories, 
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perambulators, painters’ materials, firearms, fishing 
tackle and saddlery and harness, are all represented 
in greater or less degree. This list gives some idea 
of the range of products displayed, while the fact 
that 610 separate stands have been taken indicates 
the magnitude of the whole exhibition. 

Messrs. Charles Churchill and Co., Limited, 

m, show @ very comprehensive aasort- 
ment of small tools such as drills, reamers, milling 
cutters, &c., but of special interest are the large 
broaches displayed for finishing holes to various 
profiles, with an extremely high degree of accuracy. 
On the stand is a quick-firing gun tube, the two 
recuperator chambers of which are 57 in. long and 
2°01 in. diameter. These, after rough-boring, have 
been finished dead to size and left with a polished 
surface, by broaching and subsequently burnishing 
on a Vickers’ broaching machine, the tools used 
for the work being exhibited. The broaching tools 
are simple and cheap, consisting merely of short 
mandrels having a number of petticoat cutting 
edges formed along them. About 0°07 in. of metal, 
measured on the radius is removed by the broaches. 
The burnisher has a hardened spiral thread of semi- 
circular section formed on it, and has a taper of 
seven ten-thousandths of an inch in its length. 
Provision is made for lubricating the cutting edges 
of the broaches and the surface of the burnisher 
when working. Another interesting article on 
Messrs. Churchill’s stand is the Rudge-Whitworth 
auto-punch for rapidly testing the Brinell hardness 
of metals. It works on the principle of the well- 
known automatic centre punches but is considerably 
larger than these. The auto-punch is made in two 
sizes, respectively 12 in. and 6 in. long, the former 
weighing 2} Ib. and using a }-in. die ball to make 
the depression, and the latter weighing } lb. and 
using @ {-in. ball. Various auxiliary apparatus, 
including a microscope for exact measurement of 
the indentations, is supplied with the auto-punches, 
which certainly appear to provide a simple and 
portable method of applying the Brinell test. 

The Imperial Contractors Machinery Company, 
153, Bath-row, Birmingham, show several concrete- 
mixing machines of Canadian manufacture. The 
smallest is a hand-mixing machine in which a 
cylindrical barrel with internal baffles is rotated 
axially by hand-driven gearing, and emptied at the 
proper time by hand tipping. This machine has 
a capacity of 3 cub. ft. One of the power-driven 
machines is operated by a 1} brake horse-power 
engine contained in a sheet steel housing on the 
framework. It will mix 24 cub. yards in an 8-hour 
day with a consumption of about 1 gallon of petrol. 
This machine, complete, weighs only 1,000 Ib. 
The other one has a 3 brake horse-power engine, 
and is fitted with a friction hoist to enable the 
concrete to be lifted to the top of a building b 
means of the same machine. In both cases the 
mixing barrel can be discharged on either side of 
the machine with equal readiness. The larger 
machine weighs, complete, 1,200 lb., and both are 
marked by the utmost simplicity of construction, 

The Central Gear Company, Limited, of Palmer- 
ston House, Old Broad-street, E.C. 2, exhibit 
several examples of the Pitter heliocentric reduction 
gear, a new device permitting a very great speed 
reduction between two shafts in the same line. 
The end of the high speed shaft carries two small 
eccentrics set at 180 deg. with respect to each other. 
These eccentrics are each surrounded by a steel 
sleeve, and on the outside of each sleeve is a ring 
carrying & large number of radial plungers which 
are attached to it by means of rollers running in a 
T-shaped slot. The plungers slide through radial 
holes formed in an extension of t:1e slow-speed shaft. 
The outer ends of the plungers are wedge- 
and surrounding their ends is a fixed ring with 
internal wedge-shaped teeth. It is clear that rota- 
tion of the high-speed shaft will cause the plungers 
successively to advance and recede, and as each 
advances its tapered end engages with the internal 
rack. Rp ge aeeaney lyn yg sory cape 





and only 19 teeth ii the ring, the driven shaft 
would rotate at only one-nineteenth of the speed 
of the driving shaft. The mechanism is exceedingly 
neat and ingenious, and the models shown on the 
stand run silently and without vibration. 

The Hollis Wood Trimmer Company, of Imperial 
Works, Jockey-road, Wylde Green, Birmingham, 
have a large collection of wood-working mac 
built, it is claimed, on “mass production” lines, 
and certainly quoted at unusually low prices. Ball 
bearing saw benches with fixed and tilting tables, 
band saws, tenoning machines, planing, moulding 
and spindling machines, pendulum saws, morticing 
machines, pattern-makers’ lathes, &c., are all 
exhibited on the stand. There is a combing 
machine, for making the small wooden boxes with 
sliding lids in which gauges and other articles 
requiring care in transmission are often packed. 
A power-driven fret saw, having a tilting table 
28 in. square, and fitted with ball bearings and 
blower for continuously removing dust from the 
edge of the cut is also worthy of mention. In all 
machines built by the Hollis Wood Trimmer 
Company, scales on the machine are graduated both 
in English and metric units. 

Messrs. W. and T. Avery, Limited, Soho Foundry, 
Birmingham, exhibit testing and weighing machines 
of many kinds. One new design of machine is for 
testing indiarubber bands. The band is stretched 
between two rollers, the upper one being fixed, and 
the lower one slowly moved downwards by a 
hydraulic plunger. The lower roller carries a 
toothed wheel which gears into a fixed rack, so that 
the roller rotates as it descends, and causes the 
rotation of the band. The tension on the band is 
observed by means of the position of a pendulum 
weight passing over a calibrated quadrant. The 
pendulum retains its position when the band breaks, 
and scales at the side of the machine enable both 
the total extension, and the percentage extension 
to be immediately read. The same stand contains 
a new machine tor testing leaf springs, whether of 
quarter, half or full elliptical type, and there is also 
a machine for testing piston rings which has many 
features of novelty. The automatic coal-wei 
grain weighing and water-weighing machines of 
Messrs. Avery are too well known to need more 
than a passing reference. 

Messrs. Charles Tressider, Limited, of 160, 
Corporation-street, Birmingham, show a con- 
siderable variety of machine tools from power 
presses and guillotine shears to small lathes and 
sensitive drills. On the front of the stand a small 
and simple Pitt automatic machine for making 
screws, &c.,is shown working. This hasa maximum 
chuck capacity of }} in. and will produce work 
up to 2in. long. All adjustments are easy to effect 


y}and all important parts are fully visible and 


accessible. The complete machine weighs 765 Ib. 
Machines of similar type are made with chuck 
capacities ranging from % in. to 1} in. diameter. 

Messrs. Thomas Piggott and Co., Limited, Spring 
Hill, Birmingham, show a novelty in the form of a 
flexible ring to serve as a connection between the 
end of the flue of a Lancashire boiler and the end 
plate. The ring is about 12 in. long and is of such 
a section that it will deflect under the pressure due 
to the longitudinal expansion of the flue, and so 
relieve the boiler from considerable stress. The 
same firm also show a corrugated marine furnace, 
as well as parts of a sulphate of ammonia still, 
and specimens of their tank construction by means 
of pressed steel plates which may be bolted together 
on site, 

Messrs. Alfred Herbert, Limited, Coventry, have 
a fine collection of small tools and measuring devices 
and machines, the latter including the Wickman 
universal gauge measuring machine, constructed by 
the Coventry Gauge and Tool Company, Limited. 
This will measure work up to 12 in. in length, and 
will measure the major, core and effective dia- 
meters of screw plug gauges up to 6 in. diameter. 
It will give comparative readings ,of diameters 
and pitch to an accuracy of 0-00001 in., and can 
be used to give comparator measurements of length 
with an accuracy of 0-000005 in. This machine 
was completely described and illustrated at the 


time of the Machine Tool Exhibition last year in] c' 


our issue of September 17 (page 366). Messrs. Alfred 





Herbert also show a set of British-made slip gauges 
for which a higher accuracy is claimed than for the 
well-known Swedish gauges of this type. The set 
consists of 81 hardened steel gauges, varying from 
0°05 in. to4in. They will enable any dimension up 
to 12 in. to be measured in steps of 0:000l in. They 
are guaranteed to be accurate to within 0:00001 in. 
per inch of the new standards of the N.P.L. It 
will be remembered that some months ago the 
N.P.L. standards were discovered to have an error 
of 0°000012 in. per inch, which resulted in a corre- 
sponding error in all gauges standardised by them 
before the discovery of the error. The gauges shown 
by Messrs. Alfred Herbert were made by the Pilter 
Ventilating and Engineering Company, Limited, of 
Woolwich, and were based on a fresh measurement 
of the standard yard at Westminster. 

The Tangent Tool Company, Limited, of Keyn- 
sham, Somerset, are showing a rotary power-driven 
shearing machine which is a development of the 
hand-operated rotary shears introduced by them 
for cutting corrugated iron and similar light 
material. The power-driven machine will shear 
steel plates up to # in, thick and of any size, the 
length of cut being unlimited, as the sheared edges 
pass along grooves formed in the machine framing. 
The cut can be stopped at any point in the plate, 
and restarted at right angles so that rectangular 
pieces can be cut out asdesired. The cutting speeds 
are as follows: Sheets up to } in. thick are cut 
at 40 ft. per minute ; from 4 in. to } in. thick, the 
speed is 18 ft. per minute, and from } in. to # in. 
it is 10 ft. per minute. The machine is compelled 
by its construction to make absolutely straight cuts. 
It takes a maximum of 4 brake horse-power and 
weighs complete only 7 cwt. Another very interest- 
ing exhibit on the stand is a circular shearing 
machine, operated by hand power, and capable of 
cutting metal up to % in. thick in sinuous curves 
if desired, so long as the curvature of the path at 
any point is not lgss than about 2} in. radius. 
Like the former machine, there is no limit to the 
length of cut, although as the plate is not necessarily 
fed straight past the shears, the arrangements 
necessary for the cut portion to pass the frame of the 
machine have to be different. The Tangent Tool 
Company exhibit also several examples of their 
instantaneous-opening machine vices, the special 
features of which are that the front jaw is stationary 
and the movable back jaw is thoroughly guided and 
supported in every working position. The largest 
of these vices has an opening of 7 in. and a jaw width 
of 6 in. 





THE BRITISH INDUSTRIES FAIR, 
LONDON. 

Ir is probable that at no time in the history of the 
British Empire was there a greater need for ex- 
tending our trade, and especially our export trade, 
than exists at the present moment, and for this 
reason the efforts made by the Board of Trade 
Department of Overseas Trade to bring before 
foreign buyers, and business men from the Domin- 
ions and Colonies, a representative collection of the 
products of British manufacturers should be par- 
ticularly welcome. That manufacturers, at any 
rate, have responded fully to the Department’s 
efforts on their behalf may be gathered from the 
number of exhibits displayed at the British In- 
dustries Fair, which was opened on Monday last at 
the White City, Shepherd’s Bush, London, where 
the floor area of stands exceeds 240,000 sq. ft., and 
the stand frontage amounts to over 44 miles. For- 
tunately the exhibits are arranged in groups covering 
single or allied trades, and but for this important 
feature we fear’ the individual buyer would be 
unable to complete the task of examining them 
before the exhibition closes on Friday next. It is, 
perhaps, to be regretted that the general public 
has no opportunity of seeing the splendid collection 
of British yed, although it is doubtless 
an advan to both exhibitors and buyers that 
admission to the fair is by invitation of the Depart- 
ment alone, and is confined to bona fide trade 


The exhibits at the London Fair consist mainly 
of leather and fancy goods, jewellery, watches and 
locks, silver and electro-plate, glassware and 
pottery, printing and stationery, brushes, toys, 
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sports goods, drugs, &c.; and these are, of course, 
of no direct professional interest to engineers. 
Purely engineering exhibits are, however, more in 
evidence at the Birmingham Fair which is open 
coneurrently with the London Fair. This we have 
dealt with elsewhere in this issue. Another fair 
opening and closing a week later than those at 
London and Birmingham will be held in the Kelvin 
Hall, Glasgow, and will include such products as 
textiles, clothing, carpets, food-stuffs, chemicals 
and dyes. 

The only section which contains exhibits of 
technical interest at the London Fair is that includ- 
ing scientific and optical instruments and scientific 
glassware. About 10 firms show glass vessels and 
apparatus for laboratory use, while the exhibit of 
Messrs. J. Moncrieff, Limited, Perth, N.B., includes 
technical glassware such as gauge glasses and gauge- 
glass protectors, miner’s lamp glasses and glasses 
for all kinds of lubricators. Several firms also show 
mercury and spirit thermometers for industrial 
purposes as well as for laboratory and meteoro- 
logical uses. Other meteorological instruments 
are shown by Messrs, Short & Mason, Limited, 
of Walthamstow, and Messrs. F. Darton & Co., 
142, St. John Street, London, E.C. 1. Both these 
firms show surveying aneroids and the latter also 
exhibits altimeters for aircraft. Messrs. A. G. 
Thornton, Limited, of Manchester, show examples 
of their standard theodolites, levels, mining dials 
and other surveying instruments, but the firm’s 
stand is largely occupied by a display of their new 
pattern machine-made drawing instruments. The 
latter appear to be well finished, serviceable articles 
which should easily be able to hold their own with 
instruments of German manufacture. Among the 
surveying instruments on the stand of Messrs. Hall 
Brothers, 49 and 53, Spencer Street, Clerkenwell, 
E.C. 1, we notice a new pattern standard theodolite 
in which both the vertical and horizontal circles 
are entirely enclosed in dust-proof cases. Glass 
windows are, of course, fitted in the cases to enable 
the graduations to be read and also to give access 
for cleaning. This firm’s exhibit also includes a 
dumpy level of a new design, in which the bubble 
tube is mounted on the side of the telescope instead 
of on top. -A hinged reflector is fitted over the 
bubble tube so that the bubble and staff can be 
observed simultaneously. 


Messrs. Dring & Fage, 56, Stamford Street, 8.E., 
show ship-measuring apparatus, and rules and tapes 
for measuring standing and felled timber, as well 
as thermometers and glassware for industrial pur- 
poses. Their exhibit also includes a great variety 
of special slide rules for industrial calculations ; 
one of these rules is used for determining the change 
wheels on screw-cutting lathes. At the stand of 
Messrs. J. Pithin & Co., Ltd., 28, Hatton Garden, 
E.C. 1, we noticed a new milliammeter for laboratory 
use, the range of which can be altered by turning a 
knob on the top uf the instrument. The movement 
of the knob also changes a figure on the dial so that 
the particular range in use can be seen at a glance. 
In this way the liability to error is greatly reduced. 
This firm also exhibits a large dial gauge for measur- 
ing the thickness of paper and other sheet material, 
up to } in. in thickness, and graduated in thou- 
sandths. Other items included in their exhibit are 
the Holden chronograph for ballistic work and a 
large Bourdon-type pressure gauge for indicating 
the depth of submarines. 

The gyro-compass shown by Messrs. S. G. Brown, 
Limited, Victoria Road, North Acton, W. 3, is, of 
course, an exhibit of considerable interest to en- 
gineers, but as this has already been very fully 
dealt with on page 202 of vol. cix of ENGINEERING, 
we must refer our readers to that article for further 
particulars. The only other noteworthy exhibits 
are an automatic bevelling machine for spectacle 
lenses and a lens surfacing machine, both of which 
are the inventions of Mr. W. J. Druiff, of the Anglo- 
American Optical Company (England), Limited, 
and are shown at the stand of that company, 
whose address is South-Hill Park, Hampstead, 
N.W. 3. It is not possible, however, to describe 
these machines adequately without the aid of draw- 
ings, so that we must defer further reference to them 
to a future date. The British Industries Fairs in Bir- 
mingham and London both close on the 4th prox. 
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NOTES. 


Tae Wark MeEmoRIAL OF THE INSTITUTION OF 
MECHANICAL ENGINEERS. 


On Thursday last week, at 5 p.m., a short ceremony 
was held at the Institution of Mechanical Engineers 
for the unveiling of the Memorial placed in the 
Institution Building to members and staff who 
made the supreme sacrifice for their country in the 
Great War, 1914-1919. The unveiling of the 
memorial panels was performed by the President 
of the Institution, Captain H. Riall Sankey, C.B., 
C.B.E., the dedication ceremony being conducted 
by the Dean of Westminster, the Right Rev. Bishop 
Ryle, K.C.V.O. The service opened in the Meet- 
ing Hall with the Lord’s Prayer and the hymn, 
**O, God, Our Help in Ages Past,” after which the 
President delivered a short address, expressing sym- 
pathy with the relatives of those who had fallen, 
mingled with pride'of the fact that members of the 
Institution had not been found wanting when the call 
came, some 1,400 having served altogether, of whom 
87, with one member of the staff, fell in the cause. 
The President considered that the type of training 
which the Institution encouraged had greatly 
assisted in the work of its members in the country’s 
service. The assembly then adjourned to the 
entrance hall, and dedicatory prayers were said by 
the Dean of Westminster and the Memorial was 
unveiled. The ceremony concluded with the 
hymn, “ The Saints of God, Their Conflict Past,” 
and the Benediction pronounced by the Dean. 
The Last Post was finally sounded by buglers. 
The memorial consists of three bronze tablets, 
which are in good taste with the oak panelling of 
the hall. The following names are recorded upon 
them, under the simple inscription “ Our Glorious 
Dead, 1914-1919 ” :— 


Adams, Dudley. Inchley, William. 
Andrews, G. L. James, W. D. 
Andrews, H. G. Johnston, A. D. 


Armstrong, P. T. Kennedy, Charles. 


Armstrong, W. K Keyms, T. B. 
Barnes, E. E Langdon, D. E. 
Barrett, E. B Liley, H. D. 
Barstow, M. W Macaulay, M. 8. 
Bruce, A. C. A. McGroarty, R. D. 
Buckton, A. 8. McNaughton. R. M. C. 
Bumpus, B. E. Manisty, H. 8. 
Busk, FE. T. Manning, G. A. 
Cable, G. P. Maunsell, R. G. F. 
Casson, William. Neilson, A. M. 
Corfe, A. W. Northeott, H, H. M. 
Cousin, A. N. Okey, W. E. 
Crichton, J. A. Parsons, B. F. 
Crofton, E. V. M. Poynting, Arthur. 
Cunningham, F. L. Reed, F. H. 
Davidson, J. 8. Reynolds, W. A 
Deakin, G. W. Robb, H. B. 
Domleo, R. F. Robertson, L. 8 


Donaldson. H. F. 


Douglass, P. C. D. St. Legier, A, 8. de. 


Druitt. C. L. Schneider, H. H. 
Ellis, H. D. Scotcher. W. G. 
Gilbert, David. Shirley. F. L. 
Goodeve. T. E. Spink. R. J. 
Gordon, Vivian. Stephens, H. G. 
Gort. A. H. Taylor, C. G. 
Griffiths, R. 8. Tebbutt, O. N. 
Grimwood, B. C. R. Thomas, J. V. 
Haile, Edward. Thorne, G. 8. 
Hall, G. 8. Tremearne, W. C. 
Hall, W. B. Vandell, H. I. 
Handeock, R. H. Venning, T. A. 
Harris, L. A. P. Vyall, L. E. 
Harrison. D. R. D. Walker, R. H. 
Harvey, W. C. Welsh, A. R. 
Hatton, R. A. Wilkins, F. T. 
Hewson, C. L. B. Wilson, John. 
Hollingsworth. Fredk, Wilson, L. H. 


Hopkinson. Bertram. 
Howarth, John. 


Worssam. L. H. 
Newton, Edward (Staff). 


THE ‘ENLARGEMENT OF THE CowLyp RESERVOIR, 
Norra Watzs. 


In a paper recently read before the Liverpool 
Engineering * Society, Mr. C. A. Farrington, 
A.M.IL.Mech.E., described the concrete core dam 
which is now being constructed by the Aluminium 
Corporation, Limited, to raise the level of Lake 
Cowlyd which has previously been the source of the 
water supply to the Conway and Colwyn Bay areas. 
This supply having threatened to prove inadequate, 
the Water Board was faced by the fact that the 
Aluminium Corporation had acquired considerable 
riparian rights in the Cowlyd valley, and an agree- 
ment was accordingly come to by which the Alum- 
inium Corporation bore all the cost of construction 





and maintaining a dam to impound additional 
water and also the cost of the incidental works. 
These will, however, though constructed by the 
corporation, be vested in the Water Board, and this 
board has its own outlet and mains, The existing out- 
let for the public water supply is 2 ft. in diameter, 
and the Water Board have powers to fix another 
pipe of the same diameter whilst the main for the 
supply of the turbines of the Aluminium Corporation 
is 4 ft. diameter. The level of the original lake 
surface is 1,169 above datum, so that a considerable 
fall is available. The new dam consists of an 
earthen bank with a reinforced concrete core wall 
carried down to rock over most of the site and a 
stiff blue clay elsewhere. The maximum height 
above the original ground level is 45 ft. and the 
greatest depth of the core wall below the original 
surface is 50 ft. As this core wall is of reintorced 
concrete on a firm foundation it has been deemed 
safe to carry the outlet tunnel through the core. 
This outlet tunnel is also constructed of reiniorced 
concrete, the aggregate being a hard grey granite 
and the sand used is the same material crushed on 
the site. The completion of the dam will give a 
total storage capacity of 3,110 million gallons, 


Hypraviic Propuntsion or Orarr ror SHALLOW 
Waters. 


A paper which was commendable for the reason- 
ableness of the claims it put forward was read by 
Major J. H. W. Gill, C.B.E., before the Institute 
of Marine Engineers on Tuesday last at the exhibi- 
tion now proceeding at Olympia. The subject was 
the “‘ Effective Propulsion of Craft for use on Shallow 
and Obstructed Waterways,” and in it the author 
dealt with hydraulic or jet propulsion, as the best 
method under the conditions cited. Major Gill ad- 
mitted that the efficiency of this method compared 
with that of screw propulsion under ordinary con- 
ditions, was about in the ratio of two to three, but 
that in the shallow waters, or where weeds and 
growth caused obstruction, jet propulsion was far the 
more effective. It may be remarked that a boat 
arranged on Major Gill’s system was exhibited at 
the Motor Boat Exhibition of 1920. This boat has 
since been run on 200 miles on derelict waterways 
in this country, and we believe has not failed on 
one occasion. In the Gill system a centrifugal 
pump is employed on a vertical spindle, drawing 
in water at the centre and discharging by two 
mouths to the side. The pump and setting is 
arranged in a rotatable mounting so that the two 
jets can be discharged in any direction round the 
360 deg. of the circle. This gives a boat which is 
very quick in manceuvring on any point of the com- 
pass, or straight ahead or astern. It may be noted 
that if the craft runs aground the pump is swung 
round so as to reverse the direction of the jet. This 
operation consequently directs the jet on to the 
mud or sand bank on to which the boat has run, 
and consequently tends to clear it away, even if 
the vessel will not respond by sliding off. The 
face of the pump housing in the boat’s bottom is 
fitted with a metal weed cutter, and if weeds collect 
at the opening the movement of the pump hous- 
ing through a few degrees cuts the weeds against 
this fixed bar. As we have said, Major Gill only 
advances limited claims for the system as being 
suitable to a certain field. In this field the question 
of efficiency of propulsion by screws does not come 
in in the ordinary sense. What is wanted is a boat 
which will work reliably, and with reasonable 
efficiency, instead of getting clogged and put out 
of action. With this fact admitted it would appear 
that Major Gill’s improvements would be likely to 
be of service in many waters, especially in countries 
abroad where the vegetable growths are very 
troublesome, and, without expecting it to compete 
successfully under less suitable circumstances in 
open waters, it is quite possible that it will develop 
a special sphere of its own. 

Sur REGULATIONS. 

Although entitled “The Ancient History of 
Ship Regulations,” the paper read by Sir Westcott 
8. Abell, K.B.E., before the Institution of Engineers 
and Shipbuilders in Scotland, on Tuesday last, 
actually covered the subject right down to 1914. 
It is true that the bulk of this interesting review 
dealt with ancient rather than modern history, 
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but the latter portion forms no inconsiderable 
section of the whole. Sir Westcott Abel commences 
his review with a reference to maritime movements 
traced back in the Mediterranean to something 
like 10,000 B.c., and following up the thread touched 
upon the influence on the sea of Rhodes, Egypt, 
Carthage, and so on. The first reference to ship- 
ping regulations the author traced to the Rhodian 
sea law, which is of very ancient origin, but con- 
solidated between the years 600 and 800 a.p. This 
law requires tackle to be provided at a certain rate 
per unit of capacity, holds the owner or master to 
be responsible for the seaworthiness of the vessel, 
and even prescribes the space to be allowed for 
each passenger. Small boats were also insisted 
upon. No reference, however, appears to have been 
made to a load line. The next influence on develop- 
ment appears to have arisen through the Republics 
of Venice, Genoa and Sardinia. The former imposed 
regulations which made provisions regarding the 
size and number of anchors, cables and masts, &c., 
and also reserve gear, based on capacity, and also 
required the provision of boats, the latter a point on 
which it was only thought necessary to introduce 
legislation in this country at a comparatively recent 
date, definite action being taken as late as 1843. 
The Venitian law contained specific references to 
overloading, with penalties for carrying excessive 
loads especially on deck, hampering the working 
of the vessel and endangering the lives of the sailors 
and the safety of the cargo. The ballasting of 
vessels was also under supervision. Later came the 
laws of Oleron, but the first definite reference to a 
load-line seemed to be that in the Wisby Town law 
dating back to about 1288. In this it was formu- 
lated that goods loaded above the load line should 
be put ashore,.or the owner fined 12 marks, this 
payment apparently affording the owner leave to 
put to sea with the goods on board. Coming to 
1686, when Gerard Malynes’ Lex Mercatoria was 
published, regulations as to equipment appeared 
to be taking more definite shape. Tonnage laws 
had been in force in England since 1442, when in 
order to raise the King’s dues the step was taken of 
measuring and marking vessels carrying coals at 
Newcastle. Later, this was extended to lead and 
iron, and in 1775 the rule was applied to all ports 
and a general registry was instituted. This was 
revised in 1786. We do not propose to follow 
Sir Westcott over the ground he covered to bring the 
history down to date, or practically so. His review 
is exceedingly interesting, and in these days when 
memories are apt to be somewhat short owing to the 
events of the last few years, it is quite good to have 
them refreshed in a manner so concise and masterly. 


Moror Fue.ts ann Power ALconoL. 


Last May the Imperial Motor Transport Council, 
of which Prince Arthur of Connaught is President, 
appointed the Empire Motor Fuels Committee “ to 
take immediate steps to encourage and develop 
the production and utilisation of additional motor 
fuel supplies of raw materials, and more particularly 
to ensure increasing shipments of motor fuels to 
Great Britain, and so far as may be necessary, 
to the Empire Overseas.” The committee, of 
which Mr. E. 8. Shrapnell-Smith is Chairman and 
Captain F, G. Bristow honorary secretary, issued 
last Monday its first report on work accomplished. 
The report deals mainly with power alcohol. Acting 
as a link between the Industrial Research Depart- 
ment, on the one hand, and users of motor vehicles, 
distillers, petrol and benzol companiés and makers 
of plant on the other hand, the committee is em- 
powered to co-operate with any Government or 
other body and to offer bonses or other rewards. 
It has obtained Parliamentary authority for the 
use of power alcohol, and further legislative action 
is contemplated for the removal of restrictions 
respecting its storage, transportation and sale. 
Special attention has also been devoted to the 
production of new standard denaturants for world- 
wide use. This is probably the most important 
part of the work done; for the general objects 
stated haye become familiar to engineers and 
chemists of late years in connection with various 
other committees, to which this committee may be 
said to have succeeded. A memorandum drawn 
up at a conference of the committee with the Board 
of Customs and Excise states that the denaturant 





should be soluble in alcohol, benzole and ‘petrol 
and in certain mixtures of these; it should not 
readily be separable from the solutions, but be 
stable, cheap, plentiful, of nauseous taste and, if 
possible smell, but not poisonous, readily detectable 
in traces, and unaffected by metals which its 
combustion products should, of course, not corrode. 
On behalf of the Sub-Committee on denaturation 
under Sir Charles Bedford, during whose absence 
from London Sir George Ashdown has stepped in, Mr. 
J. Stanley has experimented at the Imperial College 
of Science, and has found that redistilled bone-oil, 
light caoutchoucine and certain shale-oil-products 
appear best to comply with the desiderata. Bone- 
oil can be detected in traces of 0-001 per cent., and 
is less likely accidentally to occur in potable 
spirit than some of the other denaturants, pyridine, 
&c. Bone-oil is a by-product of the animal char- 
coal manufacture ; it contains pyridine (a coal by- 
—— which is found in some crude spirits. 
xperiments are also being made on the cracking 
of petroleum for the production of a denaturant ; 
eastor oil yields such a body, but it would be too 
expensive. It is further mentioned that a sub- 
stance, capable of imparting to water certain char- 
acteristics at a dilution of one part in a million 
occurs “ in certain roots growing in localities where 
alcohol may eventually be produced.” The 
Engineering Sub-Committee under the chairmanship 
of Dr. W. R. Ormandy is conducting tests and 
experiments on the design and operation of internal 
combustion engines running on.alcohol fuel and on 
alcohol-benzole-ether mixtures. 


INSTITUTION oF NAvAL ARCHITECTS. 

A notable point in connection with the annual 
session of the Institution of Naval Architects is 
that the meetings are to be held, not in the Hall 
of the Royal Society of Arts, as in former years, but 
at the theatre of the Royal United Service Institu- 
tion in Whitehall. The session begins on Wednes- 
day, March 16, at 11 o’clock, and there will be 
day and evening meetings on the following day, 
and a day ‘meeting on Friday. The proceedings 
begin at 11 o’clock in the forenoon, and, on Thurs- 
day, at 8 o’clock in the evening. The session, 
however, will be opened, appropriately, by a 
reception on Tuesday evening, March 15, by the 
Earl of Durham, the retiring president, at the Naval 
Museum of the Royal United Service Institution, 
and as there have been considerable'additions to the 
exhibits in the museum, as a result of the war, the 
function will not only be pleasant but informing. 
On Wednesday forenoon the Earl of Durham, who 
retires now, owing to his having served the five 
years, will induct the new president, the Duke of 
Northumberland, who will deliver his presidential 
address. Following this papers will be read. 
The first paper is by Sir Eustace d’Eyncourt, 
K.C.B., the Director of Naval Construction at the 
Admiralty, and, as he will deal with some features 
of German warship construction, it will be quite 
appropriate to raise, in the discussion, the problem 
of the future of the large battleship. We hope that 
such a discussion will arise, as the Institution of 
Naval Architects constitutes the most suitable 
organisation for the consideration of this highly 
technical question, since there is included in the 
personnel of the Institution not only the designers, 
but officers of all types of warships. Mr. 8. V. 
Goodall will read the second paper on “The 
Ex-German Battleship, Baden,” and it is quite 
possible that the discussion on both papers will be 
taken together. The third paper is also contributed 
by a member of the Royal Corps of Naval Con- 
structors, Mr. W. R. G. Whiting, who takes up 
the question of the strength of submarine boats. 
The annual dinner of the Institution is to 
be held in Wednesday evening at the Connaught 
Rooms. At the opening meeting on Thursday, 
Messrs, R. J. Walker and S. 8S. Cook, of the Parsons 
Marine Steam Turbine Company, will read the first 
paper, on “ Mechanical Gears of Double Reduction 
for Merchant Ships,” and, in view of the difficulties 
which have arisen in connection with this type of 
machinery, the discussion should be of considerable 
importanee, if engineers will contribute candidly 
from their experience on the subject. Mr. Maurice 
E. Denny reads the second paper, on “‘ The Desi 
of Balanced Rudders of the Spade Type,”’ while the 





third paper on Thursday afternoon is by Mr. E. W. 
Blocksidge, and deals with “‘ Life-Saving Appliances 
on Cargo and Passenger Vessels.” The afternoon 
meeting is to be given up to the new branch of naval 
architecture, namely, aviation, and Mr. H. B. Wyn 
Evans will read a paper on “Standardised Data 
for Design and Performance Calculations for Air- 
ships.” The evening meeting on Thursday will 
consider the question of the framing of ships, 
Professor T. B. Abell contributing the paper. For 
Friday afternoon three papers are on the pro- 
gramme for consideration, the first being by Mr. 
A. M. Robb, on “ Deflections of Bulkheads and of 
Ships,” the second by Mr. K. G. Finlay, “On the 
Spacing of Transverse Bulkheads,” and the third, 
by Mr. J, J. King-Salter, entitled ‘‘ Some Experi- 
ments on Tallows in their Use for the Launching 
of Ships.” 





Peat Drytnc.—The Finnish Hydroturve Company is, 
according to an American report, preparing peat by a 
peculiar process, said to be of Russian — The peat 
is, in the bed, reduced to a mud by hig -pressure jets 
of water, The fine mud is pumped by electric machinery 
on to a drying field, wood rootlets, &c., being removed 
by suitable devices. The peat dries sufficiently to be cut 
into blocks. The product is known as hydroturve, and 
is said to dry more rapidly than ordinary peat, which does 
not sound improbable. 


Screntiric AND INDUSTRIAL ResEArcu.—The Secre- 
tary of the Department of Scientific and Industrial 
Research announces that the British Research Associa- 
tion for Liquid Fuels for Oil Engines Industry has been 
approved by the department as complying with the 
conditions laid down in the Government scheme for the 
encouragement of industrial research. As the associa- 
tion is to be registered as a non-profit-sharing company 
the promoters have applied to the Board of Trade for the 
issue of a licence under Section 20 of the Companies’ 
(Consolidation) Act of 1908. The See of the 
Committee engaged in the establishment of this asso- 
ciation is Mr. Percy Still, 19, Cadogan Gardens, S.W. 1. 


Tue Institution oF Evectrica ExGcineers.—The 
next summer meeting of this Institution will take place 
in Scotland from June 7 to 10. The first two days will 
be spent in Glasgow, when visits will be paid to the new 
power station at Dalmarnock, and to works and other 
places of interest. There will also be papers on that 

wer station and on the hydro-electric resources of 
Scotland. Arrangements have been made for a Clyde 
trip on the 8th. On the 9h the party will proceed by 
special train to Fort William or Banavie (Inverness 
Canal) and on the following day a steamer will take the 
visitors down Loch Linnhe to Kinlochleven where the 
hydro-electric installation of the British Aluminium: 
Company will be visited. In the afternoon the steamer 
will continue its journey southwards and land the party 
at Oban, where the visit will end on Friday evening, 
June 10. Full details wil! shortly be i.sued by the 
Institution, 


THE LATE CoLonet L, von Sriirnter. — Colonel 
Ludwig von Stiirler, who recently died at Berne, Switzer- 
land, was an engineer, and had since 1894 been director 
of the Swiss Federal Arms Factory at Berne. Born in 
Berne in 1852, the son of an architect, he was educated 
in his native town and at the Ziirich Polytechnicum, and 
joined the Federal Engineering Department in 1876. 
He did not stay there long, however, at that time, but 
went to France, was associated with the firm of G. Eiffel 
and Cie., of Levallois-Perret, built bridges in France and 
in the years 1881 and 1882 in Spain, was connected with 
the operations on the famous Garabit viaduct in 1885, 
put up the large cupola of the Observatory in Nice and 
went over to the Panama Canal. Illness having obliged 
him to abandon this work, he rejoined the Swiss Army 
in 1887, and was in charge of the Federal workshops 
at Berne before he became director of the arms factory. 
Last summer failing health forced him to take a long 
leave,but his death in the last week of the past year was 
unexpectedly sudden. 


Tue Late Mr. ALEXANDRE Gouvy.—We py ae to 
read in the last issue of the proceedings of the Société 
des Ingénieurs Civils de France an account of the recent 
death of Mr, Alexandre Gouvy, the well-known French 
metallurgist. Mr.Gouvy commenced his business career 
at the Resicza Works, Hungary, and later he had charge 
of a number of Russian iron and steel works. For several 
years previous to the war, Mr. Gouvy held a consulting 
engineer’s practice both at Diisseldorf and in France. 
He left. Diisseldorf at the outbreak of the war, and placed 
his services at the disposal of the French Government, 
who entrusted him with the work of hastening the 
manufacture of war material in Russia. On his return 
to France from Russia, he took charge, under the 
Ministry of Armament, of installations for the heating 
of furnaces by heavy oils. He then went for a business 
tour to the United tes. It will be remembered that 
Mr. Gou e at the first meeting, in November, 
1919, of itish Section of the French Society of 
Civil Engineers above referred to, He had been a member 
of the Iron and Steel Institute since 1909, and regularly 


12D | attended the meetings. He died suddenly in the course 


of a journey he was taking in Germany. 
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THE DESIRABILITY OF STANDARDISATION 
IN THE TESTING OF WELDS.* 


By F. M. Farmer, of the American Bureau of Welding, 
New York. 


WELDING by gas and electrical means has long since 
passed the stage of small applications, and is becomin, 
one of the more important of the mechanic arts employ 
in the manufacturing and fabrication of metallic struc- 
tures, Although the welding art had been developing 
very rapidly, expansion was particularly rapid during 
the war because of the great ibilities for saving time 
and labour which were made evident. Since the war 
the field of application of welding has continued to expand, 
being accelerated no doubt by the ever-increasing 
economy over other methods of joining metals, which 
involve any considerable amount of labour. 

No argument is needed for standardisation as a general 
policy. Its value in most fields of human activity, and 
particularly in engineering, is generally acknowledged. 
Therefore, when a new art becomes an important 
element in industry, standardisation is not only desirable, 
but is almost essential if development along sound 
engineering lines is to continue. That this view is 
recognised, is indicated by the fact that one of the 
important functions of the Bureau of Welding—an 
organisation established by the American Welding 
Society in co-operation with representatives of Govern- 
ment Departments and Technical Societies—is to 
standardise various phases of gas and electric-welding, 
such, for example, as methods of welding, the training 
of welders, tests of welds, nomenclature, methods of 
inspecting and testing welds in completed structures, &c. 

So far as the author is aware, no welding standards 
of any kind have yet been proposed in the United States, 
either by the Bureau of Welding or other authority. 
However, there has been considerable discussion of this 
phase of the welding situation, particularly by the 
Welding Research Committee of the Emergency Fleet 
Corporation, and as wide discussion is essential to pro- 
gress in real standardisation, this paper is presented as a 
contribution to the subject of standardisation in con- 
nection with the testing of welds. Standards for 
evaluating welds are ted, and certain standard 
procedures are pro for those mechanieal tests 
which the author considers to be the more important. 
Tt is believed that a free discussion of the proposals from 
the standpoint of British practice will have a great 
influence in promoting stan isation, 

Need for Standardisation in Testing W elds.—Standardi- 
sation of the procedure in making a test of any kind 
is obviously necessary before results obtained by different 
observers can be compared. Tests of welds are no 
exception to this general rule. Differences in details 
of procedure have caused such widely divergent results 
that comparisons are frequently impossible, with the 
result that the usefulness of much of the research work 
on record is greatly restricted. 

The + ni however, in welding is for some 
standardised method of measuring or determining the 
relative value of a weld. The ideal weld is presumably 
one which does not change the characteristics of a 
structure containing such a point from those which the 
structure would have, if no joint had necessary. 
In other words, the joint should have the same charac- 
teristics as the adjoining metal. If this view be correct, 
what tests should be made to determine these charac- 
teristics, and how is the degree of aj ximation of a 
weld to the ideal weld to be determined ? 


Sranparps For TEsTING WELDS. 

Fundamental Basis.—A weld is, in general, made for 
the purpose of joining together two pieces of metal in a 
structure, Joints are usually a necessary evil. They are 
avoided when it is possible to fabricate structures without 
them, The effectiveness of a joint is therefore determined 
by a comparison of the characteristics of that part of a 
structure containing the joint with a similar part which 
has no joint, Sometime in the future, processes may be 
developed which will produce welds having inherent 
characteristics, such that welds may be introduced into 
a structure for the sake of acquiring these characteristics. 
In that case the above basis of evaluation would not be 
applicable, but that time has not yet arrived. Also 
the argument has been advanced that because a weld is 
non-homogeneous, it cannot properly be compared with 
a homogeneous metal. While this is true as far as some 
characteristics are concerned, the fact remains that in 
the present stage of the art, welds are simply joints, 
and the practical basis of evaluation of a weld is in terms 
of the metal of the parts joined together. 

Kinds of Standards.—Iit is obvious that for many 
purposes an investigation of a weld need not be extensive. 
There should be, therefore, several standards which 
will serve the more usual purposes, Three standards 
are suggested—shop standard, commercial standard, and 
research standard. 

(a) Shop Standard for Testing Welds.—In the shop 
a standard test is required for such purposes as checking 
the work of a welder from time to time, testing a new 
lot of electrodes in electric welding or of welding wire 
in gas welding, testing the effect of-some change in 
conditions which may have taken place, &c. Such 
a standard must necessarily be as simple as possible 
and preferably a single test. The technique of the 
procedure in making the test must be of a simple 
character. For such a standard, a bending test is 
suggested. A bending test involves more of the important 
properties of a material than any other single static test, 
yields the most information, and can be made with very 
simple apparatus. 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, February 18, 1921. 





(b) Commercial Standard for Testing Welds.—There 
are many cases where more than one kind of test should 
be made, but where the circumstances do not justify a 
complete investigation. There is, therefore, a need 
for what might termed a commercial standard for 
making, for example, comparisons between different 
commercial welding processes or between different kinds 
of electrodes in electric metal arc welding or different 
wires in gas welding. It is suggested that such a standard 
consist of three tests—a bending test, a tensile test and a 
fatigue test. These three tests probably give more 
information than any other three tests that could be 
selected. 

(c) Research Standard for Testing Welds,—When a 
complete investigation of a weld is to be. made for 
research or other purposes, all tests and examinations 
are made which will contribute any information in 
regard to the characteristics of the weld. It may be 
necessary to make tests of a special character in special 
kinds of welds or where application under unusual 
conditions is contemplated, but there should be a standard 
list of tests which will give information which is complete, 
as far as all ordinary requirements are concerned, The 
following is suggested for such a standard list :— 


A. Tests of Base or Parent Metal :— 
(1) Chemical analysis. To include carbon, man- 
ganese, silica, phosphorus and sulphur. 
(2) Mechanical tests :— 


(a) Tensile. To include yield-point, ultimate 
strength, total elongation, and reduction of 
area, 

(b) Bending. 

(c) Fatigue. 

(3) Metallographic. Photomicrographs at 100 
diameters. 
B. Tests of Weld :— 
(1) Mechanical tests :— 

(a) Tensile. To include yield-point, ultimate 

strength total elongation, and reduction of 


area, 
(b) Bending. 
(c) Fatigue. 
(d) Impact. 
(2) Metallographic Photomicrographs at 106 
diameters at (a) the junction between the base 


metal and the filled-in metal, (6) the base metal 
adjacent to the junction, (c) the centre of the 
filled-in metal. 


C. Tests of Filled-in Metal :— 

(1) Chemical ee. To inelude carbon, man- 
ganese, silica, phosphorus and sulphur. 

(2) Mechanical tests. Standard round specimens 
to be prepared from ingcts deposited in a base- 
metal mould of such dimensions that normal 
cooling conditions will be approximated :— 

(a) Tensile. To include yield-point, ultimate 
strength, total clongation and reduction of 


area. 
(b) Bending. 
(c) Fatigue. 

(3) Metallographic. 
diameters. 


Numerical Evaluation of Welds.—The evaluation of 
articles manufactured in quantity is usually determined 
by comparison with a standard of some kind. Where 
a number of variable properties or characteristics are 
involved, the most reliable evaluation is obtained by 
employing a numerical method. For example, each 
pro Yy is compared with the corresponding property 
of the standard and a percentage value assigned. Where 
such comparison cannot be made by actual measurement, 
@ value is assigned which is based on judgment, If all 
of the properties are of equal importance, the final 
evaluation figure is simply the average of the various 
percentages. In general, however, certain pro ies are 
more important than others, and should therefore be 
weighted before averaging. 

In the case of welds, most of the characteristics are 
determined by test and expressed in a numerical result. 
The prover et f is usually the base metal, so that an 
evaluation of each characteristic of the weld in per cent. 
of that of the standard is easily made, The principal 
difficulty is in selecting the weights to be used when 
averaging for the purpose of assigning a value for the 
weld as a whole. 

In the “‘ shop standard’’ proposed, only one test is 
made so that evaluation is obtained directly. In the 
“ commercial standard ’’ three tests are made, the rela- 
tive value of the results of which will depend upon the 
purpose of the investigation. If, for example, it is for 
the purpose of testing the applicability of welding to 
structures where the stresses are low but vibration is 
always present, the result of fatigue tests is of great 
importance. On the other hand, if the structure is a 
large tank for liquids, the fatigue test result is not as 
important as that of the tensile test and the bending 
test. 

It is suggested that for general purposes the ‘ com- 
mercial standard ’’ be evaluated by weighing the tensile 
and fatigue tests by 1 and the bending test by 2. 


Photomicrographs at 100 


STANDARD PROCEDURE IN MECHANICAL TESTS OF WELDS. 

Of the three kinds of tests which are made for the 
purpose of investigating a weld, mechanical tests are the 
most important and are in the greatest need of standardi- 
sation, because they yield information about those 
characteristics which are of greatest significance in the 
majority of applications of welding. Furthermore, they 
are the most easily made, are better understood by a 
larger proportion of those interested in welding, and 
the results are more readily interpreted. 

There are five general classes of mechanical tests 
which may be made on ordinary structural materials— 





tensile, bending (transverse), torsion, impact and fatigue 
All five tests may made on specimens cut from a 
sample weld, but tensile, bending and fatigue tests will 
give ample data for all ordinary pu The impact 
test undoubtedly has much value in connection with 
certain applications of welding, but it is questionable 
if a static torsion test develops any information that is 
not obtained from a tensile and a bending test. A 
standardised procedure is therefore particularly needed 
for tensile, bending and fatigue tests. The ures 
outlined in the following{paragraphs have m used 
in a large amount of testing work and have been discussed 
to some extent for stan It is believed by the 
author that standardisation along the genetal lines 
indicated will be in the right direction. 

Tensile Tests.—Standardisation along new lines should 
utilise existing standards as far as possible, The 
standard test specimen in America for rolled or sheet 
material is that of the American Society for Testing 
Materials, and is shown in Fig. 1, e 240. It has been 
suggested that tensile specimens from test welds* be of 
the same shape and dimensions. 

In some kinds of welding the test weld will not be 
flat, and in such cases the wide sides of tensile specimens 
should be at least rough-machined in order to insure 
parallel sides. In any case, excess metal at the weld 
should be removed, so that the cross-section area 
throughout the reduced section is constant. 

Gauge marks should be laid off along the centre lines 
of both edges 1 in. apart as shown in Fig. 1, the weld 
to be at the centre of the middle inch. The corresponding 
points on the edges should be in the same straight line 
perpendicular to the lengthwise axis of the specimen, 

It is particularly necessary in testing weld specimens 
that the stress be applied in a straight line along the axis 
of the specimen, ause any bending action due to 
non-alignment of the grips may affect the results, par- 
ticularly if the weld is Brittle. The rate of movement of 
the crosshead of the testing machine should not exceed 
that at which the beam can be kept accurately balanced 
at all times, The observations should include the load 
at the yield-point and at failure, the former to be taken 
by the *‘ drop of the beam *’ method or with dividers. 

The results should include the yield-point and ultimate 
strength expressed in pounds per square inch of the 
original area ; total elongation after rupture in 1 in., 
2 in, and 8 in, expressed in per cent., each of the measured 
results as well as the average of corresponding results 
to be recorded ; contraction of area in per cent. The 
usual notes on the character of the fracture should be 
recorded, including comments on the extent of gas 

kets, slag inclusions, or incomplete fusion which may 
e shown. 

Bending Tests.—Of all the tests that are made on 
welds, none requires standardisation more than the 
bending test, because it is of an arbitrary character, and 
there is therefore a wide divergence in the details of 
procedure, The result of a bending test is usually 
expressed as the angle through which the specimen can 
be bent when the first fracture appears, but this angle 
is obviously greatly affected by :— 

(a) The radius of curvature of the eo. 

(6) The shape and dimensions of the loading surface. 

(c) The distance between the supports. 

(d) The method used in measuring the angle. 

Anyone who has made bending tests of welds will 
agree that all of these conditions influence the results, 
and where they differ it is impossible to make comparisons 
which have any value. Reference to results of tests 
of base or parent metal obtained with the same apparatus 
does not eliminate the difficulty, because many parent 
metals—mild steel, for example—will bend to the limit 
of 180 deg. over a wide range of the conditions enumerated 
above. Te is, therefore, absolutely necessary to have a 
carefully standardised bending test procedure before 
bending tests of welds can be compared, 

The bending test fixture shown diagrammatically in 
Fig. 2 has proved satisfactory, and is one in which the 
features mentioned above can be readily standardised. 
It will be seen that the specimen is tested as a simple 
beam with a minimum distance between the supports 
and with the weld at the centre, the load being applied 
at the centre of the weld, Such an arrangement assures 
a severe test of the weld, because the joint is a maximum 
part of that portion of the specimen which is between 
the supports. The fixture is conveniently constructed 
if two pieces of steel rail are used for the supports, with 
suitable provision for adjuscing the spacing to accom- 
modate various thicknesses of specimens. Fig. 3, 
page 240, is a photograph of such a fixture as used at the | 

ureau of Standards at Washington. 

The following are the essential dimensions :— 


D = diameter of cylindrical loading surface = 
thickness of test specimen t, 
R = radius of corners of supports = 1 in. ' 
W = distance between supports = D +2 t +4 in. 

The top surfaces and corners of the supports are 
polished and lubricated with a heavy lubricant. In the 
case of a weld made with metal deposited in a “ V,” 
the specimen is always tested with the load applied to the 
side of the specimen which shows the least filled-in 
metal. The fixture can be conveniently used with a 
standard testing machine of the vertical type, but a 
simple, self-contained structure for applying the load 
can be readily constructed. f 

The quantity measured in the test is the total le 
through which the specimen is bent at the instant the 
first crack appears in the specimen. As the test is 
usualty made with the load applied in a vertical direction 
and on top of the specimen, it will be found convenient 
to view the under surface of the specimen by means of 





*A term suggested for a“ sample or trial weld which 


is to be cut into specimens for testing purposes, 
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a mirror and an electric lamp suitably located as indicated 
in Fig, 2. 

The angle of bend can be quickly measured by the 
simple method shown in Fig. 3, below. The outline of 
the upper edge of the specimen is marked on a sheet 
of paper held against the edge of the specimen (before the 
load is removed), and the angle measured with an 
ordinary protractor. As the specimen may not have 
been perfectly straight initially, a similar procedure 
should be followed before the load is applied. The 
difference between the two angles is the angle of bend 
which the imen withstood, and is compared with the 
similar an Jo ter a similar test of a specimen of the base 
metal, The width and length of the specimen may be 
any convenient values as far as the test itself is concerned. 
A width of 1-5 in, and a length of 6 in, have been found 


STANDARD TEST SPECIMEN IN AMERICA FOR ROLLED OR SHEET MATERIAL 
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in which 8 = stress in outer fibre in pounds per square 
inch, M = bending moment in inch-pounds, c = distance 
from neutral axis to outer fibre in inches (= d/2), I = 
moment of inertia, W = load in pounds, X = distance 
between loads and supports in inches, and d = diameter 
of beam in inches. he beam’ is in tension on the lower 
side and in compression on the upper side. Thus if a 
circular rod is turned from a specimen cut from a weld, 
loaded in the manner indicated above with the joint 
in the middle and then rotated, the joint will be sub- 
jected to a maximum stress equal to 8 alternately in 
tension and compression once per revolution. 

Fig. 5, page 241, is a photograph of a machine for 
specimens from welds in }-in. material, and Fig. 6, 
on the same page, is reproduced from a drawing. . The 
specimen is.carried by four self-aligning ball bearings, 
a, b, c and d. The two 
end bearings rest in the 
pillow blocks, e and f, the 
whole being supported on 








at a vice on a bench. The specimen with the fittings 
in position is then dropped into position in the machine, 
the weights hung on to the hooks (with spiral springs 
intervening), and it is ready to be rotated. The blocks 
g and A are merely for the purpose of preventing the 
weights from dropping too far when the specimen fails. 

When failure occurs, the specimen will stop rotating 
because it ‘ binds,” and the belt will either slip or be 
thrown off. However, the preferable way for securing 
automatic stopping is to provide a simple switch arrange- 
mént which will be operated by one of the weights when 
it drops. This will cut off the motor. 

This Sontag machine was designed for specimens 
from welds in }-in. plates, but obviously a machine could 
be construc for specimens of any ordinary diameter. 
A machine could be constructed with a longer base for 
specimens from §-in. to 1-in. plate by providing bushings 
of suitable sizes and arranging for changing the distance 
between the supporting pillow blocks, so that the weight 
can be kept within reasonable limits. 






























































Fig.1. : : Fig.2. BENDING TEST FIXTURE 
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convenient for ordinary thicknesses of material. It is 
obvious that if the test is made with an ordinary testing 
machine, the fibre stress can be calculated by the standard 
flexure formula for a simple beam supported at the ends 
and loaded at the centre. 

Fatigue Tests.—The fatigue test is of great importance 
in an investigation of welds, particularly those which 
are to be used in structures in which rapidly varyin 
stresses exist, such as ship hulls, — structures an 
machinery. It has long been recogni that the usual 
static tests do not necessarily furnish information from 
which the performance of a material under a long- 
continued variable stress can be predicted, It is 
desirable to know the effect of any type of joint in a 
structural member on the fatigue strength ot that 
member. With a welded joint, the question becomes 
particularly important because of the introduction of 
more or less metal of a different character. 

A fatigue test, like a bending test, is ge! arbitrary. 
That is to say, the result obtained is an abstract one 
which has significance only when compared with other 
results obtained in exactly the same manner. In the 
case of tests of welds, the final answer is the ratio of the 
result of the test of a specimen containing the weld 
to that of. a similar specimen of the base metal. Conse- 
quently, the exact method of procedure employed may 
not be as important as in the bending test, for example, 
provided the same test is made on both weld specimens 
and base-metal specimens, However, experience may 
show that this ratio is not reliable, for example, over a 
wide range of thicknesses of material, so that standardisa- 
tion of fatigue test may be found to be necessary quite 
apart from the fact that it would be desirable on general 
grounds, 

Many methods have been proposed for testing materials 
under varying stresses, and a number of machines have 
been developed commercially for making such tests 
of the usual structural materials, but the majority of 
these machines develop the maximum stress at a single 
cross-sectional plane of the specimen. A welded joint 
is not a homogeneous structure, for it not only consists 
of different materials, but in the case of a ‘“‘ V”’ weld, 
the area of cross-section of the filled-in metal varies 
throughout the joint because of the V-shape of the 
filled-in metal and the irregularity of the line of union 
between the filled-in metal and the original metal. 
It is highly desirable, therefore, that the type of fatigue 
test employed for welds be one in which a uniform stress 
is developed throughout that part of the test specimen 
in which the weld is located. 

A fatigue testing machine in which this condition 
exists was developed for the Research Sub-Committee 
of the Welding Committee of the Emergency Fleet 
Corporation. It was described by the author in a paper 
recently presented before the American Society for 
Testing Materials.* 

The principle employed is that o. a four-point rotating 
beam with two free supports at the ends and two loads 
at the middle. Fig. 4 shows the familiar shear and 
moment diagrams for a beam so loaded, in which 
Wi = We = Ws = Ws = W and X; = Xe = X. - The 
moment between a and 6 is uniform, and has the maxi- 
mum value of W X. If the beam has a uniform circular 
section, the maximum fibre stress in all sections between 
a and bis: 
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*‘‘A Fatigue Testing Machine.” F. M. Farmer, 
Am.Soc, for Testing Materials, Annual Meeting, June, 
1919. 
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Fic. 3. Benpine-Test Fixture at THE BuREAU oF STANDARDS, WASHINGTON. 


a cast-iron base 5in. by 19}in. One of the pillow 
blocks provides for longitudinal movement of the bearing, 
due to the slight bending of the specimen. The two 

ual loads are hung from hooks attached to collars 
which encircle the outer faces of the two middle bearings. 

The bearings are securely fastened at the proper 
position by means of two split collets of carburised steel 
with opposite tapers, one entering from each gide of the 
bearing. This produces a wedge action whith gives a 
uniform a over the entire bearing surface on the 
shaft, and insures the validity of the assumption that the 
point of application of the loading forces is at the centre 
of the bearings. The inner collet is counterbored as 
shown, so that the bearing surface on the specimen is as 
short as possible. The collets are wedged together by 
@ nut on a thread on the inner collet, and are loos@ned 
with the aid of a wedge key driven under the head of 
the inner collet. 

The specimen is rotated ~ g the loose coupling 
at one end of the specimen, and the revolutions are 
counted by a suitable counter geared to a worm on the 
other end of the specimen. These various fittings are 





most conveniently put in position on the specimen 


The standard specimen for the machine described is 
13 in. long and 0-4 in. in diameter throughout its entire 
length. This diameter is about the maximum that can 
be turned out of a specimen cut across a weld in }-in. 
material which is rarely perfectly straight. Care is 
taken that the diameter in the middle portion where 
the weld is located is exact, and that this part of the 
specimen is carefully finished free from tool marks or 
scratches, , 

The criterion of the performance of a joint of any kind 
is the performance of a similar specimen of the original 
metal without a joint. Consequently fatigue tests of 
welds in }-in, plate are compared with tests made with 
the same apparatus and at the same stress on specimens 
from the original plate. When such tests were made 
with specimens of tant di ter throughout their 
length, failure always occurred at one of the load bearings 
and not between them, as is the case with weld specimens 
where the joint is usually the weakest a of the speci- 
men. It is believed that this is due to the sudden change 
in the stress distribution, as shown in Fig. 4, at these points, 
and probably also to the radial compressive stress induced 
at these points by the loads. By reducing the diameter 
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between these points and using long fillets, failure will 
occur in the central portion of the specimen and the true 
endurance value of the metal will be obtained. 

The objection — be made that the specimen is too 
small to give reliable information about what a weld 
of any considerable length would do, unless a number of 
—= were cut along the weld. In other words, 
the machine should be such that it would take a com- 
paratively wide imen. The answer is that the very 
fact that the small specimens require a number of tests 
to be made is an advantage, because definite knowledge 
of the uniformity of the strength (or lack of it) alon 
a long weld is very important, and obviously this woul 
not be obtained with a single wide specimen. Further- 
more, with the much greater speed permissible with a 
small machine and the larger number of machines which 
could be available, the equivalent in small specimens 
can be tested just as quickly as the one large specimen. 
Of course, a large machine employing the principle of 
uniform stress over the entire weld capable of taking 
a long specimen js a great value in research work and has 
its place, but it is questionable if such a machine would be 
suitable or practicable as a standard for general use. 
A machine of this kind was designed by Professor H. F. 
Moore at the Bureau of Standards at Washington, D.C. 
It takes a flat specimen, 8 in, wide, 32 in. long, and of 
any thickness up to about 1 in. The principle of the 
machine is exactly the same as that described above. 
The specimen is, of course, stationary, and the load is 
applied at the two loading points alternately up and down 
by means of an electric motor. 

Number of Specimens that should be Tested.—A property 
which is most important in a weld is uniformity. It is 
therefore desirable to subject a number of specimens to 
each of the various mechanical tests. A separate sample 
or test weld can be prepared for each specimen, but in 
electric arc-welding in particular this means greatly 
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the test weld in such a manner that one specimen for 
each test is‘cut from the middle and one near each end, 
enough of the edges being first removed to eliminate 
defective welding which may exist at the beginning and 
end of a weld. 

Elongation Data in Tensile Tests.—Elongation measure- 
ments on weld specimens are of limited value, The 
specimen is not homogeneous throughout its length, and 
unless the ductility of the filled-in metal of the joint 
is the same as that of the base metal, the result obtained 
is a composite of the ductility of the filled-in metal and 
the base-metal. Such measurements have some value, 
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increased expense in metal, in making the welds and in 
machine work involved in preparing the test specimens 
because of the it tting away enough of the 


th ty for 
edges to eliminate the beginning and ending of the weld. 
more economical to 


In electric arc welding at least it is 
make one large test weld, and cut it up into the pieces 
from which the test specimens are machined. In 
welding a skilled workman may be capable of mak: 
a finished weld right up to the ends of the weld, in whic 
case making each test specimen separately might be more 
economical, But the method of making one large weld 
has the further advantage that it more nearly duplicates 
the usual practical conditions, that is, long joints with 
the attendant temperature effects as determined by 
adjacent, relatively masses of metal, 

Not less than three specimens should be subjected to 
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however, when comparing welds of the same class with 
the same base sal. In a thorough investigation of a 
weld of the deposited-metal type, data on the ductility 
of the filled-in metal itself should be obtained by making 
tests of specimens consisting of filled in metal only. 
Width and Gauge Length in Tensile Teste.—The use 
of a specimen of constant width and gauge length, 
irrespective of thickness, might be questioned on the 
ground that it disregards Barba’s law of proportionality, 
which states that the ratio of the gauge length to the 
square root of the area should be a constant. Investi- 
gations made by Professor H. F. Moore, under the 
auspices of the Committee on ‘‘ Methods of Testing” 
of the American Society for Testing Materials, * showed 
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that varying values of this ratio (within reasonable 
limits) do not affect the yield-point, elastic limit, reduc- 
tion of area, or the tensile strength (of specimens of 
homogeneous material), but that there is a marked effect 
on the elongation. 

So far as elongation data in tensile tests of welds are 
concerned, it has already been pointed out that such data 
are of limited value. This being the case, it does not 
appear that in ordinary tests of welds the additional 
complication involved in following standard dimensions 
based on Barba’s law would be justified. But where 
investigations are er made to determine the effect 
of thickness on the weld, it may very well be advisable 
to follow thislaw. In that case it would ap desirable 
to make the gauge length as short as possible, and such 
that the ratio of the filled-in metal to the base metal 
within the gauge marks is constant. Then the width 


L 
should be varied to keep the ratio —= a constant for 
a 


various thicknesss, For example, if test welds were 
made in various thicknesses of plate with a 90-deg. le 
in each case, and a specimen 1-5 in. wide with a 2-in. 

uge length were pre from the 0-5-in, material, 
the dimension of the other specimens would be as in the 


L 
following table, = being constant at 2-31. 
Ja 


Thickness, Width. Gauge Length. 
In, In, In, 
0-125 0-375 0-50 
0-25 0-75 1-00 
0-50 1-50 2-00 
0-75 2°25 3-00 
1-00 3-00 4-00 


Obviously, the tests of base metal which would be 
made for reference should be made on specimens of 
corresponding shape. 

Standard Stress Value in Fatigue Tests.—In the fatigue 
tests made for the Research Committee of the Emergency 
Fleet Corporation, a standard maximum fibre stress of 
25,000 lb. per square inch was employed in testing of 
weld specimens and the corresponding specimens of base 
metal. The selection of this value was based on the 
following considerations. The characteristic which it is 
desired to test is the elastic property under reversed stress 
conditions and not ductility, since in practice a material 
is never intentionally stressed above the elastic limit. 
This means, therefore, that the stress should be below 
the elastic limit, because the relative performance 
of materials in a fatigue test will probably be very 
different above the elastic limit where the property 
involved is ductility, than it will be below the elastic 
limit where elasticity is the property involved. On the 
other hand, the higher the stress, the more quickly 
results will be obtained. As there is no reason to suppose 
that the relative behaviour of different materials will 
not be the same at low stresses as at high stresses (pro- 
vided they are below the elastic limit), a stress of 25,000 
Ib. was adopted, This is as close to the elastic limit of 
ship-plate steel as it was thought advisable to go. 

n an extensive research investigation, it might be 
advisable to determine the stress at which failure occurs 
after a stated number of reversals (or repetitions) of 
stress by the application of Basquin’s exponential law,* 
8 = we where 8 = fibre stress, N = number of repeti- 
tions of stress at failure, and K and # are experimentally 
determined constants, Tests would be made at a number 
of different stresses below the elastic limit and the results 
plotted on logarithmic paper. According to this law 
the curve should be a straight one, so that the stress 
which will cause failure at any particular number of 
repetitions of stress is readily determined. 

his method gives a more fundamental basis of com- 
parison. It permits direct comparison of the fatigue 
strength of difterent kinds of welds and welds in different 
materials without reference to the fatigue strength of the 
base metal. It is obvious, however, that the various 
specimens must be very uniform if reliable information 
is to be obtained with a reasonsble number of tests. 

Inspection and Tests of Welds in Structures,—The | nae 
of the welding art which is in greatest need of standardi- 
sation is that of inspection and testing of completed 
welds in commercial applications, But progress towards 
this desirable end can hardly be — before a satis- 
factory and commercially practicable method of deter- 
mining the quality of a weld in a structure is devised, 
Investigations of various suggested methods of testing 
completed welds were made by the Welding Committee 
of the Emergency Fleet Corporation, These included 
X-ray examination, determination of the electrical re- 
sistance by a method somewhat similarto that employed 
in testing rail-joints in electric railways, hammering and 
chipping the weld and magnetic examination, None of 
these offered definite promise of success at the termina- 
tion of the Committee’s activities. In certain limited 
fields of application, satisfactory tests may be devised, 
such, for example, as closed vessels which can be sub- 
jected to hydraulic pressure and simultaneous hammering 
after completion. Possibly also some method will be 
devised for removing a test-specimen which can be 
readily tested, the hole being small enough to be filled 
up easily, ‘ 

But at the present time the only checks on the quality 
of the welder’s work in general applications which are 
available appear to be (a) confidence in the welder’s 
proficiency and his integrity, and (b) systematic inspec- 
tion during the progress of the work. Even re 
standardisation may be applied advantageously. That 
is, we should have (a) a standardisation test of pro- 
ficiency of welders or perhaps several standards for 


* O. H. Basquin, “ The Ex 
Tests,’ Proceedings, Am. 
vol, x, page 625 (1910). 
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different grades of welders and (b) a standardised me 
cedure for the inspection of various kinds of welds while 
being made, Standardisation of this kind should have 
the added value of aiding in obtaining the confidence of 
those authorities whose approval is necessary before 
welding can be applied in a number of important fields. 





FLOATING DOCK FOR TESTING 
SUBMARINES. 
Tue notable feature of the floating dock which we 
illustrate in Figs. 1 to 11, on this and opposite es, 
is that the dry dock serves both for testing and also for 


of the dock, the » preaiine cylinder and the submarines 
docked is buo up by the pontoon, a. The four 
chambers or cells, 6, 6, c, c, p at the upper corners of 
the dock walls, maintain equilibrium during the diving 
and raising of the dock. The intermediate chambers, 
e and f, help to increase the stability of the submerged 
dock during the testing operations, for which steadiness 
is particularly desirable. Fig. 3 shows two half sections. 
That to the left shows the conditions when the dock is 
submerged ready to receive the submarine to be tested. 
In the right-hand section the submarine is shown under 
test, the water used to fill the cylinder having been 








drawn from the compartment a; the external water 
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dry-docking submarines. This double use is also possible 
with the floating dock of the Fiat San Giorgio Company 
of Spezia, which was described in our columns in 
1912, in vol, XCITT, 262. In that case, however, 
dry-docking has to e place \ithin the tube in which 
the hydraulic tests are performed, whilst in the newer 
type of floating dock we are going to describe, for 
berthing a submarine to be dry-docked is left on either 
side of the pressure cylinder into which the submarine 
to be tested is floated. The dry-docking is thus facilitated, 
and the capacity of the dock is much increased, The 
design, which is distinguished by other interesting fea- 
tures, is due to a Henbery engineer, von Klitzing, who 
first submitted his scheme to the Russian Government in 
1913. The dock illustrated in our columns was con- 
structed during the war for the German Navy, and was 
described by its designer in the Zeitschrift des Vereines 
Deutscher Ingenieure of December 18 last. We are 
indebted to this journal for our particulars and diagrams. 

The general construction is explained by the diagrams, 
Figs. 1 to 4, Figs. 1 and 2 showing the dock in longi- 
tudinal section and plan. The combined deadweight 
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Fig.6. 


be explained presently. The cylinder is built up of 
steel rings, the butt joints of the bent plates being 
together by double lap-plates, triple riveted. The rivets 
are coun on the inner side. Strengthening singe 
encircle the cylinder at distances of 1m. When t 
cylinder is subme the air collects. in three domes 
provided in the middle of the cylinder and at either 
end, from which pipes lead to the control room or cabin 
(Fig. 1), from which all operations are controlled. 
The central dome is further fitted with a loaded safety 
valve. Access to the interior is gained through the shaft 
(Fig. 5) from the control room, and also through three 
oles which are secured by the simple devices illus- 
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pressure balances part of the internal pressure in the 
tube, In Fig. 4 the dock is shown floating on the 
surface, bearing two submarines to be dry-docked ; 
equilibrium could also be maintained if the dock were 
loaded with only one submarine, by the subdivision of 
the air tanks. The pressure tube is a cylinder, 12 m. 
(39-4 ft.) in internal diameter, 116 m. (380 ft.) long, 
which is rounded off at the closed end and is closed at 
the other end by a floating gate which the internal pres- 





sure tends to keep shut. The operation of this gate will 








trated in Figs. 6 and 7. The dimensions marked on 
these figures are in millimetres. In case of emergency 
the cylinder can be emptied by opening four large sluice 
valves (shown in Figs. 8 and 9), which are electrically 
o ted; the impulse of the oe jets rushing 
through these sluices is broken by placing conical de- 
flectors (Fig. 8) in front of the openings. The control 
room contains, like the conning tower of a submarine, all 
the devices by means of which the raising and submerg- 





ing of the dock is controlled, the pressure gauges, the 
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discharge-pipes, mentioned above, through which the 
cylinder can be emptied, have an in’ diameter of 
1,000 mm. (40 in.), The valves are o ted by electric 
motors from the control room, throngh worm gear. The 
position of the sluices is indicated in the control room, 
and lamps light up when the end positions are reached. 
The gate ( . 10 and 11) for the open end of the 
cylinder, to which we now return, has to be taken out 
of the cylinder when a submarine is to be introduced, 
and has to be refixed again subsequently, and these 
operations called for a peculiar construction both of 
gate and of the cylinder. The cross-section of the 
cylinder is circular ; the tube is enlarged slightly, how- 
ever, near its end and has at this part a diameter of 
12,600 mm, The plating of this part of the cylinder has 
a thickness of 31 mm. (1-2 in.). This enlarged portion 


“ ENGINEERING ” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

Ay yh ies tame mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, éc., 
of the communicators are given in italics. 
C ifications may be obtained at the Patent Office, Sales 
, 25, Buildings, Chancery-lane,j W.C., at 
She dats’ af the abeorisonent of the acceptance of a Complete 
ion is, in each case, given after the abstract, unless the 


is fitted with a ring giving an elliptical opening whose R. it onion a SS ae pa. the date of 
maximum and minimum diameters are 12,190 mm, in ré the of a Complete Specification 


the vertical and 11,570 mm. in the horizontal ; there is 
thus a difference of 620 mm. (24-4 in.) between the two 
axes. Near the end of the cylinder the strong iron ring 
forms a ledge, lined on the inside with hard wood ; 
inst this ring the gate is pressed when in position. 
is may be seen in Fig. 11. The gate is a hollow caisson 
lenticular on the inside and of the shape of a truncated 
cone on the outside; the dimensions of this cone are 
governed by the equilibrium conditions of the gate. 

The caisson proper is circular, but its framing (Fig. 10) 
is elliptical, and the whole gate has to be revolved about 
the longitudinal axis of the cylinder and the gate, when it 
is to be through the elliptical opening so that its 
short axis corresponds with the long axis of the cylinder 
mouth. The turning is effected by means of a heavy 
block of concrete, a circular segment, which is suspended 
from the centre of the gate, and can be turned by hand 
through 90 deg. with the aid of a crank. Fig. 10 shows 
how the block runs on rollers. After entering the cylin- 
der mouth the caisson is again revolved and also swung 
round on a vertical axis, the operation being like that 
of inserting and ‘fixing a mud hole cover. In Fig. 11 
the gate is shown when returned to its vertical position 
after having been floated back into the cylinder. It is held 
closed by means of levers and hydraulic pistons, The 
pressure is applied through connections with the pump 
system. The gate is subdivided into compartments in 
order to adjust its floating position within certain limits. 

When a test is to be made, the dock is first lowered 
to a depth such that the centre of the cylinder is 1 m. 
below the water level (Fig. 3). The gate is open duri: 
this operation. The submarine is now parma cece 
and secured in position, being braced against the sides 
and the top of the cylinder. The gate is locked, and 
the admission shaft is secured to the submarine. The 
low-pressure pumps can then be started to fill the cylinder 
with water. As this water is taken from the ballast 
tanks of the pontoon, the dock will maintain its level. 
The air of the cylinder escapes through the float valves in 
the three domes until the water enters the domes and 
automatically closes the float valves; the air still 
remaining in the upper portions of the domes finds an 
outlet through the ma reviously mentioned which end 
in the control room. W water begins to from 
these pipes, the man in charge closes the air cocks. He 
woe Se start the high-pressure pumps to raise the 
hydraulic pressure. The men left in the submarine make 
their exit through the shaft. If should threaten 
while the _—— is being applied, the adjustable safety 
valves will operate ; if necessary the large sluice valves 
are opened and the submarine will be released of pressure 
and can be dry-docked in a few minutes, 

The arrangements for dry-docking do not call for any 
special notice. One or two boats may be docked at 
the same time. 

We stated in our introduction that the design was 
first offered to the Russian Government. Soon after- 
wards the war broke out, and Klitzing is not aware 
whether or not any action was taken in Russia. The 
German Government ordered the dock described in 1916. 
Various difficulties delayed the construction, which was 
completed by summer 1918, In the tance tests 
then conducted it took one hour and 42 minutes to fill 
the cylinder with water (by the low-pressure pumps), 
and seven minutes more to raise the pressure to the 
sti ted eight atmospheres. The emptying of the 
cylinder down to its middle diameter was accomplished 
in six minutes. These ani other iods were shorter 
than those stipulated. Tenders had invited, and the 
main construction was carried out, according to Klitzing’s 
designs, by the firm Briickenbau Flender, of Benrath, 
near Diisseldorf. The steel struct was ted at 
Wilhelmshaven. The electric machinery was supplied 
by the Hanseatic branch of the Siemens-Schuckert Werke; 
the Vulcanwerke supplied the pumps, and the firm of 
C. F. Duncker & Co. a main share in other work. 








British ENGrvsertnc Sranpakps AssocraTion.— 
A British Standard Specification (No. 135—1921) has 
been issued by the British Engineering Standards Asso- 
ciation for benzol for motor fuel, commonly known as 
*‘ Benzole,”” a benzine mixture. The specification 
includes a definition of the term ‘‘ Benzole,”’ a description 
of the substances and notes on its physical and chemical 
properties, This is followed by appendices giving 
necessary tests including that for the estimation of the 
sulphur content, with di m, the specification con- 
cluding with a description and illustration of the standard 
distillation apparatus, This subject has engaged the 
activities of oe association for some months past, and 
the committee, under the chairmanship of Dr. G. Rudorf, 
has had the co-o) tion of Government Departments 
and industrial and scientific organisations, The specifi- 
cation can be obtained from the Secretary of the British 
Engineeri 
London, 8.W. 1. price ls, 2d. post free. 
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give notice at the Patent O, of to the grant of a 
Fetont of ene of the coords mondlontd te the ate 

ELECTRICAL APPARATUS. 


152,076. The British Electric Plant Company, Limited, 
Alloa, and A. W. Maudling, Alloa. Dynamo Electric 
. Figs.) July 2, 1919.~The invention relates to 
totally-enclosed dynamo electric machines of the t; in which 
the rovided with a number of ax | 
through which, for the pu of ventilation, air is circulated 
by means of a fan. According to the invention, the stator frame 
is constituted by end clamping plates for the core plates, an 
inte: ring or distance pieces and core plates centred inside 
said ring and formed with ventilating passages, and clampi 
bolts connected to said clamping plates, and extending thro 
certain of said passages or externally of the core plates. For 





























the usual complicated external frame there is substituted in the 
adaptation of the invention to a eqeeee-aamp motor a plain 
cylindrical ring 1, which is spigoted into two end i ates 
2, 3, and inside which the cores plates 4 are centred. feet 
are cast on the clamp plates 2,3, Holes are formed through- 
the core plates 4 for the air passages. The holes may be con- 
veniently formed by a notching machine, and may 
numberand meee required. The holes in the Sane 
by bolts 7 which pass through cereal of the ventilatin 
vy which pass ce! the ventilat: 
and tighten up the core till the stator ring 1 is pulled up tight. 
(Accepted October 20, 1920.) 


152,153. A. H. Brantom, Leighton Buzzard, E. A. Bitton, 

Dransfield, Portsmouth, and S. E. Boyce, 
Portsmouth. T and Telephone Apparatus. 
{5 Figs.) July 24. 1919.—The invention relates to apparatus 
lor use in connection with telegraphy and telephony, and in 
connection with the control of electrically-actuated or controlled 
apparatus situated at a distance. apparatus comprises 
a 1 whereon is secured an electromagnet 2 with its axis 
vertical. Above this magnet there is mounted on a bobbin 3, 
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Transm. is, 
The contacts 7, 9, are 
it, such circuit including a tele- 
r any desired apparatus. 
rece 


con! at the contacts 7, 9, and the secondary 
circuit therehy the required indication. If a current of 
any other frequency, as for example, from an atmospheric dis- 
charge, be i on the romagnet, this current will 
cause the dia; to vibrate, but the vibration will not 
be of the natural ency of the diaphragm and will therefore 
be rapidly dam out. This forced vibration of the first 
—— may mit a small forced vibration to the second, 

in turn will transmit a still smaller portion to the third, 
so that these forced vibrations will be entirely eliminated before 
the last dia is reached, and the receiving 


be affected thereby, or in other words, the receiving circuit is 
only affected by currents of the correct frequency. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


150,905. J. W. White, Widnes. Securing Device for Ropes. 
(6 Figs.) September 11, 1919.—The invention relatesito a 
epee device for ro: particularly suitable for use in 
aerial ropeways. The invention comprises a tapered block eye- 
letted to receive a connection and grooved to receive a wire ro 
which is clamped between it and a plurality of bridge pieces by 
means of U-bolts. wire rope 1 is secured in a groove 2 
in a block 3, having a tapered form, by clamping pressure exerted 


Fig.1.  Fig.2 


LAA AA AA 
one 


by U-bolts 4, embracing the block 3, and ing thro 

pieces 5, also grooved to a contour similar to that o 
rope, the pressure being applied by means of nuts 6. Conse- 
quently the greater the tension on the rope the ter the 
security of the clamp. The inner end of the block 3 is provided 
with a lip, whilst its other end is eyeletted as at 8, for the con- 
nection of a tension part. The arrangement may be used to join 
oe = ot rope by using a block tapered on both sides. 

ealed. 


MISCELLANEOUS. 
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150,782. S. Milne, Edinburgh. Digester. (2 Figs.) 
June 4, 1919.—The invention refers to stationary digesters used 
in paper- of the kind wherein the digested material can 
be d and washed out by a stream of fluid projected 
into the mass. According to the invention, the emptying of the 
digested material is done by jets central to the lower part of the 
digester, and the jets are supplied with water, used liquor, steam 

ipe extending upwards thro the lower central 
} om’ of the d rand through a valve which controls a central 
ischarge outlet of the d r. The lower part b of the digester 
is made conical, inside rfo} plates ¢ on which 
aed material — , the = da Lo apa the 
conical plates commun ing with a pipe ¢ 
which, with the sia of a steam jet /, circulates the liquor through 
the digester, the liquor ascen the pipe el and entering 
top of the digester at e2. At the lower end of the said conical 
part 5 of the digester is the discharge outlet g for the material 
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|under treatment. such outlet during the time the 
| material is being d is a mushroom valve h. This valve 
| is fitted with a vertical pipe i, which extends upward into the 
| digester to a level as approximately with that of the 
| upper end of the conical the digester. The pipe is closed 
| at its top end but is with a number of holes along its 
so as to 


d water, used liquor, steam or air supplied 
of di material within 


pa 

in its lower part to enable the valve to_be 
opened and thet by mechanism exterior to said chamber. The 
aoe is screw-threaded to receive a nut & having bevelled 
teeth thereon to ba ge 2 on the spindle 
by means of which 
. valve spindle Al also 
m, which communicates with a 
which water, used li uor, steam or air may be 
pressure to wa ~ lorated pipe i within the 
digester ria the valve spindle h. (Sealed.) 
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DESIGN AND TESTS OF FREIGHT LOCO- 
MOTIVES ON THE PENNSYLVANIA 
RAILROAD. 


By Lawrorp H. Fry, M.Inst.C.E. 
(Concluded from page 219.) 


Engine Tests.—The problem here is the same as 
that in the boiler tests, a comparison of output and 
input, which in this case is a comparison of horse- 
power developed and steam consumed. The first 
step is to plot these quantities as in Figs. 6, 7, 8 
and 9, which represent four of the engines; the 
H 6a using saturated steam at 205 lb. per square 
inch, the H9s and the L1s using superheated 
steam also at 205 Ib. per square inch and the I 1s 
using superheated steam at 250 lb. per square inch. 
The last-named engine, it must be remembered, has 
unusually large cylinders for the power to be devel- 





oped, and does not use a cut-off longer than 50 per 
cent. of the stroke. Smooth curves have been drawn 


Fig 6. HORSE-POWER & ENGINE EFFICIENCY IN 
RELATION TO STEAM { 


H 
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Steam perIndicated 
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Total Steam Consumption. 
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through the plotted points, and from these curves 
have been computed the curves which in each 
figure show the relation between the total steam 
consumed and the steam used per horse-power 
hour. The two curves in each figure correlate 
input, output, and efficiency for the engines, and 
are, to this extent, similar to those derived for the 
boilers, but the analogy must not be pushed too 
far. In the engine curves, the relation between 
steam consumed and power developed is influenced 
by two factors, speed and cut-off. This is responsible 
for the wide deviations of some of the points from 
the straight line relation which holds for the majority 
of the points plotted. A given horse-power may 
be developed by any of the locomotives by using 
& long cut-off (large tractive effort) at low speed 
or by using a short cut-off at high speed. It will 
be found that so long as the cut-off remains within 
what may be termed the running range, that is to 
say, between 20 per cent. and 50 per cent. of the 
stroke for all of the engines except the I 1s, the 
straight line law between steam consumption and 


horse-power holds pretty closely. When, however, 
a longer cut-off is used to develop a high tractive 
effort the steam consumption is increased more 
rapidly than the horse-power and consequently, 
the point falls below or to the right of the mean 
straight line. This is illustrated by the six lettered 
points in the plot for the H 9s engine, Fig. 7. 

The steam consumption and power represented 
by these points are given in the following table :— 























Steam 

Test Test Steam | Horse- | Used 
Letter.| No, | Speed. | Cut-off.) ‘Useq | Power. |per H.P. 
Hour. 

Ib. per 

r.p.m. |per cent.) hour. Ib. 

A 3,202 80 30 19,500 1,050 | 18-6 
B 3,247 40 88 27,600 1,020 27-1 
Cc 3,221 120 30 24,400 1,390 17°5 
D 3,214 100 40 25,900 1,430 18+1 
E 3,245 60 75 31,400 1,365 | 23-0 
F 3,244 60 86 33,500 1,360 24-6 











Fig.7, POWER 4EFICIENCY OF ENGINE IN RELATION 
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The points A, C and D, with cut-offs of 30 per 
cent. and 40 per cent., lie close to the mean straight 
line. When, however, the points A and B are 
compared, it will be seen that both represent very 
nearly the same horse-power, the respective figures 
being 1,050 h.p. and 1,020 h.p. For the point A 
this power is developed by running with a cut-off 
of 30 per cent. at 80 r.p.m., while for the point B 
the cut-off is 88 per cent. and the speed 40 r.p.m. 
The long cut-off sets the steam consumption nearly 
50 per cent. higher than that for the same horse- 
power with the shorter cut-off. Similar conditions 
are found for the points E and F, compared with 
the point ©. The fact is that although the heavy 
line drawn through the points A and D in Fig. 7 
is a good representation of the general relation 
between steam consumption and power at the usual 
running cut-offs, it is not a complete representation. 
In fact, to deal completely with the relation we 
need a series of lines, one for each cut-off. Such 
lines have been drawn in Fig. 7 for cut-offs of 
60 per cent., 75 per cent. and 85 per cent., and from 
them have been calculated the broken line curves 
in this figure for the steam consumption per indicated 





horse-power hour. The loss in engine efficiency 
with, the long cut-offs is obvious. For example, 
with a total steam consumption of 30,000 Ib. per 
hour, the steam used per indicated horse-power 
hour is 18 lb. with the running cut-off, 20 Ib. with 
60 per cent. cut-off, 23 lb. with 75 per cent. cut-off, 
and 25-5 lb. with 85 per cent. cut-off. So that 
with this same steam consumption the available 
horse-power is approximately 1,660 at the running 
cut-offs up to 50 per cent., but drops to 1,500 h.p. 


- |at 60 per cent. cut-off, 1,300 h.p. at 75 per cent. 


cut-off, and 1,175 h.p. at 85 per cent. cut-off. This 
is illustrated in another way by Figs. 10 and 11, 
which are taken from the Pennsylvania Railroad 
Company’s Bulletin No. 31. They show for 
classes L.1s and I1s, how various combinations 
of speed and cut-off affect the horse-power and steam 
consumption. For example, the point A in Fig. 10 
for the L. 18 shows that with 50 per cent. cut-off 
and 120 r.p.m. 2,000 h.p. are developed with 18 Ib. 
of steam per horse-power hour, or 36,000 Ib. of steam 
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per hour. Point B in the same diagram shows that 
the same horse-power (2,000) can be developed 
at 80 r.p.m. and 65 per cent. cut-off, with a steam 
consumption of 20 lb. per horse-power hour, or a 
total of 40,000 lb. per hour. It may be noted that 
the line in Fig. 8 for this locomotive shows a con- 
sumption ‘of 38,000 lb. of steam per hour for 
2,000 h.p. 

Returning now to the general curves in Figs. 6, 7, 
8 and 9, these have been transferred to Fig. 12, 
where they are drawn to the same scale for compari- 
son. The comparative efficiency of the four engines 
can be seen by noting the ordinates of the inter- 
sections of the four curves with the line AA, re- 
presenting a consumption of 25,000 Ib. of steam 
per hour. The H6a using saturated steam de- 
velops only 1,050 h.p. with this amount of steam. 
The other engines using superheated steam develop 
1,275 h.p. for the L 1s, 1,350 h.p. for the H9s, 
and 1,475 h.p. for the I1s. That is, the super- 
heater engines with 205 lb. per square inch boiler 
pressure (H 9s and L1s) give 25 per cent. to 
30 per cent. more power with the same steam 
consumption, while the superheater engine with 
250 Ib. per square inch boiler gives over 
40 per cent. more power than the saturated steam 
engine with 205 lb. boiler pressure. This gain 
in power in the cylinders is more than sufficient 
to offset the reduction in boiler capacity which was 
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noted above as the result of equipping a boiler with a 
superheater. The ive engine efficiencies 
can be compared more directly by means of the 
broken-line curves for steam used per indicated 
horse-power-hour. It will be seen that the H9s 
engine gives more power for a given weight of steam 
than the L1s. This apparently greater efficiency 
of the older engine is due to the fact that at a given 
horse-power it, the H 9s, is working with a higher 
degree of superheat than the larger L1s. The 
superheat in each of the engines increases from 
about 100 deg. at low powers to approximately 
200 deg. at maximum power. Now, when both 
engines are taking, say, 30,000 Ib. of steam per 
hour, the H 9s being smaller is working nearly at 
full capacity and, consequently, nearly at the 





Fig.i3. comms CURVES. 
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maximum superheat, while the L1s, at approxi- 
mately half capacity has a considerably lower steam 
temperature. The greater efficiency of the Ils 
engine is due partly to the higher boiler pressure, 
but chiefly to the fact that the larger cylinders allow 
the maximum engine power to be developed with 
a much shorter cut-off than is the case for the L 1 s. 

To give a more complete comparison between 
the two locomotives, the boiler curves from Fig. 4 
and the engine curves from Fig. 12 have been 
combined in Fig. 13 for the 1 1s and the I 1s. 
This figure embodies information as to coal fired, 
steam produced, and horse-power developed. For 
example, a vertical corresponding to a firing rate 
of 10,000 Ib. of coal per hour cuts the boiler curves 
at points indicating an hourly steam production 
of 54,250 lb. for 11s, and 57,500 lb. for L 1s. 
By projecting the intersection points horizontally 
across to the engine curves, the horse-power is found 
to be 3,400 for I 1s, and 2,900 for Ll s. A more 
detailed comparison of the cylinder conditions of 
these two engines is to be obtained from Figs. 10 
and 11. It is evident that the I 1s is much more 





efficient than the L.1s at slow speeds, the reason 
being that the larger cylinders enable the full 
horse-power to be developed without using ex- 
cessively long cut-offs. For example, at 80 r.p.m., 
or 14°8 m.p.h., the L 1s with 60 per cent. cut-off, 
develops 1,850 h.p. with a water rate of 19-1 Ib. 
per horse-power-hour, and an attempt to increase 
the power by increasing the cut-off runs the water 
rate up so rapidly that at 75 per cent. cut-off, while 
developing 2,100 h.p., the water rate is 22-2 lb. 
per horse-power-hour. In full gear at this speed 
the water rate is increased to 27 lb. per horse-power- 
hour, which is all that can be furnished by the 
boiler. With the I1s, a cut-off of 30 per cent. 
at 80 r.p.m. is shown by Fig. 11 to be sufficient to 
develop 1,800 h.p. with a water rate of 16-5 lb. 
per horse-power-hour. This rate changes little as 
the cut-off is lengthened, so that while maintaining 
the speed, the horse-power can be materially 
increased until with the engine in full gear 2,980 h.p. 
is obtained with a steam consumption of 17-4 Ib. 
per horse-power-hour, making a total of 52,000 Ib. 
per hour, which is well within the capacity of the 
boiler. For this engine the expression “ full 
gear” is used to denote operation with the longest 
possible cut-off at slow speed, so that the effect of 
the auxiliary starting ports is felt. The actual 
cut-off is 50 per cent., but to allow for the increased 
tractive force due to the auxiliary ports, the full 
gear cut-off is rated at 55 per cent. 

In the space of the present article it has been 
possible to deal only in the briefest possible way 
with the details of the locomotives and of the tests. 
Enough has been said, however, to show what the 
engines are capable of and to illustrate the valuable 
information which the locomotive testing plant 
has given in the past and to which it will surely 
add in the future. 





LITERATURE. 


Airscrews, in Theory and Experiment. 
A.R.C.8., D.1.C. London : 
Limited. [Price 34s. net.) 


TuE last eighteen months has seen a phenomenal 
increase in the literature of aeronautics, an increase 
which represents the knowledge and experience 
gained during four years of war. Amongst the 
many branches, the subject of the screw propeller 
as applied to aircraft has been treated both from 
the designers’ and the mathematicians’ points 
of view. In Mr. Fage’s work we are presented 
mainly with the experimental side, and the author’s 
experience at the National Physical Laboratory 
enables him to write with authority. There are, 
indeed, few books dealing with propellers which do 
not contain references to his work. 

The scope of this book is therefore well chosen, 
and the standard of treatment is, with the exception 
of a few paragraphs of a high order. The author 
assumes in his reader a good knowledge of mathe- 
matical physics and of general aerodynamics, but 
given these, the book is easy to follow. 

The work opens with an explanation of the present 
theory of airscrews as commonly accepted in this 
country. The theory has been known as the 
“inflow”’ theory, and is a development from the 
simple blade-element theory. Ever since its enuncia- 
tion some three years ago, it has been a matter of 
discussion whether the inflow to be considered is 
that calculated from the Froude application of 
the momentum equations or only that part of the 
inflow due to the mutual interference of the blades. 
The attitude of the National Physical Laboratory 
has not always been clear but, in this work, Mr. 
Fage has left no ambiguity on this point. He 
agrees with the blade interference interpretation 
of inflow. 

The elementary example of the calculation of the 
performance of a propeller (page 5) is set forth in 
a very unfortunate manner, and will, we fear, cause 
the uninitiated student much trouble. The method 
is quite justifiable and in common use, but to avoid 
misunderstanding it needs a fuller explanation. 

In stating that the problem presented to tae pro- 

lier designer is to design a propeller to give the 

possible performance, the author has appa- 
rently not appreciated the designer’s chief difficulty. 
The problem would be better defined as one of 


By A. Faas, 
Constable and Co., 





designing a propeller to run at a predetermined 
speed and to give the best possible performance 
consistent with that condition. 

In the second chapter the author examines other 
theories of the behaviour of a propeller, but since 
some of these are the foundations of the theory 
enunciated in the previous chapter, we think that 
the author would gain clearness of exposition if he 
treated them, including the simple-blade element 
theory, in the first chapter, and then proceeded to 
use these theories in building up the one enunciated 
in Chapter I. 

The study of the flow of air round a propeller 
might have been made more valuable by quoting 
the work of Pannell and Jones more fully. As it is 
the reader does not finish the chapter with a very 
clear idea of the character of the air flow. The 
energy account given in the same chapter is, however, 
distinctly interesting, and though a particular case 
is treated it serves to show very clearly how the 
losses in a propeller are made up. 

The important subject of the principles of dynamic 
similarity, principles which are fundamental in any 
deductions from model experiments, is admirably 
treated, with the exception of that section dealing 
with compressibility, a parameter which with 
modern high-speed airscrews is becoming of great 
importance. We think this paragraph would be 
improved by showing how the “adiabatic equa- 
tion” is obtained from Bernoulli’s fundamental 
equations. For a fuller discussion of compressi- 
bility the reader cannot do better than consult 
Bairstow’s “‘ Applied Aerodynamics.” 

A very complete description of the apparatus 
used in measuring the aerodynamic characteristics 
of a propeller is given in Chapter V. Both English 
and American practice is dealt with, although no 
description is given of that used by M. Eiffel— 
a somewhat regrettable omission, we think. The 
descriptions are supplemented by good drawings. 

The method of presenting the results of model 
experiments in non-dimensional coefficients and a 
good discussion of pitch and slip finishes the treat- 
ment of the propeller itself. Incidentally we entirely 
agree with the author that the introduction of the 
idea of slip is quite unnecessary and needlessly 
complicates discussion. 

We then proceed to the mutual effects of inter- 
ference between the propeller and external objects, 
such as the body and wings. The correct design of 
a propeller and the usefulness of any particular 
theory of design is dependent on a correct apprecia- 
tion of the magnitude of these effects, and the lack 
of information on the subject is a serious weakness 
in the application of all our theories. Mr. Fage 
discusses the subjects as well and as completely 
as the existing experimental evidence renders 
possible, but he has to confess that “‘ no statement 
of the quantitative effect of mutual interference 
can be made which would be of sufficient generality 
to apply with good accuracy to any particular 
aeroplane.”’ It is here that we begin to sympathise 
with the designer of marine propellers who has to 
deal with a body interference so great as to render 
the methods of the airscrew designer of little value 
to him, and it is undoubtedly the uncertainty of the 
effect of interference which renders most difficult. 
the correct design of an air propeller or the accurate 
prediction of its performance. Therefore we hope 
that Mr. Fage will continue his experiments in this 
direction, and that in a future edition he will be 
able to throw more light on the subject. 

Propellers in tandem are the subject of a careful 
analytical investigation, and experiments are quoted 
to confirm the conclusions and to give them @ 
quantitative meaning. The experiments are not 
however of a sufficiently systematic character 
to give any but a rough general conclusion, nor do 
they accurately represent the condition of the 
actual problem as it occurs in practice. Otherwise 
the subject is well treated, and the investigation 
is of value as far as it goes. 

M. Eiffel has carried out an elaborate series of 
trials on tandem propellers under conditions more 
nearly approximating to those of actual practice, 
and it is to be regretted that his report was 
published too late to be referred to in this and 
other works recently issued. 

The stresses in a propeller under load cannot 
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be .rigorously determined, but the author has 
nevertheless given a solution which serves all 
practical purposes. The subject is dealt with in a 
masterly manner, and this remark equally applies to 
his treatment of whirling and transverse vibrations. 

The work up to this point is characterised by most 
careful treatment, but now falls to a lower level, 
and gives the impression that the author was in a 
hurry to finish. Helicopters and variable-pitch 
propellers are mentioned rather than discussed, and 
the treatment of the important question of gearing 
appears to be the weakest part of the work. The 
method of comparison of various propellers for a 
300-h.p. engine at various rates of revolution is 
altogether an unfair one, and one feels that the 
conclusions must be largely discounted. In the 
particular case chosen they do not appear to be 
borne out in practice. 

For the unsystematic character of the experiments 
of which we have complained, Mr. Fage is hardly 
to be blamed. In justice to him it must be remem- 
bered that most of his work has been carried out 
not with that slow and thoughtful deliberation 
necessary for the building up of a sound scientific 
structure, but under the pressure of war and the 
necessity for immediate results. Bearing in mind 
these difficulties Mr. Fage is certainly to be con- 
gratulated on producing a work which is well worth 
reading. The bibliography given at the end of the 
book is excellent, and in the text the author has 
been admirably scrupulous in giving credit to those 
whose work he quotes. 





The Chemical Analysis of Steel Works Materials. 
Frep. Isppotson. London: 
Co. [Price 21s.] 


THERE are very few chemists engaged in the iron 
and steel industries who are not familiar with the 
text-book under a similar title written by Mr. Fred. 
Ibbotson in collaboration with Mr. H. Brearley, 
and published in 1902, and we hope that there may 
be still fewer who do not make acquaintance with 
the very thoroughly revised edition which has been 
written by Mr. Fred. Ibbotson alone, and which 
is now before us. This edition is for all purposes 
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he would probably find his confidence returning, 
and might not hesitate even to say boldly that there 
are many steels on the market with fancy alloy 
names which are innocent of even the intention 
of the special alloy to be present. The special alloy 
bears a close analogy to the “silver” in “ silver 
steel.” 

In the third chapter methods are given for the 
analysis of ferro-alloys, and the analysis of ore is 
considered in the fourth chapter. The information 
given in these chapters and the manner in which 
it is set forth are alike excellent. 

The remaining chapters in the book are devoted 
to the analysis of refractory materials, also 
slags, solid and gaseous fuels and boiler scales, 
which are all matters upon which steel works 
chemists from time to time are called upon to 
report. Works on chemical analysis are seldom 
read in the accepted sense—they are more usually 
works of reference which are resorted to for in- 
formation and help when the details of method 
which they contain are going to be of immediate 
practical use. Mr. Ibbotson has succeeded, how- 
ever, in producing a book on this subject in which 
the spirit of inquiry and research so clearly dom- 
inates all that he has written that it is a pleasure 
to read it and to feel the freshness ‘of his outlook. 
It is a work which can be most heartily recommended 
to everyone concerned with steel works analysis. 





Bibliotheca Chemico-Mathematica, Catalogue of Works 
in many Tongues on Exact and Applied Science. With 
a Subject Index. Compiled and annotated by H. Z. 


and H. C. 8. With 127 Plates. 2 vols. London: 
Henry Sotheran and Co. [Price of the two volumes, 
£3. 3s. nett.) 


Tue publication of a three-guinea catalogue is an 
undertaking which one would expect of a Govern- 
ment Department, a museum, or a learned society 
rather than of a publishing firm. The catalogue 
before us was, however, started, in 1906, in the 
shape of a pamphlet, not considered likely to exceed 
300 pages. The catalogue grew, a supplement was 
added, bigger than the original edition, and a second 
supplement and various other additions followed, 
until the work has swollen into two large octavo 


a new book, as it is brought up to date and now/| volumes, neatly printed and bound, together of 


includes references to the analytical peculiarities 
of all the newer steels and alloys which have been 
introduced since the first edition appeared. Thus 
we find mention of stellite, cobalt chromium and 


zirconium steels, while the literature references | 


show that the writer moves with the times. 

Steel works materials, although primarily con- 
cerned with the iron and steel products, cover a 
very wide range, and the steel works’ chemist, in 
addition to the analysis of iron and steel, must 
be familiar with the analysis of refractory materials, 
slags, fuels, gases and ores. Details of methods 
for all these will be found in this book set out with 
great clearness and precision, and an understanding 
of the underlying principles which makes the reading 
a pleasure. The first chapter, on general processes, 
contains some very useful remarks on the separation 
of iron from small quantities of other elements. 
Details of various methods in use are given, together 
with the effect of varying the standard conditions 
on the effective recovery of the other elements, a 
feature which compels the reader to wish for more 
and still more information of the same nature. 
Most of this work has been done by the author 
or by Brearley, and its originality at once places this 
volume on a high place among text books and 
stamps it with individuality. 

Chapter II deals very fully with the analysis of 
steel and pig-iron for the ordinary elements, as well 
as the special elements, and the more unusual 
elements such as copper, arsenic, titanium, uranium, 
zirconium, &c. Most of the processes are already 
in use in the steel works throughout the country, 
and the author has always in front of him the 
element of time which is so important an item in 
commercial work, while his observations on the 
processes described are generally pertinent. Re- 
ferring to the presence of zirconium in steel, he 
makes a statement “ with diffidence ”’ that “small 
though the amount definitely known to be added may 
be, it is sufficiently large not to escape detection 
and estimation in the ingot, if present, yet zirconium 
steels, so called, apparently contain no trace of the 
element.” If he compares notes with other chemists 





964 pages, including an alphabetical subject-matter 
index which alone occupies about 100 pages. The 
arrangement is alphabetical throughout; each 
section begins with letter A, but the numbering 
of the 17,397 entries is consecutive. The entries 
state author, title, style and date of publication 
and price, and give in a good many instances sliort 
biographical and historical notes on characteristic 
features. Many of the excellent 127 photographic 
plates, containing 247 photographs and facsimiles, 
are sufficiently quaint to attract the reader. The 
catalogue enumerates works, mediaeval and modern, 
in many tongues, on exact and applied science, as 
the title states, and the name “ Bibliotheca Chemico- 
Mathematica ” indicates the branches of science, in 
which the collection of Messrs. Sotheran is richest. 
We notice Borgo’s first printed book on arithmetic 
of 1484; Lazesio’s Abaco of 1518; Ortega’s arith- 
metic and geometry of 1552; the weights and 
measures of Pasi of 1503; the Arithmeticall Militare 
Treatise and other books of L. Digges of 1579; the 
original edition of the Revolutiones Orbium Celes- 
trium of Copernicus of 1543; Recorde’s Castle of 
Knowledge of 1593; Adam Riese’s Rechnung of 
1605; Laurenberg and Striibe’s Arithmetics of 
1599 and 1636; Branca’s steam-jet driven wheel 
of 1629; Kircher’s clock-driven chimes and Ars 
Magna, 1641 (mentioning fluorescence), and a gun 
shooting bombs round the corner in Valturio’s Res 
Militaris of 1532, not to mention models of the 
perpetuum mobile, and other curiosities of ages 
not altogether past. The predominance of early 
books on mathematics and arithmetics helps 
one to understand, for instance, why Florence 
appointed the artist Michael Angelo engineer-in-chief 
of the city fortifications when threatened with a 
siege in 1529; the eminent engineer of those days 
was the eminent artist and scientist. 

We cannot say in how far the catalogue is entitled 
to the claim of being the first historical catalogue 
of exact science ever issued; part of the t tle 
occurs in the Bibliotheca Chimica of the books of 
Thomas Young of Kelly, compiled by Professor John 
Ferguson and published in Glasgow in 1906. The 


compilers indicated by the initials H. Z. and H. ©. 8. 
of the very interesting publication we are noticing 
are Heinrich Zeitlinger, of Linz, Austria, the 
originator of the scheme, and Henry Cecil Sotheran. 


BOOKS RECEIVED. 


United States Geological Survey. Mineral Resources of 
the United States. No. I-6. Platinum and Allied 
Metals in 1915. By James M. Huw. No. [-8, 
Gold, Silver and Copper in Alaska in 1915. Mines 
Report. By Atrrep H. Brooxs. No. I-13. Gold. 
Silver, Copper and Lead in South Dakota and Wyoming 
in 1915. Mines Report. By Cuarues W. HENDER- 
son. No. I-15. Gold, Silver, Copper, Lead and Zine 
in Nevada in 1916. Mines Report. By V.C. Heres. 
No, I-20. Gold, Silver, Copper, Lead and Zine in 
Nevada in 1915. Mines Report. By V. C. Herxss. 
No, II-15. Fuller's Earth in 1916. By J. Mippue- 
ton. No. Il-16. Barytes and Barium Products in 
1916. By James M. Hirt, No. I-22. Sulphur, 
Pyrite and Sulphuric Acid in 1915, By W.C. PHALEn. 
No. I-24. Coal in 1915. Part A. Production. 
By C. E. Lesuer. No. II-31. Clay-working In- 
dustries and Building Operations in the Larger Cities 
in 1916. By J. Mippieron. No. II-32. Petroleum 
in 1918. By E. Russert Luoyp. Washington: 
Government Printing Office. 

United States Geological Survey. Professional Papers. 
No. 93. Geology of the Navajo Country, A Recon- 
naissance of Parts of Arizona, New Mexico and Utah. 
By Hersert E. Grecory. [Price 40 cents.) No. 
98-S. Contributions to the Geology and phvepey A 
of San Juan County, New Memwico. (4) Flora of the 
Fruitland and Kirtland Formations. By F. H. 
Knowtrton. No. 105. Hydraulic Mining Débris in 
the Sierra Nevada. By G. K. Guperr. [Price 50 
cents.} No. 120-B. Geology of North-western Mon- 
tana, By Arruurn J. Corte. No. 120-H. A 
Contribution to the Geology of North-eastern Texas and 
Southern Oklahoma. By Lioyp W. StTEruenson. 
No. 125-D. The American Species of Orthaphra 
guina and Lepidocyclina, By Josern A. CUSHMAN. 
No, 128-A. The Fauna of the Cannonball Marine 
Member of the Lance Formation. Papers by TrmoTHy 
W. Stanton and ‘| pomas W. VAUGHAN. ashington: 
Government Printing Office. } 

The Log of H.M.A. R 34: Journey to America and Back. 
By Air-Commodore KE. M. Marrnanp, C.M.G., D.8.0., 
A.F.C. London: Hodder and Stoughton, Limited. 
[Price 10s. 6d. net.)} 

Lubricating and Allied Oils, A Handbook for Chemists, 
Engineers and Students. By Exasorr A, Evans, 
F.C.8., A.M.I.P.T. London: Chapman and Hall, 
Limited. [Price 9s. 6d, net.] 

Factory Administration and Cost Accounts. A Reference 
Book of the Principles and Practice of Industrial Ad- 
ministration and Costing. By Epwarp T. ELBourneg. 
New edition. London: Longmans, Green and Co, 
[Price 45s, net.} 

An Amazing Presumption or An Outrageous Attack on 
the Great Panjandrum. By Sxxrticus. Manchester 
and London: Joun Hgywoop, Limited. [Price 
5s. net.) ° 

Gun Metal and Brass Founding (Under Scientific Control). 
By H. 8. Primrose, ML Met.. A.I.Mech.E., and 


J. 8. Guew Prowrose, A.R.1.C., A.I.M.Met. London : 


The 8t. Louis Cassier Company, Limited. [Price 
108. net.] 

Exploitation du Pétrole par Puite et Galeries. Par Paut 
pE CHAMBRIER. Paris: Dunod, 

Wireless Telegraphy and Teleph An Outline for 
Electrical Engineers and Others. mt, L. B. Turner, 
M.A., M.1.E.E. Cambridge: The University Press. 


[Price 20s. net.] 
Railway Signal Engineering (Mechanical). By Lzonarp 
P. Lewis. Second edition, revised, London: Con- 
stable and Co., Limited. [Price 14s. net.] 
Basic Slags ; Their Production and Utilisation in A 


culture. A general discussion held by the F y 
ay of London: ‘Ihe Faraday Society. [Price 
78 net 


. 6d, net.) 

The Journal of the Institute of Metals, Vol. XXIV, 
1920. Edited by G. Saw Bcorr, M.Sc. London: 
‘Lhe Institute of Metals. [Price 31s. 6d. net.) 

Domestic Fuel Consumption. By A. H. Banrxer, B.A., 
B.8c., Whit.Sc. London : Constable and Co., Limited. 
[Price 14s. net.] 

Electricians’ Handy Book. A Reference Book 
Advanced Electrician and a Text Book for the 
By T. O’Conor Stoanz, A.M., E.M., Ph.D. Fifth 

ition, revised and enlar London: Hodder and 
Stoughton. [Price 27s, 6d. net.) 
Copper, Lead, Silver, 


Handbook of Metallurgy. Vol. I. 
Gold, By Dr. Cart Scuvuaset. Translated b 


Henry Lovis, M.A., D.Sc. Third edition, revi 


‘or the 
tudent. 


London: Macmillan and Co., Limited. [Price 
408. net.) 

Small Single-Phase Transformers. Explaining a Com- 
mercial Method of Design. By Epoar T. Panton, 


B.Sc., A.M.I.E.E. London: 
Sons, Limited, 


Sir Isaac Pitman and 
[Price 28. 6d, net.] 





New Froatine Docks ror Scanptnavia.—Several 
Scandinavian ports are endeavouring to increase their: 
dock accommodation. Some docks have been built on 
the spot, whilst two at least have been ordered in 
Germany. One for the Eriksberg Company, Gothenburg, 
has recently been delivered, having been towed from 
Liibeck by two Swedish tugs, at a speed of about 4 knots, 
For the town of Drontheim a floating dock of the same 
type and dimensions is at present being built in Germany. 
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THE HYDRO-ELECTRIC POWER SCHEME 
AT THE NORE FALLS. 


Tae development by the Norwegian Government 
of an hydro-electric power scheme at the Nore 
Falls, something over 50 miles from Christiania, 
in approximately a north-westerly direction, was 
decided upon by the Storthing in 1907 when a 
sum of money was voted in connection with it. 
The Director of Canals at that time, M. Satren, 









@ pressure-under some conditions in the rock tunnel 
greater than it was thought the rock would bear. 
The Strém project, which was located on the east 
side of the valley, was abandoned, for reasons which 
we need not enter into here, and the Rédberg 
scheme was finally adopted. 

The so-called Rédberg scheme includes a dam 
at the end of the Tunhévdfjord, two rock tunnels 
with distribution basins, penstocks and generating 
plant at Rédberg (known as the upper station), and 
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went into the matter, but subsequent information 
resulted in the modification of his suggestions. 
Authority was obtained for this revision in 1914, 
and the scheme was then worked out in greater 
detail. 

The catchment area of the Nore Falls is about 
1,770 sq. km. (673 sq. miles), the higher portions of 
which are in the Hardanger-vidda. The portion 
of these uplands whose natural drainage system runs 
to the Numedalslaagen, is an undulating plateau 
at an elevation of over 1,200 m. (3,900 ft.) above sea- 
level. The Numedalslaagen flows into a small 
lake, the outflow of which is termed the Laagen, 
which in turn flows in to the Bjérnesfjord, a lake 
having an area of about 17-9 sq. km. (6+9 sq. miles), 
at a neight of 1,230 m. above the sea level. This is 
the largest lake in the course of this stream. After 
leaving the Ossjé lake at an elevation of 950 m. 
(3,110 ft.) above sea-level the Laagen enters a narrow 
valley, and with a fairly regular fall, except for one 
drop of 42 m. (137 ft.) at Gjuvfos, after about 
20 km. (12°4 miles) falls into the Paalsbufjord. This 
lake is at an elevation of 738 m. (2,416 ft.) above sea- 
level. Some 3 km. (1°86 miles) below the lake the 
Laagen falls into the Tunhévdfjord, 719 m. (2349 ft.) 
above sea-level. The Nore Falls are situated below 
this lake. The falls consist really of a number of 
small falls, resulting in a drop in level of about 
420 m. (1,378 ft.) in about 9 km. (56 miles). The 
valley here is narrow and with steenly sloping sides. 
Some of the larger falls are about 55 m. (180 ft.) 
high. A little further the river falls into the 
Norefjord. 

Subsequent to the investigations by M. Satren, 
which resulted in the scheme indicated by that 
Minister's name in Fig. 1, two alternatives were 
suggested, named in our map the Rédberg, and the 
Strém projects. In Fig. 1 the Tunhévdfjord is 
shown to the left, and dotted lines indicate the 
alignment selected for the rock tunnels of the three 
schemes, to the several positions for the penstocks, 
&c., towards the right of our figure. The Satren 
scheme was found to be inadvisable as it involved 
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demand develops. For the first tunnel there are 
two intakes, placed 25 m. apart, the nearest being 
placed about 170 m. from the dam. This loca- 
tion has been decided upon on account of the 
need of making provision on this side of the dam, 
for timber floating arrangements. Room has also 
been left for the intakes of the second tunnel. 
Each of the present intakes consists of a channel 
11+25 m. (36 ft. 10 in.) wide, containing screens, and 
leading by a short throat to the valve shafts. 




















Fic. 2. Tae VALLEY BELOW THE TuNHOévD Dam. 


a further dam below Rédberg, another rock tunnel 
and additional power station on the Norefjord, in 
the extreme right of Fig. 1. The latter is known 
as the lower station. The Tunhovdfjord dam was 
commenced in 1915. Several views of the com- 
pleted work are given in the annexed Figs. 2, 3 and 4, 
while Fig. 5 gives an idea of the valley just above 
the dam site. The dam is of concrete, and impounds 
water to a height of 18 m. (594 ft.) or to a level of 
725 m. The capacity of the reservoir so formed is 
356,000,000 cub. m. (12,566,800,000 cub. ft.). The 
intakes for the rock tunnels in this reservior, are 
located in solid rock, on the right hand side of the 
dam. The sill level of the intakes is 713-5m. The 





second rock tunnel will be constructed as the power 





Beyond the valves these two tunnels of 25 sq. m. 
section, combine to form one tunnel 40 sq m. 
(430-5 sq. ft.) in section. At the screens each intake 
is divided into two by a vertical pier and con- 
crete wall. 

Timbering can be arranged in front of the screens 
in order to close either section. Beyond the screens 
the tunnel floor is lowered to a level of 711-5 m. 
At the same time the breadth of the tunnels is 
reduced and the top is lowered by 1} m. (4 ft. 10 in.) 
to bring it below the lowest normal working water 
level, which is taken as 717-5 m. The valve shafts 
are divided into three by concrete piers 1 m. wide, 
the three sections thus formed being fitted with iron 
gates. Above the sluice openings the concrete wall 
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is continued to level 737 m. Beyond this wall|two large doors and one small to each branch 
arrangements are made for wooden gates designed| tunnel. The doors can all be lowered by an 80-ton 
to resist pressure from the far side, so that when| winch, but the largest doors cannot be opened 











Fic. 3. Tae Tunnévp Dam anv SPILLWay. 








Fie. 4. Tae Tounnévp Dam From THE Ricut Bank. 











Fre. 5. Tae Sire or tHe RESERVOIR ABOVE THE Dam. 


these are in place and the timbering in front of the | against full head and the smaller door has to be 
screens is in place likewise, the sluices, &c., can be | opened first and the tunnel partly filled. 

unwatered for repair work, &c. The valve shafts} The main rock tunnels from the intake to the 
are lined with concrete, and over the mouths a| distribution works, are sited along the right side 
building covers in the hoisting tackle. There are|of the valley and are respectively 5,300 m. (3:3 


miles) and 5,200 m. (3} miles) in length. They 
are wholly in sound rock. The tunnels are egg- 
shaped with diameters of 7-2 m. and 6-6 m. (23°6 ft. 
and 21-6 ft.) giving a sectional area of 40 sq. m. 
(430°5 sq. ft.). They are to be kept about 40 m. apart, 
but the second will not be put in hand till the need 
arises. The rock tunnel falls to a sill level of 704 m. at 
its extremity in the distribution basin above Rédberg, 
where it again branches into two. The hydrostatic 
head on the tunnel will be from 23 m. to 31 m. 
when the reservoir is in tull working. The lengths 
of the sections adopted for cutting the tunnel 
a 445 m., 2,054 m., 2,082 m., 570 m. and 129 m, 





< (To be continued.) 





Tae Woopen Matt Steamer “ Sour.” —Like the Arctic 
| expedition boats the steamer Staatesekretar Solf, which 
was intended for the mail service in the Pacific, was built 
all of wood in order to be able to withstand, not the 
set a of the ice, but the scraping by the coral reefs. 
| The boat was built in the yards of Stocks and Kolbe, of 
| Kiel, and finished just before the war; it took shelter 
jin American waters and became a war prize, The 
| main dimensions are: length 44-5 m. (143 ft.), beam 
| 7-8 m. (25-5 ft.), draught 3-5 m. (11-5 ft.), displace- 
| ment 681-5 tons, burden 220 tons. The hull is sheathed 
with copper, the belt extending 150 mm. (6 in.) above 
| the load line. The ship was tested for the highest class 
| of the Bureau Veritas. The keel and external planks 
| are of beechwood ; pitch pine is the material used for 
| the masts, deck planking, &c.; the frames, which are 
set 580 mm. (23 in.) apart, the heel post, the rudder shaft 
and some other parts are oak ; iron is used only for the 
machinery, the bunkers and some diagonals. The 
300 h.p. engine and the a 2-7 m, (7°9 ft.) in 
| diameter, gave a speed of 9} knots at 138 revolutions. 
|The equipment includes a motor boat for towing the 
| boats ugh the breakers. 








SoLvuTions oF ACETYLENE IN AcEToNE aT Hien 
PressuRES.—It was known from experiments by Claude 
and Hess and by Siller, that acetone e ds by about 
4 per cent. or 4-7 per cent, when saturated with acetylene 
| at a pressure of 1 atmosphere ; pressures of more than 
5 atmospheres had not been studied, however. Mr. 
Raymond Butler, B.8c., hence investigated the influence 
of high pressures in the laboratory of the Dissolved 
Acetylene Company of London (Journal, Society of 
Chemical Industry, February 11). He used a cylinder 
of 2 cub. ft. capacity, filled with charcoal of ty 
1-41 as absorbent; the cylinder was evacuated at 
100 deg. C. for 24 hours and then charged slowly with 
acetylene, freshly prepared, from a compressor, taking 
care to avoid ey heating by rapid absorption; the 
acetylene gas was bubbled t h the acetone, the 
excess escaping through a valve. It was confirmed that 
the volume increase was about 4 per cent. per atmosphere, 
rising from 4 per cent. at 15 lb. absolute per square inch 
to 36-8 per cent. and 42-5 per cent. at 125 Ib, and 
154 lb. per square inch. At that rate the original 
volume of the acetone would increase by 64 per cent. at 
the maximum pressure permitted by the Home Office, 
viz., 15 atmospheres. In a cylinder containing 40 per 
cent. of its volume of acetylene the acetylene would, at 
this maximum pressure, occupy 65-6 per cent. of the 
cylinder volume, Assuming a porosity of 80 per cent. 
for the filling material, the beech charcoal, the solid 
matter would take up 20 per cent, of the cylinder volume, 
leaving a total free a of 14-4 percent, Any heating 
and expanding of the cylinder contents would further 
reduce the free space. 





Warnine sy Srencues mv Mrvzs.—The particulars 
of the experiments conducted by the United States 
Bureau of Mines on “‘ The Use of ches as a Warning 
in Mines” (Technical eo No, 244, by 8. H. Katz, 
V. C. Allison and W. L. By) make one rather doubtful 
as to the utility of these devices for giving warnings of 
danger, though practical tests in various mines were 
considered satisfactory by the miners. According to 
this plan some strong-smelling chemical is injected into 
the compressed-air ducts leading to all the working faces ; 
the ventilating current is not relied upon, In the 
experimental mine the stench spread within a few 
minutes mostly ; in metal mines it took up to 20 minutes, 
though the air-velocity in the air ducts (canvas pipes) 
generally exceeds 2,000 ft. per minute, Of the 24 liqui 
chemicals tried, butyl mercaptan, of vile smell, answered 
best; but it is,so far, not a commercial article, and does 
not evaporate easily. Ethyl — almost equally 
good, is commercial. The smell of amyl acetate (re- 
minding of pears) is pleasant to most people; butyric 
acid and valeric acid are decidedly unpleasant, but their 
stale smells resemble that of the fusty mine air. Puitable 
chemicals could, no doubt, be found, But once injected 
into the pipes and the mine air, the smell would be v: 
difficult to get rid of again. That point is acknowl . 
That different people are very differently sensible to 
odours, and that the sense of smell] is subject to peculiar 
fluctuations, is not mentioned. It does not look v 
tempting to put up an injection plant which, once ‘ 
say in case of fire, might remain useless for days until 
the smell has vanished again, and which might not be 
found in good order, if rarely wanted. Electric gong 
signals may not carry far, and three-way valves in the 
air lines did not answer: but telephones can at any rate 
be generally utilised. Yet the stench system finds its 
advocates among miners in view mainly of the frequency 
of fires in metal-mining districts. 
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PRESSURE DISTRIBUTION IN STEAM 
TURBINES. 
By Geratp Sroney, D.Sc., F.R.S. 

In considering the distribution of pressure in 
an impulse steam turbine, as a first approximation, 
the total available heat-drop may be taken and 
divided up so as to keep the velocity ratio constant 
in each of the wheels, the velocity ratio being given 


by: 
u AK ¥ 
ce A/ 2-654 BTU. 

Where 

% u = velocity of blades in feet per second. 
c = steam velocity through nozzles. 
4 B.T.U. = heat drop in nozzles. 
A K = R? d@2 x 10-9 for each wheel. 


R = Revolutions per minute. 
d = mean diameter in inches. 


for the whole turbine. 
B.T.U. = actual heat drop. 
K = ¢ N R2 d2 x 10-9 
which in the simple case of a single turbine having 
N one row wheels all the same mean diameter 





determined by the use of the usual Mollier or other 
steam diagram, but if much accuracy is required 
the steam tables must be resorted to. Such methods 
using Peabody’s steam tables give the pressures 
and volumes as follows, assuming the steam to be 
in thermal equilibrium throughout. 














Taste II. 
Stage. 1 2 | 3 | 4 5 6 
ee 1 
D oe --|164-8 | 80-4 | 37-6 | 16-7 6-99) 2-73) 1-00 
T --| 2°75) 6-32) 10-6 | 22-4 | 49-9 |117-0 |298-0 





It is therefore worth considering approximate 
methods which will give a higher degree of accuracy 
and are even easier to use than a steam diagram. 

F. E. Cardullo* gives such an approximate method 
of determining the pressures in which he keeps the 
entropy constant throughout the turbine, but 
increases the heat-drop 4 B.T.U. at each stage by 
the empirical factor 1 + k, where 


k= 5-6 x 10-4(N + 1 — 2a) (1 — ») AB.T.U. 





becomes : 
K = N R2@ x 10-9 
This neglects the effect of carry over, which is| 
generally small, the actual steam velocity in the 
nozzles being generally practically that due to the 
heat-drop or : 
C= 2% JA BTU. 


Approximately it may be taken for estimating K 
that a two-row wheel is equivalent to three one-row 
wheels and a three-row as equivalent to nine 
one-row. As a simple example a turbine having 
six one-row wheels may be taken working between 
164°8 lb, per square inch absolute of saturated 
steam and an exhaust pressure of | lb. or 28 in. 
vacuum (barometer 30 in.) The entropy is 1°56 
and the total heat, B.T.U., = 1,193°3. As at 
1 lb. absolute with the same entropy the B.T.U., 
871: 1, the adiabatic heat drop B.T.U. = B.T.U., 
B.T.U.o = 322-2 B.T.U. per pound. The heat- 


drop per stage A B.T.U. = 222? — 53-7. Table I 


then gives the pressures, p, and volumes V on this 
assumption, using Peabody’s entropy tables. 

















TABLE 1, 

Stage. B.T.U. ?p. Vv. 
— 1,193 +3 164-8 2°75 
1 1,139°6 84°5 4-95 
2 1,085-9 40-6 9-40 
3 1,082 -2 18-4 19-0 
4 978-5 7-67 41-3 
5 924-8 2-92 97-9 
6 871-1 1-0 | 257-0 

| 
This pressure distribution is only true if there 


are no internal losses or in other words the efficiency 
» = 1. In actual turbines there are losses due to 


shock, windage, blade friction, eddying, &c., which | 


go to heat up the steam and thus increase the 
entropy and volume towards the exhaust end, and 
also affect the steam pressures along the turbine. 
In order to make more prominent the effect of this 
reheat, it may be assumed that the turbine is such 
that it has an internal efficieacy of only 60 per cent. 


The B.T.U. in the exhaust will then be 1,193°3 — | 


0:6 x 322-2 = 1,000, instead of 871-1, and the 
entropy will be 1-79 instead of 1:56. The available 
B.T.U. will be increased by about 6-8 per cent. 
owing to the reheat factor, and will thus amount to 
about 57:3 B.T.U. per stage. 

The true pressures and volumes can only be 
determined from the steam tables by a laborious 
step-to-step method, or they can be approximately 





* a 2g x JABTU, = 64-4 x T7BAB.TU, 
_ Ra 


~~ 330~ 
w\t 1 Re de 
*) Bx bTxX Te ABT. 
_ Rid? x 10-9 

2-65 A B.T.U. 
* AK 

2°65 A B.TU. 

. 


(=) pap 
e) =a/ F654 BTU. 
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where a is the number of the stage, and N is the 
total number of stages. 

In the examples above, which he takes, 4 B.T.U. 
= 53-7 and k = 5:6 x 0°4 x 53°7 x (7—2a) x 10-4 
= 0°012 (7 — 2a). The pressures are given in 
Table IIT, the entropy being considered constant at 
1-56, and the pressures being taken from Peabody’s 
tables corresponding to the remaining heat in the 
steam. 
































Taste III. 
; 2 
, : aP . Ss © 
~~. — | 
& a 5 +e 3 . BE 2s > 
PR) eee “ |en | “| 23/38 
Q2ir [4 = > = 
1,193-3 |164-8| 2-75 | 0-00) 2-75 
5 0-060) 56-7 1,136-6 | 81-1) 5-13 | 2-67) 5-27 
3 0-036) 55-4 1,081-2 | 37-9) 10-0 5-33/10-53 
1 0-012) 54-5 1,026-7 | 16-9) 20-5 8-00/22-1 
—1 |—0-012; 52-8 973-9 | 7-03) 44-6 /|10-67/49-4 
—3 |—0-036| 51-6 922-3 | 2-81/101-0 [|13-33)114-0 
| —5 |—0-060) 50-3 872-0 | 1-0 |257-0 /|16-00/298-0 








It will be seen that Table I gives pressures higher 
than these by about 10 per cent. at the centre of the 
turbine. 
Cardullo does not give any method of estimating 
the volumes, which, of course, are required to obtain 
the nozzle areas, but they can be estimated by 
calculating the final volume which for B.T.U.. = 
| 1,000, p = 1 and @ = 1°79 is 298 cub. ft. per pound. 
| This is an increase of 16 per cent, on the adiabatic 
volume of 257 cub. ft. as given in Table I, or, say, 

2°67 per cent. per stage, which gives the volumes 

in the last column of Table II. Professor C. N. 
| Peabody, in the discussion on Cardullo’s paper, 
gives another method based on a paper of hist in 
, which he finds the middle temperature for adiabatic 
| action to be 223-5 deg., thus :— 


366 deg. F. 1648 Ib. sat. 6 = 156 B.T.U. = 1193°3 
322°2/2 = 1611 
223°5 deg. F. @= 156 B.T.U. = 1032-2 


With » = 0-6 the B.T.U. here will be 1,193-3 — 





0°6 x 161-1 = 1,096-6, which with ¢ = 223-5 deg., 
| gives @ = 1-655. He then finds the ratio of the heat 
drops for a range of, say, + 20 deg. on each side 
of this middle temperature, thus :— 
Temperature. ¢ = 1°56 @ = 1655 
243 1056-0 1122°8 
203 1006°7 1069°6 
49°3 ~ B82 
Ratio p = 53°? — 1.08 
49-3 


The exact range taken does not affect the ratio 
perceptibly. He then multiplies the adiabatic drop 


per stage by 1 + k, wherek = “+4 —=2¢ (, _ 1) 


and obtains Table ITI, keeping ¢ constant at 1-56. 
Which gives practically the same result as by 
Cardullo’s method. Again there is no direct way of 





* (“Energy and Pressure Drop in Compound Steam 
Turbines,” American Society of Mechanical Engineers, 
1911). 

+ ‘‘A Method of Determining Pressures for Steam 
Turbines,” Trans. Society of Naval Architects and 
Marine Engineers, 1909, page 32. 








getting the volumes given. Both these methods 
have the defect that they do not give the actual 
state of the steam at each stage. By making use of 
the homogeneous head or H = 144 V a method 
can be found which gives both p and V. The initial 
H, = 144 x 164-8 x 2°75 = 65,400 and the final 
head H, = 144 x 1 x 298 = 42,900. It may be 


___. | assumed that this is distributed equally among the 








stages. 
Taste Iy. 
N+1-2a Total. 
Stage. a K 53°7(1+K)| B.T.U. P 
| 1,198-3 | 164-8 
1 5/6 0-067 57-3 | 1,136-0 80°5 
2 3/6 0-040 55-9 1,080-1 37-6 
3 1/6 0-013 54-4 | 1,025-7 16°5 
4 —1/6 —0-013 53-0 | 972-7 6-95 
5 —3/6 —0-040 51-5 | 921-2 2-74 
6 —5/6 —0-067 50-1 871-1 1-0 














It is reasonable to assume an equal distribution 
of H, since if H and H, are the homogeneous heads 
at the beginning and end of a stage, then the work 
done in that stage is 


¥ 


5 Am a 





w= (p1 Vi — Pe V2) = 


As W is constant by assumption and y is practically 
constant it follows that H, — H, is constant. The 
H taken at each stage can be either the mean H, 
which is the most correct, or the H at the exit from 
the nozzles, which is sufficiently accurate for most 
purposes, and is, of course, the one required for 
finding the volumes. 





Writing : 
log. —2"_ = log. X = = 
Pri 
where 
gee log. Xy E i 
ee 
H 


being the sum of the reciprocals of the homogeneous 
heads at the exit from the nozzles and X, the ratio 
of the initial and final pressures on the turbine, so 
that log. X, is in this case log 164-8 = 2-2169 5 
can be evaluated with the help of a table of recipro- 
cals, or alternatively an approximate value for C 
can be found and then log X corrected to the true 
value. 

The approximate value of C can be formed by 
integrating the fundaniental equation J B.T.U. = 
H“?, from which it follows that J B.T.U. = 
2-3 H log.,, X or C= LSBEU_ 339 BTU. 
It is, however, best to get the exact value of C 
by evaluating = = Table V gives the pressures 


and volumes thus obtained. 





























Taste V. 
Stage. H. 4% 105.| Log. X.| Log. p. p. Vv. 
65,400 2-2169 | 164-8 

1 | 61,650 | 1-622 | 0-3086 | 1-9083 | 81-0 5-29 
2 | 57,900 | 1-727 | 0-3285 | 1-5798 | 38-0 | 10-6 
3 | 54150 | 1-846 | 0-3513 | 1-2285 | 16-9 | 22-3 
4 "400 | 1-984 | 0-3774 | 0-8511 | 7-09 | 49-5 
5 | 46,650] 2-144 | 0-4078 | 0-4433 | 2-77 | 117-0 
6 | 42}900 | 2-331 | 0-4433 | 0-0000 |- 1-00 | 298-0 

11-654 | 2-2169 

© = 2:2169 , 105 = 19,028. 

11-654 





Here log X = _ at each stage and log p = log p, 


+ = log X starting at the exhaust end. In this 
case p, = 1 lb. per square inch or log p, = 0-0000. 
The volumes are derived from p and H, since 
Vee. 
144 p 
It will be seen that the pressures and volumes 
agree closely with Tables II, III and IV. A table 
has also been worked out for adiabatic expansion 
which agrees closely with Table I. If the K for 
each wheel is not the same, as in the case of a turbine 
having wheels of different diameters or in the case 
of a marine turbine with high and low-pressure 
turbines with different revolutions, number of stages 
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and diameters, the H can be distributed according 
to the value of K for each wheel, so that 


H = Hy +H - Ho, 

ki 
It will be observed that the curves log p to log H 
and log p to log Gas + K) are right lines. 

Similarly in Cardullo’s and Peabody’s methods 
the factors can be distributed in accordance with the 
K, and in both these methods and the H method 
such distribution is generally most easily done 
graphically, the factors in all cases lying along right 
lines. 

An advantage of the H method is that it avoids 
to a large degree the use of entropy tables or 
diagrams with troublesome interpolation in many 
cases, and also the arithmetic is largely self-checking. 

It is, however, not accurate for high degrees of 
superheat. 

In the case where the steam is initially super- 
heated the ratio of the specific heats y is not constant, 
but is 1-3 down to the point where condensation 
begins and about 1-135 after condensation takes 
place. 

The exact point where condensation begins 
in a turbine is rather doubtful, but it is some- 
where between the saturation line and _ the 
As J ABT.U.=1—— a i, it 

1 ; for the superheated or super- 





Wilson line. 





follows that as 





saturated portion of the expansion is about double 
that for the portion where there is condensation. 
~e is double for the first part of the expansion, 


since 





AK ” 
TBTU which represents the square of the 


velocity ratio, is assumed to be constant. The 
curve of H to K will then be represented by two 
right lines as in Fig. 1. 

The upper part is a Mollier diagram, A B being 
the adiabatic drop and A E the work done by the 


steam in the turbine. = is then the efficiency 


ratio n. C is the point showing the final state of 
the steam. The condition curve ASC is nearly a 
right line, but slightly curved as shown, and cuts 
the saturation line at 8, it being assumed in this 
curve that condensation begins at the saturation 
line. The line A S O can generally be sketched 
in by hand as a moderate error in the posi- 
tion of S makes little difference to the pressures 
and volumes and, besides, it is doubtful at which 
point S should be between the saturation line and 
the Wilson line. This enables I,, the total heat at 
the saturation line, to be determined. 

The lower part of Fig. 1 gives the H to K curve, 
being so drawn that tan 8 =2 tana. It will 
be noticed that AI or A B.T.U. has a constant 
ratio to AK as the velocity ratio is assumed 
constant so that they are both represented on the 
diagram by allotting to each suitable scales. H, is 
then given by : 
w,—Hi(L -b) +2H(—L) _ Hi K, + 2H. (Ki—Ky) 

(I, — I.) + 2 (I, — 1) 2K, — Ks 


It is also given by the geometrical construction 
shown in Fig. 1 by bisecting H,F at G and joining 
H, and G, which cuts the I, line at Hy. 

In the case of a Parson’s or reaction turbine it is 
usually customary to have several rows of blades 
in each section of uniform height and diameter, and 
generally the heat drop in each section is kept 
approximately the same. In land turbines often 
these sections of blades are fixed on three drums, 
each drum being of uniform diameter and the ratio 
between the diameters of the drums about ,/2 or 
/3. 

In such a case the pressures at the entrance and 
exit of each section can be determined in the same 
way as in an impulse turbine. The average velocity 
ratio in each section is generally kept constant, 
and if N is the number of rows of blades on rotor, 
or casing in any section 





== q/ ee 
c -32 A B.t.U. 
AK = N Re a x 10-9, 


In order to evaluate the number of rows and 


where 





heights of the blades in each section the drop of 
pressure across a section of blades of uniform height, 
diameter and opening must be found. In such a 
section C? = 2g H uP where dp is the drop of 
pressure at each row of blades, whether on the casing 
or rotor. But the steam velocity is also given by : 
144QV_ QH 

360A S000pA 

where Q is the steam passing through the blades in 
pounds per hour and A is the area through the 
blades and clearance space. Allowance here must be 
made for dummy and other losses. Equating these 
values for c; 


c= 





GH pd 
2 9 x 36002 A2 se us 
or 
2NQ?H oc | 
Tx B62 Ae *(P1* — Pe) 
l Ww 
_ 2— i. 
we ve 208 x 106 A? 


where p, and p, are pressures at each end of the 
section. If 8 is the blade opening and 8 the blade 


























B 
Total Heat +7. 
iH, 
; 3 A Total Heat 
wt Ks OTarbine Constant 


clearance, remémbering that the nominal height 
of blade is the difference of the radii of the casing and 
rotor, 
A=rpdth+8 's# 
writing 
Mah +si=8 
A=wrpdah 
Several different formule based on practice have 
been given for the clearance in reaction turbines, 
but one that seems to fit practice well is : 
a= | _(15 40-84 +4h) 
1,000 
As 8 is always small it is sufficient to take approxi- 
mate values of d and fh. The equation for the 
pressures then becomes as 
1 QH N 
906 x 10? “pe hea 


r 


A=71Bh'dp — p22 = 


This gives the value of 


h'2 a2 
and from A K the value of N d* is also known, so 
that, assuming, say, the diameter, the number of 
rows and weight of steam per hour, 
the blade height can be determined. As the drum 
for convenience in manufacture, and also for reasons 
of stiffness, is generally of constant diameter over 
several sections, the mean diameter. d varies with 
the height of blade, and so a good deal of trial and 
error work is generally necessary as equations have 
to be solved of the third degree. As an example, 
take a 3,000-kw. turbine running at 3,000 r.p.m., 
with an initial steam pressure of saturated steam of 
164-8 lb. per square inch and a vacuum of 28 in. 
(barometer 30 in.). Assuming the overall efficiency 
of turbine and dynamo to be 70 per cent., the 
pounds of steam per kilowatt-hour will be: 
3420 

. 322-2 x 0°7 
and the pounds of steam per hour Q' = 3,000 x 
15-2 = 45,600, so that allowing 5 per cent. for 


at any section, 


= 15-2 Ib. 





dummy leakage, &c., the steam passing through the 








blades is Q = 43,320. If the internal efficiency is 
taken as 75 per cent. the B.T.U. in the exhaust will 
be 1,193°3 — 0°75 x 322-2 = 951-7, and as the 
pressure is 1 Ib., @ = 1°703, V, = 283, H, = 40,752. 

If the turbine is divided into 12 sections the 
adiabatic B.T.U. in each will be =" — 2 -85, 
or, allowing 3 per cent. for reheat = 27°66, and an 
approximate value for C is 338 x 27°66 = 9,349, 
which can be taken, and then log X corrected to 
make = log X = log X. 

The equation for the pressures : 


1 
8 = — peneaan. eee 
pit — Pt = eo 


Q@H N 
, pt hea 
gives 
N 
hee 
and if Q = 43,320 lb. per hour and if the normal 
value for the opening in Parson’s blading of 
8 = 0°35 is taken: 
N _ 206 x 107 x 0°352 pi? — po? 
nea 433202 H 


= 0.1345 21° _— Pe? 
i 


= 206 x 107 FH (mt — mat) 





The pressures are then as in Table VI. 



























































Taste VI, 
-X | to, = 3 
Stage. H. C=9340. g.X.| Log. p Pp hid 
65,400 2-2170 | 164-8 
1 63,346 | 0°1476 | 0-1492 | 2-0678 | 116-9 0-0286 
2 61,202 | 0-1525 | 0-1542 | 1-9186 81-9 0-0163 
3 59, 0-1578 | 0-1504 | 1-7542 56-8 0-0079 
4 57,184 | 0-1635 | 0-1652 | 1-5890 38-8 0-00405 
5 55,130 | 0-1696 | 0-1712 | 1-4178 26-2 0-00200 
6 53,076 | 0-1767 | 0-1784 | 1-23804 17°4 0-00007 
7 51,022 | 0-1832 | 0-1848 | 1-0546 11°83 0-00046 
8 ,968 | 0-1908 | 0-1925 | 0-8621 7-28 0-000204 
9 46,914 | 0-1993 | 0-2000 | 0-6612 4-590-000002 
10 44,860 | 0-2084 | 0-2101 | 0-4611 2-83 0-000039 
il 42,806 | 0-2184 | 0-2200 | 0-2311 1-70 0- 0000161 
12 40,752 | 0-2204 | 0:2310 | 90-0000 1-00/0 -0000063 
= log. X 2-1972 | 2-2169 
log. X; 22169 
12) 0-0197 
0-00165 
Taste VII. 
& N ¢¢ — Proposed 
: gs ean N. a 1 eo 
$ we e- | Diam NA 
1 2-86 x 10-2) 14 15-2 9-9 1-22 |l0 1 
2 1-53 x 10-2) 14 15-6 9-4 1-59; 9 1 
3 79-0 x 10-4 / 14 16-1 8-8 2-07 |;9 2 
4 40-5 x 10-4 | 20 21-6 4-9 1-61 }5 1 
5 20-0 x 10-4 | 20 22-1 4-7 2:19;5 2 
6 | 970-0 x 10-6 | 20 23-0 4-3 2-00 | 4 2 
7 460-0 x 10-8 | 29 31-3 2-33 2-28 | 242 
8 | 204-0 x 10-6 | 29 32-2 2-20 3-24 1/2 38 
9 92-0 x 10-6 | 29 33-5 2-04 4-462 4 
10 89-0 x 10-6 | 29 35-2 1-84 6-20 |2 6 
il 16°1 x 10-6 | 29 35-2 1-84 9-62 | 2 6X 
12 6-3 x 10-6 | 29 35-2 1-84 | 15-4 1h 64 XX 
In this table with the approximate value of C, 


taken 3 log X comes out as 2-1972 instead of log X,; 
= log 164°8 = 2-2169, and therefore 1 of the 


12 
difference, or 0-00165 is added to each approximate 
value of log X, to get the true value, so that 
= log. X = log X, = 2°2169. 

If a velocity ratio of 0-75 is assumed the K for 
each section will be AK = 1:32 B.T.U. (u/c? = 
1-32 x 27-66 x 0°75" = 20-6. The constant is 
1-32 for the reaction turbine instead of 2-65 in the 
impulse turbine, since there are two N rows reckoned 
in both rotor and stator. The total K of the turbine 
is 12 x 20°6 = 247. Also in each section 


Waz—= EK x 3090 — 20°6 x 10 _ go99 
Re 30002 


It is necessary in getting out a design to assume 
drum diameters for the H.P., I.P., and L.P. sections 
of the rotor, and it will be assumed that these are 
H.P. = 14 in., LP. 20 in., L.P. 29 in., or roughly 
in the ratio of 1: /2:2. In calculating the number 
of rows and heights of blade the blade height has to 
be added to these diameters to get the mean 
diameter d. Table VII gives the blading of such 
a turbine, the values of waa being taken from 
Table VI and N, calculated from assumed mean 
diameters which are selected so as to closely approxi- 
mate to the sum of spindle diameter and blade 
height. The last two columns give the N and K, 
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which would probably be used in practice as it is 
necessary for N to be a multiple of 4, and the blade 
heights are generally in even 4 in. in the small sizes, 
and even } in. in the longer blades. 

Here X means that the blades are semi-wing, with 
B = 0°52 instead of the normal value of 0°35, and 
XX means that the blades are wing with g = 0-7. 

Probably it would be found advisable to increase 
the number of stages and to diminish the number 
of rows in each stage as the amount of expansion 
in each is rather large. These methods can be 
easily applied to the cases when the B.T.U. in each 
section are not the same or to the case of a marine 
turbine with an H.P. and L.P. running at different 
speeds. 





AUTOMATIC STUD AND BOLT MACHINE. 

A SMALL automatic made by Messrs. Alfred Herbert, 
Limited, of Coventry, and specially adapted to 
straightforward stud and bolt work is shown in the 
accompanying illustrations. This machine embodies 
the regular movements of this firm’s class of auto- 
matics, with cam controls. The machine has the 
self-selecting feed, with a large range of feeds for each 
cam, set automatically, before the cut is commenced, 
and rendering changes of cams unnecessary. The high- 
speed gears in the head are completely controlled and 
run in oil, Three slow-screwing speeds are provided 
for each turning The cross-slide cams are 
designed so that they may be quickly and easily 
adjusted. The box-turning tool fitted is Messrs. 
Herbert’s inverted type, but in this machine is 
specially designed for long-stroke work. The tool is 
simple, and its position enables chips to fall away 
clear. The diehead has an internal automatic oil 
supply for flooding the dies and washing away chips. 

e machine is provided with an automatic chuck 
for machining bolts 1} in. in diameter ; the range of studs 
dealt with is from 4 in. to 1} in., with a maximum 
length of 9 in. The countershaft pulleys are 12 in. 
and are intended to run at 470 r.p.m., with a 4-in. 
belt. The machine takes about 6 h.p. 

The machine is intended for making bolts from the 
bar, or studs from bars, black or bright, not turned, or 
from black bars and turned all over. When used for 
studs, a magazine, as shown in Fig. 1, is used for 
feeding to the machine the studs cut off in the first 
operation for the purpose of machining the second end. 

The times given below can be guaranteed for turned 
studs from black bars, these times are running times for 
continuous work on mild steel, once the bar is set. 


Diameter. Length. Time. 
Inches, Inches, Minutes. Seconds. 

2 l 15 

} 3 l 30 

4 1 45 

; 5 2 5 

1 6 2 35 

ik 7 3 5 

1} 9 3 30 


Fig. 2 illustrates the machine fitted up for turning 
small shafts, the work in question being in this case 
small lighting dynamo spindles 9} in. long, illustrated 
in Fig. 3. This job is made from 4 in. mild steel 
bright bar in 70 seconds, All shoulders are recessed for 

inding. In addition to the inverted roller steady- 

x for tool, in this case a special holder with three 
cutters is also used, the latter having a ball bearing 
steady bush to support the job. With this arrange- 
ment three diameters are turned simultaneously, and 
the end cleaned up. 

The second tool position for the turret slide is also 
equip with a ball-bearing steady bush. This is 
brought on to the end of the work when the tools 
on the parting slide come into action. The steady is 
cut away on one side to allow the end tool holder 
to come up to the work. By means of a plate carried 
on the form tool holder casting the steady bush is 
further supported while the form tool is engaged, and 
the work can be speeded up by these means to 600 
r.p.m. without chatter. 

Fig. 4 gives the dimensions, &c., of a bolt made from 
mild steel bar, machined in 3 minutes 10 seconds. The 
bolt is 8} in. long with a head . in. in diameter. 
Another job is shown in Fig. 5, accomplished in 
1 minute 55 seconds. 








Unrtep States Propuction or Coprer.—The smelter 
production of copper domestic ores during 1920 is esti- 
mated by Mr. H. A, C. Jensen, of the Tnited States 
Geological Survey, to be about 1,235,000,000 Ib., com- 
pared with 1,286,000,000 Ib. for 1919, says The Iron Age, 
New York, The production of refined copper from 
foreign and domestic ores for the was about 
1,573,000,000 lb., which is approximately 195,000,00. Ib. 
less than for the 1919. The apparent domestic 
consumption was about 910,000,000 Ib. ; in 1919 it was 
877,000,000 Ib, The stocks of raw and refined copper 
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at the end of 1920 were about 874,000,000 Ib., which 
represents a decrease of 30,000,000 lb, from those held 
at tho end of 1919. The total imports of raw and refined 
copper for the ten months ended October 30, 1920, 
according to the Bureau of Foreign and Domestic 
Commerce, were 407,437,515 lb. Exports of copper for 
the same period were 543,695,851 ib. compared with 
516,627,775 lb. for the entire year 1919. The continued 
decreased production, the large stocks, and the low 
domestic consumption were due entirely to the general! 
depressed conditions of industry throughout the worl 4 
which did not permit the absorption of as great quantities 
of copper as had been hoped for. 





OvutruT oF MAGNESITE IN THE UNITED Srates.— 
The United States magnesite as a whole enjoyed a good 
year in 1920, says The Iron Age, New York. The 
quantity mined exceeded that mined in any previous 
year, except 1917. Notwithstanding the contention 
made by the domestic producers in 1919 that without a 
tariff the market in the eastern part of the United States 





would be supplied with European magnesite, and that | hands 





companies which had made large investments in magnesite 
deposits and plants in California and Washington would 
be forced out of business, no tariff legislation was enacted, 
and the industry seemingly has not suffered disaster. 
Preliminary figures reported by the United States 
Geological Survey indicate that the production of crude 
magnesite in Washington was about 235,000 net tons, 
as compared with 106,200 tons in 1919. Practically all 
this was dead-burned and was sold as refractory material 
to steel companies and manufacturers of refractory 
products east of Chicago. The figures for California 
are not yet available, but the output of crude magnesite 
in the State was about 60,000 tons. California and 
Washington are the only producing States, and the total 
output for the United States was-therefore probably 
between 275,000 and 300,000 tons. 


Etecrric Iron-Smentine In SwepEN.—A serious 
blow has been dealt to the electric iron smelting industry 
by the stoppage of the Porjus Iron Works. They were 
started in 1916 under the best auspices, and from a 
technical point of view the process last year proved 
entirely satisfactory, the cost of production had also been 
considerably reduced. Both the furnaces were com- 
pleted last autumn, when difficulties began. In the first 
place the cost of erection far exceeded the calculations 
and the capital of 4,000,000 krona proved inadequate ; 
further, and this was more serious, the price for pig-iron 
fell to an unremunerative level and the demand seemed to 
stop altogether. Last year’s production amounted 
only to 7,000 tons, Siemens-Martin pig-iron, both for 
export and the home market, and 5,500 tons foundry 
pig-iron. A market had already been secured in 
England, Germany, Holland, Belgium, Spain, Finland, 
Japan, &c. The department for alloys has only been 
in operation for a short period, and the manufacture 
comprised silicon, iron, &e. The Porjus Iron Works had 
a very able staff of expert engineers and specially skilled 
; much regret is being expressed at the stoppage. 








Marcu 4, 1921. | 


ENGINEERING. 


253 








FOUR-CYLINDER PNEUMATIC DRILL. 











CONSTRUCTED BY THE HOWARD PNEUMATIC ENGINEERING COMPANY, LIMITED, EASTBOURNE. 
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A NEw pattern of pneumatic drill, the details of 
which embrace many points of interest, has been 
introduced by Messrs. The Howard Pneumatic Engineer- 


ing Company, Limited, of Eastbourne. The drill 
which is called by the makers, the improved “ John 
Bull,” is illustrated in the four figures above. It is 
in points of detail that the chief novelty of this tool 
lies, and the idea underlying its design has been the 
production of an article considerably lighter for its 
power than is usual, and at the same time one that will 
give little, or no, trouble in its details. The actual 
number of parts in the construction has been reduced 
to a minimum which tends in the direction of weight- 
saving, and at the same time allows each part to be 
made relatively stronger. The care which has gone 
to the working-out of the design will be evidenced by 
the fact that it contains no studs, bolts or nuts, so 
that there is no danger of items of this kind slackening 
back or coming off There are also no parts working 
on small! pins, which might wear loose or shear through. 

The drill casing is of aluminium alloy, and is made 
in two parts, the joint lying in the plane containing the 
centre lines of the crankshaft and drill spindle. When 
these halves of the casing are removed, the four pistons 
and connecting rods, together with the crank-shaft and 
its ball bearings, may be removed as an assembled 
unit. Inversely these parts may first be assembled 
when the tool is being put together. This arrange- 
ment greatly facilitates the fitting together and adjust- 
ing of these small parts, and no difficult assembly inside 
the housing is necessary. In a similar way the feed- 
post, screw, spindle and gear wheel also form a complete 
unit. It will be clear from Figs. 1, 2 and 4, that two 
cylinders are formed in each of the halves of the casing. 
As will be seen from Fig. 2, the cylinders, which have 
steel linings, are formed with solid ends, so that there 
are no joints to be made in connection with them. 
The casing is arranged so that pressure air is entirely 
cut off from the joint between the two parts. 

The halves of the casing are held together by a series 
of screwed collars, provided with locking caps. These 
are best shown in Fig. 1. Two of them form the end 
caps for the crank-shaft, one forms the guide for the 
feed screw and the fourth the gland for the drill spindle. 
The remaining two form the sockets for the blank 
handle and the control handle respectively. It will be 
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seen from the figures, that these collars have cone ends 
fitting over taper parts formed on the casing, so that 
the screwing down of the collars draws the two parts 
of the casing together and maintains a close joint. 
The locking caps enable the collars to be secured in 
position after screwing up. As will be clear from 
Fig. 1, these collars are spaced almost equidistant 
around the drill casing, so that an uniform support is 
obtained. 

The form and arrangement of the crank-shaft, 
connecting-rods and pistons will be seen from Figs. 1 
to 3, while one of the valves is well shown in Fig. 2. 
There are two of these valves, one in each section of 
the casing, and each consists of a simple cylindrical 
piece which is not connected to the valve rod 
actuated by the cam. Each valve obtains its outward 
motion by the push of the rod, and is returned by the 
pressure of the live air on its outward end, The cam, 
as will be seen, is formed as a single piece solid with 
the crank-shaft and lies between the two crank pins. 
The valve push rods have spherical ends yrery, oa the 
cam, The effect of the arrangement is that the rods 
never leave either the valves or the cam, and there is no 
knock or jar at any part of the stroke. It will be 
noticed that the whole arrangement is very simple ; 
there are no eccentric sheaves or other details involving 
very small parts. The connecting rods are one piece 
forgings connected to the ny ball joints, The 
big ends are interleaved as shown in Fig. 3, and enclose 
a steel bush which fits on the crank pin. ll these 
= are of high tensile steel, with working surfaces 

rdened. The crank-shaft runs in three rows of ball 


bearings, and as each beari has a double row of balls, 


it is very rigidly suppo: The gearing is of the 
spiral type and the pinion is driven by the web of the 
crank-shaft, so that no key-way is necessary. The 


gears are heat-treated. 

The arrangement of the drill spindle and feed will be 
followed from Fig. 1. The thrust is taken on a ball 
washer through which the stress is directly transferred 
to the feed screw. No part of the drilling thrust comes 
on any other part of the machine. © feed screw 
is of large diameter and has a square thread. It is of 
the i et ee ee Se It is well 
supported e housing and cannot be accidentally 
screwed right out of the machine. The control handle 


Fie. 4. 


is operated by a quarter turn of a gun-metal outer 
sleeve on a steel taper spindle. The sleeve is kept 
up to the taper by a helical spring, the arrangement 
thus automatically taking up wear. Reversing is 
effected by a small lever placed at the base of the control 
handle. This changes over the air and exhaust ports 
leading from the valves to the cylinders, Lubricating 
arrangements are simple. The ball bearings and gearing 
run in semi-solid lubricant requiring only occasional 
renewal, and the crank-shaft runs in an oil bath and 
lubricates the pistons, connecting-rods, valve-rods and 
valves by splash, oil ways being formed where necessary. 
An oil plug is fitted in one of the end caps for refilling 
when necessary. 





INDUSTRIAL NOTES. 

Tue Ministry of Labour states that supoonees 
continued to decline during January, and there were 
large increases both in the number of workpeople 
unemployed and in the number working short time. 
In a few industries, including pottery, brick and 
cement manufacture, and shale mining, employment 
continued good, and it was fairly good in the building 
trades. In most of the other industries, however, 
it was slack, and the tin-plate, textile, clothing, boot 
and shoe, furnishing and leather trades were especially 
depressed. The percentage unemployed among members 
of trade unions (mainly of ski wor ple) from 
which returns are received rose from 6 at the end of 
December to 6-9 at the end of January, and the per- 
centage of unemployed among the 12,000,000 work- 
people insured under the Unemployment Insurance 
Act rose from 5-8 to 8-2 in the same period, In 
addition 254,000 males and 383,000 females were 
registered as working systematic short time, at the 
end of January, to such an extent as to entitle them to 
benefit under the Unemployment Insurance Act or 
the Out-of-Work Donation Scheme. At the end of 
December the corresponding numbers were 186,000 
and 260,000. The number of workpeople registered 
at the Employment Exchanges as unemplo on 
January 28 was approximately 1,065,000, whom 
685,000 were men, 278,000 were women, and the 
remainder were boys and girls. At the end of Decem- 
ber the corresponding number was 757,000, of whom 
508,000 were men, and 188,000 were women. The 
number of vacancies notified by employers to the 
Exchanges and unfilled at the end of January was 
47,000, of which 18,000 were for men and 25,000 for 
women, At the end of December the total was 
50,000, of which 19,000 were for men and 25,000 for 
women, 

The total number of trade disputes, involving 
stoppages of work, reported to the department as 
beginning in January was 44. In addition, 49 dis- 
putes which began before January were still in progress 
at the beginning of that month. The total number of 
workpeople involved in all disputes in progress in 
January was about 23,000, as compared with 72,000 
in the previous month, and 119,000 in January, 1920. 
Of these 23,000 workpeople, approximately 10,000 
were ship joiners, who had on strike sincé Decem- 





ber 1, 1920, against a proposed reduction in wages. 
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The estimated aggregate duration of all disputes 
during the month was about 408,000 working days, 
as compared with 429,000 days in December, 1920, 
and 1,793,000 days in January, 1920. 

In the industries for which statistics are available 
changes in rates of wages reported to the department 
as having arranged to come into operation in 
January affected over 2,100,000 workpeople, of whom 
nearly 700,000 received a net increase, amounting to 
over 54,000/., in their weekly wages, and 1,450,000 
sustained a net decrease amounting to about 168,000/. 
per week, The latter figures include coal miners, who 
received an increase and also sustained a decrease 
during the month, the wages of men 18 years of age 
and over being inc by ls. 6d. a day or shift in 
the early part of the month, and reduced at the end of 
the month by 2s. a day or shift. Other bodies of work- 
people whose rates of wages were reduced included 
woollen and worsted operatives in Yorkshire, iron and 
steel workers in the North of England and West of 
Scotland, and blast-furnace workers in North Stafford- 
shire, -Railwaymen received an increase of ls, per 
week under the operation of their “ cost of living” 
sliding scale, and there were slight increases in the 
wages of workpeople in the bleaching, dyeing, &c., 
trades in Lancashire and Yorkshire, and increases 
varying from 2s. 6d. to 4s. per week in the wages of 
adult workpeople in the heavy chemical and soap and 
candle trades. Orders made by the Minister of 
Labour, under the Trade Boards Acts, fixing minimum 
rates of wages, came into operation in January for 
workpeople in the flax and hemp trade in Ireland, 
certain classes of workpeople in the boot and shoe- 
repairing trades in Ireland and for workpeople in the 
cotton waste reclamation trade in Great Britain. 

On February 1 the average level of retail prices of 
all the commodities taken into account in the statistics 
prepared by the Ministry of Labour (including food, 
rent, clothing, fuel and light, and miscellaneous items) 
was 151 ~ cent, above that of July, 1914, as com- 
pared with 165 per cent. on January 1. The decrease 
during the month was mainly due to reductions in the 
prices of food and clothing. 





Mr. J. R. Clynes introduced in Parliament last week 
a Bill to make provision for the prevention of un- 
employment; to provide for the proper treating of 
yma ee rsons ; and for other purposes connected 
therewith. Bill, he said, mae place absolutely 
in the hands of the Ministry of Labour the whole of 
the powers for. dealing with the problem. It said 
that those who refused reasonable employment offered 
to them would not be entitled to any of the provisions 
for support and maintenance. The Bill was then read 
a first time, 





Dr. Macnamara stated in Parliament on February 23, | be 


in moving the second reading of the Unemployment 
Insurance Act (1920) Amendment Bill, that the 
donation of 20s. per week to over 330,000 ex-service 
men was running out, and the Bill was to renew that 
‘donation and bring the men under the Insurance Act. 
The weekly benefit under the Act of last year was 
15s. for men, 128, for women and half those amounts for 
boys and girls. The Government found that they 
could make the benefit 18s. and 15s, respectively, 
and half the latter figures for boys and girls. The 
addition of 5s. for men and 4s. for women from trade 
unions and friendly societies stood as under the exist- 
ing Act, That made the benefit 23s. for men, 19s. 
for women, lls. 6d. for boys and 9s, 6d. for girls. 
The contributions would be as follows: Men—the 
employee 5d,, the mare 6d., and the State 23d. ; 
women—the employee 4d., the employer 5d., and the 
State at Ye boys—the employee roy the employer 
3d,, and the State l}d.; girls—the emplo d., 
the employer 2}d., and the State 1}d. The Bil was 
a second time. 
In the Committee Stage of the Bill at the Parlia- 


mentary sitting of February 24, Mr. Clynes moved an | of 


amendment to provide “ for the head of a family 40s. 
per week ; for other than the head of a family 25s. per 
week ; for each person wholly dependent upon a person 
entitled to benefit 5s,” After discussion, Mr, Eiynes 
withdrew his amendment, and another amendment was 
passed providing 20s, instead of the 18s. above referred 
to, for men; 16s, instead of 15s. for women. 

Sir Robert Horne met last week, at the Board of 
Trade, representatives of the coalowners and miners 
to discuss the question of the financial decontrol of the 
coal industry. At the close of the meeting, Mr. F. 
Hodges, Secretary of the Miners’ Federation, stated that 
the miners had strongly opposed Sir Robert’s proposal 
that the decontrol should take place on March 31, the 


miners that under no consideration should there 
he financial Sooonieo! antll So ted time in. the 
Act, namely, 31,, The miners also raised the 
ge the of collieries, and urged that 
the Department no right to allaw collieries to stop 


unless by the direction of the Secretary. of Mines. In 
any case, the miners added, whether stoppages took 
place or not, the war wage of 3s. per day should be 
continued under the terms of the war wage agreement 
as long as the financial control of the industry remained 
in being, and as long as the war wage agreement was not 
abrogated. They then expressed the opinion that the 
stoppage of collieries before the expiration of 60 days’ 
notice to the Coal Mines Department had been illegal, 
Sir Robert pointed out that the reasons for control 
had disappeared, and urged that the only methods by 
which our foreign markets could be recovered under 
stress of competition was by setting free private 
enterprise. 


Dealing with the subject of decontrol of the coal 
industry, Mr. Evan Williams, President of the Mining 
Association of Great Britain, has stated that in con- 
sequence of the Government’s declared intention to 
withdraw from control of the coal industry on March 31, 
colliery owners were faced with what was, without 
exception, the gravest situation that they had ever 
been called upon to meet. They saw the gravity of 
the situation as arising from the general depression 
prevailing throughout the whole of our national trade 
and throughout the world. They were particularly 
desirous of correcting any suggestion—if such was any- 
where entertained—that the attitude of the owners 
in their conversations with the men was one of hostility. 
Heavy losses were being incurred throughout the coal- 
fields at the present time, and there was no ground for 
hoping that April 1 would bring a change for the better. 
In some districts the loss was so high as to approximate 
to ll. per ton. With disparities so extreme as existed, 
no formula could be devised which would enable the 
least prosperous districts to continue. 

The owners, therefore, felt that the only solution 
which would ensure continuous working in the different 
districts was one which based wages upon the wage- 
paying capacity of the districts, and to this they could 
see no possible alternative. There were, however, 
general principles which might be enunciated in a 
broad or national sense which might provide the 
districts with some uniform method of determining 
their wage-paying capacity, and the owners’ parti- 
cular desire was to secure the men’s co-operation in 
establishing these principles, and in giving effect to 
them in the various districts so that the transition 
from control to decontrol might be brought about as 
harmoniously as might be possible. 

Mr. F. Hodges, Secretary of the Miners’ Federation, 
after saying that the above proposals would be con- 
sidered, stated that the owners were still adhering to 
their policy of fixing wages by districts. The Federa- 
tion would stand out for the national wages scheme and 
the unifying of the industry. There did not appear to 

a one of agreement on the point. The outlook, 
he led, was a very gloomy one, and the situation 
for the country and the coal trade was made all the 
more difficult by the Government’s decision for an 
early financial decontrol. 





A statement on the same subject by Mr. G. Cheesman, 
General Secretary of the National Union of Manu- 
facturers, is very much to the point. He stated that 
the unification of the coal industry was most certainly 
not a matter that concerned mineowners and their 
workpeople alone. Coal was the lifeblood of British 
trade, and any developments calculated to affect its 
price, production or distribution were of vital concern 
to those engaged in all branches of British commerce. 
The principle of treating the whole mining industry 
as a national unit was a harmful one, because it struck 
a blow at private initiative and enterprise. One of 
the first results of the adoption of such a system would 
be a marked increase in the price of coal, assuming that 
the Board of Trade adhered to their present intention 
of withdrawing financial control. Coal, like practi- 
cally every other trade, was passing through a period 
acute depression, and obviously if the miners refused 
to consent to an adjustment of wages there could be 
no alternative but a raising of the selling prices. Such a 
step would be disastrous in its effect upon the national 
trade at a time like this, and would yet farther handicap 
the British manufacturer in his struggle to find markets 
and meet foreign competition. 

Events would be watched by manufacturers very 
closely at the present juncture, and they would offer 
strenuous opposition to unification or any other pro- 
posal that would, in their opinion, prove detrimental to 
commerce as a whole. 


A drastic and remarkable remedy is announced as 
coming from Mr. F. Hodges. He is said to have 
in a speech he made at Pontypridd a few 

days ago that the only way by which the coal industry 
could be revived was by treating the coal trade as a 
national asset, coal being sold at less than cost, the differ- 
ence between the cost and the selling price being made 





up by a Government gratuity paid both to owners and 





to workmen until such time as the industry was 
thoroughly restored. A reduction of 20s. per ton in 
coal, he added, would lower the price of finished steel 
by 41. per ton. The ambition of the Federation was 
to get the whole of the coal industry into one national 
factory. Surely, he further stated, the country could 
pledge its credit for the reorganisation of interna] affairs 
vital to the nation. He fought against the suggestion 
that the miners should accept a 30 per cent. reduction 
of their wages. (It will be noted that Mr. Hodges’ 
figures agree with the statement made by Mr. B. 
Talbot before the Coal Commission in March, 1919, to 
the effect that “‘ for every shilling advance in the price 
of coal, approximately 4s. per ton was added to the 
cost of producing finished steel, for fuel only.’’) 





Speaking last Monday at a meeting of the South 
Wales Coal Conciliation Board, Mr. Evan Williams 
stated that the present position could not continue. We 
had lost our foreign markets, and until our competitive 
hy was restored there could be no improvement. 

.o.b. prices for American coal were lower than South 
Wales could quote, and with the existing production 
costs in South Wales this was inevitable. There could 
consequently be no recovery until costs came down. 
In January there was a loss on South Wales coal 
transactions of just over two millions sterling, and no 
industry could be carried on on those lines,. He hinted 
at a reduction in wages, which at present accounted for 
80 per cent. of the costs. Further, the war wage of 
38, a day, which was paid on idle days, was having a 
serious effect in forcing mines to close which otherwise 
might be kept going a few days a week. 

The Secretary for Mines has announced that since 
February 27 no wages advance is payable any longer 
to colliery workers under the strike settlement of dast 
November. The settlement provided for an immediate 
advance of 2s. per shift for adults (and smaller amounts 
for younger workers) until January 2, 1921. The 
amount of any advance payable subsequently up to 
March 31, 1921, was to be regulated by output values, 
and to vary from time to time in accordance with the 
output value of coal raised during certain specified test 
periods. It was definitely agreed that if during the test 
periods the weekly average output was ‘“‘ maintained 
at the weekly average ” of the September quarter the 
advance should be 1s. per shift, and that if the Septem- 
ber figure was exceeded the advance should be increased 
by 6d. in certain specified steps. 

The output during the first test period ended 
December 18 was sufficient to increase the advance 
from 2s. to 3s. 6d. during January. During January 
the effects of trade depression became apparent ; out- 
put fell; and the advance for February was reduced 
to 1s, 6d. For the same reason the output figure for 
the test period ended February 19 is unfortunately 
lower still, being 17,654,400 tons, compared with the 
rate of 19,040,000 tons in the September quarter, with 
the result that the wages advance has now disappeared 
altogether. 





NOTES ON NEW BOOKS. 

EvEn those who are not engineers have a right to be 
proud of the industrial achievements of this country 
during the war, and are interested in reading of the 
manner in which various manufacturing firms rose 
to the demands made upon them. To such a public 
rather than to the men who possess the detailed 
technical knowledge which made these achievements 
possible Imperial Britain, 1914-18 (London: St. 
James Press, Limited, price 10/. 10s. net) might 
appeal. It is a large, handsomely illustrated volume, 
principally devoted to short accounts of the war work 
of some forty-three firms, varying greatly in magnitude 
and importance. In addition to this there are pre- 
liminary chapters on Explosives, Shipping, Aircraft 
and Iron and Steel production during the war. The 
present volume is called “ Vol. I.. Industrial,” and is 
presumably, therefore, to be followed by others, but 
one would hardly expect to meet with it or its successors 
very frequently, except possibly in the waiting rooms 
of the firms sobseee: | 


While lubrication problems are in the melting pot, 
with some chance of emerging in a partly-clarified 
condition, engineers will vathor keaitate to spend much 
on new text books on lubrication. For such reasons 
publication of a new edition of the best lish book 
on the subject may possibly be delayed. Meanwhile, 
however, there is a want of a book dealing with the 
great amount of research on lubrication that hes 
accumulated during the war period. With this object 
Mr. Elliott A, Evans, F.C.S., M.Inst.P.T., has contri- 
buted his volume on Lubricating and Allied Oils 

rice 9s, 6d., net] to the Directly-Useful (D.U.). 

echnical Series, which was founded by. the late 
Mr. Wilfred J. Lineman and is published by Messrs. 
Chapman and Hall. One must not expect too mieh 
of a _yolume of 128 pages, and some facts-and. names 
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may be considered unavoidably missing. The omis- 
sions should, however, not comprise the Maumené test, 
for instance. More ought also to have been said on 
the use of sulphuric acid and of sulphur dioxide in the 
testing ahd refining of oils, though the refining hardly 
falls within the scope of the volume, and we should 
certainly expect a book on lubricants published in 
1921 to mention that fatty acids have purposely been 
added to lubricating oils. . Mr. Evans holds somewhat 
unorthodox views on some tests as te which we are 
ourselves heretic. What he says on the bromine value 
and coking tests, even on his own share in their develop- 
ment, is insufficient, however. He might also have 
noticed that the apostrophe in the names Marten’s and 
Wij’s is in the wrong place, with the result that the 
names have been deprived of their lepitimate final 
s in the index. As chief chemist to Messrs. C. C. 
Wakefield and Co., Mr. Evans writes from considerable 
practical experience. Sir Charles Cheers Wakefield 
has supplied a foreword to the volume. 





It is now many years since Osborne Reynolds showed 
that in similar tubes the resistance to fluid flow per 
square inch of the pipe surface was the same when 


the function a was the same. In this expression 


v denotes the mean velocity of the fluid, d the diameter 
of the tube and v the kinematic viscosity, that is to 
say the viscosity divided by the density of the fluid. 
An alternative proof of this proposition was supplied 
by the late Lord Rayleigh at a later date. All care- 
ful experiments on pipes are in agreement with this 
discovegy of Osborne Reynolds and particular mention 
may be made of the painstaking investigation made 
at the National Physical Laboratory by Dr. T. E. 
Stanton and Mr. I. R. Pannell. The rule holds for 
gases as well as for liquids, as was indeed pointed out by 
Reynolds when he first announced the law. So far, 
however, no one has, we believe, discovered its precise 
physical significance. The rule is a mathematical 
deduction not yet interpreted in terms of mechanism. 
With many ‘fluids, and with water in particular, the 
viscosity varies rapidly with changes of temperature, 
and to facilitate the practical use of Osborne Reynolds’ 
work, Mr. E, Parry, M.Inst.C.E., has prepared an 


extended table giving the values of log *2 at tempera- 


tures ranging from 32 deg. F. up to 210 deg. F., and 
for values of vi from 0-01 up to unity. The pamphlet 
containing this table is entitled ‘“‘ On a Theory of Fluid 
Friction and its Application to Hydraulics,” and is pub- 
lished by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, E.C. 2, of which 
company the author is chief engineer. 


Although science has no nationality and although the 
various applications of engineering practice are avail- 
able for the whole world, there is yet a very definite 
parochialism in many lines of work. A specia] method 
of carrying out a particular operation will be found in 
one trade and a quite different method in another. 
A small book which, if it does not suggest these ideas, 
reminds one of them, has been published by Messrs. 
Thomas Hart, Limited, of Blackburn. It is entitled 
‘* Rope Driving,’ and is concerned with the trans- 
mission of power by cotton ropes. It is made evident 
in the book that this form of drive has been adopted 
in many trades and countries, but it none the less 
remains true that the textile trades of the North of 
England have been and are the special field of its 
application. Much of the information given in the 
book will be common knowledge among cotton-mill 
engineers, but there must be very many in the engineer- 
ing profession to whom the details and data collected 
will be of interest and value. As the book is published 
by a firm manufacturing cotton driving ropes it may 
naturally be taken as representing a special point of 
view, but it deals with the problems presented in a 
general way and gives figures and results in building 
up its case. Not the least interesting features of the 
book are the comparisons instituted between rope 
driving and electric driving. There is little doubt 
but that in some quarters the superiority of electric 
driving for almost any service is assumed without the 
qualifications of alternative methods being considered. 





HARNESSING HaLtr WATERFALL, Norway.—Accord- 
ing to the Norwegiati Press a proposition is to be put 
before the Storthing recommending the purchase by 
Devious County from the State, pet the a waterfall 
or power generating purposes. T urchase price is 
75,000 kroner. H.M. Chargé a’ Affaires at Christiania, 
reporting this to the Department of Overseas Trade, 
notes that the conditions of transfer contain a proviso to 
the effect that as far as possible the work of harnessing 
the fall: shall be carried out by Norwegian workpeople, 
and ‘that the material to be used shall be Norwegian in 
all cases where quality and delivery are as satisfactory 
as,can be obtained from abroad, and when.the price is 
not over 10 per cent. dearer than that of foreign material. 


.WILFLEY CENTRIFUGAL PUMP _TEST 
SOUT REDRESS Viv T 

To tHe Eprror oF ENGINEERING. 

Siz,—In reply. to, Mr, Burns’ letter in your issue of 
February 18 with regard to the variation in the value 
of C in the expression k = C = . It is abvaye dan- 

7 

gerous to exterpolate, hence it would have been better if 
my curves had stopped at the lowest obsérved quantity 
of water delivered by the Lae 9 The value of C. 
however, is not constant, as sta’ by Mr. Burns, it will 
be seen from the accompanying diagram that it varies 
with the speed of the pump, similar results have been 
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obtained from other centrifugal pumps of quite different 
designs. My experience leads me to the conclusion that 
+K 

the expression v + K = Jeet, ect = © 29 » much 
more closely agrees with experiments than h = C = K 
and C being constants. 

The ordinary theory of centrifugal pumps having a 


volute chamber or other means of utilising the kinetic 
energy of the water on ieaving the impeller gives— 


2 2 
Pe 4 ve _-V,2 cosec + 2Ve 





29 29 29 
where V, denotes the velocity of flow through the 
impeller, 


V, denotes the velocity with which the water 
circulates in the volute chamber. 


both of which are zero when there is no flow; hence, 
under these conditions h = a but it is well known 


that the head actually obtained from a pump is nearly 
always greater than this, the’reason for which has never 
been satisfactorily cleared up as far as I am aware. 
Perhaps some of your correspondents can throw some 
light on the question. 
Yours faithfully, 
r Joun GOODMAN. 





“BALANCING TURBINE ROTORS.” 
To tae Eprror or ENGINEERING. 

Srr,—Kindly permit me to reply very bei to] 
Mr. Martin’s letter, in your issue of February 18. am 
afraid that your om newer in referring to the type 
of balancing hi ribed in yours of January 21, 
rather over-estimates the difficulty of obtaining true 
lineability of the two knife , and, at same time 
making them coincide with the axis of the rotor to be 
balanced. Such a problem possesses no terrors to those 
accustomed to the construction of sensitive weighing 
apparatus, being much in the nature of an everyday 
occurrence 





. In the case of the machines under notice, this point 
can be readily verified by inserting in the cradle a dummy 
rotor which is known to be symmetrically in balance. 
The accurate lateral coincidence of the line of the knife- 
edges with the axis of the rotor is shown by the indicating 
pointer remaining in the vertical position. By the 
application of known weights, any deviation vertically 
can also be readily detected. 

I should like to point out, howevér, to Mr. Martin, 

+ in any case, ld the two axes differ laterally 
te the extent of 1/1,000 of an inch, as in the example 
he instances, it would only be necessary to follow the 
same procedure as in his own apparatus, i.e., to correct 
the balance of the beam after the insertion of the rotor, 
before proceeding to test for out-of-balance errors. 

There would be this difference. however, that while, 
in Mr. Martin’s machine, the balance poise, for this 
purpose, must of necessity be of considerable weight, 
the balance poise in Messrs. Avery’s hine is ext ly 
small, which is all in favour of greater sensitiveness. 

My criticism in your issue of January 21, however, 
was mainly concerned with the part use of ball bearings, 
and also the overhead wor: adopted in the machine 

shown in Figs, 1 to 4, **Gyro”’ balance, in Fig. 5, 
although in some respects an, improvement over the 
former, is still handicapped, in my opinion, as I under- 
stand that ball pivots are used, In machines of this 
description, the nearer the approach to the principles of a 
delicate weigh beam, the greater the resulting sensitive- 
ness, and this even if the load to be carried be many 
tons in weight. : 

Notwithstanding the figures quoted by Mr. Martin, 








I am afraid that having had some eé in both 
forms of pivot, I am still unconvinced that equal sensi- 





tiveness can be obtained by ball bearings or ball pivots, 


, {as with hardened steel knife-edges and bearings. I trust 
'} that I do not \trespass too much on your space, and 


remain, 
Yours nha, 
H. N. Cox. 





LIMITS OF AEROPLANE DIMENSIONS. 
To THe Eprror oF ENGINEERING. 

Srr,—In an extremely well-informed article in: the 
Journal of the Royal Aeronautical Society (February, 
1921, page 100), on the development of giant aircraft in 
Germany, the highly important and interesting state- 
ment is made that twin engine and multi-engme aero- 
planes of the Gotha and Handley-Page type have reached, 
if not p d, the tical limits of construction, and 
the remark is added: “It is interesting to note that, in 
this case, practice coincides exactly with theory.”’ 

' But on page 116 are found the further remarks: 
“* As. regards the proportion of useful load and fuel in 
existing giant machines of both types, it is necessary to 
insist that these are considerably more satisfactory 
than has been imputed by theorists. In any case it is 
quite clear that as regards weight proportions, the giant 
machines in question are far from any ‘limite’ which 
theoretical consideration may “aw 

These last paragraphs do not do justice to the writer's 
general theory of aero) dimensions (Journal, Royal 
Aeronautical Society, , 1912, page 241 ; January, 
1913, page 35; January—March, 1917, 40; Journal 
of Junior Institution of Engineers, April, 1913). 

An independent commentator (ENGINEERING, Novem- 
ber 2, 1917, page 475) points out that if we are satisfied 
with slightly less than the theoretical maximum useful 
load there is possible a considerable range of proportions, 
and this range is quite wide enough to include all existing 
aeroplanes. 

It may be regretted that most commentators confine 
their attention to Mr. Lanchester’s incomplete solution 
(Encrnzerrne, March 3, 1916, page 213), and that 
Mr. Lanchester himself did not notice that his incomplete 
results, based on an assumption of an arbitrarily chosen 
constant speed, are at once deducible from the writer’s 
earlier and more general results (loci citaté). 

The writer, at the date of his last paper, had a very 
strong body of technical opinion against him in his 
opposition to rash schemes of super-giant bombing 
aeroplanes, and cruising boat seap! . 

He has always been conscious of the soundness and 
generality of his results, and may be now accorded the 
satisfaction of something like definite acknowledgment 
that his reasoning was based on sound physics and 
engineering, and not on narrow and arbitrary assump- 
tions, 

In conclusion, the theory of dimensions of itself sets 
no definite upper limits to aeroplane sizes, for these are 
based on numerical values drawn from shop practice 
on existing types, and as design, materials and work- 

ip improve, the limits increase in much greater 
proportion. 

But what the theory does say definitely is that unless 
there is an improvement in one or more of these respects, 
a definite maximum limiting size can be predicted for 
any existing type, for any specified conditions. 

Yours faithfully, 

London, February 24, 1921. A. R. Low. 








Dr. W. R.. Warrney, Perxrmt Mepariist.—When 
the Perkin medal was last month presented to Dr. 
Willis R. Whitney, of Schenectady, New York, by 
Dr. Charles F. Chandler. on behalf of the American 
Section of the Society of Chemical Industry and kindred 
societies, Dr. A. Rogers explained that this fourteenth 
presentation of the. medal was the award of a more 
national committee than it had so far been. The award 
was indeed made in the name of the Affiliated Chemical 
and Electrochemical Societies 5f America. Whitney, 
born at Jamestown, N.Y., in 1868, was educated at the 
Massachusetts Institute of Technology, and, after teach- 
ing chemistry in America, his scientific 
education at Leipzig. returning in 1896, By 1900 he was 
the first director of the Research Laboratory of the 
General Electric Company at Schenectady, one of the 
first of its kind in the United States, which, thanks largely 
to his en and ability, has acquired a world-wide 
reputation. ‘ore the creation of this laboratory 
Whitney had, in conjunction with A, A. Noyes, found 
a way of recovering hol and ether from collodion 
films, commercially an important advance. Later he 
developed the metallised carbon filament known as the 
G.E.M., and he had a considerable share in the success 
of the tungsten filament and the gas-filled lamp, as well 
as in the working out of novel processes and apparatus, 
such as calorising, the manufacture of “ sheath wire” 
and “water japan,” the Arsem vacuum furnace, the 
Langmuir modification of the Gaede molecular pump, 
the “‘ Metite’’ carbon brushes, and X-ray tubes. Many 
of these improved apparatus figure prominently in his 
numerous scientific papers on colloids, ares, alloys, 
corrosion, light, the rare gases, thermoijonic currents, 
and on the necessity of pure research. A man of wide 
interests, he has been president of the American Chemical 
Society and 


agriculture, medical research and in research generally, 
in the brain, the workshop 

the mental effort being the biggest of all things in 
research ; Whitney even referred“ to the: desire for 
religious truth, 
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BOILERS FOR THE TWIN-SCREW TURBINE SS. “MENDOZA.” 


CONSTRUCTED BY MESSRS. SWAN, 


Fig. 21. 
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THE TWIN-SCREW TURBINE and the tubes are e ded into the cast steel headers. | platform. ag ete i 21, above, and was also 


8.8. “ MENDOZA.” 
(Concluded from page 194.) 

Stream is supplied at 200 Ib, by six single-ended 
cylindrica] boilers, 15 ft. 6 in. diameter by 11 ft. 6 in. 
long, constructed by the builders and arranged for coa! 
36 or for liquid fuel firing on the ‘ Wallsend- 

owden”’’ system, The general arrangement is 
shown in Figs, 21 and 22, annexed. Superheaters of 
the “ Robinson "’ marine type of Messrs. Swan, Hunter 
and Wigham Richardson’s own make are installed 
to give 180 deg. F. superheat at the boiler headers ; 
in this type of superheater bolted joints are eliminated 





The arrangement of this superheater applied to one 
of the Mendoza’s boilers is shown in Figs. 23, 24 and 25, 
page 257. Each boiler is fitted with three Deighton 
urnaces having Stephen Gourlay back ends. The 
total grate surface of all boilers is 381 sq. ft. Three 
soot blowers of the “‘ Diamond” pattern are fitted to 
the rear end of each boiler. 

The double inlet forced draught fan, by Messrs. 
James Howden & Co., Ltd., is 9 ft. diameter and coupled 
to two compound engines having cylinders 7 in. and 
12 in. diameter by 7 in. stroke. This fan is placed in 
& separate com: ent between the engine and boiler 
rooms, and can be controlled from the manceuvring 





shown in Fig. 15, Plate VIII, ante. 

The oil fuel installation is placed in recesses off 
the aft stokehold and comprises two similar sets 
of pumping and heating plant, each set consisting of 
one horizontal simplex oil fuel pump with air vessel, 
one heater with relief valve, one water collector, one 
duplex discharge strainer, including pressure gauges 

drain cocks, all erected on an oiltight tray. Each 
of these sets is 1d so that it can draw from the 
oil fuel settling tanks through a duplex suction strainer 
and deliver through the duplex delivery strainer and 
heater to the burners. Either of these pumping and 
heating sets is capable of dealing with the total quantity 
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Fig. 23. 


of oil required for all the boilers, one unit remaining as 
a stand-by in case the working set uired over- 
hauling. Auxiliary steam-raising apparatus is supplied, 
and in conjunction with this there is a special hand 
pump, for use when raising steam. The oil settling 
tanks, each of a capacity of 15 tons, are placed in the 
special recesses already mentioned. 

Two “ Weir” oil fuel transfer pumps of the vertical 
type, each of a capacity of 20 tons per hour, are placed 
in the forward stokehold for the transfer and dis- 
tribution of fuel oil from the oil bunkers and double 
oil compartments to the settling tanks. These are 
shown in Figs. 21 and 22. 

_ The general arrangement of boiler-room is shown 
in Figs. 21 and 22. The two funnels are of circular 
section, and approximately 84 ft. high above the wing 
grates. A special steam “ mixing” valve chest is 
fitted on the top of each boiler so that dry saturated 
steam, or steam of any desired temperature up to that 
proper to the designed maximum can be secured, A 
See’s ash ejector is fitted in each stokehold, also a 
steam ash hoist of Messrs. Bryan Donkin’s make. 

_ The twin-screw propelling machinery is illustrated 
in Figs. 26 to 32, Plate XI, and Figs. 33 and 34, 
page 260. It comprises two sets of Metropolitan- 
Vickers Rateau turbines, constructed by the builders 
at their Neptune Works, under licence from the 
Metropolitan-Vickers Electrical Company, Limited. 
Each set of turbines is divided into two cylinders, high 
and low-pressure respectively, running at the same 
speed, and each driving a pig ayers pinion on the 
reduction ing. Each cylinder is designed to 
develop the same power and consequently the high- 
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speed pinions are interchangeable, thereby reducing 
the number of spares required. Astern sections are 
provided in each cylinder, these being divided from 
the ahead sections by means of special diaphragms, 
which allow of a very compact arrangement of nozzles 
in the case of the high-pressure cylinders, and great 
freedom of exhaust in the case of the low-pressure 
cylinders, Sectional views of both the high-pressure 
turbines are given in Figs, 26 and 27, Plate XI, and of 
the low-pressure cylinders in Figs. 28 and 29. 

In this type of turbine the efficiency is not dependent 
upon blade clearances. Each stage comprises a wheel 
and a fixed diaphragm, and the clearances allowed 
are of the order'of 4 in. axially and } in. radially, The 
wheels are steel forgings, machined all over and taper in 
thickness from the centre to the periphery, which is 
formed to take the blades. The wheels are forced on to 
the shaft, which is stepped to receive them, by means of 
hydraulic pressure and secured by means of keys, the 
last wheel being secured by a nut with a fine thread, 
The blades are machined from solid bars of 5 per cent, 
nickel steel, and are secured to the wheels by means 
of double rivets, which are expanded in a machine 
specially designed with a view to obviating damage to 
the blades or wheel. The diaphragms separating 
the stages are constructed of cast-iron made in halves 
to facilitate overhaul and inspection. 


The diaphragm guide blades are of mild steel and are 
cast into the diaph All high pressures and 
temperatures are confined to nozzle boxes con- 


structed of cast steel, which are secured at one 
end only, the other end being free to expand, its 
relative position with regard to the first row of 
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blades, however, being maintained by means of a 
suitable guide pin. The cylinders are therefore relieved 
of any stresses which may arise from rapid changes 
in temperature and pressure which might occur when 
mancuvring, &c. he nozzles themselves are con- 
structed of steel angles machined all over between which 
the guides are secured by rivets. These guides are 
very carefully machined to g and fitted into place. 

As a high vacuum is desirable, t care has been 
paid to the exhaust arrangement with a view of avoid- 
ing the drop in vacuum which is usually experienced 
between the last. set of blades and the condenser. 
It will be seen from the figures that the condensers 
are hung immediately below the low-pressure cylinders. 
Special exhaust diaphragms are provid incor- 

ting suitable guides to ensure the easiest possible 

ow of steam to the condenser. This arrangement 

in addition to giving high efficiency, materially reduces 
the space required, 

The turbine bearings consist of cast iron shells lined 
with white metal. They are arranged in such a way 
that they may be removed without removing the turbine 
rotors, The glands at each end of the turbine cylinders 
are of the combined steam and water type, the former 
being used when starting up, mancuvring, &c., and 
the latter when running normally. The tank for 
water supply to glands is placed at about 14 ft. above 
the turbine shaft centres, this tank being fed from the 
main feed pump discharge valve box. This type ef 
gland has the advantage yl gr complete sealing 
without any rubbing parts, it is important to note 
that no loss of fresh water takes a 

The turbines are capable of developing a maximum 
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power of 4,000 s.h.p. per screw, i.e., a total of 8,000 s.h.p. 
when working with steam at a pressure of 190 Ib. + ed 
square inch gauge and a superheat of 150 deg. F. e 
normal 6 of each turbine is 3,000 r.p.m., this being 
reduced by double reduction gearing to 113 at the 
propeller. : 

It will be gathered from our illustrations on Plate XI 
and also from Figs. 33 and 34, page 260, showing the 
turbines, that the fore and aft length occupied by these 
is extremely small; for example, the extreme length 
over the low pressure casing is approximately 4 ft. 9in. 
The high pressure turbine patie | is shorter by about 
3in. The power of the engines is measured by means 
of torsionmeters of the Hopkinson-Thring type fitted on 
the lines of shafting aft of the engine room, as shown 
on Fig, 17, Plate VIII, and Figs. 30 and 31, Plate XI. 

The gears, which are of the double helical type, and 
were made by Messrs. The Parsons Marine Steam Tur- 
bine Company, Limited, are arranged with the axes 
of pinions and wheels in one horizontal plane. The 
gear case is rigidly constructed and of cast iron, with 
covers conveniently arranged for access and observation. 
The thrust blocks are of the Michell type, incorporatin 
a shaft bearing on either side of the single cane A 
steam driven turning gear is situated on the distance 
bracket between the aft end of the gear case and the 
thrust block as mentioned in our issue of February 18. 
Great care has been taken in the design of the turbine 
and gear case seating to ensure ample rigidity of the 


latter, 

The turbines, gears and thrust blocks are provided 
with lubrication by means of a combined gravity and 
pressure system, incorporating the arrangement 
recommended by Messrs, Parsons, by which extra- 
cooled oil may be delivered to the sprayers. The 
arrangement of tanks and coolers has already been 
fully dealt with, and is shown in section view of engine- 
room, Plates VIII and IX, published with our issue 
of February 18. This matter has also been dealt with 
in detail in connection with the general machinery 
arrangements. 

The arrangement of shafti and propellers is 
shown in Figs. 30, 31 and 32, Plate XI. The pro- 
pellers are of the built type, having four blades of 
Stone’s manganese bronze attached to cast steel bosses. 

The vessel and her propelling machinery have been 
constructed to meet the requirements of Bureau 
Veritas, French law, and the Registro Navale Italiano, 
and the construction of the vessel and her watertight 
subdivision are in accordance with the requirements 
of the International Convention. A sister ship for 
the same owners is under construction at the Neptune 
Works by Messrs. Swan, Hunter and Wigham Richard- 
son, Limited. 





Swepish MANUFACTURE OF AUTOMOBILES IN GER- 
MANY.—<According to Swedish Export, the Swedish 
Gas Accumulator Company has started a subsidiary 
concern in Germany, the A, G. fiir Automobilbau, and 
at the new year raised its share capital from 3,000,000 


marks to 20,000,000 marks. The company is to carry 
on the manufacture on a large scale of small passenger 
cars, and German capital is to be invited to participate. 





Tue Sre Rospert Haprietp Prize.—In offering a 
prize for the description of a new and accurate method 
of determining the hardness of metals, expecially of 
metals of a high degree of hardness, Sir Robert Hadfield 
says that the ordinary tests of hardness, such as are 
described in the re of the Hardness Tests Research 
Committee ( i of the Institution of Mechanical 
Engineers, 1916, 677 to 778), which should be 
consulted by competitors, fail to some extent when the 
hardness of the material exceeds about 600 to 800 
Brinell. What is desired is the description of a research 
for, or an investigation of, some me of accu- 
rately determinin, rdness, suitable for application in 
metallurgical work in cases in which present 
partially fail. The award or awards will be made by 
the council of the Institution of Mechanical Engineers, 
whose decision will be final. The council will consi 
all communications received, and may then award a 
prize or prizes. The prize fund at present amounts to 
about 154/., and any unexpended balance in January, 
1922, will be di to any other purposes to be deter- 
mined at the discretion of the council. The council may 
award the whole or any part of the sum available if a 
communication is received which, in their opinion, 
is of sufficient originality and importance and satisfies 
the object aimed at ; or they msy award portions of the 
fund, not exceeding in all 75/., for communications which 
do not completely solve the problem, but a to 
advance the know of methods of testing ness, 
The Institution will reserve the right to publish in its 
Journal any communications for which a prize is 
awarded, in case it may wish to do so, A communication 
should be accompanied by scale drawings of any new 
apparatus described, or by a model or an example of the 
apparatus itself. If the communication dteenibes a new 
invention, likely to be of commercial value, it is desir- 
able that provisional protection should be obtained 
it is submitted for consideration. Communi 
be addressed to Secretary, the 
Mechanical i Storey’s Gate, St. James’ 
Westminster, mdon, 8.W. 1, and marked ‘“‘ Method 
of determining Hardness,” and should reach him by 
December I, 1921. 








ENGINEERING. 
JNOTES. FROM SOUTH YORKSHIRE. , 
P ' SHEFFIELD, W ye lt 

Iron and Steel.—By the ~. aah anapagee 
unemplo will 20,000. ‘ur 
are aocted with men, women, girls and boys wishin; 
to. sign on, and are totally unable to cope with the — 
of work. Almost every trade is represented. The 
steel and engineering branches appear to be the worst 
hit, but there are workmen belonging to rr depart- 
ment, even including the building industry. Employers 
offer no hope of taking men back for some time, and there 
is every indication that the number of unemployed will 
be much greater before the looked-for revival in trade 
takes place. None of the efforts to get down costs by 
appealing to the co-operation of labour have had any 
results. The downward movement in prices continues. 
Billets and wire rods have been reduced 30s. ton 
this week, There has been a further drop in soft basic 
qualities, for which there is a fairly free market. A 
reduction to prices which would approximate more to 
those of imported material would lead to a revival in 
business. Sheffield forges are almost without work. 
The heavy trade has not been so quiet for years, and the 
mills are running short time. Derbyshire pig-iron has 
been reduced 30s. for forge and 25s, for foundry qualities ; 
the former is now quoted at 9/. 10s., and the! latter 
at 10/. to 101. 2s, 6d. at furnaces. A fair season’s trade 
is being done in spades, shovels and other farm and 
garden tools, though the volume is far short of the 
average for this period of the year. Prices are easier, 
but buyers anticipate a still further drop and are with- 
holding orders, The demand for steel parts from the 
Lincolnshire implement trade is the poorest for many 
years. 

South Yorkshire Coal Trade.—There is a continued 
heavy pressure in slacks, which have become so abundant 
that colliery sidings are congested, and it is being found 
necessary to restrict further output. The serious point 
in this is that it is leading to a shortage in the pro- 
duction of steam coal and cobbles. Already there are 
complaints of scarcity of large steams, and the ion 
is made that exports will have to be again prohibited. 
In view of the labour situation buyers are anxiously 
endeavouring to accumulate reserves, but this, with the 
present supply, is practically impossible. Gas concerns 
are calling for larger deliveries to build up their stocks. 
All business is being held up owing to the uncertain 
prospects. The bulk of best hards are taken by railway 
companies. For house coal the demand continues 
active, chiefly for the best brands, which are scarce. 
In other grades there is plenty of fuel for disposal. 
Blast furnace coke is moving slightly, prices showing 
little alteration. Quotations :—Best branch hand- 
picked, 37s. 2d. to 38s. 2d.; Barnsley best Silkstone, 
378. 2d. to 37s. 8d.; Derbyshire best brights, 35s, 2d. 
to 36s. 2d.; Derbyshire house coal, 32s. 8d. to 338. 2d. ; 
Derbyshire best large nuts, 32s, 8d. to 33s. 8d. ; Derby- 
shire small nuts, 3ls. 8d. to 828. 8d. ; Yorkshire 
328. 8d. to 33s. 8d.; Derbyshire hards, 32s. 8d. to 
33s, 8d.; rough slacks, 288. 2d. to 29s. 2d.; nutty, 
278. 2d. to 288, 2d. ; smalls, 238, 2d. to 24s, 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Drastic reduction in prices 
may draw buyers into the market. An all round fall of 
45s. is quite unprecedented, and though it leaves market 
quotations still 10s. to 15s. above what foreign iron can 
be bought for many home consumers, who prefer the 
product of this district may be prepared to pay the 
reduced figures for Cleveland pig-iron. For home 
Tt No. 1 becomes 155s. ; siliceous iron, 155s. ; 

o. 3 G.M.B., 150s. ; No. 4 foundry, 149s. ; No. 4 forge, 
147s. 6d.; mottled, 147s, 6d.; and white iron, 145s. ; 
whilst for despatch to foreign ports No. 1 is now 160s. ; 
siliceous, 1608.; No. 3 G.M.B., 1558.; No. 4 foundry, 
1548.; No. 4 forge, 152s. 6d.; mottled, 152s. 6d.; and 
white iron, 150s. 


Hematite.—A 40s. fall in East Coast Hematite promises 
to be followed by ex ion of business. In this branch 
there have been oad inquiries on home and Yr 4 
account when trade in other departments was dead idle, 
For home use and for export also No. 1 is down to 182s. 6d. 


der | 2nd mixed Nos. are 180s. 


Coke.—Sales of coke are slow. Local users will not 
pay current rates and declare that much lower fi 
must rule in the almost immediate future. Sellers, 
however, are very reluctant to reduce their quotations 
of 54s, 6d. at the ovens for average blast-furnace kind, 
and 57s, at the ovens for low phosphorus sort. 


ae Iron and Steel.—Transactions in finished 

iron steel are very difficult to arrange, prices being 

a good deal above what customers will pay. Quotations 

continue to tend downward, but the only actual altera- 

tions are in iron bars and rivets, both of which have 

Los mn by 2/., making the former 23/. and the 
tter 31/. 


Cleveland Miners’ Wages.—The representatives of the 
Cleveland ironstone miners met the mine owners at 
Middlesbro this week and agreed that the 2s. 
day aw: to the men on resumption of work after 
the coal strike in November last, should forthwith cease 
to be paid, and that the war of 3s. per day should 
i i cease to be paid for days on which the 


mines are laid idle. The owners intimated that notice 


Park, | would be given to the men to terminate on March 31 


next the war wi of 3s. shift, the Sankey t 
of 2s. shift worked, tna the 20 per Gent. alveaie 
(2s. per shift) given in March, 1920. 





[Marcr 4, 892ir. 
Steel Works Closed.—The Cleveland steel works of 
Messrs. Bolekow, Vaughan and Co., Limited, Middles- 
brough, have, as the outcome of trade depression, been 
actically closed down. With the exception of a 
partment where 500 men, are employed, the works 
are idle, and 1,500 workmen have been added to Tees- 
side’s list of unemployed. Until wages come down and 
price of coal is uced there seems little likelihood of 
resumption of operations at the Cleveland steel works. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough during February 
totalled 34,447 tons, as compared with 44,686 tons for 
the previous month. Pig-iron despatched last month 
amounted to 12,801 tons, against 11,788 tons in January, 
manufactured iron loaded is returned at 1,607 tons, 
against 6,047 tons in January, and steel shipped reached 
only 20,030 tons, as compared with 26,853 tons for the 
first month of the year. Of the pig-iron cleared in 
February, 2,995 tons went coastwise and 9,806 tons 
went abroad; of the manufactured iron shipped, 133 
tons went coastwise and 1,474 tons went abroad; and 
of the steel despatched, 200 tons went coastwise and 
19,839 tons went abroad. The best customers for 
pig-iron were Italy, 5,010 tons; Belgium, 3,030 tons ; 
and Wales, 1,200 tons. Japan, with an import of 
420 tons, was the | tt recipient of manufactured iron. 
India was once more by far the heaviest importer of steel, 
taking 6,369 tons, whilst Australia received. 3,216 tons, 
the Argentine 2,151 tons, Japan 1,869 tons and Holland 
1,475 tons. . 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The state of the Scottish steel 
trade shows no improvement, and the output from the 
smaller number of mills now running is more than ample 
to cover all business being offered at the present time. 
The demand is, if anything, getting smaller and the 
outlook is far from encouraging, and is indeed rather 
black. Prices, which have been consistently reduced 
during the past month or two, offer no inducement to 
consumers, who can use the cheap material which the 
Continental makers are sending into this market at 
prices considerably under those of local producers. 
The rate of exchange is much in their favour, and until 
that gets nearer to the pre-war level the present state is 
likely to continue. All classes of material are very 
dull and very little is doing in home plates, sheets and 
structural material. Export business is also quite off 
for the present. Black sheets, 4 in. and up, are easier 
to the extent of 1/. per ton and are now called 22/. per 
ton delivered Glasgow Station. 


Malleable Iron Trade.—The conditions in the West 
of Scotland malleable iron trade are practically 
unaltered, and depression is general throughout the 
district. There is very little trade passing, and in 
order to encourage buying a reduction of 2/, per ton has 
been made in prices, and ‘“‘crown’’ bars are now quoted 
at 23/. per ton, net, delivered at Glasgow stations. 
Extras for sizes and sections will in future be based on 
list of November, 1916, plus an addition of 100 per 
cent, 

Scottish Pig-Iron Trade.—So little business is being 
secured by local pig-iron makers that a further damping 
down of furnaces has again been made, and still more 
will be blown out shortly. The present condition of 
the industry is very unsatisfactory, and considerable 
stocks are now lying at the various works, and it is very 
difficult to see the time when an improvement may take 
place. Steelmakers are consuming very little hematite, 
and the quantities of iron going out to the foundries is 
also very small indeed. The export side is doing practi- 
eally nothing just now. Prices are easier and are as 
follow: No. 1 foundry iron, 10/. per ton, and No. 3, 
91. 158.-per ton, net, f.o.r., makers’ works; hematite, 
101, 58. per ton, net, delivered steel works, 

Scottish Shipbuilding.—Quite a satisfactory output 
falls to be recorded from the shipbuilding yards in 
Scotland during the past month, the total amounting to 
28 vessels of 83,977 tons, made up as follows :— 





Vessels.’ Tons. 

The Clyde al ‘ 25 82,431 
The Forth... rd eke 1 1,140 
The Tay ote A ges 1 386 
The Dee and Moray Firth ... 1 20 
28 83,977 


The Clyde output is much the highest for the month of 
February and is over 33,000 tons above the previous 
best for that month—February, 1914, when the total 
was 49,082 tons. Some former Januarys were quite 
,and up till this year we had the following excellent 

for the first two months of the year: 1912, 

83,136 tons; 1907, 77,409 tons; 1920, 72,639 tons ; 
and 1914, 71,354 tons. The total for the past two 
months is 10,000 tons above the highest of these afore- 
mentioned years and amounts to 32 vessels of 93,431 
tons. While some comfort is obtained by perusal of these 
figures there remain two rather unsatisfactory points 
im the shipbuilding industry of the country, these being 
the lack of new contracts and the ship joiners’ strike. 
Orders on hand are being rapidly worked off, and as 
costs are so rage: A high shipowners find it un- 
profitable to place fresh business meantime. When con- 
ditions improve there may be a rush of contracts, 
but nothing of the sort is anticipated for some time to 
come. The fitting out of vessels recently launched is 
being greatly hindered by the strike of joiners, and if 
a settlement could only be obtained it would greatly 
facili operations in the yards as work on some 
vessels now under construction is being con- 
siderably owing to the delay in fitting out. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The most important event during 
the past week has been the withdrawal by the Govern. 
ment of the regulation of inland coal prices at a maximum 
of 23s. 2d. per ton above the pre-war level. In“view 
of the withdrawal of the limitation prices the South 
Wales coal Peete: pom decided that the discontinued 
maximum ‘prices; should be made minimum prices. 
These prices were, however, less than the cost of pro- 
duction, and on Monday merchants were informed by 
the individual collieries at what prices they were pre- 
pared to deliver coals after March 1, In the case of 
best large household descriptions the increase varied 
from 10s. to lle. 6d, anthracite-sized coals by 20s., and 
secondary sorts by about 6s., at the pit head. In some 
cases sellers offered to supply large coal at the old 
maximum prices, provided buyers agreed to take a 
definite Lab mer of smalls at the maximum values, 
which are about 15s. per ton in excess of the minimum 
export prices. A statement by Mr. Finlay A. Gibson, 
secretary of the South Wales Coalowners’ Association, 
shows that since 1913-14 the pithead cost of production 
in South Wales has inc from about 10s. 8d. per 
ton to 53s. per ton and that the wage cost in the same 
period has increased from about 8s, 2d. to 40s. per ton, 
also, that whereas there has been an increase of 42s, 4d, 
per ton in the cost of production, the increase in price 
to the consumer has only been 23s, 2d. Conditions difter 
as between colliery and colliery, but from these facts 
it is obvious that coal for home consumption has been 
sold at a price ranging from 10s. to 20s. per ton below 
the actual cost of production. The new pithead price 
of ordinary large steam coal is round 46s,, best Black 
Vein large 48s., ordinary Western Valley large 47s., 
best household large 53s., good households 46s., No. 2 
Rhondda large 47s., anthracite machine-made cobbles 
7ls., machine-made nuts, 65s., and machine-made beans 
59s. To these prices must be added the cost of railway 
transit, wagon hire, &c., which varies according to the 
length of journey, but averages from 15s. to 20s. per 
ton. The fixing of the old maximum prices as minimum 
prices has been the subject of criticism by colliery 
salesmen, in view of the fact that the minimum prices 
of smalls are many shillings per ton in excess of the 
minimum export values. Salesmen in the majority 
of cases think it would be better to increase the minimum 
prices of large and reduce the minima for smalls as it 
is felt that it is unlikely that home consumers will be 
prepared to pay more than foreign buyers for smalls. 
The foreign demand remains as quiet as ever and in- 
sufficient to absorb the reduced outputs. The news that 
an agreement has. been reached by which an American 
group is to supply an Italian group with coal, cotton and 
wheat to the value of 50,000,000 dols., to be paid for in 
five years ‘at the then current rate_of exchange, 
damped the hopes that might have been entertained of 
any early revival in the export trade. Production in the 
South Wales coalfield in the past year amounted to 
45,879,570 tons, a decrease of 1,127,733 tons when 
compared with the 1919 output. Of the production, 
24,206,730 tons or more than half were supplied to home 
consumers, 8,411,587 tons to France, 1,986,494 tons to 
Italy, 4,001,079 tons to other foreign countries, 1,088,017 
tons to the Admiralty and 6,515,641 tons as bunkers, 
making a total of 46,209,148 tons, or 665,983 tons less 
than in the previous year. 


The Depression in Shipping.—At the annual meeting 
of the Cardiff and Bristol Channel Shipowners’ Asso- 
ciation, held at Cardiff on Monday, Mr. T. B. Humphries, 
the new chairman, stated there were 2,500,000 gross tons 
of British shipping laying up at the present moment 
because owners could not get sufficient freight to cover 
their expenses. He also stated that a fo: application 
had been made to the National Maritime Board for a 
reduction in sailors’ and firemen’s wages. 








ENGINEERING Exutpition at Lifécr.—The Depart- 
ment of Overseas Trade is informed by H.M. Consul 
at Liége that the exhibition of inventions and other 
products of the engineers belonging to the “‘ Association 
des Ingénieurs sortis de l’Ecole de Liége,”’ which opened 
at Liége on Feb: 19, will remain open until the 
7th inst. This technical exhibition covers a wide range 
of engineering products and H.M. Consul, who will later 
on furnish a detailed report, has noted several exhibits 
which show that a serious attempt is being made to 
produce material in Belgium which was previously 
purchased abroad and notably in Germany. a— 
the exhibits are to be found a movable combined 
washer and ash sifter, an improved system of pit-head 
gear and bridges of reinforced concrete. 





THe Frencn Navat Bupcer.—We read in the 
Moniteur de la Flotte that the French Naval Budget 
for 1921 has been submitted to a very strict scrutiny 
such as has never been given to any previous budget. 
The demand was for 1,349,514,129 franes (or 53,980,5651. 
at the normal rate of exchange) for the ordinary budget, 
and 168,786,149 francs (6,751,445/.) for the extra- 
ordinary outlays, a total of 60,732,0101. The various 
reductions which have been made have left. 961,788,551 
francs (38,471,5401.) for the ordinary budget and 
122,055,195 franes “(4,882,2101.) for the e 
outlays, a total of 43,353,7501. The latter are 
being OTe for the of the Parlia- 
ment. reductions in original figures correspond 
ee ne enn ee Paris staff of the Navy, 
in food and’ elothing, in the price of fuel, in the number 
of working men in the arsenals, in the orders for ships 
and guns to private yards and works. 


has | Meteorological 





NOTICES OF MEETINGS. 


Tae Roya Soctery or Arts.—Monday, March 7, 
at 8 p.m.: Cantor Lecture, by Major G. W. C. Kaye, 
D.Sc. (National Physical Laboratory), “X-Rays and 
their Industrial Applications,” (Lecture I). Wednesday, 
March 9, at 4.30 p.m. : Ordinary Meeting, ‘“'The Plumage 
Trade and the Destruction of Birds,’’ by Mr. Willoughby 
Dewar, Hon. ae Bill Group. The 
Viscountess Astor, M.P., will preside. 

Tue Surveyors’ Instirvution.—Monday, March 7, 
when a paper will be read entitled ‘‘The Report from 
the Select Committee of the House of Commons on 
Business Premises,” by Mr. A. B. D.. Lang (Fellow). 
The chair will be taken at 8 p.m. 


Tue Braprorp ENGINEERING age pe he 
March 7, at 7.30 p.m., Meeting in the Hall of the - 
ford Technical College. Mr. V. I. Norbury Williams, 
M.I.Mech.E. (Manchester), on ‘ Fine Measurement in 
Engineering Workshops.” 

CLEVELAND INstITUTION oF ENGINEERS.—On Monday, 
March 7, 1921, in the Hall of the Cleveland Literary and 
Philosophical Society, Corporation Road, Middlesbrough, 
at 6.30 i & paper on “ Alcohol from Coke Oven Gas,” 
by Mr. il F. Tidman, Skinningrove Iron Co., Limited, 
will be read and discussed. 7 


Tue Socrety or Enoineers.—Monday, March 7, at 
5.30 p.m., in the o,° pron of the Geo — Society, 
Burlington House, W., when a paper will be read on 
“Some Modern ineering Practice in America,’’ by 
Mr. Robert W. A. * .M.Inst.C.E., M.1.A.E. 


Tue Instrrotion or Crvi. Enorveers.—Tuesday, 
March 8, at 5.30 p.m. The following paper will be sub- 
mitted for discussion: ‘‘The Amritsar Hydro-Electric 
Irrigation Installation,” by Mr. Stephen . Leggett, 
M.Inst.C.E. And ballot for new members. 

Tse InstirvTiIon or AvTOMOBILE ENGINEERS.— 
Tuesday, March 8, at 7.45 p.m., meeting of the 
Cov ‘Graduates at the Foremen’s Institute, 
7, The it, Coventry, when Mr. G. M. Martineau 
will read a paper entitled ‘‘ Current Motor-Cycle Frame 
and Chassis ign.” The chair will be taken by 
Major C. W. Jordan. Wednesday, March 9, visit of the 
Birmingham Graduates to the works of the Lucas 
Electrical Company, Limited. Graduates will meet 
outside the works at 3 p.m. 


Tue Royat Instirorion or Great Brrrain.—Tuesday, 
March 8, at 3 p.m., Mr. Arthur Keith, M.D., LL.D., 
F.R.8., M.R.L., Fullerian Professor of Physi , on 
“Darwin’s Theory of Man’s Origin (in the Li of 
Present-Day Evidence)’’ (Lecture III); Thursday, 
March 10, Mr. George C. Simpson, D.Sc., F.R.S., Director, 
, on “The Meteorology of the 
Antarctic” (Lecture I); Saturday, March 12, Sir Ernest 
Rutherford, LL.D., —- M.R.1,, Nobel 
Laureate, Cavendish Professor of Physics, Cambridge, on 
“ Electricity and Matter ’’ (Lecture IT). 


Tue InstrrvTion or ExeorricaAL ENGINEERS: 
Scorrish Centrre.—Tuesday, March 8, at 7 p.m., at 
= ae British Station Hotel, i ’ ure : 
“The Long-Distance Telephone System of the United 
Kingdom,” by Sir William Noble. 

Tue SHEFFIELD AssOcIATION ‘OF METALLURGISTS AND 
METALLURGICAL CuEMIsts.—Tuesday, March 8, 
on ‘Surface Phenomena in Liquid Steel,” by Mr. 
Cosmo Johns, M.I.Mech.E., F.G.8. 

Tue Royat Sanrrary Instrrvure.—Tuesday, March 8, 

ser § London. 





Planning Inspector, Min of Health). 
will be taken at 5 = noma A. H. R. Kenwood, 
C.M.G., M.B., F.R.S.E. (Chairman of Council). 

Tue Instrrure or Costs anp Works ACCOUNTANTS. — 
Wednesday, March 9, at 7 p.m., in the Hall of the 
Institute of Chartered Patent Agents, Staple Inn, a 
lecture will be delivered by Mr. Wi 
on “ Economics in Relation to Costing.” 


Tue Association oF ENGINEERS-IN-CHARGE.—Wed- 
nesday, March 9, at 7.30 p.m., at St. Bride’s Institute, 
Bride-lane, Fleet-street, E.C. 4, a paper will be read by 
Mr. A. J. Assheton, on “The Economic Utilisation 
Exhaust Steam.” The president will be in the chair. 


Grainger, 


. AM , ); (4) “The Action of 
Reducing Onsee on Heated. Copper.” by: Me. H. Moor, 
(Woolwich). 4.30 p.m. : 

7.30 p.m, for 8 p.m. : 


. | simultaneously of the Mount 


The annual dinner at the Trocadero Restaurant, Picca- 
dilly Cireus, W. 1. Thursday, March 10 :—10.30 a.m. : 
General Meeting of Members in the Hall of the Institution 
of Mechanical ineers ; @ selection of papers will be 
— and discussed—(5) ‘“‘The Season Cracking of 
rass and other Copper Alloys,” by Mr. H. Moore, Mr. 8. 
Beckinsale and ice E. Mallinson (Woolwich) ; 
(6) “* The Constitution of the Alloys of Copper with Tin "’ 
by Mr. J; ~ m, Member 

p.m;: The will be brought 
to a conclusion, 3 p.m, to 5 p.m.: Visit to National 


Physi wa Dye ryn gy (by train leaving 
Waterloo not later 2.10 p.m.). ‘ 


Tue Oprroat Socorery.—Thursday, March 10, at 
7.30 p.m., Meeting at the Imperial . A lecture 
will be delivered by Professor H. F. Newall, F.R.S., on 
“The Story of a New Star.”” The following communica- 
tion will also be presented: ‘‘ Note on a Handy Form 
of Measuring Microscope,” by Mr. T, F. Connolly, M.Sc. 


Tue Junton Instrrvotion or Enorverrs.-—Friday, 
March 11, at 8 p.m., at 39, Victoria Street, Lecturette, 
** Electrical: Drive in the. Cotton Trade,” by Mr. A. T. 
McGuire, Member. 





Enorveerine wv Itary.—The University of London 
arranged for a series of free lectures to be given at 
the Institution of Civil i on “ Recent Engineer. 
ing Works in Italy.’’ The course will be one of six 
lectures, and they will be delivered by Doctor Luigi 
Luiggi, M.Inst.C.E., Professor of Hydraulic Construction 
in University of Rome. The dates and subjects 
of these lectures are as follows, the time being 5.30 p.m. : 
March 7, “ Sanitary ee and Water Supply ”’ ; 
March 9, “ Agricultural Hydraulic Engineering ’’ ; March 
11 and 15, “ Industrial Hydraulic eering ’’ ; March 
16 and 18, “ Transportation .”” The lectures 
are intended for advanced students. Admission is without 
ticket. 

Tae Instrrurion or Ramway Siena Encineers 
(LycorPoraTED).—At the eighth ral meeting 
of this Institution, held at the Mi Grand Hotel, 
St. Pancras, on February 23, the following officers were 
elected for the ensuing year: President, Mr. ©. H. 
Ellison, telegraph superintendent, North Eastern 
Railway; vice-president, Mr. W. C. Aofield, signal 
superintendent, Midland Railway; hon. treasurer, 
Mr. R. J. Insell, chief assistant signal engineer, Great 
Western Railway Si Department, Reading ; hon. 
secretary, Mr. M. G. Tweedie, AMLE.E, Great Western 

i i De t, 80, Caversham-road, 
Reading. ‘Ten new members were also elected. The 
object of the Institution is the study and advancement 
of railway signalling, and its membership embraces all 
branches of signal engineering and allied professions. 
The next meeting will be held on the 23rd inst., also 
at the Midland Grand Hotel, St. Pancras, at 6 p.m., when 
a paper entited ‘‘ Fundamental Calculations of an 
Alternating Current Track Circuit,’’ by Mr. D. C. Gall, 
will be read and discussed. 


Rattway Rarses.—The proceedings of the Rates 
Advisory Committee +3 ——- to the new classification 
of goods for transport by rail entered upon a new stage on 
sons 40" Gar Sia GUGM als oxploed. 
tions to ilway com 4 expired. 
The Joint Committee appointed by the Association of 

itish Chambers of Commerce and the Federation of 
British Industries and the other iati 
have in hand a | number of 


> sonsived Soom alt parte 6¢ the Geaer GM are engaged 


upon co-ordinating and co ing the various pro- 

with the view to facilitate the work of the 

Advisory Committee. The next will be for 
the railway companies to take into consideration the 
objections made the traders to their pro ls, and 
as soon as they have had sufficient time for this purpose 
——- will be 1 between nee of the 
railway companies an: representatives of the traders 
to ascertain Loe fer agreement can be arrived at between 
the parties. Those casés which cannot be dis: of by 
agreement will come before the Rates Advisory Com- 
mittee for adjudication, but it is not thought that 
the heari for this purpose can take place before the 
month of y. . 


QueEnstanpd.—In a final report 


of | °@ the water power possibilities of Queensland, Mr. 


Crowley, a Government expert, remarks that the 
northern hydro-electric scheme has about 50,000 h.p. 
in it. He recommends that the Barron, Mount 5 
and Mackay surveys be taken in hand at once. When 
the Barron survey is finished, the crew should be sent 
to the Tully. Nothing could be done on the Fitzroy and 
Dawson until the 


of a water conservation, irrigation, artesian, and hydro- 
electric commission of members with a separate 
and minister. The first work should be 
done on the Barron. If ible, ane should be made 
a, a 
plans and specifications prepared, an 
tenders. called for the initial 10,000 h.p. plant with 
provision for three others as soon as wanted. If the 
plants were built the Barron and Tully Rivers would act 
feeders of the northern system. Smaller 
as - scheme was developed. 
combined with hydro-electric projects 
would be slower in ee work should 
be well in hand before the and Bitzroy work 
was started. Practically the whole of the equipment 
could be obtained in Australia. 


i 
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MACHINERY FOR THE TWIN-SCREW TURBINE SS. “ MENDOZA.” 
CONSTRUCTED BY MESSRS. SWAN, HUNTER AND WIGHAM RICHARDSON, LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
(For Description, see Page 256.) 
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AGENTS FOR ‘‘ ENGINEERING.” NOTICE. operation is cheaper cost, and already 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney; 
Brisbane; Perth. Angusand Robertson, Limited, 
Sydney, N.S.W. T. Willmett and Co., Towns- 


ville, North Queensland, W. C. Rigby, Adelaide, 
South Australia. Melville and Mullen, Mel- 
bourne, Vic 


toria. 
Satchell, 86, Rue du Tabellion. 
Dawson and Sons, Manning 


BexeruM, Brussels: B. F. 
Canapa, Toronto, Ont.: Wm. 


mbers. 

EprvBurGH: John Menzies and Co,, 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, 22, Rue de la Banque. 
For Advertisements, Agence Havas, 8, Place de 
la Bourse. 

Gtasecow: William Love. 

Invi, Calcutta: Thacker, Spink, and Co., Bombay: Thacker 
and Co., Limited. 

Iraty: U. Hoepli, Milan. 
Anonima Libraria Italiana, Torino. 

post office. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MancHESTER : John Heywood, 143, Deansgate. 

New ZEaLaNp: Gordon and Gotch Propeletery, Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RoTrEeRDAM : H. A. Kramer and Son. 

Sours AFRIca: Central News Agency, Limited, Head Office— 
Johannesburg; and Pretoria, Cape Town, Port 
Elizabeth, oemfontein, Durban, and their 
various branches and bookstallis throughout South 
Africa. Also Cape Town: Wm. wson and 
Sons, 31, Long.street. 

TasMANIA: Gordon and Gotch Proprietary, Limited, Laun- 
ceston : Hobart. 

Unirep StaTes: For Subscriptions, New York: W. H. Wiley, 
432, Fourth Avenue. 
For Advertisements, J. 8. Allan, 30, Church- 
street, New York. 


And an 


ADVERTISEMENT RATES. 

The charge for advertisements classified under the we 
of Appointments Open, Situations Wanted, Tenders, &c., is 
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A few months ago the Proprietors of ‘‘ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
pe oa: Ber copy: and this price dated from and 

uded the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
of single copies sent by inland post is now 1s. 3d. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
ernment on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; t 
readers who wish to be sure of obtaining “‘ ENGI- 
NEERING” each week should place an order for 
the Journal with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 259, 





ENGINEERING. 
FRIDAY, MARCH 4, 1921. 


THE ELECTRIFICATION OF BRITISH 
RAILWAYS. 


SPEAKING broadly, it may be said that all the 
important technical problems involved in railway 
electrification have been solved, and engineers have 
been for several years past in the position to under- 
take the electrification of any railway and to guaran- 
tee safe and reliable operation. There have been, 
indeed, several alternative methods of electrification 
available, most of which have now had a sufficiently 
extended use to justify their inclusion in the 
category of established practice. The existence of 
these rival systems has no doubt had a deterring 
influence on the progress of railway electrification, 
not only because of the uncertainty as to which of 
them might ultimately prove to be the best, but by 
reason of the natural reluctance of railway direc- 
torates to commit themselves to any system, the 
adoption of which might isolate their lines from 
others differently equipped. If the electrification 
of our railways is ever to be undertaken on a large 
scale it is obvious that some standardisation of 
system and equipment is necessary. A great step 
in the direction of uniformity has been made by 
the recommendation last year, of a strong com- 
mittee appointed by the Ministry of Transport, 
that continuous current at 1,500 volts should be 
generally adopted for the electrification of British 
railways. It is to be hoped that this decision will 
put an end to the battle of the systems. Those 
who disagree with it may console themselves with 
the reflections that any reasonable decision is better 
than none at all, and that the possibility of acute 
differences of opinion in matters of judgment is 
in itself strong evidence that there is little to choose 
between the rival arguments. 

The present position, then, is that no electrical 
or mechanical difficulty stands in the way of an 
indefinite extension of the application of electricity 
to railway operation, and that the leading engineers 
approve of, or at least acquiesce in, the adoption 


step is to decide where and to what extent it would 
be economically sound to carry out further electri- 
fication of our railways. It was, perhaps, too much 
to expect that Sir Philip Nash, in the paper which 
he read last Monday before the Institute of Trans- 
port, would have indicated any definite attitude of 
the Ministry towards particular schemes, or even 
upon broader questions. At any rate, he did not 
do so. In fact, the-Ministry of Transport might 
not have existed so far as the paper was concerned. 
This was entitled “ The Electrification of Main Line 
Railways in relation to Traffic Working,” and was 
little else than an absolutely impartial and colour- 


the words of Othello, “ being extenuated, nor aught 
set down in malice.” With these arguments our 
readers must be already only too familiar. Steam 





the field. The locomotives are able to travel 
from end to end of the country independently of 
special track equipment, power transmission 
systems, central stations and substations. No 
conceivable accident can paralyse, even for an 
instant, an entire steam railway and render the 
whole of the rolling stock motionless. The advocates 
of electrical operation, on the other hand, claim 
that the greater capital cost of electric equipment 
is more than offset by the saving in fuel, the reduc- 
tion of shed labour, the lower cost of maintenance, 
the elimination of expense incurred in providing 
for watering and coaling, and, above all, in the 
greater earning capacity of the tracks, terminals 


e | and rolling stock. 


Although the title of Sir Philip Nash’s paper 
referred specifically to main line railways, the author 
himself did not deal in any way with the question 
of electrifying main lines as such. Nor did main 
line electrification arise at all in the discussion, 
except as a reference to a scheme now under 
consideration for electrifying the line to Brighton. 
It appears to be generally taken for granted that 
the general replacement of steam locomotives by 
any system of electric traction on the trunk lines 
of this country is far beyond the range of practical 
policy at present. The chief point for immediate 
consideration is to what extent railway. operation 
would be benefited by the electrification of suburban 
lines and large city terminals. There are also certain 
cases where special conditions of the line or of the 
traffic may indicate electrical operation, but, 
generally speaking, the centre of interest lies with 
suburban r traffic. The advocates. of 
further electrification can certainly point to the 
very significant fact that no. railway which has 
effected the conversion has any cause to regret 
having done so. Indeed, the schemes so far carried 
out have been undoubtedly successful, both from 
the technical and commercial points of view. Sir 
Herbert Walker informed the meeting last Monday 
that the traffic on the electrified portion of the 
London and South-Western Railway had increased 
from less than half a million passengers per week 
in 1915 to more than a million per week to-day. 
During the same period the operating costs of the 
electrified lines had increased by only 100 per cent., 
although the corresponding costs of steam-operated 
lines had increased by 200 per cent. 

A somewhat similar story was told by Sir William 
Forbes with respect to the Brighton line. Electri- 
fication had enabled the mileage run to be increased 
by 150 per cent., with an increase of 200 per cent. 
in i The financial results had been a 
return of over 15 per cent. on the capital spent in 
electrification. The.company were putting forward 
proposals this week to the Ministry of Transport 
for the electrification of the Brighton main line, 
as, neglecting the indirect benefits of increased 
earnings which this would bring about the mere 
saving in present operating expenses would ensure 
a return of 6 or 7 per cent. on the fresh capital 
required for the conversion. The same speaker 
seemed to look to the Government to help in 
finding the money for this purpose, but we should 
think any such hopes are rightly doomed to dis- 
appointment. The commitments of the Govern- 
ment are surely great enough as it is. The heavy 
expenditure which electrification entails is un- 
doubtedly one of the principal causes of the com- 
parative slowness of the development of electrifica- 
tion, but Sir Vincent Raven seemed sanguine about 
the possibility of providing most of the money 
from revenue, and suggested that the question of 
capital expenditure was not so serious as most 
people imagined. The experience of the North 
Eastern Railway with regard to electric working 
had been entirely satisfactory. On the purely 
mineral line between Shildon and Newport five 
electric locomotives were doing the work of 13 
steam locomotives, and their maintenance costs were 
only one-third that of the steam locomotives. 

The only speaker who questioned the contention 
that electric haulage involved a material saving 
in fuel consumption gave some interesting 
relative to the Great Northern Railway. 
careful measurements had been made of the coal 
used on a freight train, weighing 1,200 tons behind 
the tender, which was in service between Peter. 
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borough and London, ndo . distan: ; nce of 80 miles. es. The stance, made in pee higher strength than the 


test lasted for four weeks, and the total amount of 
coal used, including that required for lighting up, 
&c., worked out at 103 lb. per 1,000 ton-miles. 
The advocates of electric traction, at a recent 
discussion in New York, had only claimed that 
100 lb. of coal‘would be required per 1,000 ton- 
miles, with ,electrical operation, so that there was 
not much to be gained by replacing the modern 
steam locomotive, so far as coal consumption was 
concerned. 

The real factor which is doing more than anything 
else to keep the question of electrification strongly 
before the railway companies is the ever-increasing 
difficulty of handling suburban, and especially 
terminal, traffic with steam-drawn trains. It is said 
that 1,200 trains per day enter and leave ;Liver- 
pool Street Station, and, in spite of capable organisa- 
tion on the part of the railway officials and good 
humour on the part of the public, the conditions 
at times have been almost intolerable. The traffic 
has, in fact, outgrown the facilities of the station, 
and the experience of railways like the South- 
Western shows that a vastly greater number of 
passengers are ready to travel if there only were a 
sufficient number of trains to carry them. There 
are many other terminal stations in the country 
where the same conditions exist, though, perhaps, 
hardly so acutely at the moment. The railway 
companies are thus faced with the fact that, if they 
are going to provide the transportation facilities 
which the population needs, they will have, some- 
how or other, to increase the traffic capacity of their 
stations. Electrification may be costly, but when 
the only alternative is the enlargement of the whole 
station and the duplication of tracks and platforms, 
the installation of electrical equipment may be 
decided upon merely as the lesser evil. The rapidity 
with which electric trains can be got in and out, by 
reason of their high rate of acceleration and the 
absence of the separate locomotives which occupy 
trackage and have to be coupled and uncoupled 
from all steam trains, makes the electric service 
incomparably more rapid and economical of plat- 
forms than any steam service can be. The incidental 
advantages of electric operation of terminal stations 
in cities are by no means negligible. The absence 
of smoke and steam is better for the atmosphere 
and diminishes the cost of painting and cleaning. 
Electrified terminals might, indeed, be built over, 
as the Tube stations are to-day, and the continual 
expense of cleaning and repairing glass roofs be 
exchanged for a useful revenue. The steam loco- 
motive is likely to hold its own for many years to 
come in this country for long-distance traffic, but 
it is already out of place in the terminal stations of 
great cities. : 





STEEL FROM THE STANDPOINT OF 
MARINE ENGINEERING. 


Tue demand for steel for marine and shipbuilding 
purposes is essentially a demand for mild steel. 
The stresses to which a ship is subjected when at 
sea do not admit of exact calculation, and the im- 
portance of rigidity in a ship’s structure has deter- 
mined the universal use by shipbuilders of mild steel 
plates and sections as the most suitable materials 
of construction. The use of steel of higher strength 
has been confined strictly to vessels of exceptional 
speed, such as destroyers, or to battleships where 
the saving in weight was essential for the purpose 
of increasing the armament pro- tection. 

In advocating the use of high tensile plates 
and sections for ordinary shipbuilding pur- 
poses, Dr. Hatfield, the well-known head of the 
Brown-Firth Research Laboratories, in a paper 
entitled “Steel from the Standpoint of Marine 
Engineering,” which was read before the West 
of Scotland Iron and Steel Institute, would find 
little support for his views among shipbuilders at 
the present time. There are, however, many 
other uses for steels of high tensile strength in 
shipbuilding and marine engineering work, and 
Dr. Hatfield’s interesting paper touched on some 
of the problems which are being solved by taking 
advantage of the wide range of steels which are 
now produced in considerable quantities by steel 
manufacturers. The number of forgings, for in- 
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ordinary mild steel of 28 to 32 tons per square 
inch is growing greater each year as the advantages 
of ligh‘er weight for the same strength and in- 
creased reliability are being recognised. 

Thus nickel and nickel chrome steels, having a 
strength after treatment of 40/50 and 50/60 tons 
per square inch respectively, are finding favour for 
such purposes especially for the pinion and pinion 
shafts of reduction gearing. Bolts for the big 
ends of connecting-rods have caused marine 
engineers no little anxiety at times, anda high 
tensile heat treated steel would undoubtedly 
give greater security. The economic material for 
turbine blades has not yet been found, although 
nickel steel with both high and low nickel content, 
chromiun steel and many others have all been tried, 
and thus there is still room for a material which 
when used for- this purpose will withstand the 
erosive and! corrosive action of superheated steam 
at high‘ pressures. 

Dr. Hatfield also touched upon the problem of 
suitable material for reduction gearing for turbines 
and expressed the opinion that the present trouble 
may be largely a question of relative inaccuracy in 
machining and fitting. Imperfectly-cut teeth, de- 
fects in. mounting, inaccuracy of alignment and 
indifferent material are suggested as contributory 
causes. There are many marine engineers who 
ardently wish that the problem was really of such 
a simple and straightforward nature. At the same 
time attention was very properly drawn to the 
importance of the manner in which the gear drums 
have been forged and the very real importance which 
the direction of the flow lines in the material have 
at the base of the teeth after these have been cut. 
He pointed out the advantages of having the gear 
rims rolled instead ‘of forged, owing to the unifor- 
mity of the hot work which results and the avoid- 
ance of the necessity for heating the material to 
a high heat after the forging work is finished. 
This is an important point, certainly worthy of 
close enquiry. 

The enormous development in the use of stainless 
steel for: cutlery which has taken place since such 
steel was first put on the market has stimulated 
attempts to develop its use for other branches 
of engineering demand. The disadvantage has 
been thai the original stainless steel was only non- 
rusting after heat treatment and hardening, but 
more recent developments mentioned by the author 


have produced a steel which is non-rusting in the’ 


annealed condition. As practically all the forgings 
in marine engineering work in which such a steel 
might be useful are wanted in the annealed condi- 
tion, this brings stainless steel within the horizon 
of the marine engineer, who will probably take 
advantage of it in the future. Where there is 
undoubtedly a demand at the present time for 
such a steel in shipbuilding localities is for the pro- 
duction of non-rusting steel castings. This is a 
problem which still requires to be solved by the 
steel makers, however, but Dr. Hatfield mentioned 
that he was already working in this direction. 

An instance was given of a failure which had 
arisen through corrosion taking place, owing to the 
proximity in sea water of metals of diffcring electro- 
chemical properties; a steel shaft being corroded 
very deeply just at the junction of the copper 
sheathing and the gunmetal sleeve in which it was 
running, and failure took place at the corroded part 
owing to the local concentration of stress. 

A useful feature of the paper is the complete 
tables of the physical properties of the steels which 
are described ; in these the chemical analyses are 
given together with the tensile, torsion and impact 
tests and the Wohler fatigue limit for ten million 
reversals of stress. Dr. Hatfield lays great weight 
on the importance of this fatigue limit in practical 
applications where most steel parts have to with- 
stand cyclical variations of stress. He gives the 
figures for steels under widely different conditions 
of treatment and strength, but much more work 
will require to be done before clear views can be 
formulated. For the present, the problem is in 
the hands of the research worker, and it is to him 
that engineers will look in the future for the guid- 
ance which they require and expect, but which, 
unfortunately, he is not yet in a position to ‘give. 
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SECURING IMPERMEABILITY IN 
CONCRETE. 

Tur popular belief, that concrete is fairly imper- 
meable to fluids and that little is gained, except 
in special cases, by the use of waterprocfing materials 
is probably shared by many experts. The numerous 
waterproofing compositions on the market do not 
in general attain more than can be secured by a 
careful preparation and laying of a dense, rich 
concrete, and though some compositions certainly 
increase the impermeability, the advantage may be 
obtained at a sacrifice in strength. Such was the 
opinion expressed by Professor T. B. Abell when 
reading a paper on “ Reinforced Concrete for Ship 
Construction” before the Institution of Civil 
Engineers on January 11,* while Mr. Ewart 8. 
Andrews, B.Sc.(Eng.), summed up to the same 
effect in his paper on “Some Methods of Securing 
Impermeability in Concrete,” which he presented 
to the Concrete Institute on Thursday, January 24. 

This paper was prepared on the suggestion of the 
Reinforced Concrete Practice Committee. Perme- 
ability troubles arise from the percolation of the 
liquids through the pores and voids in the concrete 
and through cracks forming in it. In the absence 
of voids the chemical corrosion of concrete by sea 
water, steam, &c., would be slow. and limited to the 
surface layers, and the physical effects of frost 
would not go deep either. Impermeability can be 
increased by void-preventing or void-filling methods, 
or by coating methods. Void-formation is prevented 
by making the concrete dense by “ integral prepara- 
tion.” Mr. Andrews took the view that if the energy 
and money spent upon waterproofing compositions 
were expended upon careful proportioning, mixing 
and making and finishing the concrete, the engineer 
would frequently have less trouble at smaller cost. 
This is one of the reasons why the superior results of 
laboratory tests, conducted with care, are not always 
realised in practice. Proper proportioning of the 
four constituents of concrete, viz,, Portland cement, 
sand or fine aggregate, gravel or coarse aggregate, 
and water, ‘is a great point. Quoting Mr. H. C. 
Johnson’s paper on “ Proportioning Concrete 
Materials,” read before the same Institute in the 
session 1916-17, and Mr. B. Fuller’s book ‘on 
“Concrete,” Mr. Andrews showed that minimum 
permeability generally coincides with maximum 
density and compressive strength. Most people 
in this country still seem content, however, to mix 
in round numbers and to grade by void measure- 
ments. By methods of mechanical analysis Fuller 
found that he could replace a concrete 1:2: 4, 
requiring 1°5 barrels of cement per cubic yard of 
concrete by a 1:3:7 mixture, requiring only 
0°97 barrel of cement, and that the usual methods of 
sand grading were quite misleading. 

“Integral preparation’? means adding certain 
materials to the concrete mixture or using special 
materials. Of integral compounds, Mr. Andrews 
first mentioned hydrated lime, i.e., dry, completely 
slaked lime. According to the United States 
Bureau of Standards the hydrated lime acts simply 
as a void-filling inert material. Mr. Andrews seems 
right in placing its value higher; for one thing 
the lime absorbs moisture, and this facilitates the 
hardening of the slower-acting cement. Feldspar, 
clay, sand and Portland cement of more than the 
usual fineness are not inert in the strict sense 
either. Soap compounds are applied both as 
coatings and as integral compounds. The Sylvester 
compound consists of soap and alum which form 
an insoluble aluminium stearate; the alum is 
added to the concrete, the soap to the water. 
Calcium. stearates made from lime, fat and soda, 
are also used. These soap compounds are not quite 
stable, however, and are, Mr. Andrews considers, 
liable to be washed out of the concrete, leaving it 
porous. Iron filings are added as integrals in order 
to oxidise, and by expanding and fill the voids, 
expecially when mixed with flowers of sulphur or sal 
ammoniac. Soluble alkali silicates (water glass) are 
used to bind the free lime; other silicate integrals 
consist of two compound parts, the one aluminium 
silicate and a soluble silicate, the other a silicate 
and ‘zine chloride or other materials; we should 
think that it would require years of experimenting 





* See ENGINEERING, January 18, page 54. 
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to judge the action’ of such compounds. The only 
special cement Which Mr. Andrews mentidned and 
recommended was the Goddard preparation in 
which gypsum is ti¢ated with a small quantity of 
tannic acid in order to promote the colloid action 
in the setting of cements. Mr. Andrews did not 
omit to refer to the discussion by the Faraday 
Society of the “ Setting of Cements and Plasters,”* 
and of the colloid theory of cements. 

Several of the integral compounds mentioned 
also serve as coating materials. The selection will 
depend upon the substance, penetration or attack 
by which is to be prevented, such as the oil to be 
stored or the steam to be used for cleaning. In the 
Sylvester process good results are obtained by 
dissolving 2 oz. of alum and 12 0z.'of Castile soap, 
each per gallon, in hot water, and by applying first 
the alum and then the soap with a stiff brush. 
Paraffin wax is dissolved in double its weight of 
kerosene, and the solution is rubbed in with a stiff 
brush or forced in by means of a blow lamp ; a rough 
surface will require three coatings. Bituminous 
compounds are expensive, soluble in oil and apt to 
come away from the concrete. The special oil- 
proofing paint of Ivinson and Roberts consists of 
zine chloride (30 to 65 parts by weight), zinc oxide 
(30 to 55 parts) and ammonium chloride (2 to 20 
parts); tests made at the National Physical 
Laboratory showed this material capable of resisting 
mixtures of petrol and paraffin, of linseed oil and 
turpentine, and of water at pressures ot 60 lb. per 
square inch. 

No doctoring of the materials can altogether 
prevent the development of cracks in the setting 
cement, especially if exposed to high stress. To 
meet that trouble contraction joints are provided. 
In America such joints frequently are waterproofed 
with the aid of bituminous compounds. A V-joint 
of copper is, e.g., anchored in the concrete walls 
across the gap; in the V-hollow is placed a tightly- 
wound roll of fabric, and the space above is filled 
in with some elastic material. For bridge floors the 
copper membrane is given the shape of an ordinary 
mercury bulb thermometer ; the copper is perforated 
to secure better adhesion with the walls and filled 
with soft asphalt. The making of the vertical 
contraction joints in the Froude Tank at the 
National Physical Laboratory, to which Mr. 
Andrews referred, was, subsequent to the reading of 
the paper, further explained by Mr. H. J. Deane. 
The tank, 500 ft. long, 30 ft. wide and 12} ft. deep, 
holding 5,000 tons of water, was constructed in a 
solid mass of concrete, which was not reinforced, 
lest the vibration should disturb the carriage 
running on the top of the walls.t The flocr was 
built first, the walls afterwards, both in six sections, 
leaving joints 6 in. wide opening out to 10 in. in the 
central portion. The openings outside and inside 
were temporarily closed by boards; inside Fox 
wedges of soft wood with grains running longi- 
tudinally, were further inserted against the sides 
of the gap, extending 2} in. inward; the gap was 
filled with cement composition, and the whole of the 
surfacing of the tank was rendered in a like manner, 
This facing was kept well wetted by the hose for 
two weeks, a point to which Mr. Deane attached 
importance. Three months later, when the whole 
had set and dried, in the summer of 1910, the Fox 
wedges were removed, and the gaps were artificially 
dried with a blow lamp and filled with a marine 
glue. In this way the water losses from the tank, 
by waste, evaporation and leakage, were limited to 
about 10 gallons per day. 

Later on in his paper Mr. Andrews described 
the investigations of the subject by the U. 8, 
Bureau of Standards, which has also come to the 
conclusion that impermeability can be attained 
without the use of special preparations. According 
to the Bureau the good materials should be made 
wet enough to allow of puddling. One of the 
speakers at the meeting remarked afterwards that 
the American practice was decidedly in favour of 
using little water while laying, less water in fact, 
he had found, than English concrete machinery 
could well deal with. That more care should be 


* See EnGineeRinG, January 18 and February 1, 1918, 
pages 17 and 109. 

+ See Encrveentne, April 17, 1911, page 445, Mr. G. 8. 
Baker’s paper on the tank construction. 





bestowed upon cleaning the sand was also’ pointed 
out during the discussion. As regards permeabilit 
tests, Mr. Andrews suggested the use of a liquid bach 
as petrol, which would easily find its way through 
the smallest pores. The Admiralty tests, above 
alluded to by Professor Abell, showed that hollow 
concrete’ cylinders, made by ordinary workmen, 
retained oil under conditions under which petrol 
percolated very rapidly with a head of only 3 ft. 
The petrol test might be almost too sensitive for 
general practice, one may fear, and such tests would 
naturally be influenced by any integral compounds. 
The permeability depends upon the capillarity and 
surface tension ; the latter changes with the liquid 
and would be strongly affected by any coating on the 
walls of the pores, as Dr. J. 8. Owens demonstrated 
at the meeting with the aid of sand grains coated 
with wax. 





THE AIR ESTIMATES. 

THE estimated gross total expenditure on the 
effective and non-effective air services for the 
next financial year, 192]—22, as presented to the 
House of Commons on Tuesday last, amounts to 
19,033,4001., of which 622,4001. is provided for by 
appropriations in aid. This leaves 18,411,000/. 
to be raised for the service, the latter figure being 
4,581,2301. lower tham the expenditure during the 
current financial year. The difference, however, 
is more than accounted for by payments in the 
current year of 6,537,000l. for aircraft supplies 
delivered under war contracts, so that, but for this 
one item, the air estimates for next year would 
be higher than for the current year. The personnel 
on the establishment.of the Royal Air Force shows 
an increase of about 1,000, from 29,730 this year to 
30,880 next year, and one of the principal items of 
expenditure is, of course, the pay and allowances 
for the personnel. This item will amount to 
4,794,0001., as compared with 4,967,850/. this 
year, and we note with interest that the former 
sum includes an allowance of 20,0001: for the 
Territorial Air Force. 

The net estimated expenditure on quartering, 
stores, supplies and transport amounts to 3,105,000/., 
or 863,000/. more than for the current year, the 
increase being partly accounted for by the higher 
cost of provisions and transport. Technical and 
warlike stores will cost:a further sum of 3,758,0001., 
including an item of 1,681,000/. to be spent on 
machines, engines and spares. This item, we note, 
is 328,2501. more than the corresponding figure 
for the current year, but the whole vote for technical 
stores is less by 5,163,5501. than that for the current 
year, since the payment on war contracts, above 
referred to, comes under this heading. On works, 
buildings and lands the net estimated expenditure 
will be less by: 458,150/. than that for the current 
year, the net figure for 1921-22 being 3,018,000/. 
Nearly two-thirds of this amount (1,888,5501., to be 
exact) will be expended on new works, additions 
and alterations, while repairs and maintenance 
will account for a further sum of 668,5001., and the 
staff for works services will absorb a further sum 
of 179,4501. The total cost of maintaining the 
Air Ministry is estimated at 915,0001., as compared 
with 947,0001. this year, the principal items which 
go to make up the former figure being the salaries 
and allowances of the Air Council and secretarial 
department, the department of the Chief of the 
Air Staff, the department of the Director-General 
of Supply and Research, and the department of the 
Controller-General of Civil Aviation; the estimated 
expenditure on these four departments will be 
334,048/., 248,807/., 177,105/., and 120,1011, respec- 
tively. 

In addition to this latter sum, it is proposed to 
incur a further expenditure of 880,000/. in connection 
with civil aviation, the most important items being 
works, buildings and lands, salaries and wages 
technical equipment and meteorological services: 
Although at the present moment economy must be 
the keynote in national expenditure, there can bé 
little ground for complaint that the proposed 
allowance of a little over 1,000,0001. for civil aviation 
is in any way excessive; those who wish re 


this country in the foremost position’ in 
will, in fact, regard it as a 


transport 
An item of 60,0001. has been included in the esti 


mates for the grant of subsidies to the aerial trans- 
port companies under the terms of Lord Weir's 
report, and doubtless this would be acceptable 
if any company remained in existence to claim it. 
The position is, however, that British civil aviation 
has, for the time being, ceased to exist, the one 
remaining aerial transport firm having announced 
its intention to suspend operations on the same day 
that the Air Estimates were presented to the House. 
The reason for this suspension is that competition 
with the heavily subsidised French and Belgian 
companies is impossible, even with the aid of the 
comparatively small subsidy proposed by Lord 
Weir’s committee. The feeling of the House was, 
however, that the London-Paris service, at any 
rate, should be maintained, and Mr. Churchill 
agreed to set up another committee, including 
members of the aircraft industry and of the aerial 
transport firms, to consider the question of sub- 
sidies for civil aviation in the light of recent develop- 
ments. 

The main difficulty in connection with civil 
aviation, apart from the question of foreign sub- 
sidies, appears to be to raise the necessary capital 
for the purchase of modern machines specially 
designed for commercial work, without which 
financial success is not likely to be achieved. On 
this point we would direct attention to the suggestion 
put forward in Mr. H. White Smith’s paper at the 
Conference on Air Transport at Olympia on Friday 
last, that the Government should order a number 
of modern commercial machines and hire them 
out to the operating companies on terms arranged 
to protect the nation against loss. The scheme 
certainly has the advantage that it would enable 
commercial aviation to be established on a firm 
basis sooner than would be possible if the whole 
of the capital had to be raised privately under the 
present conditions of financial stringency. The 
development of civil aviation is certainly a matter 
of national importance, both commercially and in 
connection with defence, and the fact that. the 
suggested expenditure would also help to reduce 
unemployment is a further reason for its con- 
sideration. 

Another item of interest in connection with civil 
aerial transport is the offer by the Government to 
hand over free of charge all the airships in its 
possession, together with the spare parts and ground 
equipment, to a private company undertaking to 
operate them commercially. The offer is certainly 
a useful one, and it should suffice to enable a long- 
distance service, say, from London to Egypt and 
India, to be started, but here again it must be 
remembered that airships designed for naval 
work are not necessarily the best type for trans- 
porting passengers and goods, They should, how- 
ever, serve to demonstrate the possibilities of air- 
ship services, and since the company will not have 
to bear the capital cost of constructing the vessels, 
it should be possible to operate them profitably 
while the traffic is developing. Eventually we have 
no doubt that aerial transport, with aircraft both of 
the lighter-than-air and heavier-than-air types, 
will develop satisfactorily without artificial aid, 
since the value of the time saved will exceed the 
additional cost in cases quite sufficiently numerous 
to produce a reasonable traffic, 

Although the total proposed expenditure on the 
experimental and research services is slightly less 
than the corresponding figure for the current year, 
we are glad to note that this is not an indication 
of any reduction of activities in this very important 
department. The vote under this heading is for 
1,706,000/. in addition to the item of 177,105/., above 
referred to, as the cost of the department. of the 
Director-General of Supply and Research at. the 
Air Ministry. The net decrease in the vote amounts 
‘to 132,4401., but as the allowance for liquidation of 
war liabilities is 843,000/. less than for the current 
year, the expenditure in other directions will ‘be 
generally greater. Technical equipment and mate- 
rials form the most important item of expenditure 





total|in the experimental and research services, the 


sum allowed for this being 817,000I., as compared 
with 577,390/. this year., The Royal, Aircraft 
Establishment at Farnborough and the Royal 
Airship Works at Cardington are two other important 
jtems under this heading, the cost of the former 
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being estimated at 364,000/. and of the latter 


140,000/. for the next financial year. 

As pointed out in the explanatory statement by 
the Secretary of State for Air, expenditure on 
experimental work and research cannot be unduly 
stinted if progress is to be made in the science of 
aviation, and it must also be remembered that the 
results obtained will assist in the development of 
aviation on the commercial as well as on the military 
side. The only other items in the estimates are 
129,000. allowed for miscellaneous effective ser- 
vices and 106,000. for non-effective services, such 
as half pay, pensions, &c. 





LIFTING MAGNETS. 

Lirtine magnets form one of the most obvious 
and simple pieces of electrical apparatus, and it is 
somewhat surprising that they have not come into 
use more extensively. This applies particularly 
to this country. There are, of course, plenty of 
lifting magnets employed in steel works and else- 
where, but there are also more than plenty of 
cases in which lifting is still being carried on by 
means of tubs, or slings, on material which would 
lend itself very obviously to handling by means of 
a magnet. The relatively small extent to which 
lifting magnets have come into use is indirectly 
illustrated by the fact that they are the speciality 
of a small number of firms. There is nothing un- 
satisfactory about this from the point of view of 
technical efficiency in manufacture, but it does 
illustrate the fact that lifting magnets are not 
the every-day articles which their qualifications 
should entitle them to become. Were they sold 
on the scale which they quite conceivably might 
be, it is likely that very many electrical firms 
would have taken up their manufacture. 

A certain prejudice probably exists against lifting 
magnets because they look dangerous, and because, 
if the current fails, the load falls. The same thing, 
however, really applies to all lifting arrangements 
and if a sling fails the load may equally fall. The 
cases are not quite parallel, since the strength of 
the sling can be tested and the continuity of the 
current in the magnet cannot. None the less, it 
is probably partly the matter of appearance which 
causes some of the opposition to lifting magnets. 
With the type of material commonly handled with 
these appliances no t harm would usually 
result if the load did fall. Men might, of course, 
be injured, but they should not, since it is bad 
engineering to make a practice of walking under 
suspended loads of any kind. In normal practice, 
however, the load does not fall, and Major F. A. 
Hooper, in a paper on this subject read before the 
Staffordshire Iron and Steel Institute on the 19th 
ult., stated that he had only one record of a magnet 
killing a man, and in that case the crane rope broke 
and the magnet fell. When insurance against 
current failure was desired, Major Hooper pointed 
out that it could be secured by connecting an 
accumulator in parallel with the magnet circuit 
and arranging a cut-in switch. An accumulator 
of only about half the normal power expended in 
the magnet was necessary, since it had only to sustain 
the magnetic field and not to build it up. 

The possible applications of lifting magnets are 
very various and the labour-saving that they allow 
is of great importance. The lifting of pig iron, 
bars, billets, &c., is an obvious employment, but, 
as is generally known, the appliances are equally 
suitable for dealing with scrap or small material 
in bulk. A more unusual application is the handling 
of ore, Major Hooper stating that Swedish ore, 
which is about 60 per cent. majnetic, can be lifted 
quite satisfactorily. English ore is not sufficiently 
magnetic. An interesting application and one of 
very obvious convenience is the use of a magnet 
for lifting the tup of a scrap-iron tegen } plant. 
If the falling weight is in the form of a and a 
circular magnet is used, the magnet can lift the 
ball, no matter how it falls. Circular magnets are 
chiefly used for lifting scrap and similar material, 
but for long sections the form may prove 
more suitable, For lifting a number of thin plates 
Major Hooper would, however, recommend the 
circular type, o to its greater penetration. 
When lifting such plates it is possible to pick up 
half a dozen or so from a pile, and then, by varying 





drop them off one by one. 

Lifting magnets get a good deal of rough treat- 
ment and should be of hardy construction, but 
their simplicity lends itself to quite satisfactory 
arrangements to meet the conditions. Properly 
made, there is little in them ever to go wrong, 
and the labour-saving they may introduce is in 
some cases remarkable. With a rapidly-operating 
overhead crane capable of making 80 to 90 trips 
an hour and with a medium-sized magnet, it is 
possible to handle 50 to 60 tons of pig-iron or scrap 
an hour. Major Hooper quotes an actual instance 
of such an installation in which a crane unloaded 
58 tons of pig-iron in 57 minutes. In lifting pig 
from the bed a lot of sand will be adhering to it, 
but by having a large magnet attracting the pig 
with sufficient force most of the sand will be knocked 
off. This application incidentally illustrates the 
need for strong construction, but its practicability 
is instanced by a case in which the amount of sand 
loaded with the iron was only 22 Ib. to the ton. 
When stacking or handling ingots the question of 
temperature must be considered, as the magnetic 
properties of steel commence to fall as the tem- 
perature rises. Work may, however, be carried 
on up to about 600 deg. Cent., which is hotter than 
material can be handled by ordinary methods. 





THE RAILWAY SITUATION. 

Wuart really is the railway situation at home at 
the present time ? Can any answer be given to the 
question ? The whole atmosphere is obscured. 
The Ministry of Transport Act hung, with its gloomy 
hint of nationalisation, over the country for a time. 
Then arose another cloud in the form of the White 
Paper of last June, with its groups, and working- 
men directors, and the proposal for limited profits. 
More recently we have had the Colwyn Report, 
which has raised still more suspicions with its 
suggestions that the war agreements should not be 
interpreted literally, but that they should instead 
be interpreted liberally—against the railways. 
Finally have we had the debate in the House of 
Commons on the Supplementary Estimates for 
21 millions sterling, which, by Sir Eric Geddes’ 
macroscopic treatment, is made to appear, not 
something like 100 per cent. larger than his original 
estimate, but only a mere 3-5 per cent. of something 
else—which something else happens to be the whole 
turnover, revenue and expenditure, of all the rail- 
ways for the year. We wonder almost that so 
insignificant a percentage was thought worthy of 
a debate at all, and especially of a defence by the 
Minister of Transport himself. 

Then, too, we have lately had the full string of 
annual meetings of the railways, and at practically 
all the line has been taken that, while the boards 
would still like to think that they had confidence in 
the Government, they had precious little that was 
cheerful to report to the shareholders. Is it any 
wonder, under these heavy clouds, that the outlook 
is so obscure, and the market has reduced values 
till railway shares have reached the level of 
speculative investments. At their values to-day 
1001. invested will bring in about 11 per cent., 
an amount which no sound investment would 
certainly be expected to return—and these for 
classes which before the war stood at a reasonably 
good figure. However, there may yet be hope. 
Sir Eric Geddes has more than once recently assured 
us publicly that a fair treatment is intended towards 
the railways and an equitable settlement, but what 
does that imply? It makes the Colwyn Report 
more inexplicable than ever, and adds to the con- 
fusion, for this Committee is quite clear about its 
views that if the Government accepts its 
views of the case it has already practically paid 
enough, and in some cases more than enough, 
though it somewhat curiously arrives at this con- 
clusion without making a complete estimate of the 
figures of the case. It rather reminds one of the 
boy who looked up the answer of the sum first and 
then tried to work it out, but was called by the 
master to show up his work before he had hit upon 
a method of solution fitting the’ answer. The 
Colwyn Committee did not appear to know exactly 
what the railways’ claims are, yet they think man 





of them overpaid already. But our readers will 
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remember that the railways were not represented 
on the Committee, and did not present any proper 
case before it. And who even now knows what the 
claims are. The sum of 400,000,000/. was bandied 
about by the scaremongers, but has since been 
declared a gross exaggeration, and, as nothing yet 
has been formulated, nothing dependable regarding 
overpayments or underpayments can be deduced. 
Even the Minister himself seems to imply that 
overpayments are hardly likely to have occurred 
except in a few cases, and this only in certain con- 
nections of the whole case at issue. 

The Colwyn Report deals largely with arrears ot 
maintenance, abnormal wear and tear, and replace- 
ment of stores. In connection with arrears of 
maintenance the charge has been made that latterly 
the railways have spent much more than they would 
normally have done, and have, therefore, debited 
the Government with excess amounts. This, we 
take it, can only be judged when the railways are 
in a position to bring forward any rebutting evidence 
from their side, which certainly was not the case 
before this Committee. This whole matter of 
maintenance is a very complicated one. The Com- 
mittee contends that for much of it the need has 
lapsed with time, as certainly happens in some 
classes of work, but, on the whole, deferred main- 
tenance makes ultimate repairs far heavier than in 
proportion to the delay. For instance, supposing a 
railway spent a sum 2 pounds annually in mainten- 
ance of a certain class ; if this expenditure were sus- 
pended for » years the ultimate sum to be spent would 
be far more than zn pounds, due to the increasingly 
rapid deterioration of plant after a certain margin 
had been cut down. 

The Commission refers to the “ undoubted 
tendency” of the railways before the war “ to err 
on the side of safety” in ordinary maintenance 
practice. This, it may be noted, was not the fault 
of the railways, but was due to the attitude of the 
public, which in those days was taught by the 
Board of Trade and the daily Press to demand any 
extravagance in the cult of the worship of what 
was known as the “ safety of the travelling public.” 
Tt is fortunate that the war has brought these things 
into a more accurate perspective. 

It is said that repairs are now more than made 
up. If this can be proved to be so, we shall be 
rather surprised in view of the figures just published 
in the Railway Returns of Capital, Traffic, &c., 
for 1919. These returns show, for instance, that 
no less than 2,100 fewer locomotives were given 
heavy overhauls in 1919 than in 1913, though the 
light repairs to keep these engines at work numbered 
about the same for both years. This seems to 
point to the fact that though the stock was kept 
running it was yet decidedly behindhand in 
upkeep. The heavy repairs to carriages were about 
2,600 fewer, and the light repairs about 2,000 fewer 
than in 1913. Other coaching vehicles had dropped 
7,000 in the number of light repairs, heavies being 
not much different from 1913. In wagon work 
some 8,000 fewer were renewed in 1919 than in 
1913, and 1,000 less partially renewed. These 
are largish figures, and would require very con- 
siderable effort to overtake, especially when it is 
realised that the current work has to be carried on 
at the same time. 

The 1919 report we have just quoted from is the 
first to appear since 1915, when the returns for the 
year 1913 were published. In some ways, of course, 
the intervening years did not see great develop- 
ments on the railways, whose whole energy was 
devoted to the war, while their works were turned 
over from maintenance to munitions. For instance, 
capital expenditure, which for many good years 
before the war used to run to about 10,000,001. 
per annum, only amounted altogether to 12,500,000. 
between 1913 and 1919 for Great Britain and 
700,0001. for Ireland. The total capital expenditure 
for the United Kingdom at the end of 1919 amounted 
to 1,056,300,000/., or, including subsidiary services, 
very nearly 1,203 millions sterling. The 1919 
returns are interesting as contrasting for the first 
time the unsettled post-war conditions with those 
of pre-war days, when, however, the cost of labour 
was already beginning to affect the then revenue, 
which it was impossible to raise in a corresponding 





measure owing to the cumbrous procedure in 
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to alterations of rates. The astonishing advances 
in labour since then have been emphasised not only 
at shareholders’ meetings but in official documents, 
such as the Rates Advisory Committee report. The 
Chairman of the North Eastern Railway has stated 
that the four millions paid on that system in wages 
in 1913 had increased to thirteen millions in 1920, 
an increase of 225 per cent., while on some of the 
Scotch lines the increase had been 310 per cent. 
While it is claimed by the Ministry of Transport 
that such figures include some retrospective amounts 
and are, therefore, not strictly annual figures, there 
is no doubt that these huge sums cannot be explained 
away, in spite of Mr. Thomas’s efforts on Tuesday 
last to demolish them in the House of Commons. 

The year 1919 was noticeable for a much lower 
engine mileage than 1913, as was, of course, to be 
expected, since the return to normal pre-war con- 
ditions has not even yet been accomplished. There 
is still some complaint that passenger travelling 
facilities and comfort are not up to pre-war level, 
but we think that this is not nearly so important 
to us nationally as in our freight service. People 
put up with a good deal of discomfort during the 
war for the common cause. It would generally 
benefit the country a great dea] more in these days 
if every effort could be given to improved freight 
service than to cheap excursions. 

The total mileage of the railways of the country 
in 1919, reduced to single track, was 56,009, some- 
thing like 800 miles more than in 1913, which increase 
was nearly all in sidings. The figures for stock in 
service are of little interest, except as showing the 
shortage of which we were all so painfully aware 
twelve months or so ago. The most noticeable 
point under the heading of “ modes of traction” 
is an increase of 2,731,918 engine-miles by electric 
traction, due to the improved electric services. 
The receipts per train-mile for passenger service 
had increased to 127-8ld., or to two and a-half 
times the 50-03d. of 1913, this being due to in- 
creased fares and undoubtedly also to the better 
loading of passenger trains. Goods train traffic, 
however, only brought in 123-8ld. per train mile, 
compared with 98-6d. in 1913. An increase of 
18 millions of first-class passengers and 1624 millions 
of third-class passengers is ample proof of the 
extraordinary ability and willingness on the part 
of post-war wage earners to indulge in travel, 
while the additional 160 million increase in 
workmen passengers is partly a reflex of the 
improved spending power of this class, combined, 
of course, with the question of the house shortage. 
The above round figures are exclusive of season 
ticket holders. Allowing for the latter, first-class 
travel has increased 56-13 per cent. and third 
32-21 per cent. between 1913 and 1919. It is 
interesting to notice, in view of the point sometimes 
made that first-class coaches are often run empty, 
that, while the percentages for seating provided 
and receipts of third-class passengers are nearly 
identical proportions of the total, the seating accom- 
modation provided for first-class passengers is a 
rather smaller percentage of the whole than the 
receipts for this traffic show to the whole traffic. 
As regards freight, the most noticeable feature of 
1919 was, of course, the large drop in coal traffic 
due to a 20 per cent. reduction of output at the 
mines. 

The proposals of the Ministry of Transport are 
to take the definite shape of a Bill to be introduced 
after Easter, when it will be easier to see how 
matters stand. The Colwyn Report is also to be 
given a day in the House of Commons after the 
recess. The report is somewhat of.an anomaly, 
for it carries no judicial weight. If, as Sir H. J. 
Makinder says, matters have been proceeding 
satisfactorily on a friendly basis, why was the 
investigation and report needed ? If, on the other 
hand, resort must be had to legal machinery, the 
report is equally valueless, as no case was taken 
for the railways and the committee was not com- 
petently composed. We hope that the final solution 
as regards compensation will be one in keeping 
with the great traditions of the country for fair 
dealing, and in this connection it is satisfactory to 
know that the companies have an appeal, if neces- 
sary, to an impartial Court and are not forced to 
accept, without possibility of redress, the conclu- 





sions of the Ministry of Transport or the Treasury, 
advised by their watchdog, Sir Eric Geddes. 

Rumour now has it that the Colwyn report is to 
be used for the purposes of bargaining with the 
railways regarding decontrol. The questions con- 
sidered in that report are, however, before a 
competent Court capable of being definitely 
decided after the presentation of both sides. We 
believe a decision of this kind would be more 
satisfactory to the country than any compromise 
on control effected by using this report as a 
weapon in this way, and we trust the two subjects 
will be kept altogether separate and distinct. 





SPECTROSCOPY. 

In opening his lecture at the Royal Institution 
on Saturday afternoon last, Professor A. Fowler, 
F.R.S., said that in his first lecture he had described 
the apparatus used in spectroscopy. On the last 
occasion he had discussed the regularities found in 
spectra and the light thrown by them upon the 
structure of the atom, and in this concluding 
lecture he proposed to discuss certain applications 
of the Bohr theory, to the analysis of stellar and 
solar spectra. Last week he had explained the 
Rutherford model of the hydrogen atom and the 
Bohr theory of its radiation. On this theory the 
hydrogen atom consisted of a positive nucleus plus 
one negative electron revolving round it. On the 
quantum theory this electron would not travel in any 
arbitrary orbit, but was restricted to orbits having 
particular radii which were proportional to the 
squares of the natural numbers. In the normal 
state the electron occupied the innermost of these 
orbits, but in whatever orbit it revolved it gave 
out no light, this being emitted only when an 











electron displaced to an outer orbit by some 
stimulus jumped back into an inner one. The 
energy expended in originally displacing the electron 
from an inner orbit to an outer ore was then liberated 
as @ quantum of radiation, producing thereby one 
line in the spectrum. The total spectrum was accord- 
ingly the sum of the lines due to very many atoms, 
each of which contributed one line only. 

The hydrogen atom was the simplest and gave 
the simplest spectrum. Coming to a more com- 
plicated atom, such, for instance, as lithium, this 
when in the neutral state had a positively-charged 
nucleus balanced by three electrons. In producing 
the arc spectrum of lithium one of these electrons 
only was displaced. This displacement left the rest 
of the atom with one unbalanced positive charge 
of electricity, and the conditions therefore were 
similar to those holding when its electron was 
displaced from a hydrogen atom; and it turned 
out that the Rydberg constant in the mathematical 
expression for the series of lines due to the dis- 
placement of one electron was exactly the same for 
lithium as it was for hydrogen. This rule held in 
all cases. So long as the spectrum was produced,by 
the displacement of one electron only the Rydberg 
constant for the series of lines produced was that 
appertaining to hydrogen. 

By bombarding a gas by cathode rays, the gas 
could be ionised, but for this to occur the electrons 
constituting the cathode rays must be given a 
certain energy which was conveniently expressed 
by the potential through which they fell. In the 
case of cesium, for example, this ionising potential 
was 3°87 volts. In this ionisation one electron 
was driven right out of the cesium atom, and on 
its return could produce any one of the “ Bergman” 
series of the cesium lines, according as it returned 
to its original position by one step, or by a succes- 
sion of steps from orbit to orbit. 

It was possible by Bohr’s theory to calculate 
the ionising potential by computing the energy 





required to displace an electron from the innermost 
orbit to an infinite distance. The formula arrived 
at was: 
o.2 uv 
Ionising potential = si63 

Where v denoted the wave number corresponding 
to the limiting line of the series in the ultraviolet. 
The ionising potential thus calculated from the 

was, Professor Fowler said, in excellent 
agreement with that actually found by experiment. 

Coming next to the helium atom, the nucleus in 
this case consisted of two positive charges, round 
which, on the Bohr theory, revolved two electrons. 
If helium were ionised one of these electrons could 
be completely removed, and in this state the helium 
atom was known as proto-helium. By further 
stimulus the remaining electron could in its turn 
be displaced. In that case there remained in the 
nucleus two unbalanced positive charges, and as 
this second electron jumped back from orbit to 
orbit it produced the enhanced line spectrum of 
helium, which differed entirely from the ordinary 
helium spectrum, which resulted from the return 
of the first electron displaced. 

The two spectra were represented in Fig. 1, the 
upper being the ordinary spectrum and the lower 
that obtained with a stronger stimulus. This showed 
a@ very strong line at number 4,686, which was 
completely missing from the ordinary spectrum. 
The series of which this line represented the first 
member could also be represented mathematically 
and might be compared with the Balmer series for 
hydrogen, the two formula being as follows : 


H (Balmer) » = 109,675 (= - a) 


. 1 
Proto Helium » = (438,879-1 + )( ~, ) 

In this v denotes the wave number, i.e., the number 
of waves per cm., and m is any integer. The 
constant in the case of the proto-helium spectrum 
was, it would be seen, rather more than four times 
that for hydrogen. Were the mass of the'electrons 
entirely negligible, theory showed that the ratio 
of the two should be exactly four. From the 
actual values of these constants we could, in fact, 
deduce the mass of the electron in terms of that 
of the hydrogen nucleus. The figure thus obtained 
was 1,836 + 12, which was in good accord with the 
value experimentally determined by Millikan, 
which was 1,845°7. There were other spectra where 
the mathematical expressions found for certain series 
of lines had a constant which was the same as for 
proto-helium, and it was natural to infer that in 
these cases the radiating atom had had one electron 
completely removed, and that the radiation was 
due to the displacement and subsequent return 
of a second electron. 

A relationship had further been found between 
the character of spectrum and the position of the 
atom in the periodic groups of the chemist. The 
alkaline earths (calcium, barium, &c.), for example, 
occupying group 2 gave arc spectra exhibiting series 
of triplets; but the enhanced spectrum obtained 
with the spark showed doublets. On the other 
hand, with third-group elements doublets were 
obtained with the are and triplets with the spark. 
There appeared to be, in short, a general law that 
if in the arc there were triplets, doublets would be 
found in the enhanced spectrum, and vice versa. 
The effect of ionisation was apparently therefore 
to shift an element from one chemical group to 
the preceding one. In the case of silicon the 
process could be followed through several stages, 
the characteristic of the spectrum changing from 
triplets to doublets, then from doublets to triplets 
again, and back again to doublets, as the stimulus 
exciting the radiation was progressively strength- 
ened. The presumption was that each successive 
change was due to the complete expulsion of an 
additional electron. 

After explaining that spectroscopy had demon- 
strated the existence of compounds such as mag- 
nesium hydride and titanium oxide, in the sun 
spots in some of the cooler stars, Professor 
Fowler said that a remarkable feature of the solar 

m was that whilst calcium in the sun 
both the™arc and the lines, 
strontium'and barium gave the enhanced lines only. 
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stance that the ionising potential of calcium was 
higher than that of strontium and barium,: hence 
whilst the latter were completely ionised in the sun, 
and therefore able to yield enhanced lines only, 


calcium was only partially ionised, and we got’ 


accordingly lines due also to the neutral atom. , 

Since the solar spectrum contains lines due. to 
nearly all known elements, it is natural to. infer 
that all are present in the sun, although some 
do not show in the spectrum, carbon being: a 
case in point. According: to. Dr. Saha’s. theory 
the stimulus supplied at the sun’s surface is such 
as 'to completely ionise this element so that 
enhanced lines only are to be expected in its 
spectrum, and these lie so far in. the ultraviolet 
as to be completely absorbed by our atmosphere. 
The absence of ‘lines belonging to other elements 
could be similarly accounted for...In short, there 
was no reason to believe that the composition of the 
sun and stars was different from that of the earth, 
although different stars gave markedly different 
spectra, so much so that they had been divided 
into groups, but there was, it should be added, 
actually a complete gradation of spectra from one 
group to another. 

Thus, although in the very hot star we might 
conceive helium reduced to an alpha particle by the 
loss of both its charges and thus able to yield no 
spectrum at all, we were not entitled to suppose 
that it was not: present, or indeed that the com- 
position of the star differed from that of the earth. 

It had at one time been thought that all the 
low-temperature stars were old stars which had 
cooled down from a higher temperature. Norman 
Lockyer was the first to assert that some of these 
were getting hotter, and it had now been proved 
by Dr. Russell that low-temperature stars could be 
divided into two classes, giants and dwarfs. The 
former, which were growing hotter, were diffuse, and 
the dwarf concentrated structures, the giantism con- 
sisting in the bulk and not in the mass. The two 
could be’ distinguished by their spectra, since owing 
to the' low density of the giants the amount of 
ionisation at a given temperature was greater than 
in a dwarf, and the enhanced lines accordingly 
came out more strongly in ‘the spectrum. 





THE PERFORMANCE OF ELECTRIC 
FURNACES. 

Iw an article bearing the above title which 
appeared on page 742 of our issue December 3 
last, we discussed briefly some American. figures 
dealing with the output, quantities and costs of a 
Greaves Etchells furnace which were obtained 
towards the end of 1918 for the American Govern- 
ment. At the same time we pointed out that 
practically no figures of the same kind, except those 
of Mercer in 1917, had been furnished by anybody 
in this country. | This on the whole is not surprising, 
for electric smelting of steel is barely an established 
industry in this country even now, and considerable 
reluctance to supply such information must have 
been felt two or three years after its inception by 
those firms which began to operate owing to the 
stimulus of war, in case figures they furnished might 
serve as ammunition to their business competitors 
on the resumption of peace conditions. . The table 
in the next.calumn, however, gives results derived 
from steady working conditions on certain furnaces 
in this country and. affords an interesting comparison 
with the American figures: The table may be re- 
garded as giving a fair idea of the cost of manu- 
facture in this country in electric furnaces of from 
one to three or four tons capacity with coal and 
labour prides at the 1919-1920 level. 

Before diseussing the figures in the table it may 
be .of interest to comment on one or two of the 
points raised in our former article above referred 
to. As we then pointed out, electric steel melting 
is not capable of achieving anything miraculous ; it 
will not refine completely unsuitable scrap and raw 
material (except at a very high cost), and to be 
worked ‘at all economically it requires the super- 
vision, of a thoroughly competent. steel maker. The 
process is, however, well pted for using up small 
clean turnings of reliable analysis without any of 
the. intermediate . processes of cementing and 
briquetting, and is very satisfactory in competent 





hayids for tarning out small mild’ steel’ rae. 8 
possessing all the shock, tensile, and elongati 
properties of a forging from the same material. 

Reverting to the Mate’ Island furnace, ore heat’ 
@ day was, of course, a completely uneconomical 
way’to run the furnace, and the. speed of nielting 
mentioned seems to have been creditable under the 
circumstances for. ‘a ‘furnace of ‘that size.’ The 
percentage of steel in ladle, 96-82. per cent:,’ was 
really high, but this would depend ‘more on’ the 
class and cleanliness: and freedom from moisture 
of the serap used than anything else, given com- 
‘petent steel making, once it was in the furnace. 

The figure, in fact, is probably higher than has 
been attained in this country over any reasonable 
period from the type of turnings and small scrap 
here available. The electrode consumption, however, 
mentioned in connection with the American furnace 
and specifically stated not to include the portion 
used in heating up, &c., seems to be quite unduly 
high, and as a great many of the electrodes used in 
this country are of American manufacture, with the 
present rate of exchange this would produce a 

about on a par with that for labour. 

In the table now following, ‘the costs for an 
English long ton are shown, in the second and third 
columns for a period during which furnaces were run 
continuously, and in the fourth and fifth columns 
for the same furnaces run only during day shifts. 

















Continuous 
—o Running. Single Shifts. 
£ s. d.| Per- £.¢.:d. Per- 
Scrap and metallic centage. centage. 
and slag forming 
additions .. «| 6 0 0 41-78 | 710 O*| 41- 
Electrodes .. --| 018 0 6-27; 1°5 0 6-85 
Power --| 312 0 25-08 415 0 26-05 
Labour he --|.2 0 Oj] 18-93} 210 O]| 18-7 
Electricians, yard 
staff ew --| 012-0 4-18 | 015 0 4-1 
Maintenance and 3 
stores ws Swe} 2 BOT 871-4 1 10.0] 8-22 
Totals .. «+ vide 7eO 4° 09°95 | 18. 5-0 4 100-02 











' * Prices Increased and equality was lower. 


A noticeable feature is the remarkable agreement 
in the percentage of cost of each item under the two 
conditions of running. ~ The only details which are 
even as much as | per cent. more in the case of the 
slow running are the current and the electrode 
consumption. The total cost per ton, however, 
in the case of single shifts is, as would be expected, 
about 30 per cent. higher. These percentages 
however, differ from the American figures very 
decidedly as to the first item, scrap, &c., which in 
America, was evidently very much cheaper and, 
from the melting loss figure, evidently quite 
appreciably cleaner, for in the furnace now under 
consideration the melting loss varied between 6 per 
cent. and 10 per cent. 

On the continuous running about 800 units were 
consumed per long ton, and on the single shift 
nearly 1,000. These consumptions,. however, in- 
clude everything except the heating up for the first 
shift of a week. In fact, though one would expect 
the unit consumption to militate more against. the 
price of the product in this country even than in 
America, it will be seen that in the case described 
its importance was decidedly less than that of the 
scrap. Theratio between the labour costs and power 
appears to be about the same both for the American 
furnace and the English ones. 

In general, it may be said that whatever type of 
furnace and current supply are in use, it is very 
desirable from a low power consumption point of 
view to run several furnaces continuously off the 
supply instead of one large one either continuously 
or intermittently to give the same tonnage. 

We have purposely adhered pretty closely to the 
form of the American table, especially in refraining 
from giving supervision and on-costs, for with regard 
to on-costs, a great many quite unusual factors 
affect the on-costs of electric steel making plants in 
this country at the present time, and in most cases 
these factors are such that the companies employ- 
ing electric furnaces could have little or no say in 
their control. 

Reverting again to the table, it may be mentioned 
that in the English plant, scrap made in the foundry 





was charged back to the furnaces at the sate price. 


as) that bought ‘from outside.- Further, it should 
be noted that an electrical load about equal to that 
of the furnaces was in use in the rest of the plant, 
and this of courst’ steadied the load factor and costs 
considerably under the varying conditions. 

Referring to the price of electrically made ingots 
in Pittsburg, we should be surprised to hear of 
electrically’ made ingots in this country being 
profitably sold much under £30 a ton if the power 
generated is obtained from coal, but, in any case, 
with the possible exception of very low carbon steels 
equivalent to Swedish iron, ingot making is probably 
not the most suitable outlet for the products of this 
type of furnace. 





NOTES. 
Tuk: BrrrisH CORPORATION. ° 

Sprakine at the annual meeting of the British 
Corporation for the Survey and Registry of Shipping, 
held at Glasgow on Wednesday of last week, the 
Chairman, Mr. Robert Clark, mentioned that the 
total tonnage of new ships built to the Society’s 
classification last year amounted to 300,000. This 
figure was,’ however, only about one-third of the 
tonnage on the Society’s books at the beginning of 
the year—a fact which indicated that the ship- 


‘yards were far from reaching the normal output 


of pre-war times. At the present time the tonnage 
on the books exceeded 1,000,000, and, short of a 
complete stoppage in the industry, he anticipated 
that the output during the. current year would 
be at least equal to that of last year. Mr. Clark 
also referred to the Registro Navale Italiano and 
the American Bureau of Shipping, both of which 
are associated with the British Corporation, men- 
tioning that the American Bureau had been respon- 
sible for a very large tonnage of shipping. The 
Japanese Corporation, he said, had now been for- 
mally, constituted and recognised by the Imperial 
Japanese Government, and it formed part of. the 
State organisation for the administration of Govern- 
ment surveys. The fact that Mr. Perris, formerly 
the principal surveyor at Middlesbrough, had gone 
out as technical adviser on the staff of the Japanese 
Corporation was also mentioned. On the subject 
of freeboard regulations the Chairman said it was 
highly desirable that legislation as to the protection 
of deck openings should be standardised throughout 
the world, and that an end should be made of such 
possibilities as now attended the assignment of 
freeboards to “shelter-deck”’ ships. The present 
difficulty, he said, arose from the fact that some 
classification societies did not adjust strength in 
relation to. freeboard, and-he thought it was neces- 
sary, in the interests of shipowners, to settle whether 
the new load-line strength standard was excessive 
or not. With reference to the “ F.K.” system of 
oil-ship construction, Mr. Clark stated that the 
system had been evolved: by the chief surveyor 
and had been patented by the Society after very 
careful consideration’ by the Committee. It had 
been decided that no additional charge should be 
made in the case of vessels classed with the Society 
and constructed on the system, and. that only 
moderate fees should be charged for the consideration 
and approval of plans in cases where the system 
was used in vessels classed with other societies. 
There was, therefore, no inducement to the Society 
to foster the system ‘in preference to any other, 
while there was every inducement to take particular 
eare in the approval and supervision of ships, since 
it. would not be possible to escape responsibility 
by. blaming a patentee. 


Tae’ InpustriaL WELFARE MOVEMENT. 

Although it is generally admitted that the lack of 
the personal touch hetween employers and workers 
is one important cause of industrial unrest, it is by 
no means. simple matter, under modern conditions, 
to restore the friendly relationship which existed in 
the early days of industry. It was for the purpose 
of re-establishing a better feeling between employers 
and employed that the Industrial Welfare Society 
was formed a little more than two years ago, and 
since the whole industrial future of the country may 
be said. to depend upon the attainment of that 
object, thé efforts of the Socjety are certainly entitled 
to sympathetic consideration by all concerned: with 
industry. For the purpose of bringing the objects 
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of the Society prominently before the business men 
of the City of London, a conference was held at the 
Mansion House on Wednesday last, at which 
H.R.H. the Duke of York, who is President of the 
Society, outlined its work in general terms. His 
Royal Highness explained that the movement did 
not interfere between organised labour and employers 
as regards agreements in the matters of wages and 
conditions of labour, but that its endeavour was 
to interpret those agreements for the individual 
worker. Welfare work, he said, was that part of 
industry which aimed at securing the most favour- 
able and acceptable conditions of labour for each 
individual engaged therein. The Home Secretary, 
the Right Hon. E. Shortt, K.C., M.P., who followed, 
pointed out that welfare work was no new thing, and 
referred to the results obtained both before and 
during the war. He also brought out the important 
point that the co-operation of the workers and their 
organisations was essential for the success of the 
movement. The importance of welfare work to 
juvenile workers was dealt with by the Right Hon. 
H. A. L. Fisher, M.P., the President of the Board 
of Education, while Sir William H. Ellis, G.B.E., 
D.Se., spoke on the subject from the employers’ 
point of view. He said that employers welcomed the 
movement and expressed the hope that the labour 
leaders would regard it as a genuine attempt to 
bring the human element into industrial life. He 
thought, however, that the workers would prefer, 
as far as possible, to carry the financial burden of 
welfare schemes themselves. Thé- initial expenses 
musi, he said, be provided for by employers, but the 
movement would be more successful if made self- 
supporting. The labour attitude to the movement 
was dealt with by Mr. R. R. Hyde, who explained 
that the leaders of organised labour promised whole- 
hearted support after employers had proved their 
sincerity. At present, he said the Society’s efforts 
were regarded with some suspicion by both employers 
and employed, but they intended to continue their 
work and would be glad of assistance to do so. Sir 
Charles C. Wakefield, Bart., C.B.E., also appealed 
for interest and help in the work. The office of 
the Industrial Welfare Society is at 51, Palace 
Street, Westminster, S.W. 1. 


SwiITzERLAND AND MaritmmeE TraFFic. 

Switzerland argues, and very rightly so, that 
since she is the water reservoir of a very large 
part of Europe she is entitled to have direct con- 
nection with the open seas. The Rhine and the 
Rhone both have their source in Switzerland, she 
being, as it were, the producer and first owner of 
these two rivers; further, the Danube and the Po, 
although outside her territory, are fed by rivers 
having their source in Switzerland. That no such 
direct connection with the sea is available for 
Switzerland, as’it should be, is due to two main 
causes, namely, natural obstructions, and obstruc- 
tions of quite a different order created by the great 
powers surrounding her. The Rhone comes under 
the first category of causes, for it ceases to’ be 
navigable on the French side at a distance of about 
20 miles to 30 miles from the Swiss frontier. In 
former articles we have outlined various schemes 
which have been put forward in France for correcting 
the flow of the Rhone as it leaves Swiss territory ; 
the main object of these schemes, however, would 
appear to be the generation of current for supplying 
Paris and other French cities with electric light and 
power, the navigability of the Rhone in its upper 
reach as. far as Geneva by boat lifts and locks being, 
apparently, only a secondary object. The Rhine, 
on the other hand, is free and open from the Swiss 
frontier at Basle right down to its mouth in Holland ; 
it is navigable as it is as far as Basle for the greater 
part of the year. The imports into Basle by the 
Rhine from 1905 to. 1919 (leaving out 1915 and 
1916, when there was no navigation on the river, 
for thirteen years, therefore) amounted to 383,031 
tons ;. the exports being, for the same period, 
137,638 tons ; a total of 520,669 tons. -The Rhine 
could--be made navigable during the whole year 
at.a comparatively low cost by works for regulating 
the flow between Strasbourg and- Basle. - After the 
war of 1870, Germany not only fought against the’ 
improvement of the river for navigation purposes 
in the reach towards Basle, but proposed, in 1917, 
to construct a canal in the vicinity of that reach foi 





the generation of current. The Swiss Government 
protested strongly against this scheme. The Treaty 
of Versailles has now transferred to France the rights 
on the Rhine formerly held by Germany, and France 
now finds herself entitled—as Germany formerly 
found herself entitled—to utilise the reach of the 
river between Basle and Strasbourg for the genera- 
tion of current, the scheme comprising a navigation 
canal on the left bank from Strasbourg to Basle. 
Switzerland objects to this French scheme, as she 
objected previously to the similar German scheme, 
alleging that it would greatly hinder through traffic 
to and from Basle. In this connection Switzerland 
adds that she still has 455,000 h.p. available on 
that part of the Rhine in her territory where the 
river is not navigable under any circumstances, the 
cost price of which power would be only about 
half that of the power to be derived by France 
from the Rhine below Basle, and a part of this, 
Swiss power, could be placed by her at the dis- 
posal of French industries in Alsace, at advan- 
tageous conditions for the latter. We may add 
here that schemes are being considered in Switzer- 
land for utilising the Rhine for navigation purposes 
as far as the Lake of Constance. We hope France 
and Switzerland will be able to reach an agree- 
ment on the points concerning which they are 
at variance and that a solution favourable to both 
will be arrived at. The situation is dealt with 
in an illustrated pamphlet entitled “De la Suisse 
a la Mer,” published in Switzerland, and issued by 
La Nouvelle Société Helvétique, 28, Red Lion- 
square, W.C. 1. The pamphlet also refers to the 
scheme “for connecting Switzerland with the 
Adriatic, via the Po, and with her eventual 
connection via the Danube with the Central 
European system. 





4}4-rn, Rotter Steapy TurRNers.—Messrs, Alfred 
Herbert, Limited, Coventry, are putting in hand a new 
size of turner which is specially intended for work on 
large bars or forgings on the No, 20 combination turret 
lathe. Although the nominal capacity is 4} in., it will 
actually turn a maximum diameter of 4§ in. on any 
length which the lathe will handle, and as the hole in 
the turner itself and the adapter is slightly larger than 
the holes in the turret, it will turn a diameter of 4} in. 
for a length of 12 in. The maximum diameter of black 
bar on which it will work is 5} in., and the maximum 
reduction in diameter that can be taken is 2} in. 

Tue Instirure oF Metats.—For the first time in the 
history of the Institute a contested election for vacancies 
occurring on the council is taking place. The candidates 
are as follows: Mr. L. Archbutt, Derby ; Mr. T. Bolton, 
London; Dr. W. H. Brownsdon, M.Sc., Birmingham ; 
Engineer Rear-Admiral R. B. Dixon, C.B., London ; 
Professor C. A. Edwards, D.Sc.. Swansea; Dr. R. 
Hutton, Sheffield; Mr. F. C. A. H. Lantsberry, 
M.S8ec.Tech., Sheffield; Dr. R. Seligman, London ; 
Mr. F. Tomlinson, Manchester. There are seven 
vacancies on the council. As president, Engineer 
Vice-Admiral Sir George Goodwin, K.C.B., LL.D., has 
again been nominated. The result of the ballot will be 
announced at the annual general meeting on the 9th 
and 10th inst. At that. meeting there will also be 
declared the result of the ballot for the election of new 
members and students. The names include 42 members 
and 25 students—twice the number that were being 
balloted for at the corresponding meeting 4 year ago. 
This fact suggests that the depression of trade is not a 
factor which adversely influences the seeking after 
scientific and technical knowledge that can be obtained 
through association with scientific societies. The 
membership of the Institute has now reached the highest 
point in its history, namely, 1,350, and membership 
applications are coming in quickly in readiness for the 
further ballot to be held on April 20. Particulars of the 
Institute and visitors’ tickets for the forthcoming annual 
general meeting will be forwarded on application to the 
secretary, Mr. G. Shaw Scott, 36, Victoria-street, West- 
minster, 8.W. 1. A London Local Section of the 
Institute of Metals has just been formed, with the 

tion and fi ial assistance of the council. The 
chairman is Dr. O. F. Hudson, Admiralty Engineering 
Laboratory, and the honorary secretary is Mr. D. Hanson, 
National Physical Laboratory, Teddington. Member- 
ship is available to persons resident within 50 miles of 
the G.P.O0. No subscription is required of members of 
the Institute of Metals, but non-members of the parent 
body, when elected as associate members of the local 
section, pay an annual subscription of 5s. The first 
paper to be brought before the London Section was that 
read on February 24, by Mr. O. W. Ellis, on “ 60 : 40 
Brass.’’ On March 31, Mr. 8. L. Archbutt is to read a 
paper on “Aluminium Alloys,” whilst on April 21 
Dr. W. R. Ormandy will present a paper on “ Refrac- 
tories.”’. The London Section already has a membership 
of ‘over 200, and this success, following as it does upon 
that of the other local sections in Birmingham, Glasgow 
and Sheffield; is: very gratifying to the council who, 
it is understood, anticipate that other local sections 
will shortly be formed in important metallurgical centres, 
such as Newcastle-on-Tyne and Swansea. 





THE LATE MR. JAMES KEITH. 


WE regret to have to record the death, which occurred 
at his residence, “ Dunottar,” 17, Kinderpore-avenue, 
Hampstead, N,W.3, on February 23, of Mr. James 
Keith, founder and managing director of the firm 
James Keith & Blackman Company, Limited, engineers, 
Arbroath and London. 

Mr. Keith was born at Arbroath, on February 24, 
1849, and was educated at the High School of his 
native town. He was the son of the late ex-Provost 
George Keith, with whom he served his apprenticeship 
to the engineering profession. On completing this, he 
went to the United States and to Canada, and on his 
return he started business on his own account as a 
specialist in gas, hydraulic, heating and ventilating 
engineering. He also developed the loca] business: at 
Arbroath belonging to his father. This he gradually 
extended and, about twenty years ago, he amalgamated 
it with that of the Blackman Ventilating Company, the 
firm taking the above name. 

The subject of the present memoir styled himself the 
“apostle of hot-water heating in Great Britain for 
the past fifty years,” and in this particular branch he 
carried out a large amount of work. But his activities 
were many-sided, and among his other work we ma: 
mention the fog-signalling mineral oil gas installations 
at Langness Point, Isle of Man, in 1879, and on Ailsa 
Craig, Clyde, in 1884: a number of both heating and 
ventilating installations in Government establishments ; 
underground engine-room ventilation ; and the venti- 
lation of the engine-rooms of a number of our principal 
steamships. Mr, Keith was called to give expert 
evidence, in 1897, before the Board of Trade enquity 
into the ventilation of the London Underground Rail- 
ways and, in 1903 and 1904, before the Select Com- 
mittee of the House of Commons on the ventilation 
of the Houses of Parliament. 

Mr. Keith was the pioneer in Scotland for the 51-hour 
week, in 1872, and for the 48-hour week, in 1893. He 
took an active part, since 1883, in the reform of the 





British Patent Laws. He invented the mineral oil gas 
apparatus ; hot-water radiators ; the sectional boiler for 
hot-water heating ; hydraulic rams and fans. He wais 
an associate member of thé Institution of Civil Engi- 
neers, a member of the Institution of Mechanical 
Engineers and of several other British and American 
Institutions. Mr. Keith was, also, the author of 
numerous publications and contributions to the tech- 
nical and lay press. As our readers will remember, 
very early in the late war, he was most insistent, by 
letters in our columns, in advocating the use of cast 
iron shells by our armies in the field. 





Passencer Suiprine Reovuiations.—The Board of 
ian, Mor Oh dete denen nt ahaale : 
» No. q anuary 21, relating to passenger 
hese regulations supersede Statutory Rules 





returns. 
and Orders, 1912, No. 77, dated January 31, 1912, and 


gs. | came into force on March 1, 1921, the principal changes 


being that (1) In the case of passengers to non-European 
countries, the last address in the United Kingdom 
is now to be stated, and in the case of passengers from 
non-Eu tries proposed address in the 
United Kingdom is to be given. This requirement has 
been in force with respect to aliens for some years, the 
information having been given hi on @ separate 
slip attached to the statutory form, (2) The occupations 
and ages of first-class passengers to and from places out 
of Europe are now to be shown. These particulars have, 
in fact, been required since November, 1912, but this is 
the first convenient opportunity there has been for 
amending the statutory form. (3) The returns relating 
to BR syn from non-European countries are to 

m in duplicate, as before, but instead of both copies 
being handed to the Collector of Customs, one copy _is 
to be handed to him and one to a Board of Trade officer. 








Amertoan Tin.—The American tin industry has 
been growing. Previous to 1915 the smelting and 
refining of tin in the United States from foreign ores 
amount to little, says The Iron Age, New York. In 
recent years, however, there has been rapid expansion, 
and to-day the American tin industry comprises one or 
two large plants and several small ones in which forei 
tin ores, mostly Bolivian concentrates, are converted i 
high-grade tin. In 1916, only 3,845 gross tons of tin were 
thus produced in the United States, while in 1920 the 
expansion was to 14,513 tons, or nearly fourfold. .In 
1916, American refined tin comprised only 6-4 per cent. 
of the total deliveries into domestic consumption, but 
last year 22 per cent. of the total deliveries were of tin 
made in the United. States. American tin is beifig used 
in cme nme ner it was oougne a brands only 
could employed, Progress in 6 ytic processes 
has made these results possible, for the domestic product 
is all. tin refined electrolytically. Way = of the 
fact that tin ore has never been f in the United 
States in commercial quantities, e tariff on tin for the 
protection of the Eastern seaboard smelting industry 
was advocated before the Ways and Means Committee 
at Washi m. While¥the industry made its way in 
war time, with war prices Ricans ieee the 
world, it is argued that with decline in prices under 





peace conditions the possibilities of disturbing competi- 
tion call for consideration, 
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CONSTRUCTED BY THE WOLSELEY SHEEP SHEARING MACHINE CO., LTD., BIRMINGHAM. 
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To avoid the necessity for separate cooling tanks, 
which not only take up considerable room but also 
render internal-combustion engines less easily portable, 
several manufacturers have developed a series of small 
engines in which the cooling of the cylinder is effected 
by means of the water contained in an extension of the 
cylinder jacket. The cylinder jacket, which is of the 
simplest possible form, has its walls extended upwards 
to form a rectangular hopper, open at the top, and 
normally containing enough water to cool the cylinder 
by evaporation and radiation. No pump, piping, 
radiator or other complication is introduced, the 
cylinder walls being merely submerged in water which 
depends upon convection currents for its equalisation 
of temperature, exactly as in the case of an internally 
fired boiler. The engine illustrated in the figure above 
is of the type described. It is one of a series built py 
the Wolseley Sheep Shearing Machine Company, 
Limited, of Alma-street, Birmingham, this particular 
size being rated at 3 brake horse-power. The cylinder 
is 4}-inr. bore by 54-in. stroke, and the engine runs at 
600 r.p.m. It will work either with petrol or paraffin, 
the latter fuel being used in ordinary working, and 
petrol being employed for starting only. 

The cylinder is cast integrally with the hopper, the 
casting being separate from and easily detachable from 
that of the framing. The cylinder head can also be 
removed by taking off four nuts, so that the com- 
bustion chamber is readily accessible for cleaning when 
required. Valves and valve seatings can also be got 
at with the minimum of trouble. The connecting-rod 
is a mild steel stamping of H section, with a phosphor 
bronze bearing on the gudgeon pin, and white metal 
bearing on the crankpin. The engine is fitted with a 
sensitive throttle governor, and ignition is effected by 
a Fellows rotary high-tension magneto. A pair of 
18-in. solid flywheels, to one of which a 5-in. driving 
pulley with 3-in. face is bolted, form part of the equip- 
ment, The weight of the engine complete is 382 Ib. 
The workmanship throughout is thoroughly good and 
in marked contrast to that of many imported engines 
with which we are glad to note the Wolseley engine can 


compete in price. t 
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PRESSURE-FLOW EXPERIMENTS ON 
STEAM NOZZLES.* 


By Professor A. L. Metuansy, D.Sc., and WILLIAM 
Kerr, A.R.T.C, 

Introductory.—This paper is the second of a series in 
which it is proposed to deal with the several aspects of 
a research into the action of steam expanding in simple 
nozzle forms. In the preceding paper,t which was 
presented to the British Association in August, 1920, 
most of the space was devoted to analysis, but in the 
present work it is proposed to submit a descriptive 
treatment of the experimental processes and the direct 
results obtained, 

The desire to investigate this well-worn subject arose 
from a feeling that the usual methods of research on 
nozzles were not competent to illustrate the causes of 
loss during expansion. Thus, for instance, whilst 
measurements of the nozzle reaction and the jet impact 
are, undoubtedly, serviceable in their disclosure of the 
net transformation of energy in the nozzle, they are 
fundamentally incapable of giving definite information 
upon the reasons for the shortage thereby indicated. 
Such methods, in fact, show the aggregate losses but give 
no details of the items in the addition; they fix an 
expansion efficiency without providing any guidance as 


to the law of expansion of which that efficiency is the | P 


overall result. ‘Lhey are, consequently, observations of 
a limited order and thus limit the information which 
may be derived from them. It 1s the custom, when an 
end condition of expansion has been disclosed by tests 
of the “‘ overall’’ reaction, impact, or flow methods, to 
assume that the jet conditions follow some arbitra: 

law that suits the initial and final states. That this 
is unreasonable will, however, be seen on consideration of 
the way in which the losses depend upon a large variety 
of factors. Among these factors are to be included 
boundary form and finish, adequacy and continuity of 
area, entry curvature and extent, over expansion or 
recompression, &c, The position on the jet at which 
these effects ensue is also of great importance, whilst 
the total effect of the expansion is definitely dependent 
on the manner in which the losses grow, and on their 
magnitude. These are, themselves, the outcome of a 





* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland. 
T Encrveerina, September 3, 1920. 





series of effects, complex in nature and influence, which 
cannot be determined by an experimental process that 
fixes one condition only. 

Such considerations as these pointed to the necessity 
of using methods of examining the flow internally, and 
of investigating the conditions at places on the jet 
where the expansion is only partially completed. Since 
the simplest measurement of this type is that of pressure, 
the adoption of this as an experimental’ basis followed 
naturally, The process involves the use of the well- 
known ‘‘ search tube,” which, when moved along the jet, 
gives the pressure at any chosen position. Along with 
this a determination of the mass flow can be made, so 
that the double series of observations defines, for any 
fixed condition of expansion, one quantity which varies 
along the jet and another which is constant. The 
examination of the growth of the losses as the expansion 
proceeds may then be effected by means of the pressure 
ye ge viewed in conjunction with the constancy of the 

ow. 

There is, of course, nothing really new in the experi- 
mental process adopted, since the search tube has already 
given such excellent results in the capable hands of Pro- 
fessor Stodola. The method of analysis develo from 
the considerations briefly outlined above is, however, 
believed to be new. In the opinion of the authors, it 
was considered capable of providing sufficient new infor- 
mation to justify them in carrying out the lengthy and 
laborious investigation it entailed. 

is of Ewxamination.—In the discussion already 
published, considerable attention was given to an 
expression designated the jet function, This can be 
stated as follows :— 


F = o7is( Tt) = rh 2-7)! oe 
kar? 





in which, 


P; = pressure of supply — lb. per square inch, 

Vi = specific volume — cubic feet per Ib. 

= mass flow - lb. per second, 

== flow area — square inch, 

= pressure ratio = P/P). 

= reheating or loss factor. 

= index of the law (PV" = constant) for the 
reversible adiabatic in the field of expansion. 

== 1-3 for superheated steam, 


The values of P; and V; are directly obtained from the 
conditions of supply to the nozzle; G is the measured 
flow quantity ; A is the flow area corresponding to the 
pressure ratio r, which ratio is experimentally deter- 
mined ; and k measures the cumulative loss effect to 
the stage of the expansion represented by r, 

To arrive at k all other quantities in (1) must be known, 
This is possible, with the aid of experiment, provided A 
were always definite. This may be held to apply 
generally at throat sections, in parallel outlets, and in 
tail pieces of moderate divergence. At the entry to the 
nozzle the cross-sectional area is no criterion of the flow 
area, This point, however, only demands careful con- 
sideration when it becomes necessary to make a close 
analysis of the results and, hence, does not largely affect 
the matters to be here dealt with. 

For the present it is sufficient to assume that the 
values in (1) are all determinate, The nature of the 
experimental operations is, therefore, clearly defined 


23 >O 


by the necessity to determine r and G., ence the 
name “ pressure-flow experiments.”’ 
Again, if attention is fixed on some one ition on 


the jet, say the outlet, then A is fixed for all conditions 
of action. If now the jet is operated under different 
P, and V; values of supply, but with a specified total 
pressure ratio, experiment shows that :— 


P 
o«/F 


mie(V1\4 & 

F=0 718($*) 5 

is a constant for this ratio under variable supply con 

ditions, While it is unlikely that this rule is exact in 

an absolute degree it agrees with flow experiments very 

closely and is well borne out in the running of actual 
turbine plants. 

The main point to be noticed here regarding this fact 
is its influence on the necessary experimental range. 
Since the quantity F is not greatly susceptible to changes 
in supply it is permissible to work with one set of supply 
conditions. Again, since it will vary with different 
ressure ratios of action, tle pressures on the exhaust 
side of the nozzle will require to be altered in order to 
examine this variation, 

Hence equation (1) specifies the limit to the range of 
experimental conditions by indicating that the supply 
conditions may be fixed while the exhaust conditions are 
to be varied. This would, of course, be the natural 
arrangement to adopt in any case, but mainly on account 
of the difficulty of obtaining a wide range of supply. 
It is, therefore, comforting to have this assurance that 
the limitations that are necessary are also legitimate. 

Apart from its influence on the experiments, the 
equation is of some importance in the study of the 

meral aspects of nozzle flow. Thus it allows of direct 

emonstration that the net effects of any extensive 
nozzle expansion are dependent on the order of the flow 
losses as distinct from the total loss. Furthermore, it 
marks a lower limit to a jet throat condition, and thereby 
shows that the seemingly low throat pressures encoun- 
tered in experiment are pean A explained as such. 
For the proper treatment of these points it is necessary 
to refer to the preceding paper. 

Apparatus.—Figs. 1 and 2 show all the main features 


Hence, 








| 
| 











ENGINEERING. 





[Marcu 4, 1921. 








of the plant used. The former illustrates the various 
elements of the complete installation, and the latter 
gives the details of the search tube fitting. The steam 
rom the boiler passes through the two superheaters A 
and B, Fig. 1, in series. These superheaters are simple 
pipe-coils, A having a flat and B a helical coil, and both 
are directly heated by gas jets. With all gas jets open 
a superheat of about 250 . F. at 75 lb. per square 
inch absolute can be attained. The receiver C directly 
supplying the nozzle is fitted with a pressure gauge Gy, 
and two thermometers T; and Tp. £ hese allow of the 
determination of the supply values of pressure and 
volume, The control of the pressure is by means of 
valves V, and Vj, while the tem ture is controlled 
by adjustment of the gas jets. The superheaters and 
the receiver are uately provided with drains so that 
the establishment of superheat is not hindered by any 
collection of water. 

The nozzle D, Fig. 2, is screwed into the nozzle plate 
E, and carries also on the inlet side a stirrup for 
centring the search tube H. This tube is of copper, 
4 inch in external diameter. It is closed at the free 
end, and fixed at the other to the pipe J, which passes 
out through the stuffing box K to the sliding head L. 
This head is in direct communication with the nozzle 
gauge Gp. 

At one point near the free end of the search tube a 
small hole, y; in, in diameter, is drilled diametrically 
through the walls; consequently, the pressure at the 

sition occupied by this “ exploring ’’ hole at any time 
is given by G2. The position of the hole is altered by 
the hand-wheel operating the sliding head and its exact 
location is obtained by the reading of the micrometer M, 
which is turned to follow the movement of the head, 
The zero reading is determined by setting the apparatus 
with the hole in the search tube in line with the inlet 
edge of the nozzle, 

‘he pressure in the exhaust chamber is recorded by 
the gauge Gs, Fig. 1, and is controlled by the valve V3. 
The steam from this chamber s through the two 
small atmospheric condensers in series, as shown in 
Fig. 1, and the condensate issuing from the second is led 
to the tank on the platform balance. The duplication 
of the superheating and condensing elements is simply 
due to the range of superheat used, as single units were 
unable to deal with the high temperatures. 

The nozzle series chosen is shown in Fig. 3. These 
are naturally classified in two groups of three, each 
distinguished by the entry form ; the first three having 
well rounded entrances while the others are sharpaedged. 
Nozzles (a), (b) and (c) of the first group give the ele- 
mentary forms of the practical types, namely, convergent, 
convergent - parallel and convergent -divergent. The 
second group, comprising (d), (e) and (f) are similar 
except that they do not have curved entrances, 

Method of Operation.—It has already been indicated 
that the action of the nozzle cannot be greatly affected 
by change of initial conditions, Consequently, it should 
be sufficient to adopt a single condition of supply and 
vary the ratio of working by alteration of the exhaust 
pressure, Actually one pressure of supply was chosen 
at 60 Ib. per square inch (gauge), which seemed suitable 
for use with a Bourdon gauge and the atmospheric back 
pressure which was the lowest available. With this 
pressure two different superheats were used, one about 
250 deg. F. and the other about 100 deg. F. above the 
saturation temperature, With each of these two initial 
conditions five different exhaust pressures were chosen, 
namely, 10 Ib., 20 Ib., 30 Ib., 40 Ib. and 50 Ib. per 
square inch (gauge), and, consequently, the investi- 
gation of each nozzle required ten different completed 
tests. 

In carrying out any test the custom was to work w 
to the required degree of superheat with set supply an 
exhaust gauges, meanwhile allowing the steam to 
freely through the system, This continued until it 
became certain that the temperature would not vary 
more than a few degrees throughout the period of the 
test, usually between 20 minutes and 30 minutes. With 
high superheat the time required to attain steady 
conditions varied between 1} hours and 3 hours. When 
a steady condition for one superheat value is once estab- 
lished it is of course possible to go through the series 
with five different back pressures without much delay, 
as the change in pressure does not greatly disturb the 
a 9 
With the temperature steady, the search tube was set 
so that the exploring hole wes in a position about } in. 
behind the inlet edge. The tank drain was then closed 
and the balance lever set. Timing commenced with the 
instant when the lever swung gently upwards through 
its central position. The slow process of passing t 
search tube along the jet by short steps was then begun 
and readings of the nozzle gauge were taken at each step. 
Throughout this operation the supply gauge was care- 
fully watched and any tendency to change i diatel 
checked, 

The total movement of the search tube was about 
1} in., which served to give readings, with the longer 
nozzles, from a point } in, behind the inlet edge to a final 
position } in, in front of the outlet edge. Jet pressures 
were at axial intervals varying with the rapidity 
of the expansion, These were as low as every 10 mils 
in the steep pressure gradient to the throat and increased 
to about 100 mils. in the slower expansion range beyond 
the throat. Temperature readings were taken every 
few minutes but, if sufficient care had been exercised 
in working up the steady condition, serious changes in 
this respect were of infrequent occurrence. 

The exhaust pressure gauge was only used for approxi- 
mate setting the conditions. Jet pressures on this 





P 
side are alone dealt with and, as these are obtained from | in 


the search tube readings, slight differences in the setting 
as between tests do not greatly matter. Again, in the 
discussion of jet conditions, only pressure ratios are used, 





The normal small discrepancies between the jet and 
supply gauges are, therefore, of little moment, and it is 
issible to suppose these ratios as applicable to the 
initial pressure as determined by the supply gauge. 
When a full series of pressures had been obtained, the 
test ceased with the balance lever swinging clear against 
a set loading, thus giving the steam weight over &@ 
interval of time, and without the slightest 
disturbance of the water-tank conditions. 

The Pressure Curves.—In exhibiting the curves of jet 
pressures the method adopted is to give two diagrams for 
each nozzle. One of these shows the curves for the two 
different initial superheats but with the same overall 
range of pressure, namely, 60 lb. per square inch supply 
to 10 lb. per square inch exhaust (gauge). This serves 





to indicate any effect of the variation in supply conditions. 
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Fig.2. SEARCH-TUBE ARRANGEMENT. 
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lines, on the other hand, are drawn through points that 
represent the mean or equilibrium values as estimated 
from the behaviour of an unsteady gauge. 

The fluctuations denoting pressure instability were 
very erratic, and the pointer might have any one of a 
series of different kinds of movement. Moderate and 
continuous vibration about an obvious mean value was 
common, and equally so was the occurrence of a repeated 
“kicking”? action over a few pounds per square inch 
above or below an apparently stable value. In both 
these cases the reading to be used for plotting was 
fairly well marked. 

Less frequent but more puzzling actions occur, how- 
ever. Thus, after setting the tube, the gauge might 
take up a steady position only to be followed a short 
time later by a slow change to a new value. Again, 


Fig.1. ARRANGEMENT OF APPARATUS. 
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Since they are somewhat similar in their relations the 
other double curves are not given, although the main 
reason for their omission is the confusion that would 
be produced in the graphs. The second diagram in each 
case shows the changes in curve form consequent on 
alteration of back pressure, by presenting a series of 
curves for the five different ranges of working. The 
minor differences indicated by the former di m are 
now omitted, each curve in the series being the mean 
of the double curves obtained from the tests. 

All diagrams of the second type have curves shown 
partly by full lines and partly by dotted lines, This is 
an attempt to distinguish the ranges in which the jet 
gauge gave quite definite and steady readings from those 

which fluctuation of pressure occurred. The full lines 
cover those readings at which the gauge pointer recorded 
@ new value in a positive and definite manner i diatel 










‘there might be a rapid “kick” to a different reading, 
accompanied by a very conspicuous chapge in the note 
of the jet. This would be maintained for a little, but, 
ultimately, might return as suddenly to the original 
note and pressure. 

While in many cases of unstable behaviour there is 
fair indication of a probable equilibrium value, it cannot 
be said that such readings are always, or entirely, free 
from slight ambiguity. In such an investigation as this, 
where attention is to be principally centred on the main 
aspects of the flow, it is thought that any attempt to 
portray the actual nature of these minor effects would 
detract too seriously from the clearness of the curves. 
To avoid any such confusion the dotted line compromise 
has been adopted. 

The nature of these fluctuating actions is much too 
erratic for any general inferences to be drawn. It is 
very possible that many of them are due to accidental 
causes not inherent in the particular flow conditions in 
conjunction with which they appear. Thus, a repeat of 
a particular test does not give the same type or extent 
,of pressure variations at any particular position, whereas 
it practically always gives the same pressure curve as 
based on mean readings where - fluctuation is shown. 
Change of supply conditions also altered the nature of 
the pressure fluctuations without seriously affecting the 
form of the main curve, Some of these pressure changes 
do not fail to hint that the exploring hole in the search 
tube is not altogether free from blame in the matter, 
but the actual extent of its culpability would appear 
indeterminate. : 

Any phase of the nozzle action which is invariably 
accompanied by such apparent pressure instability will 
be duly remarked upon in the consideration of the curves, 
which may now be entered upon, 

Convergent Nozzle (a)—Figs 4 and 5 show the results 
in this case. 

The former shows that the change in the supply 
temperature condition only affects the pressure readings 
in the free space beyond the outlet ; within the nozzle 
itself the curves are practically identical. Even outside 
the nozzle the curves are of the same form, and the 
differences in value shown are such as might naturally 
be expected under the circumstances. The expansion in 
a free space must be liable to accidental influences that 
may serve to modify the body form of the jet with 





on the alteration of the search-tube position. The dotted 


t effects on the pressure. The main points to 





notice regarding the external free expansion are the 
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quite considerable length required to complete it and 
its vibratory nature throughout. 

In Fig. 5 the influence of back pressure is clearly 
shown. Until this pressure reaches a certain figure the 
expansion within the nozzle is nowise affected, but 
thereafter the nozzle range is restricted by the exhaust 
condition, This * critical’? value is shown at a ratio 
of about 0°58, which is rather above the theoretical value 
of 0°55 for superheated steam. While it is quite usual 
to assume that the theoretical and actual critical values 
are in almost exact agreement, it is desirable to realise 
that this is not necessarily correct. The former is a 
definite condition in a perfect case, whilst the latter is 
influenced by imperfections that are not necessarily 
insignificant. 

The dotted line sections in Fig. 5 are almost entirely 


Fig. 4. PRESSURE RATIO CURVES. 
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Fig.8. PRESSURE RATIO CURVES. 
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confined to the external space on the exhaust side. In 
such a place it would seem natural to expect rather 
unsteady readings. 

Convergent Parallel Nozzle (b).—The results for this 
nozzle are illustrated by Figs. 6 and 7. 

The differences between the two curves in Fig. 6 are 
on the whole very similar to the last case, being insig- 
nificant within the nozzle itself ; and again, the extra 
expansion in the free space is of a vibratory form. Of 
course, these pressure waves in this region are shown by 
the curve series to be characteristic only of the larger 
ranges of expansion. 

Fig. 7 shows back pressure effects much akin to those 
of the convergent nozzle. This parallel tail type is also 
incompetent to expand to very low pressures, and its 
range is usually assumed the same as (a) type. But 
here it is seen that the lowest ratio reac is 0°5 as 
against the 0°55 of theory and the 0°58 of the preceding 











case. Since the only certain point of difference is the 
loss per pound of steam flowing it would seem possible 
that the losses may have definite effects on the critical 


‘The term throat as applied to this t of nozzle is 
usually supposed to mean the position where the entr 
curve sweeps into the tail form. In conjunction wit 
this the idea exists that the throat pressure for the maxi- 
mum range is the critical pressure as understood by 
theory. This again necessitates the belief that the 
pressure drop between the throat and mouth is insigni- 
ficant. These conceptions are here seen to be faulty 
in every respect. The term throat would be more aptly 
applied to the outlet section. The pressure at the so- 
called throat is very distinctly above the critical value, 
and there is, consequently, a considerable drop in pres- 
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sure along the straight tail. Indeed, the pressure at 
the termination of the convergence is variable with the 
length of the parallel portion, whereas the outlet pressure 
is not greatly affected by this. Such results are shown 
by eae on nozzles of this type with different tail 
lengths. 

oo point common to both (a) and (b) may be 
noticed. For all ranges of action the expansion would 
seem to be somewhat overdone, since there is a subse- 
quent rise to the exhaust pressure. With the smaller 
ranges the effect is minute and just noticeable, but with 
ranges beyond the critical it is so large as to produce a 
vibratory approach to the stable condition. 

As in le (a), fluctuation of jet pressure is an 
accompaniment of free expansion and the dotted lengths 
of the curves are mainly outside the nozzle, 

Convergent-Divergent Nozzle (c).—Figs. 8 and 9. In 
Fig. 8 the pressure line in the tail piece for the lower 








temperature condition is seen to be somewhat less smooth 
than the other; this difference, however, cannot be 
looked upon as general, as it is not consistently an effect 
of lower temperature supply in divergent outlets. The 
outstanding feature of the curves is the low value shown 
for the nozzle throat pressure. With such a full con- 
vergence as is here provided there would seem to be 
little reason why this pressure should not agree closely 
with the theoretical ratio of 0°55. This expected agree- 
ment hardly ever seems to exist, however, and several 
different nozzles of this type have given low values. 
Again, this throat value as disclosed by experiment is 
by no means constant; it varies within fairly wide 
limits for different cases. 

The explanation has been advanced by the authors 
that this difference represents in a particular way the 
failure to predetermine the actual losses in fixing up the 
dimensions, and it marks a separation of the jet and 
nozzle throats entailing a slight break away of the jet 
from the nozzle contour. If an exact estimate could Ne 
made of how a given form would operate, and of the 
losses involved, it should be possible to achieve coinci- 
dence of the two, thus raising the nozzle throat value 
to a figure closely agreeing with the theoretical, Any 
error whatever in such estimate produces a low value in 
actual operation. 

Fig. 9 shows the uliar effects in this case arising 
from increase of Sadk bemeess. The increase results in 
@ recompression in a relatively short length without 
definitely affecting the throat condition. This means 
that up to a high exhaust valve no change occurs in the 
flow quantity. With divergent types the flow only 
begins to fall away at overall ratios above about 0-75. 

This steadiness of the discharge must not be taken as 
indicating a constant level of efficiency. The extensive 
over-expansion and recompression must entail severe 
losses, with the natural consequence that a nozzle of 
this type should not be run above that value of back 

ressure which allows of a continuous fall of the pressure 
ine—in this particular instancé a ratio of about 0-19. 
This fact has influenced practical design to the extent 
that it is common to reduce the divergence below that 
given by the ordinary calculation so as to have under- 
expansion with consequent recompression, With con- 
tinued increase in back pressure a value is reached to 
which the jet cannot attain by recompression in the 
length available beyond tho throat, and, consequently, 
the throat condition is modified with reduction of flow. 
This is shown by the top curve in Fig. 9, but here again 
it must be noticed that the natural form of approach to 
the exhaust pressure is by a recompression of consider- 
able range. 

The failure to influence the throat pressure readily on 
increase of outlet pressure is due to the fact that the 
steam speed in the tail length is well above the velocity 
of sound. The pressure alteration can only be propa- 
gated backwards with the speed of sound, and hence the 
pressure rise is restricted to the smallest possible length. 

It will be seen that the recompression lines are dotted 
throughout. Fluctuation of pressure was general in 
this type of action. In odd cases only were fairly 
steady conditions shown; in quite a number, very 
violent “kicks’’ of the pointer occurred; in most, 
continuous vibration took place, while the peculiarity 
already noted of a pressure change with time, after 
setting, practically never occurred except in the region 
of rapid increase at the commencement of a recompres- 
sion, 

Short Parallel Sharp-Entry Nozzle (d).—Figs. 10 and 
1l. The difference in the two supply conditions only 
causes minor differences in internal pressure, the curve 
forms remaining practically unaffected. The double 
feature of a rapid expansion to a figure well below the 
theoretical followed by immediate recompression is 
characteristic of all sharp-entry types. The form of the 
tail piece has an influence on the range of the recom- 
pression, but is unable to eliminate it. 

The ratio curve series, Fig. 11, shows that recompres- 
sion within the nozzle length is a permanent feature for 
all expansion ranges. Like the convergent-divergent 
type, there are two different limiting values at the outlet ; 
one representing the lowest pressure that can be reached, 
and the other a figure above which the throat condition 
is affected. The lowest curves show that the outlet 
value may be obtained by a double wave of compression, 
whereas the other curves involve single line compression. 
This seems to indicate that the lower pressure limit 
is not natural to the form of the compression line and 
reversion to a new line takes place to suit it. 

The general similarity of these curve forms to those 
of conv nt-divergent nozzles working with back 
pressure above the normal should be noted. This, in 
conjunction with the two limiting outlet values, indicate 
that the actual jet form is convergent-divergent, which 
means that the jet comes free from the boundary to 
form a throat. In other words, there is a contraction 
of cross section from that provided by the nozzle contour, 
Of course, this has always been understood as being a 
natural effect of the -edged inlet. , 

Unstable pressure ings in this case are found in 
the over expansion, recompression and free-expansion 
regions, 

Long Parallel Sharp-Entry Nozzle (e).—Figs. 12 and 
13. In this case there is shown a combination of the 
features of the short sharp-entry type and the parallel 
tail, since over expansion and recompression and then 
slow further expansion to the outlet take place. There 
are, however, now distinct and rather unconnected 
differences in the recompression sections of the curves. 
Thus, in Fig. 12, the curves for different supply condi- 
tions are considerably apart, although the expansion 
periods and the outlet conditions do not greatly disagree. 
The similarity of the variations with shown by 
the last nozzle should be observed. It would appear 
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that a recompression may be either of a wave form or 
continuous ; and such alternatives, taken in conjunction 
with the almost invariable pressure fluctuations that 
exist might seem to indicate that a recompression follows 
no laws but those of chance, 

By taking the mean of the double curves to form the 
series given in Fig. 13, perhaps a rather drastic pro- 
cedure is followed, as the variations from the mean are 
in this case fairly extensive. By doing so, however, 
uniformity of method is maintained and, in view of the 
erratic nature of differences, it would seem best to 
concentrate on the general form only. Like the similar 
nozzle with curved entry there is practically only one 
limiting outlet condition, increase above t is almost 
immediately affecting the throat. 

Pressure variations are found in places corresponding 
exactly to those of the last case. 

Sharp-Entry Divergent Nozzle (f).—Figs. 14 and 15. 
The behaviour of this nozzle is very similar on the 
whole to that of the corresponding type with convergence 
at inlet. The main differences of a more extensive 
expansion at entry and the inevitable recompression of 
the sharp entry are observable. In such a case, however, 
the tail form seems to be competent greatly to limit 
the recompression range. 

The curve series, in Fig. 15, shows similar effects to 
those of Fig. 9, but the compression ranges are more 
extensive, adding, as they do, the sharp entry effect to 
the divergent tail effect. The nozzle behaves on the 
whole much as would be expected from the previous 
and separate (c) and (d), Again, the over expansion and 
recompression periods are mainly responsible for the 
indefinite readings obtained. 

At this stage attention might be drawn to the fact 
that the divergences provided in (c) and (f) are not greatly 
different and the curves show that the correct pressure 
ranges for these two nozzles are practically identical. 
Now, consideration will show that if the sharp entry 
entails contraction of the jet and the convergent entry 
does not, then the overall pressure ratio should be lower 
for the sharp entry than for the other. This is, however, 
not the case, and an apparent anomaly exists. 

The Flow Guseen--Tktap are shown in Fig. 16, and 
the experimental data from which they are derived are 
tabulated on the opposite page. 

The method adopted in presenting these curves is 
equivalent to that of giving the flow per square inch of 
outlet area of nozzle on a basis of pressure ratio at the 
same place. Actually the ordinates are jet function 
values for the exit area, so that they embody the influence 
of change of initial conditions since 


F = 0-718 (7) : ~ 


This, however, does not confuse the scheme, as the 
value of this function is not seriously influenced by 
change of supply. This is shown by the plotted points 
which represent the results for the two temperatures 
used, and in each separate case it will be seen that the 
double series lie closely on the single curve. The diagram 
may, therefore, be taken as giving figures proportionate 
to the flow per square inch of outlet for the pressure use 
in the experiments and at-a mean temperature between 
the two values employed. 

By plotting against the nozzle ratio and neglecting 
any pressure changes that may occur after efflux from 
the nozzle, attention is concentrated on the range limits 
of the different types. The usual habit of plotting mass 
flow inst exhaust pressure ratio hides this completely. 
A further aid to the reading of the results is obtained by 
including a theoretical curve, which, on the same scale, 
represents flow per square inch, assuming no logses. This 
is readily derived from 
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with k = o, 


Now, for any assumed pressure ratio of action, a 
vertical line drawn downwards from the theoretical 
boundary curve will cut the different nozzle curves in 
the order of their suitability for such a ratio. This 
follows since the difference between the theoretical and 
actual curves is a measure of the loss for that ratio. It 
is at once seen how very badly the performance of a 
divergent type nozzle compares with any form at the 
higher ratios, but how closely it achieves the theoretical 
at its own correct limiting value. This is the natural 
effect of the very extensive recompressions occurring in 
a divergent tail, under high back-pressure. The relative 
merits of the six examples investigated are readily seen 
by examination of the diagram in the light of the standard 
set by the theoretical curve. 

In calculating the values for plotting in Fig. 16, the 
determinations of pressure, temperature, flow and area 
are corrected to as fine a degree as possible, and it is 
thought that an accuracy within 1 per cent. has been 
achieved, The possible errors in the different quan- 
tities can only be cumulative by an odd chance and, as 
the added effects of the estimated errors only amount 
to about 1-3 per cent., the discrepancy in most cases 
should be aaeh. Now, the general differences in value 
between the functions for the two initial superheats 
is seldom greater than 1 per cent., and hence it would 
aoe that the degree of accuracy of the assumed 


a 
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is of the same order as that of the experimental records. 
The relationship is, therefore, of distinct value, 

Again, in deriving flow quantities per square inch of 
outlet area, the tacit assumption is being made that the 





outlet area is always filled. This is, of course, reason- 
able, and is the basis of actual design methods, but it 
should be noticed that to carry out a similar comparison 
with throat areas would not be so justifiable, as these 
are, in cases, uncertain in position and in degree of filling. 
Thus, in convergent-divergent t there is some 
anomaly in throat action that might seriously modify 
the conception of throat areas, while in sharp-entry 
forms this particular area is really indeterminate. 

Consii ton of Main Features,—A final section might 
advantageously be devoted to an attempt to deal with 





the main facts clear of the confusing details in which 
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they are, in places, enveloped. The actions of the 


various nozzle types might first be summarised as | f 


follows :— 

(a) The purely convergent form operates very much 
in accordance with the theoretical ideas in the matter. 
It has a smooth expansion line in agreement with its 
well-rounded form, and a maximum range approximately 
in line with the theoretical critical drop. 

(b) In all, the convergent-parallel type hardly acts 
in keeping the preconceived ideas. The convergence 
certainly imposes a continuous and smooth expansion, 
but the pressure condition at the “‘throat” is well 
above that at the outlet, and is, moreover, variable with 
length between the two, whereas the outlet condition is 
more or less in line with the uirements of theory. 
The apparent confusion is due mainly to the terminology ; 
the nozzle should idered one of extended con- 
vergence only, and therefore belongs to the same class 
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as (a). 
In both (a) and (6) theory demands a maximum range 


limited to a pressure ratio of.0-:55. The actual range 
have only rough agreement with this a 

(c) The convergent-divergent type one overall 
range in which the fall of pressure is continuous, but in 
this the nozzle throat pressure would seem always to 
be distinctly below the theoretical; the difference 
between the two being a variable of form. Smaller 
pressure ranges always result in recompressions in the 
divergence, and, so long as they are restricted to this 
region, the flow is unaffected. The flow only begins 
to fall away at an action ratio well above the theoretical 
critical value, 


Fig.l. RATIO CURVE SERIES. 


NOZZLE“d” 


Ratio -r. 









40 
in Inches 


4 66 


6 #8 
Distance along Jet 





Fig.JS. RATIO CURVE SERIES. 


nwozze ‘f? 


2 


4 6 8 710 12 14 16 48 20 
Distance along Jet in Inches. 


(d) (e) and (f). In these three cases the characteristic 
eatures of the preceding three are reproduced, but in 
forms modified by the essential sharp-entry effect. This 
effect amounts to a very considerable over expansion at 
inlet followed immediately by a recompression. It will 
be found that the general change from convergent inlet 
to sharp edge is obtained by replacing the inlet curve 
of the former with the form characteristic of the latter. 

Finally, unsteadiness of pressure seems to be a feature 
of over expansion and recompression occurrences within 
the actual nozzle length and of free expansion beyond 
the nozzle outlet. en 

With regard to the difference between the limiting 
ratios for types (a) and (b) and the theoretical ratio 
oaeree applicable thereto, reference might again be 

to Fig. 16. In this a special line is shown marked 
“acoustic velocity.” It has been demonstrated by the 
authors that this line marks the limit to possible jet 
throat conditions. Mr. Jude has termed pressure ranges 
above the theoretical critical ‘ super-critical,”’ and 
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below ‘“‘sub-critical.”” These terms may conveniently 
be applied to the “ fields’’ formed by the two areas into 
which the acoustic velocity line divides the diagram. 
Thus, any point on the right of this line is in the “ super- 
critical hela” and any point on the left in the “ sub- 
critical field.” The authors’ contention is that jet 
throat conditions cannot be represented by values in the 
sub-critical field, but the losses may be of such a nature 
as;to give it place anywhere in the other area. 

\-. Now, consider cases (a) and (6), Fig. 16. These are 
the only nozzle forms here used in which the jet throat 
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may be supposed coincident with the nozzle outlet. 
Hence their limiting ranges should give function values 
either on the acoustic line or in the super-critical field. 
It will be seen that the terminal value of the flow curve 
for (b) is practically on the line, while (a) is a little to 


(6730.N) 


the right. The high value of the ratio for (a) might 
also, of course, be explained on the assumption that the 
true throat is formed a little beyond the outlet, by 
which place the pressure may more nearly attain to the 
value indicated by the acoustic line of demarcation. 
None of the other four flow curves can represent throat 
conditions by the maximum in this way, as 

throat is formed internally. They are, in fact, equivalent 














to nozzles of greater or less divergence, and the limit 
points ‘should all lic in the sub-critical field. This is 
seen to be the case. 

The typical sharp-entry effect with the recompression 
in the early stages is, of course, modified by any curvature 
given to the inlet. Thus, in the cases dealt with, the 
curvature of the first three nozzles is sufficient to eliminate 
it entirely. Small values of convergence are, however, 
less successful in getting rid of this occurrence. This is 
well shown by Fig. 17, which is drawn from results 
obtained by the late Mr. F. J. Shepherd, B.Se., who 
examined the pressure curves for the divergent nozzle 
shown, using entry sha varying from 
through 4 -in. radius to yy-in. radius. The larger radius 
is sufficient to give continuous e ion, but the smaller 
valu: has only partially succeeded, Both radii, however, 
reduce the range of over-expansion, although in no case 
is the pressure at the change of slope of the curves so 
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high as the theoretical critical value. Another point 
should be noted on these curves, and that is that the 
period of rapid expansion is not confined to the length 
of the convergence. The slower rate of e jon 
entailed by the actual divergence provided by the 
boundary form commences at a later period than might 
have been e ted. This apparently indicates that the 
larger radius, although giving a better pressure line, 
is still inadequate. 

These considerations naturally introduce the discussion 
regarding the action at a sharp entry. 

Consider the point marked F) on the lower temperature 
curve in Fig. 10 at the theoretical critical value, This is 
probably in close agreement with the real jet-throat 
pressure, although actually this value is indeterminate. 
Calculation of the jet function for the cross section of 
the nozzle at this place gives the value of 0-1978. 
Plotting this in Fig. 16 the point F is obtained. Again 
taking the point marked F», in Fig. 10 and carrying out 
the same operation, Fz on Fig. 16 is obtained. - Now the 
anomalous fact emerges that the loss for the smaller 
portion of the expansion (k = 0-2 for F;) is much greater 
than that for the larger portion (k = -006for Fz). More- 
over, this loss at the F2 point, the lowest pressure in the 
inlet expansion of a sharp entry is, perhaps, rather small 
on the basis of —- 

Since the V, P,, and G values in the jet functions are 
quite definite, it follows that the areas assumed in this 
calculation are quite wrong. The area for the jet throat 
condition requires to be greatly diminished, while that 
for the low-pressure point should be slightly increased. 
Changing the jet function values to arbitrary figures 
more suitable to the growth of loss, a contraction o 
area at the jet throat of about 10 me cent, is required, 
while a small percentage increase of area at the Fz value 
would seem to be indicated. This latter increase may 
appear an uncalled-for assumption in this case, where 
the figure as so calculated actually shows some loss, 
But there are other cases where such a calculation gives 
values definitely on, and even slightly above, the theore- 
tical curve. In such, the assumption of increase of area 
above the value given by the cross section of the nozzle 
must be made ; and, therefore, the low pressure of over- 
expansion on inlet at any sharp entry entails the accept- 
ance of a flow area slightly in excess of nozzle sectional! 


corresponding conception of the nature of the stream 
lines and equipotential lines is shown. In this the 
longitudinal curves mark the paths of steaming icles, 
while the curves are lines of equal pressure, Now the 
area of a surface whose contour is an equal pressure 
line is a true area to flow. Hence, at the true throat 
a partial plane cross-section gives the area ; but, owing 
to the relatively rapid natural divergence caused by the 
further expansion, the flow area at the lowest pressure 
may really be in excess of a full plane cross-section. 

he same explanation would seem to apply to the 
smaller overexpansion range in convergent-divergent 
types. Here, of course, the occurrence takes place to 
a much smaller degree, which means small contraction 
at the jet throat. The action might be as represented 
at the throat of the nozzle sketched in Fig. 19. It will 
be seen that this entails two expansion periods beyond 
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76-0 559 46 | 1,301 | 0 0-2193 
76-0 565 46 | 1,304 | 0-574 | 0-2195 
76-0 568 46 | 1,814 | 0-593 | 0-2181 
76-0 569 43 | 1811 | 0-710 | 0-2044 
; 76-0 567 35 | 1,821 | 0-843 | 0-1650 
a) 
75:7 385 50 | 1,277 | 0-574 | 0-2214 
75-6 395 49 | 1,266 | 0-670 | 0-2207 
75-7 402 47 | 1,221 | 0-689 | 0-2203 
75-7 388 48 | 1,309 | 0-692 | 0-2080 
75°7 399 89 | 3,070 | 0-837 | 0-1653 
76-4 558 59 | 1,742 | 0-498 | 0-2100 
76-4 566 49 «| 1,460 |.0-495 | 0- 
76-4 565 45 | 1,355 |'0- 0: 2006 
76-4 565 40 | 1,301 | 0-717 | 0-1914 
@ Lm 567 33 | 1,349 | 0-852 | 0-1524 
76-1 398 73 | 1,976 | 0-404 | 0-2101 
75-9 | 302 | 62 | 1,674 | 0-405 | 0-2104 
75-9 897 56 | 1,582 | 0-680 | 0-2084 
75-9 396 54 | 1,682 | 0-712 | 0-1944 
75-9 398 42 | 1,571 { 0-852 | 0-1524 
76-3 544 61 | 1,629 | 0-208 | 0-1621 
76-3 552 | 58 | 1,446 | 0-300 | 0-1584 
76-3 558 | 62 | 1,566 | 0-565 | 01519 
76-3 560 | 60 | 1,507 | 0-712 | 0-1530 
» es 568 54 | 1,450 | 0-846 | 0-1428 
c 
76-2 390 61 | 1,390 | 0-210 | 0-1525 
76-2 391 62 | 1,427 | 0-448 | 0-1521 
76-2 392 61 | 1,404 | 0-580 | 0-1523 
76-4 397 70 | 1,606 | 0-712 | 0-1529 
76-4 406 67 | 1,405 | 0-849 | 0-1431 
76-0 570 47 | 1,403 | 0-421 | 0-1967 
76-0 560 42 | 1,319 | 0-412 | 0-1070 
76-0 555 40 | 1,257 | 0-550 | 0-1985 
76-0 562 39 | 1,319 | 0-698 | 0-1844 
76-0 554 31 | 1,802 | 0-839 | 0-1477 
(4) 
75:8 413 57 | 1,650 | 0-420 | 0-1986 
75-8 417 46 | 1,348 | 0-412 | 0-1966 
75:8 418 51 | 1,490 | 0-543 | 0-1978 
75-8 426 43 | 1,360 | 0-604 | 0-1832 
75-8 430 83 | 1,305 | 0-841 | 0-1469 
76-2 567 48 | 1,629 | 0-440 | 0-1886 
76-2 568 41 | 1,301 | 0-461 | 0-1887 
76-2 568 40 | 1,390 | 0-587 | 0-1843 
76-2 565 85 | 1,880 | 0-716 | 0-1682 
76-2 565 31 | 1,514 | 0-850 | 0-1300 
€ 
© 762 405 58 | 1,784 | 0-485 | 0-1903 
76-2 410 47 | 1,461 | 0-461 | 0-1889 
76°2 413 41 | 1,303 | 0-591 | 0-1852 
76-2 411 37 | 1,287 | 0-708 | 0-1690 
76-2 416 33 | 1,462 | 0-850 | 0-1330 
76-0 557 83 | 2,645 | 0-281 | 0-1199 
76-0 559 68 | 2,127 | 0-408 | 0-1222 
76-0 558 60 | 1,878 | 0-562 | 0-1221 
76-3 563 66 | 2,068 | 0-713 | 0-1217 
a 76-3 563 38 | 1,429 | 0-849 | 0-1015 
76-1 388 83 | 2,884 | 0-208 | 0-1208 
76-1 389 71 | 2,020 | 0-420 | 0-1220 
76-1 388 65 | 1,568 | 0-572 | 0-1217 
76-1 388 47 | 1,845 | 0-715 | 0-1213 
76-1 389 40 | 1,382 | 0-849 | 0-1005 























the true throat ; one a short rapid expansion in agree- 
ment with the free divergence, and the other a slower 
expansion rate in accordance with the cone angle. It 
would, eee) we seem soe the ~~ a ratio of @ 
conv mt-divergent nozzle is, in , greater than 
that ‘cuvianged by the method of dererminike the areas 
of throat and mouth. And it is undoubtedly significant 
in this respect that, in practice, it is sometimes customary 
to reduce the divergence below the calculated value by 
an arbitrary amount. 

It is now ible to advance a more or less plausible 
reason for the unstable pressure readings so frequently 
noticed in these experiments, The earliest measure- 
ments wth the first two nozzles, which have convergence 
only, disclosed unsteady values during the free expansion 
in the open exhaust space. Now in such a place the jet 
has no definite bo ry control; the outer streaming 
surface is free from external constraint, But exactly 
the same condition holds in the cases of overexpansion 
illustrated and in the first rapid stages of the recom- 
pression in the sharp-entry type, In both such occur- 
rences the jet is clear of the boundary and, in both, 





The point may seem rather peculiar, but it is brought 
out more clearly by the sketch, Fig. 18, in which the 


instability invariably occurs. Hence, pressure 





fluctuation would seem a result of jet expansion or 
compression where those take place with free boundary, 
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Actually, of course, such a boundary will be fringed 
with ies filling the space between the jet body and 
the confining surface, but, then, eddies do not contribute 
to the flow, and the area involved is flow section of jet. 

This idea may he carried further to deduce the fact 
that the recompressions so noticeable in divergent tail- 
pieces at high back-pressures, and so noticeably unsteady 
in the first stage of the rise, represent a type of jet 
action that automatically frees itself from the nozzle 
surface. Thus Fig. 19 would be a representation of 
the nature of the flow in a convergent-divergent nozzle, 
operating under too high an exhaust pressure. 

It has been mentioned that by plotting the flow 
curves, as in Fig. 16, comparison with the theoretical 
curve therein embodied allows of determination of the 
loss to the outlet for any assumed ratio of working at or 
within the limiting range of the nozzle, With this loss 
k known for the ratio r the efficiency ratio of the nozzle 
is readily obtained from 


qul— 





wele 
l-rn 
Making use of this, the efficiency curves for the limiting 
ranges of operation shown by the experiments and for all 
the nozzles may be obtained. These are shown in Fig. 
20. 

Again it is to be pointed out that this method of 
calculation assumes outlet areas filled. If this is allowed 
then the efficiencies are real values for the outlet con- 
dition, The outstanding fact should be noted that all 
types are most efficient at their maximum ranges. Each 
of the curves rises as the lowest value of outlet pressure 
with which it will work is reached, 

Another conspicuous feature is the remarkably low 
efficiency of the divergent types at back pressures above 
their natural figure. This demonstrates the great fault 
in a too lavish provision of area ratio in this type which 
may result in recompression within the nozzle, Taken 
in conjunction with the point already dealt with that 
the effective divérgence is greater than the filled amount, 
it allows the rule to be laid down that divergent nozzles 
should, in all cases, be allowed less than the calculated 
growth of area, The reason for the rule so frequently 
5 ong namely, that it is better to have under-expansion 
than over-expansion, is also made clear by such curves 
as these. 

The relations between the different forms as regards 
efficiency are easily followed from Fig. 20, but the wide 
field in which a nozzle efficiency may lie is probably 
rather unexpected. It is also worthy of notice that the 
nozzles from which these curves are obtained are simple 
and well finished compared with practical forms. 





THE HANDLEY-PAGE AEROPLANE WING.* 
By F. Hanptey Pace. 


THE present paper is a record of experimental work 
carried out with a view to overcoming the phenomenon 
of “burbling.”” As is well known, the total pressure 
on an aerofoil is the sum of the positive pressure on the 
under side and the negative suction on the upper. If 
this negative suction can be made to increase progres- 
sively with increasing angle of incidence to angles greater 
than heretofore, the maximum value of the aerofoil lift 
coefficient will be increased. The effect of such an 
increase on aeroplane design depends upon the magnitude 
of the increase and the extra structure weight of the 
device necessary to obtain it. The present method, 
which is now described, has been evolved from experi- 
mental data, and an outline of the results is given 
below. 

In a paper which I read before the Royal Aeronautical 
Society in April, 1911—ten years ago—I attempted an 
analysis of the somewhat meagre results then available 
on the pressures on plane and curved surfaces moving 
through the air. The effect now known as “ burbling” 
was referred to as follows :— 

“To obtain a law giving the normal pressure on a 
plane as a continuous function of the angle of incidence 
of the impinging air from 0 deg. to 90 deg. is impossible 
owing to the distinct forms of flow that occur on the 
back of the plane. From the horizontal position of 
the plane up to an angle varying in magnitude from 
10 deg. to 50 deg. depending on the aspect ratio, shape 
and curvature of the plane, the air hugs the back of the 
plane, the suction due to the rushing air is felt directly 
on the back of the plane, and the pressure increases 
continuously as some function of the angle. At angles 
greater than this critical value the air leaves the back 
of the plane, a “‘dead’’ air region is formed there, and 
any reduced pressure or suction on the plane back tending 
to increase the total “lift’’ is then solely due to the 
drag of the “live ’’ air stream at the edges of this ‘‘ dead ”’ 
air region.”’t 

A further reference was made later on in the paper :— 

“The critical angle at which the ‘live’ air leaves the 
ome back is reached earlie- in the case of planes of 

igh aspect ratio, and the latter accordingly do not 
have such high maximum values as the planes of lower 
aspect ratio. 

“With planes of high aspect ratio there is not the 
same facility for the ‘ feeding in’ of fresh air at the plane 
sides to act as a link between the plane and ‘live stream,’ 
and therefore the ‘live stream’ leaves the plane back 
at an earlier stage than in the case of the plane of lower 
aspect ratio.” 





* Paper read before the Royal Aeronautical Society, 


February 17, 1921. 
t ‘ The Pressures on Plane and Curved Surfaces Moving 
Through the Air.’’—*‘ Aeronautical Society of Great 


In Fig. 1 is the set of curves reproduced from the 
1911 paper, showing the pressure on aerofoil as a function 
of the angle of incidence. It will be observed that the 
square aerofoil marked P. 1 : 1 continues lifting until 
40 deg., whereas the aerofoil of aspect ratio 6-25 : 1 
(marked L. 6-25:1) ‘‘burbles’’ between 10 deg. and 
15 deg. If, then, it were possible to convert the high 
aspect ratio aerofoil into a series of square ones and 
maintain the same conditions as in a square plane, 
higher maximum lift coefficients should be obtained. 

ig. 2 is an aerofoil of aspect ratio 6} converted into 
six square planes by five slots, each parallel to the chord 
of the plane. With the slots open the total “lift’’ on 
the plane was slightly increased and the “‘ burble ’’ took 
place at 14 deg. instead of 13 deg. 

Improved results were later obtained with this form 
of slot, but this line of investigation was abandoned in 
favour of a transverse slot which was tested on an aero- 
foil of R.A.F. 15 section. The shape of the slot, the 
width of the two openings and the position of the forward 
small aerofoil, and many other details, were found to 
have a very marked effect upon the results, 

Fig. 3 shows some early type slots ona R.A.F. 6 section, 
and Fig. 4 the results obtained. The lift coefficient 
increases about 25 per cent. with the slot opened. 
Further developments are shown in Fig. 5, where a simple 
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single slot is formed by-the swivelling front edge on 
aerofoil No. 32, which was approximately of R.A.F. 6 
cross section. This aerofoil was tested at the National 
Physical Laboratory at a s of 80 ft. per second, and 
the results are shown in Figs. 6 and 7. ‘lhe maximum 
lift coefficient of the plane with the slot closed was 0°633 
and with the slot open 0°943, an increase of 50 per cent. 
‘Lhe maximum value of the lift/drag coefficient was 16-6 
and 14-1 respectively. 

These results have also been plotted in Fig. 7, on curves 
showing the relation between speed and horse-power 
per lb. weight, according to the method described in a 
paper which I read before, the Aeronautical Society in 


March, 1917. Speed is plotted as 


y 
With the slot open 


and horse- 


Ke 
wer per lb. weight as —-——., 
po pe rs K, VK 
there is a reduction in landing speed of about 20 per 
cent., and with the slot closed practically all the advan- 

cage of the ordinary section. 

far the tests described have been on one particular 
Kind of section, and further experimental work has been 
carried out showing that similar results may be obtained 
with any type of section, both on what may be termed 
a “high s ” section, such as R.A.F. 15, or a “ — 

lift’’ section, such as R.A.F. 19. Fig. 8 shows t 
R.A.F, 15 section—5la and 51n—the section with the 
slot closed and the underside gap filled up being with a 
R.A.F. 15, There is a slight difference between the two, 
5la having the leading edge of the aft main aerofoil 
with a slight Phillips entry, whereas 518 has the leading 
edge. of the aft aerofoil on the chord line. ‘lhe results 
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are plotted in Fig. 9, showing a = improvement in 
jift in favour of 518. A comparison between the R.A.F. 











15 and this section with the slots open 1s also given on 
the curves. The maximum lift coefficient is increased 
from 0-52 to 0-84, an increase of 61 per cent., and the 
lift/drag ratio is higher with the slot open at all angles 
above 12 deg. The same general type of results were 
obtained with a thick section, such as R.A.F. 19, a 
section of which is shown in Fig. 10 with and without 
the slot, this aerofoil being No. 44. As, however, the 
R.A.F. 19 is a section of small lift/drag ratio, the results 
of the single slot have not been included in this paper. 
An investigation of pressure distribution on the main 
and auxiliary aerofoils formed by the slot showed that 
the results obtained were of the same character as in 


Fig. 4. 
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an ordinary aerofoil, and that “‘ burbling’’ would take 
place on the small auxiliary aerofoil when it was at its 
critical angle, just as an ordinary aerofoil would do without 
aslot. It is evident that this can be overcome by further 
slots extending throughout the plane, and a series of 
experiments were accordingly carried out with various 
sections, to determine the lift that would be obtained 
with a multiplicity of slots. In Figs. 11 and 12 the 
R.A.F. 19 is shown with two and seven slots, and 4 
series of experiments were conducted with each number 
of slots from one to seven. The results are plotted in 
Figs. 13, 14 and 15. With six slots the lift coefficient 
reaches the abnormal value of 1-96 at an angle of 45 
deg., and, in comparison, the curve of R.A.F. 15, which 
is also plotted on Fig. 13 looks almost microscopic. 
At the angle of inclination of 45 deg. at which this large 
value of lift coefficient is obtained, the tangent of the 
trailing edge of the aerofoil is practically vertical, showing 
that the air is being deflected through the maximum 
angle possible and is leaving the plane practically in a ver- 
tical direction, Fig. 14 shows the lift/drag ratio plotted 
against lift coefficient, and Fig. 15 the horse-power per 
Ib. weight against speed. These tests indicate that with 
a multiple-slot arrangement an increase in lift coefficient 
can be obtained of two to three times the normal value 
without the slot. 

The tests so far described have all been monoplane 
tests, carried out in the wind tunnel at a speed of 4° ft. 
per second. A further series of tests was carried out 
on several sections—of which aerofoil 42 is an example— 
to determine whether the same effect could be obtained 
on a biplane. The results indicate that an increase in 
the lift coefficient of approximately 40 per cent. was 
obtained with a single slot, and that a normal result was 
obtained, Further tests carried out since have clearly 
shown that, with the necessary biplane corrections, the 
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slotted monoplane tests can be applied to biplane calcula- 
tions. 
Aerofoil No. 32, the lift/drag coefficients for which 
ve already been plotted in Figs. 6 and 7, was tested 
for its centre of pressure movement, and the results are 


Fig.7. 


slightly behind that of the normal poajion is one that 
might be anticipated, as the pressure is more evenly 
distributed over the whole plane,’ and therefore the 
aft portion has a greater lift. This causes the 
In commenting 


centre of pressure to lie farther back. 


Fig.i8. 


M54 


12 





hy 


Fig.8. Slorred AEROFOIL Sia. 36%6" 














Fa... es aia Angle of 
Fig.t4. “”? 
SLOTTED AEROFOIL 5/b, 36x6" 
, aa Petia 








Fig.9. 








Fig.5. 


(6731.0) of 


Kory, 


RA.F. 19 SECTION “a” NO SLOT. 
36"x 6° 


at 


Fig.i0 


"R.A.F. 19 SECTIOIN'S” ONE SLOT. 





AEROFOIL N° 44A. 36x 6" 


DC ———————_ 


R.A.F. 19 SECTION. TWO SLOTS. 
AEROFOIL N°44C. 36x 6" 


R.A.F. 19 SECTION. TWO SLOTS. 
AEROFOIL N°O44D. 36x6" 


673/.£) 


hy 


on the tests carried out on this section, the National 
Physical Laboratory reported as follows :—‘‘ The high 
lift obtainable with the flap open is very remarkable, 
especially in view of the fact that the position of the 
centre of pressure is little altered. At the critical angle, 
the C.P. is at 0-295 chord with flap open, which corre- 
sponds with its position at about 8 deg. incidence with 
flap closed. The longitudinal balance of the machine 
would be approximately the same when flying at 8 deg. 
incidence or landing at 22 deg. incidence, a very valuable 
characteristic. Scale effect in lift and drag are both 
considerable, but little effect on C.P. is found.” 

An increase in the lift coefficient can be obtained by 
the use of a plane with flaps and altering the angle of 
incidence of these flaps. A series of tests were carried 
out at the National Physical Laboratory, published in 
the Report for the year 1913-14, pages 111 to 128. The 
results have been plotted in Fig. 17, compared with 
aerofoil No, 32 with the slot open and the slot closed, 
The R.A.F. 9 curve shown is the envelope of the various 
curves, as plotted in Fig. 32 of the Report referred to 
above. The maximum lift coefficient on aerofoil No. 32 
is approximately 0-943, as against 0-82 with the flap, 
which at this value was set back at an —. of 60 deg. 
The increase in lift coefficient by the use of flaps can be 
obtained with the slotted plane as with the ordinary one, 
A series of tests were carried out on the section shown 
in Fig. 18, and the results are plotted in Fig. 19. With 
the plane inclined at 18 deg. and 19 deg., a progressive 
increase in the lift coefficient is obtained, but at 20 deg. 
and 21 deg. the plane is inclined at the critical burbling 
angle, and, owing to this, results are somewhat unstable. 
Further experiments have determined that the rolling 

t tained with the alteration of the flap angle 
are of the same order as those on the plane of ordinary 
cross section, indicating that full couteal Gast be obtained 
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plotted in Fig. 16. At any given angle the centre of 
pressure with the slot open is slightly farther back, but 
taking into account the decrease in lift coefficient at 
small angles with the slot open, for any given value of the 
lift coefficient the difference is not great. The general 
result, however, of the centre of pressure line being 

















by ailerons in the ordinary manner when the slotsJare 
open. 

Reference has already been made to pressure distribu. 
tion plotting on a slotted plane. T e iments 
were carried out on aerofoil No. 42, this being a R.A.F. 15 
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section with an extra nosepiece added—Fig. 20. The 
results are shown in Fig. 21. Theshape of t curves 
is very similar to that of the ordinary pressure plossing, 
except for the break in the curves where the slot is 
opened and the higher values in pressure obtained at the 
leading edge of the aft plane. 

The record which has been given is one of progress in 
experimental work with the slotted plane, In general, 
the results show that, depending upon the slot shape, 
position, width, inclination, &., an increase in lift 
coefficient of from 40 per cent. to 60 per cent. can be 
obtained with one slot, and up to 200 per cent, to 300 
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per cent. with a multiplicity of slots. The co- 
efficient is slightly increased on the slotted plane with the 
slot closed, com with an unslotted plane of similar 
cross section, The gap on the lower surface of the plane 
makes but little difference to the drag, but any discon- 
tinuity on the upper surface is at once atten by a 
large increase in the drag coefficient. With flaps fitted 
to such an aerofoil the necessary increases in lift coefficient 
can be obtained, so that a proper aileron control is still 
available. This is a distinct aiventins over the method 
of increasing the lift coefficient by alteration of the flap 
angle, for with the flap at its maximum angle no aileron 
control is possible, The centre of pressure is slightly 
aft of the position at smaller angles on a plane of similar 
section, but unslotted. This result is evident from an 
examination of the pressure plottings which show that the 
distribution of pressure on each of the smaller constituent 
aerofoils, whilst similar to an ordinary aerofoil, result, 
in the lift being more evenly distributed over the plane. 

If reference is made once more to Fig. 21, it will be 
seen that as the angle of incidence is increased, the 
pressure at the alles edge increases very rapidly. 
At 14 deg. the negative suction on the weer surfaces of 
the plane reaches a value of 1-2 for both auxiliary and 
main aerofoils, After this point is reached, the auxiliary 


Fig, 21. 





lane. It woul appear from our recent experiments 
that a total lift/drag ratio on a complete aeroplane can 
be obtained of not less than 15 at the top speed. 
With this value and a propeller efficiency of 70 per cent., 
a speed of 120 miles per hour can be obtained with 33 Ib. 
per horse-power. It is evident that results such as these 
will emphasise the importance of improved methods of 
pro ion at slow speeds, so that the problem of rising 
with such heavy loads per horse-power is made easier 
than it would be at the present time. The experimental 
results which have been given above have been confirmed 
by full size tests on a D.H. 9, the front edge of which 
was altered so that its section included a slot in front of 
the front spar. The increase in lift coefficient, measured 
from the decrease in stalling speed, showed that the full 
scale results followed closely the laboratory experiments. 
The operation of the auxiliary plane, or planes, to effect 
the transformation from slot closed to slot open does 
not — very t difficulties, nor does their addition 
to the structure lead to very much increase in weight. 
One of the simplest methods is by the simple swivelling 
of the front auxiliary portion, but in this device and in 
the actual methods of control, many solutions are 
ible, and experience in manufacture and operation 
can only indicate which is the best. It is to be hoped 
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aerofoil’s pressure increases more rapidly, reaching 1-65 
at 16 deg. and 2-2 at 18 deg. At 18 deg. the abnormal 
pressure increase over the small area at the front edge 
of the auxiliary aerofoil 1s followed by a very rapid pres- 
sure drop, the pressure on the main aerofoil only reaching 
a value of 1-3. This very steep pressure graduation 
immediately results in “‘ burbling,’’ the maximum value 
of the pressure at 20 . having fallen to 1-75, The 
same t of results are found with an ordinary plane, 
except that the rapid rise in pressure of the leading edge 
would have taken a at a smaller angle. To prevent 
“burbling’’ it is therefore necessary to ensure that the 
angle of the auxiliary planes is always kept sufficient] 
small, so that a rapid increase in pressure is avoided. 
With a multiplicity of slots this is possible, as has already 
been shown in the case of the R.A.F. 19 tests. It would 
ap that the rapid rise in pressure is due to an abnormal 
velocity increase, with corresponding contraction of 
the live air stream, and that slightly farther back on 
the plane the necessary velocity uction cannot be 
effected without setting up discontinuity and the eddying 
effect known as “ burbling.”” 

The increase in lift coefficient possible with the slotted 
aerofoil permits either of slower running speeds than at 
ag or, alternatively of less power at top speed. 

he first is self-evident; the second requires some 
explanation, In an aerofoil design with unslotted planes, 
the lift coefficient at top speed is usually less than that 
at which the best value of lift/drag is obtained. The 
landing speed and maximum lift coefficient determine the 
value of the lift coefficient at full speed, the drag at this 
latter speed—excluding body resistance for the moment 
—the aoe po my required to obtain this speed. With 
the slotted plane the reverse procedure may be adopted. 
The lift coefficient at top speed can be chosen with refer- 
ence to the best lift/drag ratio of the plane, and the slow 
speed for alighting obtained by the provision of the 
necessary number of slots to give the required lift 
coefficient. At top speed it will therefore now be 

ible to work at lift coefficients between 0-2 and 0-3 
instead of the lower values which call for the use of a 
section such as R.A.F, 15 with low values of drag at very 
small angles. The trend of design would therefore be 
towards the choice of sections with high lift/drag ratios 
rather than fairly m3 lift/drag ratios at low values of 
the lift coefficient. If, then, machines can be designed 
with their planes, at normal cruising speed, set at angles 
of incidence where the lift / ratio is not less than 16 
and perhaps as high as 21 or 22, a great economy will be 
effected in the horse-power that is required. Economy 
does not, however, rest with the planes alone, for if the 
are more efficient, it will pay to sacrifice a little 
weight to diminish the body resistances of the aero- 





that the results which have been given above, and the 
investigation which has been conducted, will lead to 
further experiments being carried on elsewhere, so that 
improved results may be obtained to the benefit of air- 
craft and aviation generally. 

The writer’s thanks are due to Mr. R. O. Boswall, 
now lecturer on mechanical engineering at Manchester 
University, and who, until the beginning of last year, 
was in charge of our wind tunnel and carried through all 
the original experiments, as well as to his successor, 
Captain G. T. R. Hill, and Miss Chandler and Messrs. 
Reynolds, Pirrie, Hall, Miles, Campbell and Fossett, 
assistants in our research department, for their able 
assistance. 





Swepisxe Locomotives ror Russ1a.—The well-known 
Nydgvist and Holm Works, Trollhattan, have entered 
upon extensive arrangements with the Soviet Government 
in the matter of building and repairing locomotives for 
the Russian railways, and a number of locomotives are 
expected to be ready for delivery thissummer. An order 
has just been received for 100 locomotive cylinders for 
old Russian locomotives which, as is well-known, are in 
a deplorable state, no repairs to speak of, having been 
undertaken for years. 





Waces in Swepen.—Owing to the prevailing depres- 
sion and the difficulty, with the present cost of produc- 
tion, of finding markets in the face of international com- 
= several Swedish industries, says Swedish Export, 

ve put forward, or intend to put forward, d ds 


CATALOGUES. 
Electric Motors.—A copy of their monthly magazine 


yeyin | a list of motors in stock, or in progress, has 
come to hand from Messrs. Higgs Brothers, Sandpits, 
Birmingham. 


Lubrication.—The Vacuum Oil Company, Limited, 
Caxton House, Westminster, London, 8.W. 1, send one 
of their informing little booklets, which will be of special 
interest to motor car drivers. 


Electric Domestic Utensils.—A catalogue showing 
many electrical appliances for household use comes 
from the Sun Electrical Company, Limited, 120, Charing 
Cross-road, London, W.C. 2. 


Lathe Chucks,—The Cushman Chuck Company, Hart- 
ford, Conn., U.S.A., has issued a new catalogue giving 
illustrations and dimensions of their chucks, faceplate 
jaws, and similar manufactures. 


Machine Tools.—An illustrated and briefly descriptive 
booklet of 30 pages, describing their extensive machine 
tool works at Coventry and Edgewick has been issued 
by Messrs. Alfred Herbert, Limited. 


Water Heater.—An electric instantaneous water heater 
for kitchen, bath room or similar use, is described in a 
catalogue received from the Aqua Electric Heater 
Company, 168, Regent-street, London, W. 1. 


Low-Lift Pumps.—A catalogue of standard low-lift 
pumps for belt or direct-coupled drive, and having 
connections for 2-in,, 3-in., 4-in. and 5-in. piping, has 
been issued by Messrs. Boving and Co.. Limited, 56, 
Kingsway, London, W.C. 2. 


Steel Piling.—The British Steel Piling Company, Vock 
House, Billiter-street, London, E.C. 3, have sent us a 
copy of a small pocket book of 140 pages, dealing with 
their piling plant and materials and giving useful in- 
formation relating to the work. 


Electric Motors.—Two lists of direct-current, single- 
phase and polyphase motors, portable drills, trans- 
formers, &c., in stock for immediate delivery, have been 
received from the Swedish General Electric, Limited, 
5, Chancery-lane, London, W.C. 2. 


CO, Recorder.—Messrs. Brown and Pickston, 55, 
Knowsley-street, Bolton, send a circular relating to their 
automatic combustion recorder, for use with coal or 
oil-fired boilers in land and marine installations, as well 
as with gas producers, industrial furnaces, &c. 


Case-hardening.—A new edition of their well-known 
pamphlet on case-hardening has reached us from Messrs. 
N. Taylor and Sons, 17, Goree-Piazzas, Liverpool. 
We would suggest that successive editions of such 
publications should bear a distinguishing number or date. 


Milling Cutters.—A 172-page catalogue issued by 
Messrs. Charles Churchill and Co., Limited, Leonard- 
street, London, E.C. 2, shows a range of milling cutting 
for plain, cornering and straddle work, and also for gear- 
cutting, slitting, slotting, &. With each type of cutter 
is a table of sizes stocked, giving all y di ions 
and prices, 

Pyrometers.—A ——— of thermo-electric oe 
meters for indicating and recording, has been issued by 
the Cambridge and Paul Instrument Company, Limited, 
45, Grosvenor-place, London, 8.W. 1. The explanatory 
matter is clear and deals with various patterns of indica- 
tors, thread recorders, thermo-couples, connecting leads 
and various accessories, 


Heaters.—Steam heaters (both instantaneous and 
storage) condensers, distillers, evaporators, air-ejector 
pumps, expansion joints and kindred machinery and 
fittings are the subject of a special catalogue of 40 pages 
issued by the Ross Heater Manufacturing Company, of 
Buffalo, N.Y., U.S.A. The catalogue is well worthy 
of careful reading by engineers interested in steam plant. 


Road-making Machinery.—A catalogue of steam and 
motor-road rollers, steam and electric wagons, steam 
tractors and traction engines, trailer wagons, sleeping 
vans and portable engines comes from Agricultural 
and General Engineers, Limited, Central House, Kings- 
way, London, W.C. 2. This is a general illustrated 
catalogue of types, from which prospective buyers may 
apply for more detailed information, 





Steel Beams.—A catalogue of steel beams with broad 
flanges, in 36 standard sizes, ranging from 5} in. by 
5} in, to 40 in, by 12 in., comes from Messrs. R. A. 
Skelton and Co., Moorgate Station Chambers, London, 
E.C. 2. The flanges are parallel in section with square 
corners, and are thicker than the webs, and the beams 
may be ordered cut to exact lengths or with milled ends, 





for the reduction of wages. Thus the iron industry has 
intimated to the workers that if they are not willing 
to accept a reduction of 20 per cent. in their wages, 
operations must be discontinued. The sawmilling 
industry also is about to put forward a similar demand. 
In the shipbuilding industry several undertakings have 
dwelt upon the necessity for a reduction in wages by wa 
of voluntary agreement; at the Limhamn ship: 

for example, the management have stated that the 
must stop working unless the industrial and office stall 
agree to a reduction of wages by 25 per cent. What 
attitude the workmen will take in regard to these demands 
is not yet certain. On the part of the workmen there 
has been put forward a counter-demand which will 
assuredly unacceptable to manufacturers, namely, 
that a reduction can only be acceptel on the condition 
that the men, through a Works Council, may examine 
the accounts and take part in the management, and that 
any possible reduction shall be applied also to the 
managers and officials of the works, 





or painted, oiled, drilled, &c., if required. These beams 
are rolled in Luxemburg by Grey’s process. 





Tue Instrrution oF AUTOMOBILE ENGINEERS: 
GrapvuatTes’ Mzxtinc.—On Thursday, February 10, @ 
party of graduates of the London branch of the Institu- 
tion of Automobile Engineers visited the works of 
Messrs. C. A. Vandervell and Co., at Acton Vale, and 
were shown the manufacture of secondary batteries, 
motors and dynamos for the firm’s well-known starting 
and lighting sets for motor vehicles. This was the first 
occasion on which the graduates visits have been made 
on a mid-week day instead of on Saturday, and as it was 
well attended, the innovation will probably be adhered to. 
On the following Thursday, the 17th ultimo, Mr. E. L. Bass 
read before the Graduates’ Section, a very useful paper on 
the lubrication of internal-combustion engines. The fact 
that over 50 graduates and visitors were present at this 
meeting speaks well for the activity of the branch. 
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© stop 4 co-operating with corresponding conical part on the lower 
“ ENGINEERING” ILLUSTRATED PATENT | end of the piston. The inlet and outlet ports 6 of the engine are 
RECORD controlled by valves 6. Ports 7 cut into the expansion chamber 2 

. 


communicate with an air storage chamber 8 communicating with 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


an air reservoir, the — within which is maintained by a 
pump, and whose volume is so large in comparison with the 

SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 
The number of views given in the Specification Drawings is stated | 
i tioned the Specification is not 


in each case; where none is 
illustrated. 


Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Cc of Specifications may be obtained at the Patent Office, Sales | 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at | 

the uniform —~ of 1s. | 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the | 
Patent has been sealed, when the word “ Sealed” is @ 4 

Any person may, at any time within two months from the date of 
tke edvertlooment of the lance of a Complete Specification, | 
give notice at the Patent Office of ition to the grant of a | 
Patent on any of the grounds menti in the Acts. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 
152,066. A. H. R. Fedden, Bristol, L. F. G. Butler, 
mos Engineering Company, Limited, | 
Bristol. Cylinder. (2 Figs.) June 5, 1919.—The invention | 
relates to a cylinder and head for a light engine such as an | 
internal-combustion engine. According to the invention, a | 
cylinder head is cast on to a cylinder or a valve seating and is 
chesacteriond by the said part having a periphera) rib 
of T-sha cross-section, which rib is carried on a surface of the | 
part which is covered by the casting. The invention also in- | 
cludes a cylinder or a valve seating having a flanged peripheral | 
ri to be embraced by and interlocked with a cast-on head. 
A cylinder A, provided with cooling fins has at its upper end a 





| 


| 





volume of the space 2 that no appreciable increase in the pressure 
takes place when piston 3 moves from the stop 4 up to its top 
position. These ports 7 are spaced from the end of the cylinder 9 
to leave a compression space 10. The cylinder end 9 has a 
non-return valve 11 arranged in it which will allow the return 
| of the floating piston 3 should the engine have been standing with 

air port closed. A amall air pump can be provided to e up 
for the leakage from the chamber 8. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


152,179. H.T. Ensor, Queenstown. Winches. (2 Figs.) 
September 2, 1919.—The invention relates to winches and 
similar winding machinery of the type in which an overhung 

| winding drum is provided. An overhung winding drum A is 
carried on a shaft, a portion B1 of which projects beyond the free 
; end of the drum. voted to the deck of the ship in bearings 

C and D are two movable arms E and F, the former carrying 
at its outer end a half bearing El adapted to engage the free 
end Bl of the drum shaft, and the latter adapted at its outer 











| 
portion A2 free from coc Ses, butYhaving a peripheral rib B 
formed integral with it. rib extends outwardly from the | 
portion A2, is of T-section, as shown, and is turned from the | 
solid. At intervals around the rib B are orifices Bl. Valve- 
seatings C are also formed with ribs Cl similar to the ribs B, 
and the ribs Cl have orifices.C2 at intervals around them in a 
similar manner to the ribs B. A head D of aluminium is cast | 
on to the cylinder A and valve seatings C, so that the metal of the | 
head covers or embraces the ribs B and Cl and interlocks with | 
them. The orifices Bl and C2 permit{of thezescape of air from the 
channels formed by the ribs when the head is,being cast on. 
( Sealed.) 


152,797. M. H. L. Sizaire, London, and F. W. Berwick 
and Co., Limited, London. Indicating Oil Level and 
Pressure. (4 Figs.) July 28, 1919.—The invention relates to | \F 
internal-combustion engines used inJmotor cars. A ball floata  <* 

is disposed in the crankcase of an engine so as to rise and fall | KS ‘ \ 

with the level of the oil therein. The float is mounted on an! >. Noy a ) ——_——— 
WM MddddddddddeccWdedddd€H@ Heed ede€W@@@€tla 


ILE 


| end to abut a projection E2 on the arm E, and hold this arm with 
| its bearing hard up against the drum shaft. The projection E2 
| passes beyond the outer end of the arm F, when the latter is in 
| the bearing position and is then provided with holes to receive 
|@ double pin G, which, when inserted, ensures that the arms 
| are maintained in their correct bearing position, while the winch 
|is working. When it is desired to = a rope on to the drum A, 
or unship it therefrom, the pin G is withdrawn, the arm F raised 
clear of the arm E, and h arms lowered on to the deck. 


! 
H 
H 
| (Sealed.) p 
' 
! 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


! 

| 150,838. O. L. Whittle, Warrington. Link Belting. 
|(8 Figs.) June 18, 1919.—The invention relates to link be! 

| Of the t which is composed of alternate links of metal and of 
| leather in which the metal links are each formed with two pro- 








| jecting pins for connecting together the links of leather. 
“ot resent invention consists in protecting by a metal casing the 
7 o* Cather links in such a composite belt. a designates the series 


- } 





arm™~ ¢ secured to a spindle rotatably mounted in’ the crankcase | 
and carry a toothed quadrant di enclosed within a casing ¢ | 
secured to crankcase. The quadrant di is in mesh with two | 
pinions f and g carried in bearings in the casing e and connected 
respectively with flexible shafts h and i. The flexible shaft A 
communicates with an oil level indicating device disposed in a 
readily-accessible portion of the crank-case 6. The flexible 
shaft i communicates with a combined oil level and pressure- 
indicating gauge mounted on the dashboard. 
amem. B Miles-Knolles, Ha te, and oo ern A 
rediecé. Internal- “(3 Figs.) April | of metal links, in this construction plain loops; 6 the series of 
— ’ Ld 
a pang mg tn ao eh ee is to “oo bd —s leather, rubber or equivalent links ; v) the caries of screws, bolts 
be we BA Ey penne B mae oat Freep ectiye an | orrivets ; and dthe series of bearing bushes. Each of the links > 
coordi to the : perating on full or throttle ~ NS. | ty partially covered and encased by a metal loop e, provided with 
pepe & L., —nS ee I. — istance pieces ¢1 to furnish a space for the ends of the metal 
is sublest to a constant ie nape lentina on how — links @ and the series of metal loops a and leather links b are 
a Le load held together by a series of screws c, passing through them as 
determined constant compression value desired. This iDg | well as the bushes. (Sealed.) 
is preferably pneumatic, and may be arranged so that part of . , 
pe ‘oan my on ait of the coke * A eine equiner Holdess ng} July 21 "og ee. ase 
of a four-stroke internal-combustion engine is extended at 2 to | tool holders for holding tools in connection with lathes and other 
receive a floating piston 3 which can move down against a conical | machines of the kind in which the tool is held by the gripping 


| 








action of relatively adjustable members. The holder com 
a tubular shank a of steel, which is formed with a central 
portion. This portion } is made as a separate member, which 

justed as desired thereon and which, 
when secured in es oS ee ee ea hold 
the shank a firmly in place. Slidably mounted 
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tubular shank is a bar c which passes right up through the tool 
holder a and the cutter d is inserted in e drilled through 
both the outer tubular shank and the inner bar c. The bar is 
engaged at its outer end by a screw f, which also en 

a shoulder g in the outer tubular shank so that by suitably 
turning the screw the two parts, the tubular shank a and the 
inner bar ¢ can be caused to move longitudinally relatively to 
each other and thus to grip the tool d. (Sealed.) 


MINING, METALLURGY, AND METAL WORKING. 


152,192. J. Wheatley, M -on-Tees, and 
F. J. Riddle, a aw oy be ** for 
Steel Ingots. (3 Figs.) ~ptember 24, 1919.—The invention 
relates to lifting “‘ dogs” or grabs for manipulating steel i . 
and particularly to lifting “ dogs” or grabs of the type in which 
the claws cross one another and are pivotally together 
at their crossing by means of a pin fixedly secured to a frame or 
bar pendant or the like. The pendant @ is adapted to be 
attac by a shackle hook to a crane, a two-sided frame ¢ 1s 
adapted to slide upon said bar, each side being provided with a 
longitudinal slot d and a pair of tongs or grabs ¢ adapted to cross 








one another pivotally connected ther at their centres, are 
disposed between the two sides of the frame near the bottom 
thereof. The upper ends g of these tongs are yon con- 
nected by means of pins and links i to the pendant bar, forming 
a toggle lever, the oe in k es the links i to the 
pendant bar passing thro the said slots d in the side frame e¢, 
and the lower pin k on pendant bar also passing through 
the said slots so as to guide the pendant bar. A trip lever m 
for locking and releasing the grab is provided near the top of 
the pendant bar. The enla portion m of the pendant bar is 
po we! to support the yoke o of the sliding frame when the 
device is in the position in which a load is hanging on the tongs 
or grabs. (Sealed.) 


152,145. Electrio-Metais, Limited, London, and T. D. 
, London. Electric Furnace. (1 Fig.) July 18, 
1919.—The invention relates to electric furnaces and has reference 
to electric arc furnaces of the kind in which the current 
through electrodes above the charge, then through the 4 
and by way of a conducting hearth to elements embedded therein 


SAAR 


~ 








Y titi 


1 (182.148) 2 
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back to the source of supply. The electric arc furnace comprises 
the conducting hearth 1, the non-conducting envelope 2, the 
outer casing 3, and electrodes 4 extending downwardly jae ar 
the roof to within arcing distance of the charge of molten materia! 





on the hearth. 7 is a conductor, embedded between the bottom 
of the conducting hearth 1 and the non-conducting envelope 2 


( 
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and extending up 
above the a tg Jf 


out 
the molten charge The holes in the casing $ are large eno’ 
insulate the casing from the conductor in passing out. 


ye — —< of the envelope to a 7 
The conductor 


oles 8 in the casing sing above, the top level o view 


(Sealed. ) 
MOTOR ROAD VEHICLES. 

151,144. F. W. Sturgess, Hampstead. Speed 
Gearing. (6 Figs.) August 22, 1919.—According totes present 
invention, gearing comprises the ob A) a of_a 
driving and a driven shaft 22, arranged coaxially, a 


countershaft 1 “devon from the driving shaft and ioe, se dr a 
y of gear w 


member constituted of a shaft, a plur: 








mounted’ thereon or formed integral therewith [and toothed 
connie 5, 6, connecting said gear wheels r, a second 
counte 


16 driving the driven shaft, a single A nn 7 
with any one of said gear wheels and also 
in fa aeteh Sette ‘e pinion 14 of the second countershaft 10, and 


means Sto move the pinion 7 in relation to the member and 
along the toothed sloping paths. (Sealed.) 
el H. O. Wood, Steetre, The Scott Motor 


Cycle,Com: pony. , Limited, 

2 Figs.) February 14, 1920. — The "invention relates to forks 
for motor cycles. Acco rding to the invention, a aly d fork for 
motor cycles has the movable parts ey ae swivel 

bearings so that they are capable of we Ran pm ny or pivotal 
movement relatively to the supports. A whee is mounted 
on the ends of a pair of spindles 2, which pass oe - ides 3 
in a rigid fork 4, swivelling about an axis ry a vertical plane and 
forming the steering head of the machine. The spindles 2 are 









connected to a cross-head, between which and a Soot bes on he 


steering head, ie rsa springs are 
ontienn the movi: toy ote y a waste of lubricant NM 
from. The spind —_— a tubular member 9 in the 
lug 8, bp tube is rica) ing 8, the inner 
the lug 3 —- y , consequently, 
directly any tide strain comes upon the sp 2, the bearing 8 
ivel slightly to prevent binding of the spindle 2 in = 


rforated at 10 for the 


guide 9. The spindle 2 1 
ing su between the spindle 2 


ubricant on the slid: 
guide 9. (Sealed.) 
RAILWAYS AND TRAMWAYS. 


1,435. E."M. Munro, London. Cross-overs. (5 Figs.) 
aaah 12, 1919.—A cross-over in accordance with this invention 


Fig.1 


and ‘the 


o 
a, 





f 




















comprises a pair of members 5 a insulatingly cou 
to ouchaed conductors also pre hm SS i 


a member against which the collector cross-over 
comprises a pair of ie 1 ‘ae. 2) of enh shape in 

ly hctors 2. The clamping devices to the ends of the 
overhead The clamping device is carried by rods 3 
secured to the laterally therefrom, and 
is insulated from the rods 3 by insulators 4. The insulators + 7 
wire clamps in which the over! 2 is 
members 1 are connected together by a member 7, hich te is 
constituted of a pair of wires, a of which is attached at one 
end by a wire clamp 8 to a carr 9 movably mounted within a 
member 1 and teavernbie therein by means of ascrew10. When 
the connecting members 7 are coupled to the carriages 9 they can 
be put under t ~ ry" by rotation of the screw 10, which causes 
the two h one another and also to tension 
the overhead pooh ‘2 connected thereto. The bow collector, 
when passing under the crossing, travels in contact with the 
connecting member 7. The cross-over, in accordance with this 
invention, is jcularly applicable in connection with the 
collection of electric current by electrically-propelled vehicles 
from overhead conductors in which the eiectrically-propelled 
vehicles are provided with two or more collectors, one for each 
of the overhead conductors and each collector comprising a pair 
of members spaced at a distance apart, greater than the length 
of the crossing-piece, but electrically one. At the junctions or 
crossings where overhead conductors of op: 











of the same conductor. 


the overhead conductors 2, as the 
deviate from their natural line, 
and prevent contact of the collect 


8 with d 8 0) 


site polarity cross 
one another, the members 1 are mechanically connected to 
conductors of opposite polarity, so that the collectors are trans- 
ferred from one portion of overhead conductor to a continuation 
Tn a cross-over used in such a system 
of electric traction, the members 1 are such that they may cause 

approach the cross-over, to 
n order to provide clearance 


against the object to which it is to bear on and also for 
turning of the wing nut. By providing a al on 
the ecient adaiin a tam te oma teamaeae ee 
looped end of the split pin. When the hooked =e ai of the 
screw- ed spindle,a engages the looped end of the split 
pin the latter can be easily withdrawn from any ‘position _by 


cE 





turning the’ wing;nut b’against the anes member c, whereby 
the screw-threaded spin indle @ is drawn th the nut b,and 
into the resistance member c, taking the split pin with it. “The 
resistance member ¢ has its end cl slightl to form a 
convenient bearing surface when placed against a bolt. At the 
end ¢2 a fixed internal shoulder c3 is provided, and between 
this shoulder c3 andithe wing nut bd is a ball bearing washer ¢ 
to,reduce the friction when the wing nut bis turned. (Sealed. ) 


150,895. The}|Contraflo Condenser ‘and RegetaD ate 
Pump Com 4 Limited, Westeeniaet, and J. Gunn 





polarity. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


H. Paterson 


of the ex 


ion tube ty 
into a 


A plug al is removably screwed 
ie formed in t 


“valve case ¢ of the trap at a point 





in the pressure chamber d therein disposed directly opposite 
to the inlet tube e of thetrap. A blow-off cock g is fitted on 
the removable plugal. The plugalis provided witha perforated 
bridging tube A which passes through the Rosled.) chamber 
into the end of the inlet expansion tube e. (Sealed.) 


° Demill, Galt, Ontario, and W. 
McRobert, Galt, Ontario. Mechanical Stoker. 
January. 2, 1920.—The invention relates to mechanica 
of the kind wherein a stepped feed plate or coal pusher is employed 
to which a reciprocating motion is imparted. ee men to the in- 
vention, the stoker frame —« an 2 ngular frame 
portion, side — having partial circular orifices extending to one 
ed and a feed bar connecting the lower portions of the 
and having its inner face for concentric 
partial orifice, all the said parts being integral. 
1 indicates a portion of the main frame which is secured to the 
furnace and which is provided with aed extending side 
bars, each of the bars being provided with ——- 
lugs 11 and 12, having an intervening 


M. 
2 Figs.) 
stokers 


portion 15. 2 indicates the stoker frame, an a comprises a 
eee upper frame, the inner and outer rtions 2« and 2!, 
of which are U-shape in cross-section. side portions 








lates 24 and 25. 
the side plates 25 

recess 13 an orifice 
the stoker shaft 


22 and 25 depend downwardly to form side 
phe meg ntal ae pees panes 
opposi ng, and oe with the 

in which is supported the bearing non ao 
provided with rs extending radially from the shaft and 
revolved into contact with the 1 to eow the fuel inwards 
into the furnace. The orifice formed x4 the segmental recesses 
26 and 15 is formed with an eee Sans fla’ 
——e 3 is provided with rad aly extend 

B.A = 8« to _ ee The 
= the sto r by an integrally- 


r frame a ued 

formed food + 25, which is cast in one piece with the side plates 
24 and 25. 4 indicates the feed plate, which is provided with 
an upper stepped cross-bar 4~ on its inner side and a lower stepped 
opposing cross bar on its outer side. cross bars are connected 
together by end bars formed integral with the cross bars. The 
feed plate 4 is reciprocated in the usual manner by means of an 
eccentric. (Sealed.). 


MISCELLANEOUS, 


T. S , Belfast, W. . Belfast, one 
Split Pins. (4 #.) August 3 
1919. —The invention relates to a device for w Modrenine split 

pins. The device shown comprises a screw-threaded spindle a. 
pa B = 6 and resistance member c through which the screw- 
led spindle passes. The resistance member is capable of 
being held —.< the object from which the split pin 
Tawn, and 


149,140. 





gether, the connection forming a tensioning yt and also 


150,800. R. Barnes. Steam Traps. 
(3 Figs.) June 5, 1919.—The invention relates to steam traps 


Barrow-in- Ejector. (4 Figs.) August 20, 1920.— 
The invention relates to apparatus for withdrawing fluids by 
means of ejectors. a — invention consists broadly in 
providing ram aon on the ejector itself, so that 
circulation of eé' fluid an place from the throat of the 
ejector or thereabouts back again to a position behind the throat. 
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ong ejector is potent with a by-pass circuit constituted a by 

2 which leads from the opening 3 in the throat bac 

oy a ition 1 behind the throat. To provide for varyi 
= ~ ok. = diye area of the opening in the throat, the 
ey sleeves 4 and 5, which are slidable u the fixed 
6 — ¥? and it will ‘be readily seen that 

of these sleeves 4 and 5 both the 

os 3 and its position can be 2 ae 

requirements of any particular case. (Sealed.) 
1, Manchester. Rubber Forcing 
May 30, 1918.—The invention relates to 
rubber material to the forcing screw of 
The throat lead the scroll 
chamber b is re-arranged and one side of it 1s constituted by — 

roller ¢ driven —a by spur or other gears d from the 
scroll ¢. The ler ¢ acts in conjunction with the scroll ¢ 
to form a feed RoR, It is mounted so that its periphery 
is a little distance away from the scroll, so leaving a passage f 
for the rubber mater The roller ¢ is driven at a 
speed a little in excess * of that of the scroll ¢ so as 
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and forms with the roller ¢ an entrance opening or throat a. 
The roller ¢ may be adjusted horizontally to and from the scroll 
to decrease or increase the space between them, if uired. 
Tn ion with the roller ¢ is employed an adjustable and 
removable doctor i, located in a space j below and at the inner 
side of the roller c, its inner face k being tangential to the scroll. 
It is carried = (ees ees Se oe aS 
machine frame terminates in a screw fitted 
ee ae rand a fixed abutment is located 


flier c, apart trom the exerted by the material 





pry RAE, Fa A ye 
sistance member ai to pported thereby. The hands of 
the operator are thus left free. to hold the resistance member 


pressure é: 
he machine the screw passing freely through the 
in the evan ( Sealed.) 
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A NEW TORSION STRAIN METER. 
By Professor E. H. Lams. 

Tue problem of measuring to a high degree of 
accuracy the small twist of a bar when subjected 
to torsion has been solved practically in a variety 
of ways, and there is no need to mention specially 
here the well-known instruments which have been 
devised for this purpose. Of the existing types of 
apparatus of the kind in question, however, some 
are not altogether satisfactory from the point of 
view of the avoidance of error due to slight bending 
of the specimen under test, or movement of the bar 
as a whole during the course of an experiment ; 
or if these effects are satisfactorily eliminated, the 
instrument is either of a costly construction or the 
amount of labour involved in fitting it to the 
specimen bar and adjusting it prior to making an 
experiment is considerable. 

The instrument here described and _ illustrated 
has been designed, having both moderate cost and 
the attainment of the highest accuracy in view, to 
be easily and quickly attached to the specimen and 
adjusted for operation. The principal features are 
illustrated by Figs. 1, 2 and 3, which are fromphoto- 
graphs, and of which Fig. 1 shows it attached toa 
test-piece, 1} in. in diameter and 8 in. long between 
the gauge points, ready for fixing in the testing 
machine. The body consists of two brass tubes 
which slide freely one within the other, each carry- 





in experiments on bars in combined twisting and 
bending, as it imposes no appreciable constraint ; 
j}and further, the specimens can have almost any 
|form of section, ¢.g., circular, elliptical, square, 
hexagonal, &c. 

| For the measurement of the small twist, two 
| plane mirrors (see Figs. 1 and 2) are attached one to 
each of the two body tubes with their planes approxi- 
|mately parallel to the axis of the meter. The 
| relative angular movement of their planes—or the 
normals to them— in parallel planes perpendicular 
to the axis of the tubes (which is, of course, the same 


























during the course of an experiment. in such cases 
the telescope and scale can be carried upon a radial 
arm arranged to swing about the axis of the bar 
and to be clamped where desired. Greater accuracy 
can be obtained, especially when the observed 
angle of twist of the specimen is small, by employ- 
ing a screw micrometer eyepiece in the telescope, 
and thus avoid having to place the telescope and 
scale at an inconveniently large distance from the 
instrument. 


Each mirror is fixed to a lever pivoted on a collar, 
that on the outer tube (the right-hand mirror of 
Fig. 1) being placed at the end of the tube furthest 
from its gimbal ring, the collar being arranged to 
swivel round the axis of the tube and to be clamped 
in any position about that axis; while the collar 
carrying the mirror on the inner tube (the left-hand 
mirror of Fig. 1) can be moved longitudinally as 
well as about the axis, and clamped close alongside 
the other mirror. The lever carrying the first of 
these two mirrors is pivoted so as to give a limited 
movement about an axis parallel to that of the tube, 
and is operated by a tangent screw with a micro- 
meter head (see Fig. 3) giving a fine angular adjust- 
ment, while the lever mounting of the second 
mirror is pivoted about an axis at right angles to 
the tube axis, the movement being controlled by 
a screw (shown in Figs. 1 and 2 below the left-hand 
mirror), in order to adjust the lateral distance 
between the two images of the scale. 








Fie. 2. 


ing at its outer end on a permanently-adjusted | 
transverse axis, a gimbal ring of rigid section through 
which pass (at right angles to the last axis) two | 
steel screws having knurled heads and hardened | 
points by means of which the meter is attached 
to the specimen. These screws register in the 
gauge points on the specimen bar, which have been 
previously marked off with a suitable jig and 
centre punch, and are clamped firmly in the rings 
which are slit in the manner shown in Fig. 1 and 
provided with capstan-headed clamping screws. 
The bearings of the other transverse axes connecting 
the body tubes with the rings are adjusted free 
from slackness in a similar manner, and are so 
designed that the operation of tightening up the 
gauge-point screws does not, owing to the conse- 
quent slight deformation of the rings, tend to 
produce any slackness. This method of attachment 
obviates the risk of imposing any appreciable 
bending strains on the specimen and consequent 
bending reactions on the instrument, and the 
operation of attaching it to the specimen is rendered 
very simple and can be correctly carried out: in 
two or three minutes with quite ordinary care. 

It is, of course, desirable to effect approximate 
coincidence between the axis of the specimen and 
that of the instrument, and this is easily done 
to a sufficient degree of accuracy by tightening 
up the gauge point screws so that the same number 
of threads protrude from the periphery of the ring 
on either side, the marking jig being relied upon to 
ensure that the axes of these screws intersect 
approximately the axis of the bar. 








The construction described above has the addi- 
tional advantage that the meter can be employed 














(6690.c) \ 


as the relative angular movement of the two tubes), 
is measured in the usual way by means of a telescope 
mounted on a stand and carrying a scale placed at 
any convenient distance from the instrument, by 
observing the relative movement of the two images 
of the scale formed by the two mirrors as viewed 
through the telescope. It is clear that the telescope 
and scale can be moved to any desired positions 
between successive readings without in any way 
affecting the accuracy of the work. This is an 
important feature of the arrangement and is of 
great convenience when employing some well-known 
forms of testing machines in which the specimen 


| as a whole undergoes a comparatively large rotation 





Fig. 3. 


The telescopic arrangement of the two body tubes 
permits of the use of the same instrument for a fair 
range of gauge lengths ; the mirror on the inner tube, 
after fixing the meter to the specimen, being moved 
along the tube and clamped close up to the other 
mirror. With quite ordinary care in manufacture, 


|owing to the fact that a very easy telescopic fit 
| of the two tubes is permissible without in any way 


affecting the accuracy of the readings, it has been 
found that—using a stiff grease as lubricant—the 
friction between the tubes is almost entirely of a 
viscous nature and hence without any appreciable 
effect on the torque measurements. 

If the specimen is straight and its axis is either 
coincident with, or parallel to, the axis of the in- 
strument, it is obvious that the observed relative 
angular movement of the mirrors is the same as 
that of the two transverse sections of the bar at 
the gauge points. If, however, this condition is not 
fulfilled, or if the specimen be also subjected to 
bending, it is necessary to investigate the order 
of the difference—if any—between the relative 
angular movement of the mirrors and that of the 
transverse planes of the specimen at the gauge 
points. The theory is practically that of a shaft 
transmitting rotation through a pair of Hooke’s 
joints, and for convenience that portion of the theory 
which is relevant in the present instance is given 
below. 

Considering first the consequence of failure to 
centre the specimen in the gimbal rings owing to 
unequal screwing up of the gauge-point screws, it 
will be sufficient if we take the case where the 
axes of the bar and of the tubes are inclined to 
each other but co-planar. Referring to Fig. 4, 
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which relates to one end of the meter, O X is 
initially the axis of the gauge point screws (X Z 
being initially the plane of the four gauge points 
marked on the bar), and O Y is the corresponding 
position of the other transverse gimbal axis, while 
OC is the direction of the tube axis making an 
angle a with O Z drawn parallel to the axis of the 
bar. When the torque is applied, the axis of the 
gauge-point screws is rotated through a small 
angle 6 to the position O A (the gauge points at the 
other end remaining in the plane X Z), while the 
other transverse gimbal axis moves to O B and OC 
will remain in the position shown in the plane X Z, 
except for a very small angular deviation of an 
order smaller than a. 

Now 6 is the actual twist of the specimen, while 
¢ is the observed angle, and since A O B and BOC 
are right angles, solving the triangle AY B we 
find. 


tan @=cosatan®@g . (1) 


and since 6, a and ¢@ are all small (of the first 
order, say), (1) can be written : 


Pin {as 


Hence in the rather extreme case of centring errors 
of say / in. on opposite sides at the two ends, with 


5) @ nearly (to the 2nd order). »- @ 


- 


a gauge length of 8 in., bs == 1/8000 (approximate) 


and the error is altogether negligible. 

To examine the effect of flexure of the specimen 
on the indications of the meter, let O Zo (Fig. 5) 
be the axis of the bar and meter before bending, 
while O X and o are transverse axes fixed in the 
bar in the plane of flexure which move to O X’ 
and o2 after bending. OZ’ and oz’ are the 
directions of the bar at O and o respectively when 
bent. Referring now to Fig. 6, which represents 
the positions of the parts of the meter at the left- 
hand end of Fig. 5, O A is the axis of the gauge- 
point serews in the position occupied before bending 
and torque are applied—making an angle 6, with 
OX, and OC the corresponding position of the 
tube axis coincident with O Z—the axis of the bar. 
When the bar is bent, the direction of its axis at O 
becomes O Z’ while O A’ is the new position of the 
gauge-point axis making an angle 6, with O X’, 
the new position of O X, O C the tube axis remaining 
fixed. O B’ is the new position of the other gimbal 
axis, at right angles to both O A’and OC. B’OY 
is the angle @, through which the mirror rotates as 
O A’ moves from OX’ through the angle 6). 
Solving the triangle B Y A’; we get : 


tan 6) cos a; tan @) . (3) 


and for a small change in 6, due to the application 


of the torque : 
36 cOs a) 


: (4) 
1 — sin? @; sin? a, 





which, since a, is always small, is approximately 


5 6; = cos a; (1 + sin? a, sin® ¢:) 5 


(1 a cos 241) 5 nearly. (5) 


For the other end of the shaft (as there will be slight 
rotation at both ends) we shall get similarly : 

5 Oo (2 _ = cos 2 ¢2) 5 @. nearly . (6) 
Now if, as will usually be the case a, = a, very 
nearly, while @,'= q», the actual twist is, from (5) 
and (6): 


(8  - 32) . (2 ~ © cos 


where 5}, — 8d, is the observed relative angular 
movement of the two murrors. Clearly when 
(or 6) = 45 deg., the discrepancy between the 
observed and true angles of twist vanishes; in 
any case—for all practicable conditions of bending — 
a is very small and the error entirely negligible. 
There remains the consideration of the magnitude 
of what may be termed the “ tangent error ” of the 
scale reading due to the use of a straight scale, 
and the method of correcting for it when necessary. 
Let M (Fig. 7) be the mirrors and 8 the scale, T the 
telescope, P M and Q M the normals to the mirrors. 
Obviously the angle AMB is twice the angle 


° 


) (ae -3$) . 


PMQ (= 6), A and B being the observed scale 
readings. Let OM=d,O0A=a,OB=b. Then 














tan 2 @ — tan(AMO— BMO) = @—4)4 
@+ab 
or 
6 4 tan -1 (a — 6) d (8) 
: d-+ab 
which on expanding is 
_,fa-—b 1 a ae b)3 
. 4 ei 144 i 3 ds : 
7 
x ie id ha (9) 
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case, we can neglect all but the first term in this 
expansion and write : 


Q - a) nearly . (10) 


In this, the correction term (in brackets) can be 
neglected if a and b—i.e., O A and O B—be kept 
small, which can always be done by suitable initial 
adjustment of the mirrors and if necessary by 
subsequent alteration of the position of the scale 
and telescope. 

The instrument described above was made in the 
instrument workshop of East London College, to 
working drawings supplied by the writer. Its 
weight is about 64 lb. and it is suitable for bars from 
about 2 in. up to 1} in. in diameter and from 8 in. 
to 11 in. long between the gauge points. The design 
can be easily modified by the addition of extension 
lengths of tubing to take bars of practically any 
length from 4 in. upwards; and a considerable 
saving in weight could be effected by the use of 
aluminium alloys for the tubes and rings. The 
commercial production of this instrument as 
described above has been placed in the hands of 
Mr. A. Macklow-Smith, of 15 and 16, Queen Anne’s 
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THE NEW SOUTHWARK BRIDGE. 


As the next few weeks will see the opening of the 
new Southwark Bridge, the time is an opportune 
one to return to a consideration of the subject 
In our issue of March 6, 1914, we dealt with the 
demolition of the old bridge, and in our-issue of 
April 30, 1915, we described and published illus- 
trations of the design of the new one. It was 
originally the intention, and was a clause in the 
contract, that the bridge should be completed by 
November, 1916, but the special conditions intro- 
duced by the war made this time an impossible 
one to work to, and actually work on the bridge 
was entirely stopped from July, 1917, to August, 
1919. In our article of 1915 we described the new 
bridge in general terms and reproduced drawings 
illustrating it, but at that time it. was not possible 
to give any illustrations showing the building, as the 
work was not in hand. We accordingly propose in 
this article to deal more particularly with the 
building of the new bridge and to describe it 
briefly in its completed state. 

The new Southwark Bridge in itself is a com- 
paratively simple structure, but the method on 
which it was constructed involves many points 
of interest. During the whole period covered by 
the demolition of the old bridge and the building 
of the new a highway for foot passenger traffic 
was maintained across the river and a fairway for 
up and down river traffic was kept open. The 
ensuring of these arrangements was not rendered 
any the more easy by the fact that the site of the 
new bridge is coincident with that of the old, and 
that it has five arches in place of the three of the 
earlier structure. The essential feature which 
enabled the work to be carried out in the way it 
was lay in the two temporary bridges which were 
built across the river on each side of the permanent 
structure. These served as foot roads for passengers 
during the greater part of the work, carried electric 
cables, gas mains, &c., and also served to support 
the cranes by which the demolition and building 
were in the main carried out. 

The bridges, which are illustrated in detail in 
Figs. 1 to 5, on pages 281 and 282, and are also well 
shown in some of the figures on page 294 and 
Plate XII, were carried on wooden piers built up 
of 12-in. by 12-in. and 14-in. by 14-in. piles driven 
20 ft. into the bed of the river. As is well shown in 
Figs. 1 and 3, the position of these piers had to be 
chosen such as to leave proper room for the demo- 
lition of the stone piers of the old bridge and the 
building of those for the new, and at the same 
time had to allow a proper fairway for navigation. 
The temporary bridges, which had each a length 
of 712 ft., were each built up of two lattice girders, 
16 ft. deep and at 10 ft. centres. As will be seen 
from the figures, there were five spans, the lengths 
working from the City end of the bridge being 
85 ft., 151 ft., 194 ft., 151 ft., and 126 ft. 4} in. 
The two bridges were connected by cross-girders 
placed at about 20 ft. centres throughout the length. 
These girders, which were of plate construction, 
were 64 ft. long and 4 ft. deep. One of the girders 
is very clearly shown in Fig. 5. Cross-bracing was 
introduced in certain of the horizontal panels 
formed by these girders, and horizontal wire- rope 
bracing was used throughout. These features are 
illustrated in Figs. 2 and 4. Stringers, each con- 
sisting of a pair of 10-in. by 3-in. channels were 
secured to the top of these cross-girders and carried 
the full length of the bridge, as shown in Figs. 
2,4 and5. These stringers were employed to carry 
hangers by which members of the bridge below 
were supported during demolition or erection. 
The stringers were arranged so that they could be 
moved sideways as required in order to bring them 
directly over the rib, of the old or new bridge, which 
was being supported. 

The outer girders of each of the two temporary 
bridges carried a rail spiked to longitudinal timbers 
on its top side. These rails carried three 10-ton 
electric overhead travelling cranes of lattice-girder 
type, as shown in Figs. 1 to 5. These cranes were 
supplied with power from the town mains, and their 
longitudinal travel combined with the cross-travel 
of the crabs gave easily and rapidly manceuvered 
| crane power over the whole area of the new and old 
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THE CONSTRUCTION OF THE NEW SOUTHWARK BRIDGE ACROSS THE THAMES. 


[Marcu 11, 1921. 
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connected were found in a condition suitable for 
re-use. The arrangement of the foot-ways, crane 
rails and the method of stowing the cables and water, 
hydraulic, and gas mains are clearly shown in the 
cross-section given in Fig. 5, while a view of the top 
of the bridges showing the cranes, cross-girders chan- 
nel stringers, &c., is given in Fig. 7, on Plate XII. 

As is shown in Figs. 1 and 3, the new South- 
wark Bridge differs from the old in having 
five arches instead of three. This difference con- 
stitutes one of the reasons for the rebuilding, since 
Cannon-street Railway Bridge, which is less than 
150 yards down river from Southwark Bridge, has 
five spans and the old arrangement necessitated 
river craft following a tortuous course in passing 
under the bridges. The main reason for the re- 
building, however, lay in the bad gradients which 
existed with the old bridge, that of the city approach 
being 1 in 18. With the new bridge the city 
approach gradient has been reduced to 1 in 32-7, 
the Southwark approach to 1 in 46, and the maxi- 
mum gradient of the bridge itself to 1 in 45°24. 
These alterations have necessarily lowered the level 
of the roadway, and although something has been 
gained by the shallower arch which the steel con- 
struction allows, the head above Trinity high 
water-level has been reduced from 28 ft. 9 in. to 
26 ft. This new clearance, is the same as that 
given on other river bridges, and is consequently 
all that is necessary, or of value. 

As we dealt fully with the foundation work of 
the new bridge in our earlier article it is not necessary 
that we should enter into the details of the matter 
here. In order to make this Jescription reasonably 
self-contained, however, it will be well to make 
brief reference to the matter. A comparison of 
Figs. 1 and 3 will make it abundantly clear that 
the foundations of the old piers occupy quite 
different positions from those of the new and that 
they could not have been utilised in any way even 
if they had proved otherwise suitable. The stone- 
work in the old piers was employed in the building 
of the new, but the old foundations were entirely 
removed down to the top of the beech piling on 
which they were found to be resting. The piling 
was not disturbed. This removal was carried out by 








building coffer-dams round the old piers to a depth 
of 50 ft. below high water mark. The driving of 
these coffer-dams was carried out coincident with 
the building of the temporary. bridges, but the 
taking down of the piers could not proceed 
until after the old bridge had been taken down. 
When the old piers and foundations had been 
removed the coffer-dams were taken away and the 
holes which were left in the bed of the river were 
allowed to silt up naturally, no attempt being made 
to fill them in artificially. 

The foundations for the new piers were sunk by 
means of caissons erected above the river on 
piling and staging. The caissons were of unusually 
large dimensions, two being 102 ft. by 30 ft. and the 
other two 100 ft. 3 in. by 29 ft. The weight of the 
larger was about 200 tons. As the caissons were 
lowered into the river by means of hydraulic jacks 
they were gradually built higher at the top side 
by adding temporary strakes. When floating, they 
were adjusted to position and sunk by weighting. 
The caissons were designed so that the concrete 
filling could be completed up to masonry level and 
the masonry foundation started while the working 
chamber was in operation and the whole structure 
was sinking in theclay. When the final position was 
reached, 50 ft. below Trinity high water, the working 
chamber was filled in with concrete and the masonry 
building continued. It was at this stage of the 
age that work was stopped on the bridge in 

uly, 1917. Quite apart from the difficulty of 
obtaining an adequate supply of labour, which, of 
course, had become operative considerably before 
this date, the work was stopped by direct Govern- 
ment interference. It would indeed have been 
stopped at an earlier stage had it not been considered 
desirable by the military authorities that the piers 
should be completed to such a level that if necessary 
a temporary road bridge could be thrown across them 
with but little difficulty. The intention underlying 
the matter was to afford a possible alternative 
bridge in case one or more of the existing Thames 
bridges were destroyed by hostile aircraft. The 
character of the masonry work is illustrated in 
Fig. 13, on page 294, which shows the construction 
of the skewbacks. 





The new bridge arches each consist of seven 
steel ribs spaced at 8 ft. 9 in. centres, except 
the outer ribs at each side, which are at 5 ft. 
centres. These are connected together by cross- 
bracing consisting of deep lattice girders spaced 
about 10 ft. apart. The construction is shown in 
Fig. 9, on Plate XII. The ribs were brought to the site 
in sections on barges. The centre segment of each 
rib was first dealt with, being lifted from the barge 
by one of the overhead cranes and hung in its 
correct position in hangers suspended from the 
channel stringers. These hangers are well shown 
in Fig. 8. The next segment was then lifted and 
suspended in the same way and bolted up to the 
first. This was continued until the whole arch was 
assembled as shown in Fig. 8, each individual 
segment, however, being supported by independent 
hangers. In placing the last segments in position 
at each end a lead backing about # in. thick and 
occupying the middle third of the depth of the 
arch was placed in position on the skewback. With 
the first rib still so suspended, the weight being 
taken by the hangers, the next was erected in the 
same way and the cross-connecting girders fixed in 
place. The ribs were then riveted up and the 
spandrels fixed in place, and the weight was gradu- 
ally transferred to the piers and abutments by 
slacking-off the hangers. This work was carried 
out uniformly throughout the whole of the ribs by 
rotating the nuts of the suspension rods by which 
the hangers were carried. These nuts lay above the 
channel stringers, as shown in Fig. 7, and were very 
convenient of access. 

The other ribs were then treated in the same way, 
and after the whole erection had had some weeks to 
settle and come to a bearing, further lead backing 
was run in behind the springing and the full bearing 
surface formed. This work was not, however. 
carried out until the decking had been fixed. As 
will be obvious, all the rib segments could be lifted 
practically direct from a barge into their final 
position. In the fixing of the decking, however, 
this procedure could not be followed, but, as will be 
clear from Fig. 5, there was plenty of clearance 
between the outermost arches and the temporary 
bridges for the lifting of material from barges ; 
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the overhead cranes then allowed it to be easily and 
quickly transported into position. Towards the 
termination of the job certain parts of the material 
had to be brought by road. The decking 
is carried on built-up cross-girders resting on the 
spandrels which are themselves cross-connected 
by horizontal and diagonal bracing. Joists are 
fixed between the cross-girders and the open spaces 
are filled in with }-in. buckled plates. The 
depressions of the buckled plates are filled in with 
asphalt, and above this the wood paving with 
concrete foundation is laid. The outer half of the 
width of the side pavements is carried on built-up 
brackets riveted to the two outer main ribs on 
each side. 

Before the completion of the cast-iron. balus- 
trading, the demolition of the temporary work 
was commenced. At this stage the concrete for 
the roadway had been laid and the cross-girders 
connecting the temporary bridges were taken 
down and removed by road transport. Rails were 
then laid for a steam jib crane and the overhead 
cranes were rup to one end of the bridge and dis- 
mantled by means of it. The wood block roadway 
was then laid and the cables and mains were re- 
moved from one of the temporary bridges and placed 
in their final position under the foot pavement. 
A view of the bridge from above at about this stage 
of the work is given in Fig. 14, on page 294. 
Passenger traffic was then diverted from the tem- 
porary bridges to the centre of the new bridge, and 
the demolition of one of the temporary bridges was 
carried out by running rails for the jib crane the 
full length of the bridge at one side and dismantling 
the bridge piecemeal. The carrying out of this work 
is shown in Fig. 11. The second temporary bridge is 
now being taken down in the same way, after which 
the balustrading will be fixed and the bridge com- 
pleted. It is expected that everything will be 
finished and the bridge opened to vehicular traffic 
in the course of a few months. As will be generally 
known the consulting engineers both for the demoli- 
tion of the old bridge and the design and building 
of the new are Messrs. Mott, Hay and Anderson, of 
Westminster. Messrs. Sir William Arrol and Co., 
Limited, acted as contractors throughout. 
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Surveying. By W. Norman Tuomas, M.Sc.(B’ham), 

B.Sc.(Lond.), Lecturer in Civil Engineering at the 

University of Birmingham. London: Edward Arnold. 

[Price 31s. 6d. net.] : 
Tus is a treatise intended to assist students of civil 
engineering at universities and technical colleges in 
their examinations and to refresh the memory of 
those engineers and surveyors who are already in 
practice. It is inevitable that any writer following 
an oft-trodden road must repeat much that has 
been said, and well said, by earlier exponents in 
similar books. There is no great scope for original 
treatment. in describing a Gunter’s chain, for 
example, or in explaining the construction of a 
pantagraph, yet if one is to write of more recondite 
matters it is necessary for the sake of completeness 
to réfer to such instruments and their methods of 
use. For differences and improvements on previous 
works we must look to orderly arrangement, 
thoroughness exhibited in the several explanations, 
and the extent of the ground covered. In all res- 
pects this work compares very favourably with 
numerous competitors, and on such subjects as 
tacheometry, hydrographic surveying and photo- 
topography, the advance upon old lines is marked 
and welcome. The principal defects arise, or at 
least it seems so to the writer of this notice, from 
an attempt to enter into matters which cannot be 
discussed with the fullness necessary to make them 
really instructive, thereby introducing an uneven- 
ness in the treatment, while a brief mention be- 
wilders the student and delays the progress of the 
main subject. For instance, of what use is it to 
introduce the subject of spherical aberration of lenses 
to one who has to use a theodolite ora sextant. The 
quality of the telescope has to be accepted. No 
correction, either mechanical or arithmetical, can be 
applied to remedy such defect. One is in the hands 
of the maker in such matters, as he is in regard to 
other parts of the construction, more or less settled 








by experience and knowledge. There are other 
instances in which the author is inclined to wander 
from the subject under discussion to the considera- 
tion of topics that do not advance the students 
competency, but where there is much that is excel- 
lent, it is best to leave such debateable points in 
silence. 

The exhaustive chapter on chain surveying with 
which the book opens affords an admirable speci- 
men of the thoroughness characteristic of the whole 
treatise. The instruments and accessories used in 
the operation are fully described, and the degree of 
accuracy attainable can be easily traced. Each 
error in origin’and-amount, as well as some approxi- 
mations, is fully ,considered, and the degree of 
confidence which can be placed on the most probable 
values obtainable from a series of observations 
depending on physical measurement is made clear. 
Few technical terms are so frequently misunder- 
stood as “ probable error,” and though there is no 
reason for misapprehension or ambiguity, yet 
accurate definitions are something to be grateful 
for. The formulae used in the theory of errors are 
deduced rather briefly but contain all that is neces- 
sary at this stage of the student’s training. A very 
instructive example is given in which the area of 
a figure having an irregularly curved boundary is 
derived from the same measurements by different 
methods.@ To a beginner the results should be 
more convincing and instructive than any manipula- 
tionfof residuals according to arbitrary rules. In 
the description of Simpson’s Rule, it seems to be inti- 
mated that the process is applicable only when 
there is an even number of divisions, and conse- 
quently an odd number of ordinates, but the for- 
mula can be adapted to the case when m = 2m as 
well as to thatof nm = 2m+1. Particular cases to 
which the formula is ill-adapted might have been 
mentioned. 

The chapter on optics and magnetism, as already 
intimated, may be regarded from the point of view 
of surveying, as surplusage, but the following 
chapter on instruments is quite satisfactory, the 
details ample, and the explanation lucid. The 
theory of the sextant is given more thoroughly than 
in many recent works, while the description of the 
theodolite and of theodolite-surveying is especially 
commendable. The account of the methods actually 
adopted in geodetic surveys of a national character 
in order to secure the accuracy required in “ precise 
levelling’’ are especially interesting, both for 
exhibiting the degree of exactness attainable and for 
enforcing a high standard of accuracy. Special 
reference may be made to the details concerning the 
new geodetic levelling of Great Britain, published 
by permission of Colonel Sir Charles Close. This 
survey began in 1912, but probably was suspended 
during the war. The raison d'etre for this repeti- 
tion of a heavy piece of work is the uncertainty 
of the position of the so-called “ mean sea level.” 
In an earlier section it was stated, that this height 
was supposed to coincide with the mark on the 
entrance to the Mersey docks at Liverpool, presum- 
ably that on the Canning dock, but from more 
recent observations at many ports, there was reason 
to believe that the “ mean sea level,”’ as here indi- 
cated, was 0-65 ft. above the ordnance datum. 
Such a discrepancy calls for explanation, especially 
as in any question of secular change, the correctly 
determined height would be of great importance. 
The permanent visible mark now indicating the 
zero of level measurement is not that originally 
mounted by the compilers of the “abstracts of 
level.’’ In the new scheme of precise levelling the 
network will be based on observations at three tidal 
observatories—Dunbar, Newlyn and Felixstowe— 
where tidal observations have been registered for 
some years past. The effect of meteorological con- 
ditions has been carefully eliminated, but tidal 
phenomena at Newlyn, and probably at the other 
stations, is of a very complicated character, as 
Professor Proudman and Dr. Doodson have recently 
shown in a Report of the Liverpool Tidal Institute. 
The necessity of precision in the position of the zero 
is shown by the accuracy reached in level deter- 
minations. The error in the differences of altitude 
referred to the datum mark are very small. The 
accidental errors are estimated separately from the 





systematic, and for the former, the probable error 





must not exceed + 1 mm. per kilometre, and for the 
latter + 0-2 mm. for the same distance. 

Tacheometrical methods next described cannot 
show an accuracy approaching this, but such 
instruments have their use especially in enabling the 
surveyor to dispense with chain operations. But 
in order to reach the utmost accuracy possible with 
these instruments, the arithmetical calculations are 
apt to become involved and troublesome. The 
theory is not simple, but oftentimes rigorous 
demonstrations are not given. The account here 
is very fair and just, so that any one can compare 
the relative merits of stadia methods with older 
processes. As regards the final accuracy it is stated 
that the precision of tacheometry is of the same 
order as that attained in good chain work up to 
distances of about 400 ft. The average error varies 
directly as the distance measured. From the clos- 
ing errors in actual stadia surveys, the following 
represents the most favourable case. In the 
S. Louis Topographical Survey, “ the closing error, 
in height, in 40 miles of traverse, was 0-64 ft.; at 
20 miles from the commencement the error was nil ; 
at 27 miles, it was double the final closing error.”’ 
The accretion and compensation of error is appar- 
ently lawless. In “ range-finding,” which may be 
regarded as a variation of tacheometric methods 
with a very limited base line, the error at the distance 
of 1,000 yards is approximately 3-7 yards, but the 
uncertainty increases as the square of the distance. 
In firing at a ship, 10 miles distant, this uncertainty 
amounts to considerably more than half a mile. 
It is fortunate that the distances concerned are 
small or with errors increasing as the square, some 
anomalous results would be reached. 

The chapters on the plane table, curve ranging, 
and earthwork calculations are eminently practical 
and the matter well arranged. Mention should be 
made in the first of these of the effective handling 
of the “three point problem,” which finds further 
application in hydrographic surveying where the 
ambiguities arising from concyclic conditions are 
considered. Here, too, some useful directions are 
given for the measurement of the discharge of a 
river by the use of the current meter, by floats 
and other methods. The suggestion that the dis- 
charge might be practically determined by inserting 
a definite quantity of some chemical, as pure sul- 
phuric acid, in the stream and then ascertaining the 
amount of dilution at a lower point, will be new to 
many as it is to the present writer. It is claimed, 
however, that the error should not exceed 1 per cent. 
of the true value. 

The chapters on triangulation and the measure- 
ment of a base line, treat of matters that are hardly 
likely to concern the ordinary surveyor, but some 
of the problems considered may have a wider appli- 
cation than in the geodetic measurement of large 
areas. The construction of a polygonal system 
formed of interlacing triangles, or squares, to form 
a connected network is a problem of some import- 
ance, and though the regular figures on which the 
conclusions are based cannot be strictly followed, 
yet it is a sound inference that a single string of 
triangles is the most favourable plan for obtaining 
rapid and economic results. A string of hexagons 
having their vertices joined to an interior point, is 
not without its advantages when the area is broad 
and accuracy desirable, while a succession of 
quadrilaterals furnishing greater accuracy with 
fewer stations and less labour has been widely 
adopted. In England, where we had little experi- 
ence from the Continent or America to guide us, a 
system of triangles has been rigidly followed, and 
this circumstance, coupled with earliness on the 
field of exact measurement, has probably lowered 
the standard of accuracy when compared with 
modern Continental measurement. Judged by the 
angular errors, the Ordnance Survey of the United 
Kingdom is “classed as inferior to the other 
European surveys in precision.” 

A final chapter is added on photographic survey- 
ing, or a method of utilising landscape perspectives 
for the production of a geometrically true representa - 
tion of the ground in horizontal plan. The method 
is to be recommended principally on the ground 
of rapidity in collecting the field data, while the 
accuracy is comparable with that derived from the 
plane table. In preliminary surveys over broken 
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and open country, the method is probably without a 
rival, and it has been used with great success in 
Canada and in situations difficult of access. The 
plan is feasible only by the virtual combination of 
the surveying instruments with the camera, and 
much of the success depends upon the completeness 
with which the camera fulfils its function. The 
Bridges-Lee theodolite camera, figured and described 
here, is admirably adapted for the work, In the 
method of procedure it is necessary that all objects 
which are to be represented on the final plan should 
be clearly recognised on at least two photographs 
taken from different stations. This is, no doubt a 
difficulty, for if they are small they may not be 
found on the photographs, and if they are large the 
same point of reference may not be selected on the 
object. The stereo comparator is said to facilitate 
the identification, but it is a drawback to the method 
that an additional instrument should be required. 
Mr. Thomas is fortunately able to give some details 
of a survey ina district near Barmouth, worked out 
by Professor Dixon and his pupils. This is an excel- 
lent feature in testing the merits of the method, for 
the finished plan can be compared with those 
obtained by other processes. 

The value of the treatise increases as one grows 
more familiar with the scope, an excellent criterion 
of its inherent worth. As far as we have tested, 
the formulae are printed with exactness, but as Mr. 
Thomas asks for corrections we will give him one. 
On page 463, if the latitude is 60 deg., how can the 
colatitude be 40 deg. ? The examples for exercise 
are searching and admirably selected, the diagrams 
are clear and plentiful, the index is comprehensive, 
and the work constitutes a welcome addition to the 
list of student’s text-books. 





Acrial Navigation. By Lieutenant J. E. DuMBLETON, 
late Instructor at No. 1 School of Aeronautics, R.A.F., 
a Crosby, Lockwood and Son, [Price 12s, 6d, 
net. 

THe navigation of aircraft is in many respects 

conducted on lines more analogous to those followed 

by the mariner of 2,000 years ago than by his suc- 
cessor of to-day. The astronomical observations 
by which the position of the ocean liner is fixed 
with such remarkable precision are hardly possible 
in the air. The sextant, for instance, has a greatly 
diminished value, since at a height of 5,000 ft. the 
sea horizon is 90 miles distant and generally 
obscured by haze, so that altitude observations 
are generally impracticable. In some cases, how- 
ever, cloud horizons have been used. In the 
transits across the ocean made both by aero- 
planes and airships, dead reckoning has been 
largely relied on, and the success achieved is the 
more remarkable in view of the fact that the 
sea surface was seldom visible, making it difficult 
to measure the air drift. Lieutenant Dumbleton’s 
little treatise gives an excellent description of the 
methods which have to be employed and of the in- 
struments used. In the main, the aerial navigator 
relies on picking up land marks, but when this is 
not possible he steers by compass and dead reckon- 
ing, the compass,course being corrected by repeated 
determinations of the wind direction and velocity. 

The work under review opens with an introductory 

chapter defining the technical terms used and 

explaining generally how a “fix” is obtained. 

The compass is next described, and detailed instruc- 

tions are given for its adjustment, and for the 

reduction of compass to true courses. This is 
followed by a chapter explaining how to set a course 
for a given objective taking into account the drift 
due to the wind. The air speed indicator, altimeter, 
turn indicator and aero-bearing plate are next 
described, and their uses explained. 

The mathematical problem: involved in course 
setting are simple and can be solved graphically, 
but it is not very convenient to use compasses 
and parallel rulers in the air, and hence instruments 
have been devised for solving all such problems 
directly. A full description both of the course 


and distance indicator and of the Wimperis course 
setting sight is, accordingly given by the author. 
A useful chapter follows on maps and charts, ex- 
plaining the various methods that have been adopted 


for representing the spherical surface of the earth on 
a flat surface. 


gested to this end but all have drawbacks, and of 
course an accurate representation is inherently 
impossible. It is of some interest to note that 
recent investigations have shown that perhaps the 
best. map projection is one proposed by the Rev. 
Patrick Murdoch, F.R.S., in the eighteenth century, 
and rejected owing to the superficial, and as it turns 
out, erroneous, criticisms of a leading continental 
cartographer. The chapter on meteorology will be 
found useful to others besides the aerial navigator 
as it explains simply but clearly the weather charts 
issued daily by the meteorological office. We note 
a misprint on page 18 of the book where the author 
speaks of the reciprocal of an angle. Lieutenant 
Dumbleton’s work will undoubtedly prove of the 
utmost value to those, intending to qualify as aerial 
navigators, his experience as instructor to the 
R.A.F. having shown him how the subject can best 
be explained to men with little knowledge of 
either science or mathematics. 


Problems in Physical Chemistry, with Practical Applica- 
tions. By Epmounp B. R. PripeAvux, M.A., D.Sc., 
F.LC., Senior Lecturer in Physical Chemistry, Uni- 
versity College, Nottingham. Second Edition. Lon- 
don: Constable and Co., Limited. [Price 18s. net.] 
Tue student of chemistry is now expected to work 
out problems which, until near the end of the last 
century at any rate, the professor, who had set 
similar experimental tasks to a number of students, 
generally preferred to take to his own study. What 
used to be a simple equation, suggesting that, when 
two compounds react on one another, a mutual 
decomposition sets in and proceeds in one direction 
to the end, has long since passed into an equilbrium 
statement indicating that the reaction will proceed, 
in one or the other divertion, up to a certain 
equilibrium, which will! shift its position with changes 
in concentration, diffusion, pressure, temperature, 
&c. Where the old-fashioned chemist could get 
on with arithmetic, the modern chemist integrates. 
Chemistry has practically become physical chem- 
istry, and if the chemist and the physicist may each 
regard his own science as the more fundamental 
one, both have to acknowledge that mathematics 
are the common foundation of all science. 

The old chemist would find it very hard to pick 
up, what was not offered to him in his younger days, 
by joining a class of senior students, and he would 
not feel at ease among the beginners. Even the 
modern student of chemistry, who has not neglected 
his course of lectures, will appreciate the offer of 
further aid in solving definite problems of technical 
and theoretical chemistry. It was for this purpose 
that Dr. Prideaux, years ago, started “ problem 
classes’ for senior students at the University of 
Liverpool on the suggestion of Professor F. G. 
Donnan, then at the Muspratt Laboratory of 
Physical and Electrochemistry. The first edition 
of the “ Problems of Physical Chemistry,” published 
in 1912 and dedicated to Professor Donnan, who 
has prefaced the volume, grew out of these problem 
classes, and Dr. Prideaux was thus well prepared 
for this task. 

In the compilation of the second edition now 
published, a volume of 294 pages, large octavo, Dr. 
Prideaux has had the assistance of Mr. J. Guilfoyle 
Williams, B.Sc. The book consists of a number of 
sections on Units, Thermochemistry, Systems of 
One and of Two Components, Reactions, Elec- 
tromotive Force, &c.; the range of problems is 
very wide ; Radioactivity is not overlooked. Each 
section opens with a brief introduction and turns 
to problems; the answers are always given and 
the methods of arriving at solutions are briefly 
indicated in many instances; literature references 
are added'both to the theoretical introductions and 
to the problems. 

How far the explanatory hints just mentioned 
will suffice for the reader who has not enjoyed 
Dr. Prideaux’s instruction, will, of course, depend 
upon his training. A knowledge of the meaning of 
physical magnitudes and physical operations, as well 
as of the fundamental chemical laws, is presumed. 
Sometimes the hints might perhaps be more explicit ; 
the very first problems might embarrass the beginner. 
But physical chemistry is a subject that demands 
hard study; laboratory practice under direct 





Many projections have been sug- 


lecture attendance. He has to learn to work out 
problems for himself and the sounder his mathe- 
matical training, the better for him. 


Lehrbuch der Mathematik. 
Two volumes, Leipzig: Wilhelm Engelmann. [Price 
of the two volumes together 64 marks; bound, 
79 marks, plus 50 per cent. ] 
DurinG the last decade Professor Esselborn has 
edited a series of text-books on building construction, 
engine construction, electrotechnics, etc., which 
were compiled by various authors for the instruction 
of students of technical institutions, including 
technical high schools. Some of these books have 
already passed through several editions, and their 
bulkiness evidently does not deter the students. 
The Text-book of Mathematics before us consists 
of two volumes, large octavo size, the first of 643 
pages, the second of 770 pages, each well illustrated 
with nearly 800 diagrams. Type and paper are 
good, points not unnecessary to mention in these 
days. In the first volume Messrs. F. Meisel, E. H. 
Schiitz and H. Roth deal with algebra, geometry 
(plane and solid), descriptive geometry, shadow 
construction and perspective, each of these subjects 
forming a separate section. The second volume 
similarly contains sections by Messrs. G. Ehrig 
and C. C. Mehrtens on trigonometry, analytical geo- 
metry, differential and integral calculus, mechanics, 
strengths of materials and statics. The object 
is to furnish the student with a compendium of 
his mathematics, which he may or may not like 
to have all together in two volumes of rather in- 
convenient size. 
The technical high school student, we are afraid, 
will be disappointed by certain restrictions and the 
scarcity of references. Take geometry. Dr. 
Schiitz, of Bremen, endeavours to elucidate the 
conception of a point by the simile of a minute 
grain of sand; in its main features, he argues, 
geometry would remain unaltered if we regarded 
a point as a cube of 10-7 mm. side. A straight 
line might be conceived by thinking of a thread 
diminishing in thickness while increasing in length. 
That would hardly help us to grasp the conception 
of straightness. Further on he explains parallelity 
after Euclid. He does not by any means adopt 
Euclidean methods in general ; like the other authors 
he totally disregards the restriction of algebraical 
symbols and of geometrical symbols in a way that 
would horrify Euclidians in this country. But 
he does not indicate at all either how Riemann, 
Lobatschewsky and others get over the axiom 
troubles—a serious omission in our relativity age. 
Vectors and tensors are not considered ‘in any 
of the sections. On the other hand, Schiitz makes 
welcome use of the duality principle to explain 
the mutual correspondence between points and 
lines: a line is defined by two points on it, a 
point is defined as intersection of two lines. Pro- 
fessor H. Roth, of Stuttgart, makes a rather old- 
fashioned détour in interposing a section on shadow 
construction between descriptive geometry and 
perspective. But there are good points in the 
treatment, and one can hardly judge such a work 
without selecting it for a guide for one’s systematic 
study. The professor who adopts the text-book 
will have to supplement it for his students. 


Edited by EssELBorn. 
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DEGASSING AND PURIFICATION OF 
BOILER FEED-WATER. 


AT a joint meeting of the Institution of Mechanical 
Engineers and the Society of Chemical Industry, 
held on the 4th inst., at the Institution Building, 
Storey’s Gate, Westminster, under the chairmanship 
of Captain H. Riall Sankey, a paper on the above 
subject was read by the author, Mr. Paul Kestner 
of Paris. We reprint the published abstract of the 
paper on page 291. In the course of his remarks 
when introducing the author, Captain Sankey 
pointed out that Mr. Kestner was the president 
and founder of the Society of Chemical Industry 
in France, and had done much work in connection 
with sugar and with evaporation processes generally. 
Mr. Kestner, prior to the reading of his paper stated 
his appreciation of the courtesy paid to him by the 
two societies in asking him to give it. 

Sir William Pope, President of the Society of 
Chemical Industry, opened the discussion, but 
confined his remarks to a welcome from his society 
to Mr. Kestner. It was due to recognition of the 
author as an artist in a great profession that the 
Society of Chemical Industry had bestowed upon 
him its highest honour, namely, the medal of the 
Society. Mr. Kestner was the only Frenchman who 
had so far received that honour. 

Professor J. W. Hinchley believed the author 
had succeeded in evolving a practical solution of the 
very difficult problem of freeing water and steam 
raised from water from the corrosive action of 
oxygen and the oxides associated with it. He was 
specially interested in the clever way in which 
Mr. Kestner had made use of the iron reaction. The 
fact that iron oxide or ferric hydrate in contact with 
iron for some time at rest became a ferrous salt and 
was again capable of performing its function was a 
delightful application of a chemical fact to a 
practical problem. The influence of oxygen from 
the water on the corrosion of a boiler was paralleled 
by the corrosion resulting in other parts of plant 
through the presence of oxygen in the steam. The 
mechanical engineer might not worry about this, 
but he had great evidence of it in damage done. He 
agreed with Mr. Kestner that cast-iron containing 
manganese was an extremely active rusting agent. 
It perhaps explained the pitting which might arise 
in the cylinders of steam engines. He believed 
cold blast cast-iron liners were common in cylin- 
ders, and many of them were cast from metal 
made in an ordinary cupola by the addition of 
appreciable amounts of manganese. He would ask 
Mr. Kestner if he had determined whether man- 
ganese had anything to do with the characteristic 
properties which he found in the cast-iron; also 
whether he had found that grey cast-iron was more 
satisfactory than whiter iron. 

Mr. Arthur Spyer, of Messrs. Babcock and 
Wilcox, Limited, spoke next. He found it difficult 
to discuss the paper, inasmuch as he was absolutely 
in agreement with Mr. Kestner’s theory, with special 
regard to the necessity for degassing feed water. 
The author had pointed out that carbonic acid gas 
and air, when present in feed water, resulted in a 
recuperative action, because, firstly, ferrous car- 
bonate was formed; then, in the presence of 
oxygen, ferric carbonate was formed, which was 
resolved into oxide of iron and into carbonic acid 
gas once again. He had been much interested in 
the author’s proposition regarding the use of steel 
shavings, for the reason that, until quite recently- 
the results of degassing with that method of treat, 
ment has not been altogether consistent, and had, 
in many cases, been unsatisfactory. The modifica+ 
tion suggested by Mr. Kestner, however, seemed to 
indicate that the difficulty might be overcome. 
With regard to the use of evaporators, it should be 
recognised that the steam produced in ordinary 
evaporators frequently contained carbonic acid gas. 
Oxygen was present, and often there were traces 
of copper salts. If these got into the boiler water 
they reproduced the difficulties, hence the necessity 
of getting rid of the gases. Many of the best 
drinking waters were permeated with carbonic acid 
gas and oxygen, and were pleasant to drink, but 
they would prove very bad for a boiler. 

As to the continuous blowing down suggested, 
without wishing to be hypercritical he would say 





that in a well-managed station of to-day with the 
methods adopted of getting rid of the solid matter 
in the feed water, there should be but a small 
amount of blowing out from the boilers. It was 
doubtful whether it would pay commercially to 
instal costly apparatus, such as suggested, unless 
there were definite evidence of gain on so doing. 
Mr. Kestner had referred to galvanic action as a 
cause of corrosion, but he (the speaker) had never 
seen a convincing case of this. He did not contend 
that it was not easy to make a boiler corrode if 
galvanic action were introduced into it; merely 
that he had no experience to the effect that galvanic 
action, of itself, was a cause of corrosion. The 
wéar of the zinc blocks frequently fitted to boilers 
was, he thought, more probably due to ordinary 
oxidation. *Mr. Spyer was in absolute agreement 
with the author as to the beneficial effect of heat in 
treating the feed water; this undoubtedly helped 
to get rid of the gas, and it helped to facilitate the 
action on the water of any chemicals introduced. 
High temperature reduced the solubility of the 
salts, enabling a great proportion of these salts to 
be removed before they got into the boiler. 

Mr. R. W. Bailey was sure that steam turbine 
builders would greatly appreciate Mr. Kestner’s 
valuable paper, for the reason that oxygen created 
a great deal of trouble in steam turbines by setting 
up corrosion, a far more serious matter in turbines 
than in boilers. That attention was ‘drawn to 
the action of oxygen in the feed water would pro- 
bably impress on station engineers the fact that 
not the turbine but the feed water was to blame. 
Turbine builders put in special material to stand up 
to corrosive. action—a 5 per cent. nickel steel was 
quite common or high chromium steel, together 
with’ other special alloys—yet unless particular 
attention were paid to the feed water the corrosion 
trouble would not be removed. His own firm had 
been faced with the difficulty, and had taken up the 
question of treating feed water in order to advise 
their clients how to reduce the liability to corrosion. 
A fair amount of experimental work had been 
carried out on the method of oxidation by the use 
of iron. The first idea was to fill up a tank with 
shavings and pass the water through. But the 
question arose as to the quantity of shavings to be 
put in, and whether theyTwould be suitable. A 
number of experiments were made, but it was 
feared that there might be some possibility of 
clogging. 

Mr. Bailey referred to some experiments which 
had been made on the removal of oxygen by ex- 
panded metal sheets. It was found that approxi- 
mately the same percentage was removed whatever 
the initial concentration of oxygen. As the velocity 
decreased so the effectiveness of the arrangement 
was considerably increased. It was noticed that 
the effect of concentration seemed to be more than 
proportional to the concentration, giving much 
increased corrosion at the early part of the de- 
oxidiser, and he had been much interested in the 
arrangement by which an alternating flow was sent 
through the deoxidiser in order to get a regenerative 
action. He had developed a similar scheme, but 
based upon a different aim. At the entrance to 
the deoxidiser the corrosion was fairly high, and 
further along the deoxidiser the corrosion fell off. 
That suggested that in order.to get something like 
even corrosion through the deoxidiser the flow 
through it should be reversed. A deoxidiser had 
been schemed upon this idea. His firm, the Metro- 
politan Vickers- Company, were not interested in 
feed-treating plants, but were willing to make recom- 
mendations, and an expended metal deoxidiser had 
been designed for a large power station where a 
great deal of corrosion had been experienced. This 
was of the reversing type and was made duplex, 
so that the sheets in one side could be inspected or 
removed while the other side was in operation. 

Professor F. G. Dorman, F.R.S., referred to the 
Coolgardie main, in which, some five or six years ago, 
degassing was done by spraying under reduced 
pressure. This was an important question in 
taking water over long distances and generally in 
regard to municipal supplies. Perhaps Mr. Kestner 
could indicate how his method could be developed 
for such applications. Some physical method 
would seem to be essential, as it was impossible 
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to employ a chemical system on so large a scale. | 
He*would imagine that spraying by nozzles at | 
sufficiently low pressure would remove the oxygen 
adequately. Professor Dorman also referred to the 
use of one boiler of a plant as a water distiller 
for the rest and said he remembered seeing such an 
application in South America. The evaporator was | 
of the Lancashire type and worked at 50 Ib. pressure 
while the remainder worked at 200 Ibs. 

Professor J. 8. 8. Brame observed that he had 
been carrying out a good deal of work during the 
last two years in connection with boiler corrosion, 
particularly with water -tube boilers, because of 
their importance from a naval point of view. He 
was convinced that great importance attached to 
the feed water in relation to corrosion. He desired 
to direct the attention of the chemists to Mr. | 
Kestner’s equation showing ferric hydroxide as a 
result of the action of water and oxygen. A similar 
action occurred, of course, in ordinary cases of 
corrosion, but he was not sure that the action 
truly represented what took place in a boiler at a 
temperature of the order of 100 deg. C. The real 
point of interest was, however, the reduction of the 
Fe, O, in contact with the iron in the absence of 
oxygen. Mr. Kestner had shown how vital that 
was in the case of a system of softening in which 
the reversal of the water took place, and a dark 
greenish-black compound was obtained. The obser- | 
vation was very interesting, and, he thought, from | 
a considerable study of modern literature on the 
subject, that the fact that that reaction was always 
taking place when iron rusted had been generally 
overlooked. 
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Mr. Kestner had postulated the formation of the; in patches, or whether certain areas were covered 
sub-oxide to which he had given the formula| with the dark green compound. He felt sure that, 
Fe,(O H),. The speaker would ask if there were|on examination, Mr. Bailey would find magnetic 
any basis of analysis for that formula; it was a | substances. 
most difficult thing to get consistent results for the| Dr. W. R. Ormandy said that many years ago 
analyses of any of those products of oxidation, | the softening of water and prevention of corrosion 
except in the case of the fully-hydrated oxide. | was a matter with which he had to deal to a con- 
Another interesting fact, not generally known, was | siderable extent. The experience so gained pre- 
that from most forms of rusting a very large | cluded him from attempting to deal with any of the 
proportion of magnetic oxide could be separated. | numerous theoretical points that could be raised 
It was so customary to look upon the formation of |as to how the reaction took place. Contrary to 
ordinary Fe, O,—or any hydrated form—as only | Professor Brame, he considered that the hydrolosis 
produced under very special conditions and as the|of the salt solution did take place. A previous 
only strongly magnetic oxide, that it became sur- | speaker had not found much evidence of electro- 
prising to find that merely by putting a piece of iron | lytic effects. It seemed to him (the speaker) that 
in water plenty of oxide could be obtained. Under! the extraordinary effects of local corrosion in a 
the mass formed there would be found the dark | boiler must be attributable, to some extent, to the 
green or almost black compound, which was strongly | heterogeneous nature of the metal employed. Many 
magnetic. The magnetic oxide could be separated | people who had to do with boilers would recall 
fgom most forms of rust by grinding to a fine state | that when puddled iron was used, the material 
of division and passing the matter in water under | resisted all the waters which came and went, and 
the poles of a powerful magnet. The excess of| gave no sign of corrosion; but when this metal 
corrosion taking place in the case of water tube | was replaced by steel, the results were very different, 
boilers working under naval conditions was aj|even with waters which had been successfully used 
difficult problem to solve. He was convinced,|in wrought-iron boilers. It appeared to Dr. 
nevertheless, that the solution would be found in| Ormandy these results were due to the steel itself 
in determining, in the first place, what types of| which almost invariably contained segregations 
action were involved. He was much interested | rich in manganese. 
in Mr. Bailey’s remarks relating to the deoxidiser,| He regarded Mr. Kestner’s method of water 
using expanded metal. It would be of great| softening and deoxidising in a continuous circu- 
service if Mr. Bailey would give some account of | lating process was one of extraordinary interest, 
| the condition of the expanded metal when the water | but found some difficulty in following it from the 
| had been deoxidised ; if he would state whether the abstract of the paper in his possession. He wished 
sheets were covered all over with the red rust or| to point out that a large amount of the trouble in 
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connection with boilers occurred when the steam | 


was not returned to the boiler system. He regarded 
it as fortunate that the curve for the degassing 
reaction, at a temperature of 90 deg. to 100 deg. 
showed that a very considerable action had already 
been started. That was about the temperature at 
which every engineer desired that water should go 
into the economiser. It might therefore be assumed 
that water could be heated by waste steam to about 
90 deg., then sent through a deoxidiser and then 
passed through the economisers. He would be glad 
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if Mr. Kestner could: say anything about the influ. 
ences of traces of alkali on the rate of removal of oxy- 
gen from boiler feed water, because, as was known, 
it was almost impossible to soften the water by any 
of the ordinary types of lime and soda softeners in 
use to within any thing below 7 grains per 100,000 
without having a certain amount of free alkalinity. 
He had met cases in which pure waters containing 
only two parts of salt per 100,000 corroded steel 
boilers very greatly, yet the addition of 2 grains per 
100,000 of caustic soda absolutely inhibited that 








corrosion. He asked therefore whether the presence 
of free alkali had in any way the effect of stopping 
the absorption of oxygen in the degasser. 

Mr. William H. Patchell referred to the joint 
meeting as realising the better association, long 
desired, between the engineer and the chemist. 
The entente cordiale of the past five or six years had 
led to surprising changes, among them the attend- 
ance of the President of a French Society of Chemical 
Industry at the present meeting. He.hoped that 
the result of the combination would be productive 
of mutual benefit. 

Mr. Kestner thanked the meeting for his kind 
reception and said that he would deal with the 
discussion in writing. The proceedings were then 
closed. 





SIX-FOOT HIGH-SPEED SHEARING 
MACHINE. 

Tue illustrations on the present and opposite pages 
show a high-speed shearing machine constructed by 
Messrs. Regent Shears, Ltd., of Denby Dale-road, 
Wakefield, Yorkshire. The machine is entirely self- 
contained, being driven by an electric motor carried 
on a bracket bolted to the side frame. The drive takes 
place through cut gearing, and a treadle running the 
whole length of the front of the machine enables the 
workman to operate it from any position, Steel plates 
up to 6 ft. in length and 4 in. thick can be cut, while, 
as the machine has a 24-in. gap, it can also split 
longitudinally plates of any length and up to 4 ft. wide. 
Reference to the illustration, Fig. 1, will make the 
general lines of construction clear. It will be seen 
that just before the plate is to be cut, a spring-loaded 
holding-down bar is forced down on to it by means of 
cams, thus retaining it firmly in position while being 
sheared. Various details of the machine are illus- 
trated in Figs. 2 to 7, annexed. Figs. 2 and 3 show 
the micrometer adjusting device by means of which the 
fixed blade may be set with extreme accuracy after 
grinding. By turning the graduated hand wheel at 
the side a bar having four short inclined bearing faces 
is caused to slide under a piece with corresponding 
faces, thus raising the latter and so elevating the knife 
blade. This is a marked improvement over the old 
method, still often necessary, of adjusting the blade 
by means of shim-plates. 

The brake for stopping the machine after every 
stroke is also worth notice. The functions of brakes on 
machines such as the one in question, which are driven 
by a positive clutch, are primarily to prevent the beam 
from dropping, but also to prevent the crank from 
rebounding when the clutch is disengaged. The brake 
drum is keyed to the crankshaft, and surrounded by a 
band, the two ends of which.are attached to opposite 
ends of a lever having unequal arms. The fulcrum of 
the lever is a stud screwed into the fixed frame of the 
machine. On the end face of the drum is a row of 
studs by means of which a steel edge-cam may be bolted 
in alternative positions and adjustably in each, This 
cam comes in contact with a roller fastened to the lever 
to which the brake band is attached and so tightens 
the brake at the required point of the revolution of the 
crankshaft. In the position shown in Fig. 4, the cam 
causes the brake to be “‘ on”? during the whole of the 
up stroke. The position marked “* X ”’ corresponds with 
the brake being “ on” only when the clutch is released 
and the shear is at the top of its stroke. When the cam 
is in position “ Y” the brake is “* on” during the down 
stroke of the knife and when the clutch is knocked off. 
These three positions permit of different methods of 
operating to suit the class of work being done. 

The manner in which the tendency of the crank 
to rebound is checked is worth notice, on account of its 
simplicity. Should the brake drum tend to run back- 
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wards ever so slightly, the long arm of the lever tends 
to move more than the shorter arm, so that a differential 
tightening effect is obtained which effectually prevents 
sbeund, and any “ knock” of. the machine is conse- 
quently eliminated. 

The safety clutch fitted by Messrs. Regent Shears, 
Limited, to these and similar machines, is illustrated 
in Figs. 6 and 7. Fig. 6 shows the clutch disengaged, 
the flywheel being free to rotate on the shaft without 
turning the latter. The key by which the flywheel 
drives the shaft when the clutch is engaged is marked A. 
As shown in Fig. 6, it lies flush with the shaft and the 
flywheel runs idly over it. Solid with the key is a radial 
arm, against which a spring presses. The tendency of 
the spring is to rotate the key into the position shown 
in Fig. 7, and cause it to engage with the flywheel. 
Referring to Fig. 6, if. the operating rod B is pulled 
down by the workman placing his foot on the treadle, 
it disengages the stop C from the key arm, the key 
rotates and the machine starts. But a fixed roller 
working in a notch in the operating rod where the 
latter passes through its guide, makes the operating rod 
travel to the right in its descent. This releases the stop 
C, which returns to its initial position, as shown in 
Fig. 7, so that when the shaft has made one revolution, 
the key arm will come again in contact with C, turning 
the key and stopping the machine. It will be clear that 
the operator cannot start it ar except by releasing 
the pedal and allowing the B to rise and embrace 
the pin again. _If the clutch is fitted to a press or other 
nadine operating with automatic feeds, the fixed 
roller which causes the disengagement of the operating 
rod is removed, and the machine will then operate 
continuously. 





THE LATE MR. HERBERT BYROM RANSOM. 

We regret to record the death of Mr. Herbert namo 
Ransom, which occurred on the 4th inst. at his residence 
at Beulah Hill, Upper Norwood, 8.E. Mr. Ransom 
was born on April 22, 1867. He received his educa- 


‘ tion at Cheltenham College and afterwards studied | P 


engineering at University College, London, He then 
served a course of practical training with Messrs. Man- 
love, Alliott and Co., Limited, Nottingham. In 1892, 
Mr. Ransom was appointed an assistant engineer under 
the late Mr. J. B. Alliott in the London branch of 
Messrs. Manlove, Alliott and Co., Limited. In 1898 
he was appointed manager in London and was responsi- 
ble for the specifications, designs and estimates for, 
among other works, the Shoreditch Destructor and 
Steam Generating Plant; the South London Electric 
Supply Corporation Destructor Works and Generating 
Plant; the heating, hot-water supply, and laundry 
equipment for various hospitals, &c. His work also 
covered disinfecting machinery, the sewage distribut- 
ing machinery for Birmingham and Hanley, and other 
plants of a similar character. During this period 
he designed and improved certain special machinery 
such as sewage distributors, rotary sterilisers, carcase 
crematoria. 

Mr, Herbert Ransom was elected a director of the 
company in 1902. In 1908 he resigned his position with 
Messrs. Manlove, Alliott and Co., to engage in private 
practice, but was still retained by them for special 
work. Subsequent to 1909 he was chiefly 
in connection with the equipment of factories and 
institutions, and so on. Mr. Ransom was responsible 
for the re-equipment of large chemical works in Hull, 
including refrigerating plant, electric transporter and 
elevator, concentrating plant, &c. He joined the 
Institution of Civil Engineers as a student, and read 
two papers before the students’ section, one 
in 1889 and the other in 1892. The former was on 
“ The Cyclical Velocity-Variations of Steam and other 
Engines.” The latter was on “ Flywheels and 
Governors.” The former won for him a Miller prize, 
and the latter a Miller scholarship, He became an 
associate member in 1892, and in that year presented 
a paper to the Institution on ‘“ A Method of Testing 
Engine Governors,” which won for him a Watt medal 
and Telford Premium, All three papers are on record 
in the Proceedings. In 1912 Mr. Ransom became a 
Member of the Institution of Civil Engineers, and 
was from 1909 a member of the Institution of 
Mechanical Engineers. 





British Maraya’s Tin Exvorts.—Tin was for many 
years the most valuable product of the Federated Malay 
States, and to-day r second only to plantation 
rubber. At one time British Malaya provided more 
than one-half of the world’s supply of tin ; to-day, partly 
owing to the shrinkage of output, partly owing to dis- 
coveries elsewhere, the proportion has been reduced ; 
but the Federated Malay States, with outputs of 39,833 
tons in 1917, 37,370 tons in 1918, 36,935 tons in 1919, 
and 34,928 tons in 1920, still maintain the first place 
among tin-producing countries. At Singapore and 
Penang are situated the —— tin-smelting works in 
the world, and Straits tin the highest rank in the 
metal markets. 





NOTES ON NEW BOOKS. 


Ir is a great convenience for those concerned with 
any particular branch of engineering to be provided 
with an annual publication which ps them con- 
versant with the progress made in their special field. 
In the aircraft industry, any such work is exceptionally 
useful, on account of the rapidly changing conditions, 
and all interested in aviation will value Jane’s All 
The World’s Aircraft (london: Sampson Low, 
Marston and Co., Limited, price 42s. net), which takes 
@ unique place as a compendium of information on the 
subject. The edition for this year contains .sub- 
sections devoted to the developments of commercial 
aviation in every country, and one gathers that con- 
siderable progress is being made in this respect, 

rticularly in the British Dominions, It is also satis- 
actory to note that, in the opinion of the editor, there 
is a “ certainty that Great Britain is still the leading 
Power where design, construction and operation of 
aeroplanes are concerned.”” The book is really too 
well-known to need more than a ing reference, 
and the same remark applies to Jane's Fighting Ships, 
1920, published by the same firm at the same price. 
This work is now in its twenty-third annual edition, 
and justifies its sub-title as an ‘“‘ Encyclopedia of the 
Navies of the World.” Both it, and the volume 
previously mentioned are indispensable as works of 
reference, and All The World’s Aircraft, especially, 
contains an amount of detailed technical information 
which renders it of the greatest interest to designers. 





It has long been admitted that the books devoted 
to the locomotive have been as a rule sectional in 
interest. Some have attempted the popular style, 
which has resulted in volumes of greater interest to 
the amateur than to the engineer. Others have dealt 
with construction, or with valve gears and so on. The 
comprehensive modern work embodying deductions 
bearing on details of degign, resulting from the more 
recent investigations is still lacking, and though to 
roduce this would involve a heavy amount of work, 
it would be really welcome if it made an appearance. 
In the meantime much useful data are available in 
compact form, in the Locomotive Engineers’ Pocket 
Book (The Locomotive Publishing Company, Limited, 
3s. 6d. net) which, since its inception, a good many 
years ago now, has gradually increased its sphere of 
usefulness till it forms quite a handy collection of 
data for designers and engineers. The editors have 
ma to bring together in its pages a good deal of 
material which otherwise is scattered in periodicals and 
institution proceedings. With the additions from fresh 
sources there has been a certain weeding out in the 
older matter. Some features, we think, have been 
relinquished without loss, and on the whole the little 
book improves decidedly as the years go on. 


The story of the work of the railways of this country 
during the Great War is, as we were fairly early aware, 
one of which the country can well be proud. The first 
chapter was opened with the highly successful transfer 
of the British Expeditionary Dene to France, but 
subsequently far more than just the transport of troo 
was demanded of them. The story has been told 
piecemeal in the press and at annual meetings, &c., 
but Mr. Edwin A. Pratt has now made the attempt to 
bring the material together in one continuous whole. 
This author's efforts are taking the form ofa publication 
in fortnightly parts, entitled British Ratlways and 
the Great War, the work being in the hands of Messrs, 
Selwyn and Blount, Limited, London, and each part 
being issued at 3s. 6d. net. We have not seen a 
definite prospectus of the work as planned, but Parts 
I and II are now before us and their promise is satis- 
factory. Part I deals with preliminary subjects such 
as pre-war factors, the war railway council, the situation 
in 1911, &c., and follows on to describe the railway 
executive and its method of working. Part II 
describes the arrangements for mobilisation, the move- 
ment of troops, restrictions necessitated by the war, 
on ordinary traffic and, finally, demobilisation. In 
Part IIL we are promised matter dealing with the 
ambulance train services, the handling of Belgian 
refugees and soldiers on leave, and other subjects. 
Succeeding issues will also have a number of interesting 
topics to discuss. The book is well printed and is 

rovided with maps and illustrations, and promises to 

a very readable record which, while not over- 
burdened with statistics, will yet be found to contain 
facts and not mere generalities, 


It not infrequently happens that the choice of an 
unsuitable title gives grounds for complaint against a 
publication which might otherwise meet with general 
approbation. For instance, we should expect a work 
entitled Fuel Oil in Industry to deal mainly with 
industrial applications of liquid fuel, and as the 
subject is a very extensive one we should also expect 
the volume to be rather bulky. No one, we 4 
could deal adequately with the subject in a volume 





of 240 pages as Mr. Stephen O. Andros has attempted 
to do in a book ing the above quoted title, pub- 
lished by the Shaw Publishing Company, of Chi " 
Actually considerably less than half the book can 
regarded as dealing with industrial applications of fuel 
oil, and when we explain that such applications as 
steam navigation, locomotive firing, iron and steel 
manufacture, heat treatment of steel, electric power 
production, sugar manufacture, glass manufacture, 
pottery manufacture, gas manufacture, and the heating 
of public and private buildings are all dismissed in a 
little more than 80 pages it will be obvious that the 
treatment cannot be adequate. In our view a book 
almost equal in size to the whole work under review 
would be required to deal with any one of these applica- 
tions in a really useful manner. That part of Mr. 
Andros’ book which is devoted to the combustion of 
oil fuel, its physical and chemical properties, and the 
methods of distribution, storage, heating and pumping, 
types of burners, &c., is, however, more complete, and 
may be said to form a useful introduction to the subject, 
but this will appeal more strongly to Americans than 
to British aie. The price of the book, which is 
fully illustrated, is 3-75 dols. 





In intercourse with other countries using the metric 
system, a set of conversion tables is of frequent service. 
The ordinary tables are, however, commonly very 
circumscribed, and they often involve further arith- 
metical manipulation. We have recently received a copy 
of a compilation which goes more adequately into 
these matters than usual. We refer to Foreign Trade 
Tables, compiled by Mr. A. J. Lawson, M.Inst.C.E., 
for the British-Italian Corporation, Limited, and 

ublished at 21s. net by Messrs, Thomas Skinner and Co., 
ndon. This volume commences with the ordinary 
simple conversion tables for weights, measures, money, 
&e. The tables for foreign exchanges promise to be some 
of the most useful of the book. One of these tables 
gives reciprocals of British and foreign exchange values 
ranging from a foreign rate of 1-01 per ll. sterling to 
200, the reciprocals being given in the larger values in 
steps of 0-01, ranging to 0-25 in the smaller values. 
This table, which covers all denominations as regards 
coinage, is followed by tables of multipliers for various 
countries, for the conversion of prices at par to exchange 
values of the day. This set of tables covers American, 
Continental, Oriental and African countries of com- 
mercial importance. It is impossible to go into detail 
with regard to much more of the work. It contains 
very many conversion tables of immediate and practical 
value to the engineer in relation, for instance, to earth- 
works, railway curves, acceleration due to gravity, 
areas and circumferences of circles, micromeasurements, 
&c., so that its use is not confined to prices only. 
The book would appear to have a large field of useful- 
ness. It is bilingual, being published in English and 
Italian. We understand editions in French and 
Spanish, jointly with English, will follow. 





Most —s have one or more pocket and reference 
books in their offices. These are probably used chiefly 
for looking-up conversion factors and tabular matter 

nerally, a kind of material which does not rapidly 

ome obsolete and for which an annual revision is 
not necessary. Pocket books are, however, of value 
in making readily available a brief sketch of branches of 
his subject with which an engineer may not be imme- 
diately acquainted, but on which he may desire infor- 
mation, and for this type of reference there is much to 
be said for the annually-revised volume. The 
“ Mechanical World” Electrical Pocket Book, of which 
the 1921 issue has recently reached us, is a well-known 
example of the type of pocket book which devotes 
short sections to most of the various branches into 
which electrical practice may be divided. Some 
account of any of the obvious branches which a works’ 
engineer, for instance, might wish to look up, will be 
found, and the book has established a position for itself 
as a useful accessory of the drawing or administrative 
office. It is published by Messrs. Emmott and Co., 
Limited, of 65 King-street, Manchester, and 20, 
Bedford-street, W.C. 2, at the moderate price of 
2a. net. 





Pusitic Works In SypNey, N.S.W.—We learn from 
the Department of Overseas Trade that some very 
important contracts are soon to be let for the construction 
of public works at Sydney. These will include a bridge 
of 1,500 ft. clear span across the harbour, and estimated 
to cost 5,000,000/. It is further proposed to construct 
an extensive system of urban electric railways, which 
will be partly un: und, partly on viaduct, and partly 
at und lout. he estimated cost is 3} millions 

. Tenders will be advertised for, and about 
12 months will be allowed for their preparation. Those 
interested are reminded that as a general rule overseas 
firms desirous of tendering for Government contracts 
in New South Wales must have a resident representative 
in the colony or their tender will not be considered. 
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INDUSTRIAL NOTES. 


In the eighty-fifth quarterly balance sheet, to 
December 31, 1920, of the General Federation of Trades 
Unions, the secretary, Mr. W. P. Appleton, shows the 
number of affiliated societies to be 135, having a mem- 
bership of 1,571,456 on which contributions are paid, 
and a gross membership of 1,667,633. The total 
income from all sources for the December quarter was 
29,0321. The secretary states that the amalgamation 
movements are ending the independent existence of 
some of the oldest and best known organisations. In 
such cases the union disappears from the Federation 
list of affiliated societies, but the membership remains. 
The situation created by the modern tendency towards 
mass formation in trade unionism, as in other move- 
ments, is, he adds, deeply interesting. A study of its 
origin and development and its probable results would 
be extremely valuable. The years 1914-24 promise to 
fatefully affect trade unionism. It is possible that by 
the latter date many things will be determined. Men 
by that time may have decided whether they will be 
grouped in crafts or industries, whether a man’s 
membership shall depend upon his environment, or 
his qualifications, or upon the place where he works, 
or the tools which he uses and the articles he produces. 
Dealing with the unemployment question, Mr. 
Appleton states that if ever a solution is discovered and 
applied, it will be by the business men in the trade 
unions and the employers’ associations working in con- 
cert, The efforts of the Parliamentary Committee of 
the Trades Union Congress to drive the General 
Federation of Trade Unions out of the international 
trade union movement have succeeded—at least, for 
the time being. The factors that drove out the General 
Federation have the responsibility also of excluding the 
American Federation of Labour. 





The coal exports during January, 1921, 1920 and 1913 
were as follows :— 


1921. 1920. 1913. 
‘Tonnage 1,700,106 3,358,572 6,070,318 
Value ... £5,555,708 £11,542,137 £4,083,933 
Bunker, tonnage 
shipped ... 1,041,608 1,154,584 — 1,756,749 





Speaking last week at a meeting of coalowners, Mr. 
Evan Williams said that with the sudden removal of 
financial control the owners had had to tell the men 
that the extraordinary variations in the conditiuns of 
different coalfields made anything in the nature of a 
national settlement impossible and that in consequence 
of this it must be left to each district to determine the 
wages it could pay. “ In order to fix the point below 
which wages shall not automatically fall and at which 
the owners shall be entitled to a profit,” Mr. Williams 
added, “‘ we propose to take the district base rates, 
including percentage additions (or the equivalent) pre- 
vailing in July, 1914. Against this standard wage a 
standard profit is to be agreed, either as a rate per ton 
or a percentage of the total standard wages. A ratio 
between the respective shares of owners and workmen 
in any surplus remaining after standard wages, standard 
profits and all other costs have been provided for is to 
be agreed. The calculation of the wages payable in 
each district from April 1 will be based upon the most 
recently ascertained return of prices, wages and other 
costs obtained from the Mines Department for each 
district, adjusted to allow for any changes known to 
have taken place subsequently. Such wages will be 
expressed in terms of the existing base rates with per- 
centages thereof, no part of the wage being expressed 
asa flat rate. The war wage now paid for idle days will 
stop, the unemployment insurance benefit taking its 
place. Subsequent ascertainments will be made in 
each district as early as possible in order that the 
necessary adjustments in wages may be made, to meet 
changes in conditions, which, in extraordinary periods 
like the present, may take place suddenly and rapidly. 
We recognise that the strict application of such a 
scheme might have the effect of reducing wages and 
at the same time increasing owners’ profits, which are 
still at pre-war level, though the wages cost per ton 
has advanced by 350 per cent. We fully realise, how- 
ever, that while wages are being reduced we cannot 
expect increased profits, and we are prepared to meet 
the position adequately in this respect. We attach 
importance to the retention of existing base rates and 
standard prices, on the score of simplicity and adapt- 
ability to each district and each c of workman. 
The problem to be solved is difficult enough without 
being complicated by a change of standards as well. 
The earnings of the workmen will be the same, however 
they may be expressed. We have proposed the rates 
paid in July, 1914, as the new bases in the automatic 
operation of our scheme, not because we desire wages 
to be brought down to that level, but because we feel 
that basis figures such as these should not be fixed at 
a higher point than the industry is likely to be able 
to bear when conditions return to the normal.” Mr. 
Williams further stated that the fundamental differ- 





peared to 
They demanded that 
treated as one financial 


ence between the owners and the men now ap 
be one of economic principle. 
the whole industry should 
unit, just as if it belonged to one owner, all profits and 
losses of the individual owner being pooled, and each 
receiving out of the pool a certain amount, sufficient, 
presumably, to enable him to continue to keep his 
colliery working without loss. The owners maintained 
that such a principle would be suicidal to the industry. 
It was this unsound and pernicious economic doctrine 
on the part of the men that the coalowners were deter- 
mined to reject at all costs, not only in their own in- 
terests but in those of the country as a whole, and in 
all the interests of the miners themselves. 


On the basis of the above statement on behalf of 
the owners, the miners state that the scheme it proposes 
would mean a reversion to the pre-war practice of 
district wage boards, and an immediate reduction of 
7s. per day in the wage of all men of 18 years and up- 
wards. The suggestion that the pre-war wage of each 
district area should be the future standard wage of the 
industry would mean the reconstitution, as wage 
authorities, of the English Conciliation Board, the 
Scottish Board, the South Wales Board and the 
boards for Northumberland and Durham. The reduc- 
tion which would be effected in wages would be the 
cutting away of the war wage of 3s. a day, the Sankey 
wage of 2s. and the percentage advance, with the 
minimum of 2s. per day, conceded in April of last year, 
equal to a total cut in wages of 7s. 

Mr. Evan Williams refuted this absolutely, adding 
in an interview that he was sorry to see his statements 
with regard to future arrangements in. the coal industry 
interpreted as an announcement of a reduction in wageg 
of 7s. per day. Nothing he had said could in the least 
degree warrant such an interpretation. The 7s. to 
which reference was made, he added, were probably 
the war-time advances granted by the Government. 
With the termination of control, the Government 
automatically cancelled these advances so far as they 
were concerned, and it was for the coalowners in the 
different districts, in conjunction with the men, to 
determine the new wages payable, having due regard 
to the financial position in the district. To pretend 
that he said wages were to be everywhere reduced by 
the full amount of these Government advances was to 
pervert and distort the facts. 





Mr. F. Hodges, speaking on behalf of the Miners’ 
Federation, said that Mr. Evan Williams’s statement 
of the position was a particularly clear one, and the 
Federation had no cause to complain:of the manner in 
which the owners’ view had been given. The difference 
between the owners and the miners, however, was 
fundamental in character, and was one that could only 
be reconciled by Governmental action through the 
Board of Trade and the Coal Mines Department. In 
the very first place the Government should abandon its 
ge of decontrolling the trade financially on 

arch 31; this was the very proposal which had 

recipitated the deadlock between the parties. Mr. 

odges further said that the whole of the negotiations 
hitherto had been based upon the willingness of the 
owners to consider a settlement upon a national basis ; 
it was only within the last few days, he added, that the 
owners’ sub-committee were instructed to inform the 
miners’ representatives that all idea of a national 
settlement must be abandoned, though “a national 
settlement was indispensable for the future wellbeing 
of the trade.” Under the owners’ proposals there 
would be not’ only a universal reduction in wages, but 
the reduction would vary from district to district. 
The poorer districts would have the largest reductions 
and the richer districts the smallest reductions: The 
causes for this were beyond the control of the men, 
they were principally due to geological conditions, and 
in a lesser degree to economic realities. In a difficult 
mine miners had often to work harder and earn less 
than those who worked in mines where the seams were 
more accessible, and where Nature had been more 
generous. This had been recognised by the Govern- 
ment by agreeing to uniform war wages to meet the 
increased cost of living and by accepting the decision 
of the Sankey Commission to raise uniformly the wages 
of.all coal miners. In conclusion, Mr. Hodges stated 
that the Government's obligation to pay war wage or 
Sankey award did not cease by a decision to decontrol 
the trade financially on March 31, for the war wage 
was given to meet the increased cost of living when it 
was only 80 per cent. in excess of pre-war costs, and 
under the terms of the award such wage was liablesto 
review only when the cost of living fell to that point. 
The Government accepted the Coal Industry Com- 
mission’s report for an advance in wages of 2s. per day, 
which advance was admitted by the public conscience 
to be a sum necessary to raise the standard of life of 
the mining community. 
proposed that these conditions should be abandoned, 


The Government, if it now] of 





would be guilty of a — breach:of faith. They might 
as well propose that because of financial decontrol they 
could abrogate the Seven Hours’ Act, which was 
equally a recommendation of the Coal Industry Com- 
mission. Wherever wage advances have been inti- 
mately connected with the cost of living they should be 
maintained until the cost of living alone justified their 
removal. Where w had been secured, either to 
raise the general standard of life among the miners, 
or to raise the value of some individual workman’s 
labour, these must remain inviolate. To hold the view 
that because financial decontrol came to an end in 
four weeks, the Government's obligations to the wage- 
earners of the country were at an end, was simply 
irrelevant, but if persisted in must result in a hard 
and desperate struggle on the part of the miners to 
safeguard that which the Government should both 
technically and honourably concede, 





The Court of Inquiry appointell by the Ministry of 
Labour to investigate the wage dispute in the tramways 
industry issued its findings on Monday. The report 
submits that, in view of the unsatisfactory condition 
of the poy - and under existing circumstances, the 
position and the claim would be met by the following 
recommendations :— 

(1) That the Industrial Council should examine the 
position of those undertakings which have not observed 
previous agreements and arbitration awards in — 
to wages advances, and the undertakings should be 
~~ that, if possible, the advances should be paid 
in full. 

(2) That the present wages standard should be 
maintained, both as regards municipalities and com- 
panies, until December 31, 1921. 

(3) That the Industrial Council should consider the 
question of standardisation in the near future, dealing 
with the various grades of employees in relation to 
each other, having regard to the earning capacity 
of the undertakings and to the interests of the travelling 
public. ’ 

(4) That the Council should examine the circum- 
stances of the lower-paid grades with a view to adjustin 
their conditions on a more satisfactory basis, ° 

The Court hoped that this conclusion would commend 
itself to both sides of the National Joint Industrial 
Council if the Minister of Labour should deem it 
— to refer the whole question to them. 

he report, which is signed by all the members of the 
Court, including those representing Labour, states 
that much evidence was given as to the financial 
relations between municipelities and their tramways. 
The balance of opinion was in favour of the passenger 
paying for his ride, and of running services without 
subsidy and without handing over surplus profits to 
the relief of rates. The court recognised, however, 
that a point might be reached when the passenger was 
paying as high a fare as could reasonably-be oc a 
and any further increase would defeat its own en 

It will be remembered that the claim on behalf 
of the workers was for an increase of 12s. per week for 


those 18 years of age and over, and of 6s. for those 
under 18. 





A few weeks ago a conference of representatives of 
the 17 unions of the building trades in Pittsburgh Pa., 
U.S.A., and the building contractors was held, says The 
Iron Age, and the unions were asked to to a 
voluntary wage reduction as a means of stimulating 
building in the Pittsburgh district. Last week repre- 
sentatives of the bricklayers’ union notified the con- 
tractors’ association of their refusal to accept a wage 
reduction. The stand taken by the beteklagess is 
taken to indicate a similar decision on the part of the 
other building trade unions, and since the contractors 
are not inclined to sign an —— with the unions 
on the present wage scale, building activities in the 
Pittsburgh district promises to be much curtailed this 
year. Bricklayers now receive 12 dols, for an 8-hour 
day, with double time for overtime, Saturday afternoon 
work and Sunday and holiday labour. 





BamBoo For PAPERMAKING.—The current number of 
the Bulletin of the Imperial Institute contains a com- 
rehensive and valuable article on the utilisation of 
Combes for papermaking. Bamboo has come much to 
the front in this connection during the last year or two, 
and it seems likely that in the near future the manufac- 
ture of paper from this material will be undertaken on 4 
large scale in several countries. A British firm has 
been granted a concession for cutting bamboo in the 
Government forests in Trinidad and has also esta- 
blished a bamboo plantation there of 1,000 acres. Leases 
have been granted or applied for for ym bamboo 
forests in Burma, Madras and other parts of India. In 
Indo-China two factories, equipped on up-to-date lines, 
are actually manofacturing paper, chiefly from bamboo, 
Paper made entirely from bamboo pulp is of high-class 
quality. On the whole it is too for the manufacture 
i newsprint and is more suitable for the better 
grades of printing paper. 
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THE MICHELL CRANKLESS STEAM ENGINE. 


CONSTRUCTED BY MESSRS. THOMPSON AND CO., ENGINEERS, CASTLEMAINE, VICTORIA, TO THE DESIGNS OF MR. A, G. M. MICHELL. 
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We illustrate on the present and opposite pages a 
high-speed steam engine constructed to the designs of 
Mr. A. G. M. Michell, the inventor of the Michell thrust 
block, in®order to test whether by the use of these 
blocks it was practicable to construct crankless internal- 
combustion or steam engines. Per se there is, of course, 
no objection to a crank, which is a simple and highly 
efficient piece of mechanism. The theory of dimensions 
indicates, however, that the weight per horse-power 
of an engine will vary in direct proportion to the 
cylinder diameter, and this theoretical conclusion was 
confirmed in a marked manner by a diagram of gas- 
engine weights shown by Sir Dugald Clerk at a meeting 
of the Institution of Mechanical Engineers held on 
March 15, 1912. 

For securing a minimum of weight it is therefore 
necessary to develop the power required in several 
small cylinders in place of in one large one. 
High-speed crankshafts are not cheap to make and 
have caused no little trouble in the past, and at high 
speeds the connecting rod stresses become great and 
have at times led to disastrous failures. The idea of 
replacing a crank by a swash plate is, of course, old, 
but though several times resuscitated it has hitherto 
rapidly fallen into disuse again, owing in the main to 
lubrication difficulties. As is well known, it has in 
the past been necessary when flat surfaces are moving 
over each other without change of the direction of 
motion, to limit the load carried to something like 
50 lb. or 60 lb. per square inch. When constructed on 
the Michell principle, however, such bearings are good 
for at least 500 lb. per square inch and have, in fact, 
been successfully operated under. a load of about 
10,000 Ib, per square itich, the rubbing speed being 
about 50 ft. a second. The coefficient of friction is 
low, being of the order of 0-002. It will be readily 
understood accordingly that the introduction of the 








Michell block gets rid of the greatest difficulty heretofore 
experienced in substituting a swash plate for a crank- 
shaft. 

Our engravings, Figs. 1 to 5, annexed, show the 
first engine to be built. It comprises eight cylinders, 
each 5 in. in diameter, arranged four on each side of 
the swash plate A which is keyed to the driving shaft 
of the engine. The latter is supported in long bearings 
and, beyond these, it carries at each end a rotary valve B 
by which the admission of steam to the cylinders is 
controlled. The engine works on the uniflow principle, 
and the exhaust is accordingly discharged through the 
ports shown at C, Figs. 1 and 2. Of these there are 
eight for each cylinder, each 1} in. in diameter. The 
pistons on opposite sides of the swash plate are rigidly 
connected together in pairs to form a single unit, and 
the weight of this unit is adjusted to that of the 
swash plate so as to secure perfect balance in run- 
ning. For this it is sufficient that the following 
formula is satisfied : 


M=2nm 


2 





+r 
Where M denotes the mass of the swash plate, w the 
number of pistons and m the mass of each with its 
attachments. R the radius of the outer surface of the 
swash plate and r the diameter of its boss; whilst A 
denotes the distance between the axis of the drive 
plate and the axes of the pistons. 

The thrust of the pistons is transferred to the swash 
plate through Michell blocks which are mounted on 
spherical seats, as best seen in Fig. 2. An ample 
supply of oil is maintained by means of the gear-driven 
pump shown at D, in Fig. 1. This oil, after passing 
between the lubricated surfaces falls into the sumph 
shown. Provision is made for adjusting the distance 
between the Michell blocks on opposite sides of the 


Fig. 3. 
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swash plate. This is best seen at E in Figs. 2 and 3. 
To the end in view one of the ball sdckets is mounted 
on a screwed sleeve, which can be adjusted by turning 
it by the notched head provided. A general view of 
the engine as erected on the builder's test bed is shown 
in Fig. 5, on the opposite page. 

The engine was designed to run at 1,200 r.p.m., 
but the tests have shown that this limit can be greatly 
exceeded. In the tests the steam was supplied at 
150-Ib. gauge pressure and exhausted to a condenser 
in which a vacuum of 26in. was maintained. The 
casing is of cast-iron and is constructed in two 
parts, which are bolted together as shown, permanent 
registration being secured by a spigot and socket. 
After assembling the halves of the casing the 
holes for the cylinder liners were bored out, thus 
securing accurate alignment of each cylinder with 
its vis-a-vis. 

The swash plate is a mild steel forging with its 
opposite faces truly plane and parallel. It is a sliding 
fit on the shaft. Thrust washers are provided between 
the ends of the boss of the plate and the ends of the 
shaft bearings to take any residual thrust due to any 
accidental and temporary excess of steam pressure 
in the cylinders on the one side over that on the other. 
In this engine the swash: plate angle was 27} deg., but 
Mr. Michell intends to reduce this in future engines to 
22} deg., since the tests showed that the larger angle 
was unnecessary. The horse-power developed was 
0-92 ih.p. per cylinder per 100 r.p.m., and the trials 
have proved that it will be easy to run the engine at 
1,500 r.p.m. instead of the 1,200 r.p.m. for which it 
was designed. The balance was perfect, thus con- 
firming the mathematical investigation in accordance 
with which the weights of the parts concerned were 
adjusted. 

The rights for this engine and its internal-com- 
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THE MICHELL CRANKLESS STEAM ENGINE. 
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bustion equivalents are held in this country by 
Messrs. Michell Bearings, Limited, 3, Central Buildings, 
Westminster, S.W. 1. 





DEGASSING AND PURIFICATION OF 
BOILER FEED WATER.* 


By Pau. Kestner, of Paris. 


THE necessity for enabling boilers to steam for long 
periods without scale or corrosion becomes more urgent 
every day. The old lime and soda apparatus has been 
improved and reduced in size, heat has been used to 
accelerate the operation, but not always with success, 
for in some instances a concentrated soda solution is 
formed in the boiler. 

The author deals in this paper with the process of 
eontinuous blowing down used in conjunction with hot 
purification. Hot purification effects a thermal saving, 
and has the further advantage of eliminating the gases 
dissolved in the feed water, by the reduction in solubility 
at high temperature. The speed at which the reaction 
takes place in the purification of water by soda alone 
or lime and soda can be accelerated by heat, and the 
settlement of the precipitate can be hastened by 
agitation, the effect of which is to cause accretion 
and increase of size of the particles. If the agita- 
tion is caused by a stream of water carrying air 
with it the water becomes saturated with oxygen and 
corrosion results. . 

In water-softening processes generally rise of tempera- 
ture ensures :— 

(a) Increased speed of reaction. 

(6) Reduced viscosity of the water. 

(ec) The reduction of the bicarbonates of the alkaline 
earths to carbonates. 

(d) Reduced solubility of calcium sulphate and partial 
precipitation without the use of reagents. 


Continuous Blow-down.—Whatever method of purifica- 
tion is employed, all the salts carried into the boiler 
by the feed water become concentrated in it. In general 
some calcium carbonate remains in solution in the water, 
and when the concentration produced by evaporation 
becomes sufficiently high it is deposited on the walls of 
the boiler or in the tubes forming incrustation, which is 
harder the more slowly the deposit is made. [n boilers 
generating steam very rapidly the deposits are also 
formed rapidly, and may accumulate in the tubes not- 
withstanding the violence of the circulation. The usual 
remedy is periodic blowing-off from the lowest point 
in the boiler and, to be effective, a large actual quantity 
of water must be blown off at each operation, even though 
such should not form a large proportion of the boiler 





* Abstract of paper read before a Joint Meeting of the 
Institution of Mechanical Engineers with the Society 
of Chemical Industry, on March 4, 1921. 








contents. The continuous blow-down allows the calories 
to be saved by passing the blow-down water through 
a feed-water heater, the mud being deposited in a trap 
during the process, together with the salts that had been 
retained in solution owing to the high temperature of the 
liquid. The only loss occurs in the actual removal of the 
mud and salts, which forms a relatively small quantity. 
The blow-down water freed from the impurities is then 
returned to the boiler. This prevents the concentration 
of the soluble salts to an extent at which they would 
constitute a danger. 

The process of continuous blowing down permits the 
contents of the boiler to be renewed frequently ; it 
eliminates mud before it has time to accumulate, and at 
the same time allows the use of soda for the reduction 
of the calcareous bicarbonates. The feed water therefore 
contains sodium carbonate and bicarbonate ; the latter 
is decomposed in the boiler into carbonate, and the 
carbonate in its turn is dissociated in the presence of 
water with a reversible condition of equilibrium in 
functions of the initial concentration and the tempera- 
ture, thus : 


CO3Naz + H2O=2 NaOH + CO2 


hydrolysis giving more caustic soda the higher the tem- 
perature. With continuous blowing down the water 
containing caustic soda and carbonate of soda is used 
to purify the make-up feed, the caustic soda reacting 
more rapidly on the calcium bicarbonate than would 
calcium oxide. It is of great importance, therefore, to 
combine purification by soda with the continuous 
blowing-down process. 

The author describes the Kestner continuous blow- 
down apparatus, consisting of a steam separator, a 
central reservoir receiving the blow-down fiquid, an 
annular chamber surrounding this reservoir, from which 
it receives heat and into which the purified blow-down 
water is decanted. The steam passes into a reheater in 
which it heats the feed. The heated feed mixes with the 
blow-down as it leaves the central chamber and then 
passes to the annular chamber in which precipitation and 
settlement take place. Soda is added through a water 
meter in proportion to the make-up feed. Valves are 
provided for separating the mud. 

Central Stations Using Distilled Water.—The distilled 
water of industrial appliances differs greatly from that 
of the laboratory. Owing to the rate of evaporation 
particles of water containing salts are carried over, so that 
the distilled water contains numerous soluble salts in 
small, but by no means negligible quantity, and in the 
boilers using distilled water it becomes in time a fairly 
concentrated liquor. Boilers working with distilled 
water therefore require to be blown-down occasionally, 
but it is not necessary to remove a large amount of liquid, 
the amount being usually only | per cent. or 2 per cent., 
the saline solution being replaced by distilled water. 
Even when an evaporator is used the continuous 
blowing-down method can be adopted, and in con- 
junction with degassing enable a complete closed water 





circuit to be arranged in a central station using 
distilled water. 

Corrosion and its Causes.—Where distilled water is 
used there can be no doubt as to the cause. Oxidation 
of the plates can only be produced by oxygen dissolved 
in the feed-water and set free in the boiler, and the effect 
is greater with intermittent working. The author 
discusses the theories of corrosion and points out the need 
for degassing purified water also, and he explains that 
the critical concentration, at which maximum corrosion 
by salts is effected, must be exceeded after a few hours’ 
work in ordinary boilers. Electrical and electrolytic 
action are considered as well as the hydrolysis of mag- 
nesium chloride. The action op steel of carbonic acid 
gas alone and on the presence of oxygen is then considered, 
as well as the formation of oxy-salts under certain 
conditions, The elimination of oxygen in solution in 
the feed is considered, and the author shows that the air 
dissolved in water contains roughly 33 per cent. of, 
oxygen. A titration method for controlling the degas- 
sing, which has been devised by Mr. Gaston Paris, 
of the Kestner Laboratory, is described. 

Degassing.—The elimination of the oxygen dissolved 
in water may be effected either by physical or by chemical 
methods, or by both. Of the former the principal 
methods are: agitation of the water, the action of 
ee greene and the action of vacuum; these may be 
u separately or in the majority of cases in com- 
bination. Of chemical methods, the only one that is 
important is the action of highly oxidisable iron which 
absorbs the oxygen from the feed water. The author 
gives descriptions of methods and appliances for degassing 
by physical means, and proceeds to discuss the more 
important classes acting by :— 

(A) Combined physical and thermal means. The 
Cochrane, Webster, Weir and Chevalet heaters are placed 
in this class. The Aerex has certain advantages over 
these, which are adopted also by Siegmon-Schmitt. 

(B) Vacuum degassing. The vacuum appliances of 
Meihof (Halvor Breda) and Griesheim Elektron Lauta 
(Balke and Co.) as well as that of the Deutsche Sanitats 
Werke are described. The degassing apparatus of the 
Elliot Company, of America, working at about 100 deg. C., 
is also mentioned. 

(C) Chemical degassing. The chemical methods in 
use are all based on one principle of using very easily 
oxidizable iron, which, under suitable conditions enables 
degassing to be obtained down to only traces of oxygen. 
As the result of much experiment the author has found 
that for this purpose manganese is a catalytic agent of 
great importance, and a suitable manganese cast-iron 
has been found. 


Two German degassers, the Seiffert and the Halsmeyer, 
work with rusted iron, and there is also an American 
apparatus, due to Professor W. H. Walker, styled a 
** deactivator.” 

The author’s experiments have led to the design of 
an apparatus due to the discovery that when an iron 
degasser that had become completely rusted was left at 
rest, it was found after a day to have undergone a change, 
and from red rust to have become greenish-black, due to 
the reduction of ferric hydrate under the influence of 
the iron. This has led to the invention of the Paris 
degasser, which works on the regeneration principle ; 
in one form by means of two vessels containing iron 
turnings, through which flow takes place alternately, 
and in the other form in a single vessel with filters at 
each end and a valve arrangement for permitting the 
direction of flow to be altered. The amount of iron 
used in the apparatus is stated to vary from 1 gramme 
to 3 grammes per ton of water treated, and the amount 
so used corresponds to the weight of boiler-plate saved 
from destruction. 

The suggestion of a water circuit closed from atmo- 
spheric contact is discussed, and the combination of a 
degasser with such a system is recommended as a means 
for preventing any harm due to access of oxygen from 
accidental causes, 





ApsorPTIiON oF Sounp By Ricip Watts,—It is 
generally assumed that the brick walls of our buildings 
are too massive for sound waves, and that their flexural 
bending may be neglected. On that assumption, 
Rayleigh suggested that the absorption of sound by 
rigid walls was nearly proportional to the square root 
of the frequency of the sound. The yielding of the 
reflecting surface would introduce a damping influence, 
dissipating some energy ; in @ porous wall the viscosity 
of the air and the transfer of the heat of compression 
from the air to the walls of the minute channels for the 
pores would also be effective. If the absorption merely 
depended upon the porosity, however, the absorption 
coefficient of porous materials such as heavy felts and 
fabrics should not show maxima and minima when plotted 
as a function of the frequency of the sound. That such 
maxima and minima are observed shows that the wall 
yields also as a whole. Wallace C. Sabine found, more- 
over, that the absorption coefficients of a brick wall, 
when unpainted, or covered with gypsum plaster with a 
putty finish three months or twelve months after finish- 
ing, differed noticeably, the three respective coefficiant« 
being for frequency 256 : 0-026, 0-0084, 0-0097 ; and for 
frequency 4.096: 0-070, 0-025, 0-028. Further in- 
vestigating the relations Paul E. Sabine (of the W. C. 
Sabine Laboratory, Geneva, Illinois, Physical Review, 
December last) finds that the absorption is approxi- 
mately a linear function of the square root of the fre- 

uency; but it does not depend upon porosity alone, 
Other factors come into play. One of them is the wall 
thickness; when that thickness represents half the 
wave-length of the sound, the wall surfaces become 
loops of stationary waves, 
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THE AMRITSAR HYDRO-ELECTRIC 
IRRIGATION INSTALLATION.* 
By Sreruen Leaoert, M.Inst.C.E. 

Tue subsoil water-level at Amritsar, in the Punjab, 
which was 60 ft. below the ground in 1860, had risen 
in the course of nearly forty years to 10 ft. below the 
surface. During the rainy season, which occurs in the 
hot months, mosquitoes Bireod in the stagnant water, 
and co uently the city becomes infested with the 
germs of disease. It was recogni that the rise in the 
subsoil water-level was due to the proximity of the Upper 
Bari Doab Canal, which runs at a distance of 3 miles 
from the city, but no method of waterproofing the bed 
of the canal has so far proved effective. : 

In 1908, experiments were carried out to test the possi- 
bility of pumping from open wells and cuts, the water 
to be ll for irrigation purposes ; they were abandoned, 
as a 10-ft. diameter well yielded only 0-1 cub. ft. of 
water per second, and o cuts became cl with 
vegetation. In 1911, at the suggestion of Mr. John 
Ashford, a special tube well, 4 in. in diameter and 40 ft. 
deep was sunk. This yielded 4 cub. ft. per second at an 
expenditure of 6 h.p. per cub. ft. of water lifted. These 
wae gave satisfactory results over a period of two years, 
and were considered to afford a solution of the problem. 

Works Executed.—A power station was built on the 
canal at a point where there is a fall of 5-8 ft., to utilise 
one-half of the flow of 2,100 cub. ft. of water per second. 
The station contains three low-pressure turbines coupled 
to alternators through gearing, and has an output of 
525 kw., three-phase current, at 6,600 volts. Two high- 
tension lines, 7 miles and 2 miles in length respectively,,. 
are led to sub-stations for transforming to 550 volts. 
A special sub-station is provided for transforming 
75-kw. alternating current to direct current for the 
Central Workshops of the Punjab Canal System. Each 
sub-station feeds six pumps, the designed capacity of the 
power station being 40 pumps, together with the work- 
shops ; this can only be obtained when the fall is increased 
to 9-7 ft. 

The author describes the method of sinking the tube 
wells, which are about 160 ft. deep and have 120 ft. of 
10-in. wire-wound strainer. The pump is located in a 
brick sump 22 ft. deep, and is thus self-priming, being 
below the normal subsoil water level. It was known that 
the discharge of this type of well is proportional to the 
infiltration head maintained, and it was decided that a 
flow of less than 2 cub. ft. second was not economical 
for irrigation purposes. Most of the wells gave this 
discharge under an infiltration head of 14 ft., but in 
some cases 21 ft. head was required, this being due to 
the presence of beds of clay in the sand. The pumps 
are direct coupled to 15-h.p. electric motors running 
at 970 r.p.m. Owing to difficulty in obtaining suitable 
pumps from British makers, the author designed a 
single-st turbine pump, which was made in the 
Central Canal workshops. The normal lift was estimated 
at 40 ft. These pumps are satisfactory, as they do not 
overload the motors at starting and have an efficiency 
of 70 per cent. to 73 per cent. for all heads between 
30 ft. and 45 ft. 

An improved well was also designed by the author, 
from which the brick sump was eliminated. In this type 
the pump is carried in a 14-in. tube, necessitating a 
two-stage turbine pump design to give the required 
output. At 40 ft. head, with a discharge of 2 cub. ft. 
per second, this has an efficiency of 75 per cent., including 
the friction of the driving shaft and suspensory thrust 
bearing. The av power per cubic foot does not 
exceed 5-5 h.p. Bail bearings were used for the thrust 
bearings on the vertical pump spindles, but were found 
to be unsuited to the climate, and have been replaced 
in all cases by Michell thrust bearings running in oil 
baths. These give every satisfaction. At present a 
total of 30 cub. ft. per second is pumped, and although 
no definite effect on the subsoil water-level has been 
observed, it is expected that there will be a diminution 
of water-logging when the proposed 80 cub. ft. per 
second is abstracted. 

Each of the three turbines requires 350 cub. ft. per 
second on a 9-ft. fall to produce 750 kw. at the generator. 
They run at 92 r.p.m., and drive the generators through 
double-helical gearing, the latter running at 500 r.p.m. 
The power station foundations are on sand, and consist of 
wells of bricks, 8 ft. square in section, sunk at close spacing. 

The transmission lines are carried on steel lattice 
towers, strong enough to stand unsupported should all 
the wires on one side break suddenly. They are set in 
concrete blocks and are spaced 300 ft. apart in open 
country. The sub-stations contain three single-phase 
oil-cooled 6,600/500 volt transformers, and the pumps 
are started from the sub-station switchboard. 

The work was done.by native labour, but a E 
overseer supervised the erection of the machinery. The 
total cost was 33,0001., and the revenue derived is 
2,4001. per annum. This is insufficient to leave any 
profit, but it is anticipated that the return will be about 
5 per cent. when the scheme is extended to the limit 
of its capacity. 

The author also deals with the need for some type of 
self-cleaning strainer rack for such work, and for more 
effective ventilation of net pate station. 

The turbines and electrical machinery were constructed 
by Messrs. Gilbert Gilkes, of Kendal, and Messrs. The 
Lancashire Dynamo and Motor Company, respectively. 





Tur Borover Potytecuntc [nstrtvuTe.—The Annual 
Exhibition of Stuients’ Work at the Borough Polytechnic 
Institute will be opened on Saturday, March 19 next, at 
3 p.m. 


* Abstract of a 





read before the Institution of 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—The situation grows steadily worse. 
Unemployment has increased to over 21,000, and these 
figures are being added to daily. All the rolling mills are 
on short time. Fo have little, if oe on which 
to employ their h The scrap trade is a dead letter. 
Business in crucible steel is, to put it mildly, stagnant, 
and high-speed steel practically a drug on the market. 
The downward tendency in iron and steel prices gains 
in momentum. The reduction of 10s. in t rice of 
coke has been followed by a cut of 40s. to 45s. in all classes 
of Cleveland and East Coast pig-iron, and a similar sum 
in West Coast hematites. Notwithstanding this, 
furnaces remain idle, and makers are evidently hoping 
to dispose of some of their large accumulations of stock. 
Consumers of steel anticipate an early reduction in the 
rice of acid qualities, but so far no announcement has 
m made, iron has gone down 2/. per ton. General 
quotations for iron and steel delivered in Sheffield are 
as follows: East Coast mixed hematites, 91. 10s. ; 
West Coast mixed hematites, 10/.; Derbyshire foundry, 
101. to 101. 5s. ; Derbyshire forge, 91. 15s. to 101. ; Crown 
bar iron, 241. 10s. ; mer acid billets, 21J.; Siemens 
acid billets, 211. 10s. to 221. The effort on the part 
of makers to stabilise the market and bring prices 
nearer the Continental level should, however, do some- 
thing to check the downward tendency, and any sub- 
stantial improvement in the exchange would narrow 
down the difference to a more satisfactory level. The 
outltbok in the heavy steel departments is still eee. 
Several works are practic closed down. The low 
price of Continental steel, reliable brands of which are 
offered at 107. 10s. to 11/., has crushed competition. 
In British soft basic material there is absolutely nothing 
domg. Quotations are nominally 16l. to 171. per ton, 
but business is dead. Mills in operation on basic material 
are working entirely on imported steel. All round the 
outlook is depressing and it is feared that the bottom 
has not yet been reached. 


South Yorkshire Coal Trade.—Notwithstanding the 
depression, steam fuel has been moving very freely, the 
output being entirely taken up. Considerable anxiety 
is evinced in many quarters to increase reserves, and 
there is great pressure upon collieries for supplies. All 
round, however, the situation is easier owing to the drop 
in works requirements. Slacks continue a drug on the 
market notwithstandi = gy ye Current 
quotations vary considerably, ranging 
from 208. to 258., pea slacks Yee. to 22s., and small slacks 
15s. to 188. per ton. Gas fuels are moving well. In 
blast-furnace coke there is little doing notwithstanding 
the cut in prices. Current rates for inland supplies 
are 45s. per ton on rail at the ovens, and for export 55s. 

r ton f.o.b. Little business, however, is being done 
in the latter. House fuel is in brisk request, particularly 
high qualities. The accumulations of slacks ce blocked 
oalien sidings, with the result that shorter hours are 
being worked, causing a lessened production of house and 
other qualities. Merchants complain that they have 
considerable difficulties in keeping their books clear. 
Prices are nominal. Quotations :—Best branch hand- 
picked, 37s. 2d. to 38s. 2d.; Barnsley best Silkstone, 
378. 2d. to 37s. 8d.; Derbyshire best brights, 35s. 2d. 
to 36s. 2d.; Derbyshire house coal, 32s. 8d. to 338. 2d. ; 
Derbyshire best large nuts, 32s. 8d. to 338, 8d.; Derby- 
shire small nuts, 3le. 8d. to 32s. 8d.; Yorkshire h " 
328. og to 33s. 8d.; Derbyshire hards, 32s. 8d. to 
338. 8d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron shows improvement, but it is by no means 
extensive, and the recent drastic cut in prices has not 
brought in the orders anticipated. At the same time, 
however, it is gratifying to hear of numerous home and 
foreign inquiries, and as Cleveland pig-iron is not now 
very much dearer than Continental iron after freight has 
been paid on the latter, expansion of home d 
for the product of this district seems probable as many 
consumers prefer Cleveland iron. For home p » 
No. 1, as well as siliceous iron, is 1558.; No. 3 GMB. 
150s.; No. 4 foundry, 1498.; No. 4 forge, 147s. 6d. ; 
mottled, 147s. 6d.; and white, 145s. Export prices 
are 5s. above home quotations. 


Hematite.—Decidedly better accounts are given of 
the East Coast hematite department. Without develop- 
ing any great briskness, this branch is showing signs 
of returning animation. Both home and foreign buyers 
are in the market, to both of whom the quotations are 
— at 180s. for Nos. 1, 2 and 3, and 182s. 6d. for 

o. 1. 


Foreign Ore.—There is absolutely nothing 
in foreign ore, but deliveries inst running contracts 
continue and stocks are increasing to quite an alarming 
extent. 

Coke.—Coke has not yet fallen, but reduction of prices 
at a very early date seems inevitable. As yet medium 
blast - kind remains at 54s. 6d. at the ovens; 
and low phosphorus sort still stands at 57s. at the 
ovens. 

Manufactured Iron and Steel._— Unsatisfactory accounts 
are given of the various branches of finished iron and 
steel. Prices are still well above Continental material 
and much too high to suit customers. A number of 
mills have closed down, and short time is being extensively 
worked. Common iron bars are 23/.; iron rivets, 312. ; 
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steel ship, bridge and tank plates, 211.; steel angles, 





197. 108. ; steel boiler plates, 27/. 10s. ; steel joists, 191. ; 
heavy steel rails, 18/. ; fish plates, 23/.; and corrugated 
galvanised sheets, 25. 


Iron and Steel Imports.—Statistics compiled by the 
Tees Conservancy Commission of imports of iron A steel 
to the Tees last month as com with unloadings for 
the corresponding period in 1913, and in 1914, are 
interesti They give last month’s imports as 3,919 
tons of pig-iron, 3,705 tons of billets, blooms and slabs, 
and 2,675 tons of plates, sheets bars and angles, a total 
of 10,297 tons. For February, 1913, the = were : 
10 tons of pig-iron, 2,230 tons of billets, ms and 
slabs, and 2,281 tons of plates, sheets, bars and les, 
a total of 4,521 tons; for February, 1914, the unloadi 
were 4 tons of pig-iron, 3,110 tons of billets, blooms an 
slabs, and 1,977 tons of plates, sheets, bars and angles, 
a total of 5,091 tons, 





NOTES FROM THE NORTH. 
Giascow. Wednesday. 

Scottish Steel Trade.—It is now some considerable time 
since the conditions in the steel trade of Scotland were 
as bad as they are at the present time, and what is one 
of the worst features is that no sign of any improvement 
is discernible. Makers have tried by every means in their 
power to secure fresh business, and have reduced their 
prices to the very lowest — consistent with present 
costs, but all without effect as buyers simply will not 
risk placing contracts of any size. The volume of 
business now going moves is very small and looks like 
getting smaller still, and as a result more plant will 
— be standing idle before long. Meantime a 
airish quantity of Continental material is finding its 
way into this market as the price of it is an inducement 
to quite a number of consumers, but as the margin 
between the latter and the home product gets smaller— 
and it is not so large as it was quite recently—less 
business will to the Continent. Structural sections 
are still cnsendl Y quiet and orders are very difficult to 
pick up, and although shipbuilders are not using quite 
such a large tonnage of plates there are always a few 
going out which is helping to k some of the miils 
running. The fall in the price of black steel sheets has 
been most marked, and when to-day’s quotation is 
more than 16/. per ton under the top level of last year 
the makers are naturally expecting a decided increase 
in business, but even the latest cut has failed to bring 
forth many fresh contracts, the current demand being 
very poor indeed. E trade all round is at a mini- 
mum. The following are the ruling prices: Boiler 
plates, 281. per ton; ship plates, j in. and up, 211. per 
ton; sections, 19/. 10s. per ton; black sheets, + in. 
to 4 in., 227. per ton; all delivered G ow station, 
and galvanised sheets, 26/. per ton, f.o.b. Glasgow. 


Malleable Iron Trade.—There is little inquiry for bar 
iron just now and the makers in the West of Scotland are 
still complaining of the lack of orders. The reduction of a 
week ago has brought out one or two specifications, but 
as the general trade of the country is so bad no buying 
movement can be expected meantime. Production is 


very low at present and the future is somewhat obscure. 
“Crown” bars are called 231. per ton net, delivered 
Glasgow station. 


Scottish Pig-Iron Trade.—No improvement of any 
kind can be reported in the Scottish pig-iron trade, and 
the depressed state is all too general. One industry h 
so much on another that a dull spell of any duration te 
its tale and with practically no demand for finished iron 
and steel at the present time there is naturally little 
doing in pig-iron. Hematite at 9/. 10s. per ton, delivered, 
is not tempting buyers, and the present restricted output 
is ample to do the turn. Foundry qualities are also very 
much “off,” and it hardly seems to matter what 
is named by the producers, as buyers are not inclined 
to enter the market until the outlook shows some definite 
signs of improving. A large number of furnaces have 
been damped down while many have actually been 
blown out, and still the output is not being taken up. 
Foundry iron No. 1 is called 9J. 15s. per ton, and No. 3 
91. 10s. per ton, net, ex makers’ works. 





NOTES FROM THE SOUTH-WEST. 
'  Carpirr, Wednesday. 

The Coal Trade.—The serious financial position of the 
coal industry is strikingly illustrated by recent official 
figures in respect to the cost of production and selling 
prices of South Wales coal in the month of January. 
A return, embracing 149 colliery companies producing 
3,166,000 tons of coal, shows that 2,897,193 tons were 
disposed of for 5,719,2401., but that the total cost of 
production amounted to 7,688,906l., thus showing a 
pithead loss of 1,969,666. In other words, the average 
proceeds per ton amounted to 39s. 6d. and the total 
costs to 53s. ld., representing a colliery loss per ton of 
13s. 7d. The 1,067,699 tons sent i d was sold at 
an average price of 37s. 7d. per ton, which, with the cost 
of production at 53s. 1d., showed a loss of 15s. 6d. As 
a matter of fact, the _— cost of 40s. 2d. ton was 
8d. per ton in excess of realised price of 39s. 6d. In 
other words the total wages cost amounted to 5,816,118/. 
and the proceeds to 5,719,2401., a deficit of 96,878J. 
Though the av loss on the whole output was 13s. 7d. 
per ton, it varied ¢ considerably as between colliery and 
colliery. Of the 148 companies, only 17 made a small 
profit, whereas 24 showed a loss of between 20s. and 30s. 
per ton, 20 between 30s. and 40s., 9 between 40s. and 
60s., 12 between 60s. and 95s., and 5 of over 100s. per 
ton. The B ey weme g are fully borne out by the 
returns of of which show that 3,429,000 
tons were raised in January, from which had to be 
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deducted 385,038 tons for mine consumption and miners’ 
coal, leaving 3,043,962 tons for a The net cost 
of production amounted to 54s. 8d. per ton, of which 
4ls. 10d. represented wages, but the proceeds to only 
40s. 2d., leaving a deficit of 14s. 6d. per ton, exclusive 
of capital charges. In the March quarter of 1920 the 
net cost of production in South Wales amounted to 
36s. 3d., but in the December quarter it had risen to 
5le. 10d., an increase of 15s. “—— ton. Of this increase 
wi accounted for 9s. 10d. e depression in the coal 
trade remains as acute as ever. In February, foreign 
exports of coal amounted to only 862,552 tons, compared 
with 924,434 tons in January and 1,318,197 tons in 
December. The decrease is chiefly accounted for by 
the practical loss of the French market, the extent of 
which will be gathered from the fact that in Feb 

only 235,656 tons were supplied to France by Sout 

Wales as com with 665,756 tons in December. 
rt trade over 500 coal 
tippers at Cardiff, and Newport are 
abe notice, while in the week ended February 26, 
997 shifts were lost in the coalfield representing a loss 
in output of 343,063 tons. 


Shipping News.—Proposals for the voluntary winding- 
up and distribution of assets of the Cardigan Steamship 
Company, Limited, Cardiff, have been made by the 
directors. They that subject to 25,0001. being 
allotted to the directors for loss of office, the company 
be wound up and that the assets, estimated at 29s. in 
cash per ll. share, be divided among the shareholders, 
that the company’s only steamer Anglesea be sold to 
a new company, under the same management, and that 
the present shareholders, in addition to the cash dis- 
tribution, be allotted shares in the new company in the 
ratio of nine 11, shares for each 25 shares now held, 
making a total distribution equal to 36s. per 1/. share. 
An in ing example of the actual increase in the cost 
of 
the Stella Shipping Company for the past three years. 
It is shown in 1918 , Ene amounted to 17,3001., 
which was increased to 94,3197. in 1919, and to 151,798I. 
in 1920. In each iod the company owned three 
steamers of over 20,000 tons deadweight. 





Prersonat.—The Hamworth 
Limited, 76, Victoria-street, Westminster, 8.W. 1, state 
that, owi to the development of their oil i 
lighting, air compressing and pumping sets, the 
amount of business they now have from the North-East 
Coast, they have opened a branch office at 22, Dean- 
street, Newcastle, and have appointed Mr. Philip E. 
Brittain as their Northern sales manager. 


as ong Company, 





Tue “ Practica, ENGINEER” MECHANICAL POCKET 
Book anD Drary.—The 1921 issue of this well-known 
pocket and reference book has been published somewhat 
late in the year, but we understand that labour troubles 
have in the main been responsible. The book has now 
reached its thirty-third of issue, and the type of 
matter it contains is probably familiar to the shop man 
to whom it in the main appeals. It covers most of the 
ordinary applications of mechanical engi ing and 
contains in many instances tables and formule of value in 


design or maintenance work. The book also contains 
a diary and a buyer’s guide in French, Spanish and 
Russian. It is published by the Technical Publishing 


Company, Limited, of 1, Gough-square, Fleet-street, 
E.C. 4, at 2s. or 2s, 6d. net, depending on the binding. 





Tue Svurrpty or Cuamxiep Cast Iron Roris.—A 
scarcity of chilled cast iron rolls seems to be indicated, 
says the Iron Age, New York, by a resolution recently 
passed by the executive committee of the Association 
of Operative Millers, which met in Kansas City. The 
resolution is as follows: ‘‘ Whereas there are only two 
factories in this country manufacturing chilled cast iron 
rolls, and as the length of service of such rolls is much 
shortened owing to the use of inferior materials, we 
advocate that, should any other factory begin operations 
and produce mill rolls t: will hold up to ‘ old-time’ 
stan and wear, the Association of rative Millers 
will advocate and recommend that our members use 
such last-mentioned rolls.” A. W. Spehr, St. Paul, is 
president of the Association and Mr. F. Dillon, Kansas 
City, is secretary. 





Pressure DistrrsvTion in Stream TURBINES: 
Errata.—We regret to state that the following printer’s 
errors require correction in our article on the above 
subject, printed in our last issue. Page 250, column 1, 
line 16, the expression for K should — 

K= ZNR*d@ x 10-9... 


In column 3, near the middle of the page, read— 


C= log xX, 
zi 
H 
= 4 being the sum of the reciprocals of the homogeneous 


heads at the exit from the nozzles, and X, the ratio of 
the initial and final pressures in the earbine, so that 


log X; is, in this case, log 164.8 = 2.2169 = = z 
On page 251, column 2, line 31, read— 
A=f M; 2— yt Be. Fe 
BM: pi w= seo ae a 
Line 34, same column, should read “assuming, say, the 


diameter and the weight of steam passed per hour, the 
number of rows and the blade heights can be ined.” 


running ships is afforded by the voyage accounts of Wi 





NOTICES OF MEETINGS. 


Tue Norts-East Coast Instirution or ENGINEERS 
AND SHIPBUILDERS.—Friday, March 11, at 7.30 p.m., 
Meeting in the Lecture Theatre of the Literary and 
Philosophical Society, Westgate-road, Newcastle-upon- 
Tyne. The following paper will be read and discussed : 
“Organisation for Ship Production,” by Mr. Wilfrid 
Ayre, Member. Graduate Section: Saturday, March 12, 
at 6.30 p.m., in the Lecture Theatre of the Mining 
Institute, Neville-street, Newcastle-upon-Tyne. Pro- 
fessor Godfrey Thomson will deliver an Address on 
“The Theory of Probability.” 


Tue KEIGHLEY ASSOCIATION OF ENGINEERS.— 
Saturday, March 12, in the Corporation Baths Hall, 
Highfield-lane, a Lecture will be given by Dr. W. H. 
Hatfield, Sheffield. Subject, ‘Steel Castings.” Chair 
to be taken at 6.15 by the president (Mr. J. Whitehead). 


Tue MANCHESTER ASSOCIATION OF ENGINEERS.— 
Saturday, March 12, at 7 p.m., at the Memorial Hall, 
Albert-square, Manchester. Paper on ‘‘Cane Sugar 
Machinery,” by Mr. W. Scott Herriot, Assoc.M.Inst.C.E., 
M.I.Mech.E., Glasgow. 


Tue InstirvTe or TRANsPORT.—Monday, March 14, 

at 5.30 p.m., at the Institution of Civil ineers, Great 

-street, London, 8.W. 1, when Major-General 

Sir F. H. 8 K.C.B., C.M.G., C.B.E. (Controller- 

General of Civil Aviation) will read a L entitled 

“Civil Aviation.” The president (Lo Ashfield of 
Southwell) will take the chair. 


Tur Royat Socrety or Arnts.—Monday, March 14, 
at 8 p.m.: Cantor Lecture, by Major G. W. C. Kaye, 
OBE. M.A., D.8c., National Physical Laboratory, 
“ X-Rays and their Industrial Applications ” (Lecture IT). 

ednesday, March 16, at 8 p.m.: Ordinary Meeting, 
“Science and the Investigation of Crime,” by Mr. 
Charles Ainsworth Mitchell, M.A., F.I.C. The Right 
Hon. Lord Justice Atkin will preside. 


Tse InstiTuTE OF INDUSTRIAL ADMINISTRATION.— 
Tuesday, .March 15, at 7 p.m., at Central Hall, West- 
minster. Paper on “The Measure of Output in Build- 
ing,” by Mr. T. Sumner Smith, M.Q.8.A. Chai 
Sir James Carmichael, K.B.E. 

Tse InstrruTion oF AERONAUTICAL ENGINEERS.— 
Tuesday, March 15, at 8.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, London, Cc. 2 A 
Lecture entitled: “‘ Points in the Design of Aircraft 
Structures,” by Dr. A. P. Thurston, 

Tae Socrety or Grass TecHNoLocy.—Wednesday, 
March 16, at 2.45 p.m., in the North of England Institute 
of Mining and Mechanical — Neville Hall, 
Westgate-road, Newcastle-upon-Tyne. The following 
oo Akg be read and discussed: (1) ‘‘ Note on the 

ion of Fireclay Refractory Materials by. Glass- 
oe hey Y by Mr. Donald Turner, B.Sc.Tech., 
and . W. E. 8. Turner, D.Sc. ; (2) “The Clouding 





of Glass,” ¥ Mr. rey latest, aed a (3) oe 
Shrinkage, Porosity Density of British Fireclays 
after Firing 1,500 Tedith M. Firth, B.Sc., 


at Deg by 
and Mr. W. E. 8. Turner, D.Sc. On Wednesday morning. 
ior to the meeting, visit to the works of Messrs. 
Conlinghen Cinsswerka, Limited, Lemington-on-Tyne, 
Tae InstirvuTion or Navat Arcurrects.—Wednes- 
day, March 16, at 11 a.m., and two succeeding days. 
Meetings will be held in the Lecture Hall of the Royal 
United Service Institution, Whitehall, W.C. 2 (b 
kind ission of the Council). Wednesday, March 16, 
Mo: Meeting, at 11 a.m. : Annual Report of Council ; 
Address by the ident (His Grace the Duke of North- 
er nse whe | C.B.E, M.V.O.). Papers: Sir Eustace 
d’Eyncourt, K.C.B., “‘ Notes on Some Features of 
German Warship Construction”; Mr. 8. V. Goodall, 
M.B.E., on ‘“ Ex-German Battleship Baden”; Mr. 
W. R. G. Whiting, M.B.E., on “The Strength of Sub 
marine Vessels."” Thursday, March 17, Morning Meeting, 
at 11 a.m.: Messrs. R. J. Walker, C.B.E., and 8. 8 
Cook, B.A., on “‘ Mechanical Gears of Double Reduction 
for Merchant Ships”; Mr. E. W. Blocksidge, on “ Life- 
Saving Appliances on Cargo and P Vessels ”’ ; 
Mr. M E. Denny, C.B.E., on “‘ The Design of Balanced 
Rudders of the Spade Type.” Afternoon Meeting, at 
3 p.m.; Mr. H. B. Wyn Evans, on “ Standardisation of 
Data for Airship Calculations.” Evening i 
8 p.m.: Professor T. B. Abell, O.B.E., M.Eng., on 
~: g Study of the Framing of = va March 18, 
Morning Meeting, at 11 a.m: Mr. K. G. Finlay, 
the Spacing of Transverse Bulkheads”; Mr. A. M. 
Robb, B.8Sc., on ‘‘ Defiections of Bulkheads and of 


Ships”; Mr. J. J. King-Salter, on “Some Experiments 
on Tallows in their Use for the Launching of Ships.” 
The annual dinner will be held on W: ay ev 


ening, 
in the Grand Hall of the Connaught Rooms, at 7.30 p.m. 


On Tuesday evening, at 9 p.m., will be a ion 
by the Earl of Durham the Naval Museum the 


Royal United Service Institution. 

Tse InstirvuTion or Eectrricat EnoGmrers.— 
Wrretess Section.—Wednesday, March 16, at 6 p.m. 
A meeting will be held at the Institution of Mechanical 

rs, Storey’s Gate, Westminster, 8.W. The 
i will be read and discussed: ‘“‘On the 


Mr. _- Stead, M.A. a os ob ae 
Circuits for Relaying an easuring, Miss W. A. 
Leyshon and Dr. W. H. Eccles. 

Tae Royat Mereoro.vocicat Socrery.—Wednesday, 
March 16, at 5 p.m., in the Rooms of the al Astro- 
nomical Society, Burli m House, Pi ily, W. 1, 
a Lecture on “The South-West Monsoon” will 





be | Holland Park, 





delivered by Dr. G. C. Simpson, C.B.E., F.R.8., Director 
of the Meteorological Office. The chair will be taken by 
Mr. R. H. Hooker, President. 


Tue InstrrvTion or AvutTomosire ENGINEERS.— 
Wednesday, March 16, at 7.30 p.m., Meeting of the 
Birmingham Graduates at Room 5, Chamber of Com- 
merce, New-street, Birmingham, when Mr. T. Burkett 
will read a paper entitled “ Lubrication Systems.” 
The chair will be taken by Mr. J. P. Hillhouse. Graduates 
of other branches and visitors are invited. Thursday, 
March 17, at 7.30 p.m., Meeting of the London Graduates 
at 28, Victoria-street, London, 8.W. 1, when Messrs. 
H. B. Benny and D. J. Macklin will read a paper entitled 
“Modern Tendencies in Automobile Design.” The chair 
will be taken by Mr. F. L. Martineau. Visitors are 
invited. Saturday, March 19, Visit of the London 
Graduates to the works of the Westinghouse Brake 
Company, Limited, York-road, King’s Cross, N. Meet 
outside the works at 2.30 p.m. 

Tae InstrrvoTion or Eecrrican ENGINEERS.— 
Thursday, March 17, at 6 p.m., at the Institution of 
Civil ineers, Great rge-street, Westminster, 
S.W. “The Long-Distance Telephone System of the 
United Kingdom,” by Sir William Noble. 


Tae Royat Agronavutica Socrery.—Thursday, 
March 17, at 5.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C. 2. A paper by Captain D. 
Nicolson, M.I.N.A., on “ Flying-Boat Construction,” 
will be read. 


Tue ItuumfNatine Enoineerine Socrery.—Thurs- 
day, March 17, at 8 p.m., Meeting at the House of the 
Royal Society of Arts, John-street, Adelphi, London, 


when a discussion on “ Motor-car Headlights: Ideal 
Requirements and Practical Solutions” will be opened 
by jor A. Garrard. 


Tae Coventry EnNoineerinc Socrmry.—Friday, 
March 18. Mr. A. C. Wickman will give a lecture on 
“ Gauging and Fine Measurements.” 


Tue Instrrvrion oF MecuantcaL EnGIngrers.— 
Friday, March 18, at 6 p.m., General Meeting at the 
Institution, Storey’s Gate, St. James’s Park, 8. 
“Contact Pressures and Stresses,” by Professor E. G 
Coker, M.A., D.8c., F.R.8. (M.), of London, Mr. K. C. 
Chakko, M.Se., and Mr. M. 8. Ahmed, M.Sc. A meeting 
of the Graduates will be held at the Institutidn, Storey’s 
Gate, on Monday, March 14, at 7 p.m. Paper, ‘ Com- 
mercial Motor Vehicles,” by Mr. A. 5 . Watson, Graduate, 
of London. 


Tue Royat Instrrution or Great Brrram.—Friday, 
March 18, at 9 p.m., Evening Discourse by Sir Frederick 
Bridge, C.V.0., Mus.Doc. The subject is “‘ Researches 
of a Musical Antiquarian ” (with musical illustrations). 
Afternoon Lectures, at 3 om: Tuesday, March 15, 
Mr, Arthur Keith, M.D., LL.D., F.R.8., M.R.1., Fullerian 
Professor of Physiology, on “ Darwin’s Theory of Man's 
Origin (in the Light of Present-Da Hvidence) " 
(Lecture IV); Thursday, March 17, Mr. ory x C. 
Simpson, D.8c., F.R.8., Director, Meteorological Office, 
on “The Meteorology of the Antarctic" (Lecture. II) ; 
Saturday, March 19, Sir Ernest Rutherford, LL.D., 
D.8c., F.R.8., M.R.I., Nobel Laureate Cavendish Pro- 
fessor of Physics, Cambridge, on “Electricity and 
Matter ” (Lecture ITI). 


Tue Jountor InstirvTion or Enoinerrs.—Friday, 
March 18, at 8 p.m., at Caxton Hall, Ordinary Meeting. 
Paper, “ gee gee Appliances for Lifting and 
Transporting, with Particular Reference to —— 
. Awkward Circumstances,” by Mr. T. E. Dimbleby, 

ember. 





INSTITUTION OF MuNICIPAL aND County ENGINEERS. 
—A meeting of the Metropolitan District of the above 
Society will Degg of Ba a cage on gy a — 
18, 1921, w ollowing programme n 
:—10.30 a.m., meet at Osram Lamp Works 
of the General Electric Company, Limited, at Brooke 
Green, Hammersmith, for i tion of works and to 


see the manufacture of electric ps. 1 p.m,, luncheon 
at the “Clarendon” Restaurant (near to Wantinenmnith 
Unde und Station); discussion. 2.30 p-m., discussion 
on “‘Employment for the Unemployed.” 





InsTITUTION OF PropvcTION ENGINEERS.—At a 
m held at Cannon-street Hotel, London, on 
Saturday, February 26, it was decided to form an Institu- 
tion of Production i . There was a large 
attendance when Mr. Honer, the convener of the meeting, 
eg A ings, and Mr. Cecil F. Hammond, 

oventry, was ¢ to the chair. After Mr. Honer 
the calling of the mesting, © discussion of the pomibilitice 
the ing of the meeting, a di o possibilities 
of the Institution took place. those who took 
part in the discussion were Mr. R. Waring Brown, 
Coventry; Mr. J. D. Scaife, works manager, . 
Ransome and Marles Bearing Company; Mr, H. C. 
Armitage, Messrs. Austin Motor Company ; Mr. A > 
London; Mr. Butler, Messrs. C. A. Vandervell and Co., 
Limited, Acton; and Mr. J. W. Whitaker, London. 
Affiliation was with some other body; this 
scheme, however, did not meet with the general val 
of the meeting, and it was ultimately decided by a large 
majority to proceed with the formation of a separate 
Institution. A representative committee was appointed 
oo Gel Sate, Be, Set Ss ae at a general 
meeting to be held on 7, dpe 2, the worms of 
which will be notified later. In the meantime it is 
requested that all interested, i those who wish 
to become members will communicate with the Hon. 
, Mr. A. T. Davey, 6, St. James’s-square, 

Kensington, W. 11. 
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A few months ago the Proprietors of ““ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
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postal rates have been again increased, the price 
of single copies sent by inland post is now Is. 2}d. 
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In view of the restrictions still imposed by the 
Government on the importation'of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “‘ ENGI- 
NEERING” each week should place an order for 
the Journal with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 293. : 
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LABOUR AND THE FUTURE. 


THE proceedings at the Labour Conference on 
Unemployment held in London recently aptly 
illustrate what appears to be a functional weakness 
in organised labour. One need have no quarrel with 
labour for wishing to take a leading part in the 
Councils of State, or for its efforts towards that end, 
and one may admit that such a consummation is not 
impossible, but it is allowable and may be useful 
to consider in how far the record of labour shows 
it to be fitted for the task at which it aims. The 
whole of the unemployment controversy has illus- 
trated the weakness of labour from a constructional 
point of view. One may pass over its infructuose 
criticism of all official plans and suggestions. This 
is a stock procedure of parties in opposition and 
means nothing. One cannot, however, pass over 
the fact that labour has contributed no single 
useful suggestion likely to aid in the melioration, or 
cure, of this very serious malady. The problem is 
one of great difficulty, and one cannot expect the 
Labour Party to have any immediate remedy at 
hand, but the subject is one affecting its followers 
so nearly that some little assistance might at least 
have been expected. 

It was suggested at the conference already re- 
ferred to that labour could not carry out its ideas 
because in official positions it was numerically 
too weak, and an appeal was made to its supporters 
to elect more Labour members. This appeal was 
entirely logical and sensible, but the real interest 
of the matter lies in an inquiry into whether labour 
has got any ideas to carry out, or whether such ideas 
as it has are of any value. In spite of the numeri- 
cally weak voting power of official labour, there is 
not the least doubt but that had it put forward any 
promising scheme for dealing with unemployment, 
it would have been adopted. Even a tolerable or 
specious scheme would have been given much 
attention. Not only ordinary thankfulness for 
assistance in a difficult problem would have ensured 
this, but the whole attitude of the country towards 
labour and the way in which its aspirations have 
been treated in the last two years makes the matter 
certain. 

The labour party’s cure for unemployment is to 
increase the out-of-work donation and restore 
international trade. The first of these is a method 


296} of increasing unemployment and the second is a 


phrase, and a phrase only. An unemployment 
donation may at times be necessary, but it can never 
help, and must always hinder, the elimination of 
unemployment. The restoration of international 
trade is an admirable object, but one cannot achieve 
it by demanding it, and the mere demand is no 
contribution to the solution of our difficulties. 





It may be admitted that labour does assist by lend- 


S| ing some countenance to the idea of a scheme of 


credits, but this is merely a further mortgaging 
of the country’s income and is really on the same 





basis as Mr. Hodge’ ~ a that the coal trade 
should be rehabilitated by subsidy. 

The constructive weakness of the Labour Party, 
and incidentally of most socialistic advocates, is 
shown in proposals of this kind. The Labour Party 
may fairly be said to stand for socialism, and it is 
curious what a complete lack there appears to 
be of any constructive method in their ranks. 
Socialism in the broad sense has made much head- 
way in this country in the last generation, but in 
practically all cases its manifestations have been 
quite unable to stand on their own feet and have 
had to be supported hy the taxpayer, or the rate- 
payer. If labour 1s to make its case that this, 
that and the other industry should be run by the 
State or the municipality, it would surely appear a 
logical and politic procedure to attempt to make 
a financial success of such socialistic organisations as 
we already have in existence. The plain fact is that 
practically all the socialistic methods which we have 
at present in operation are parasitic on the private 
initiative which the socialist would tell us is un- 
desirable, and should be done away with. Ex- 
perience has so far shown that when the State takes 
over an industry, that industry ceases to be revenue- 
producing and becomes revenue-consuming. There 
are many examples of this, and apparently at least 
one speaker for labour would add the coal 
industry to the list of revenue-consumers and 
incidentally, of course, eliminate the revenue which 
it has hitherto paid in taxes. 

The socialist case well put makes a not up 
attractive picture of a community of the future, 
but the plain man may be forgiven for wondering 
where the revenue is coming from to run the multi- 
farious State and municipal activities which it 
postulates. Past experience can only suggest that 
when the State has taken over everything then 
everything will require subsidy from the public 
revenue, and yet that revenue will have no source. 
At present private enterprise is carrying everything, 
and experience proves that as any industry is taken 
from its sphere it ceases to produce revenue and 
becomes a further burden on such private enterprise 
as is left. It is not difficult to see that in the 
limit one encounters an absurdity, and the best the 
socialists could do to make their case would be to 
bend all their efforts to make at least one of our 
socialist experiments a success oy its own feet. 

These matters are really of direct moment to 
official labour, and if it wishes to carry its ideas it 
must make some effort to prove its case —not by 
argument, but by demonstration. This is not to 
put any impossible task before the party. There 
is ample room and need for constructive endeavour 
by organised labour, and such constructive endea- 
vour would probably enormously strengthen its 
position and improve its prospects. The functional 
weakness of labour in its lack of constructive 
ability has seldom been more strikingly displayed 
than in the case of the present unemployment 
problem. With wages pushed up to an unjustifiable 
level and working hours cut down at an 
entirely unsuitable time the problem has certainly 
become one of great difficulty, but a constructive 
Labour Party could probably have done more 
than any one else to assist in some way being 
found out of the morass. It is not necessary to say 
much about the very obvious case of the building 
question, but it must be pointed out that the 
majority of the house-building with which the 
trouble is concerned is an example of precisely the 
socialistic practice for which the Labour Party 
stands. The situation is simple; there is plenty of 
work and plenty of labour, and although there 
are many difficulties in bringing the two together 
the Labour Party should be able to do more in this 
direction than anyone else. Actually it has done 
nothing, or less than nothing. 

The whole question of cost of manufacture again 
which is the root of the unemployment trouble, 
could be greatly mitigated by an able and con- 
structive Labour Party. The question is not a 
simple one, and it is notorious that the mass of 
labour is not inclined to be guided at all times by 
its leaders, but much could be done. It may seem 
absurd to suggest that official labour should take 
any part in helping on a reduction in wages and an 
increase in hours, or, what would be better, an 
improved output per unit, but there is no absurdity 
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in the matter. Labour is quite competent to 
ensure that its members obtained a fair share 
of any good resulting from better production, and 
the only reason why there may be considered to be 
any absurdity in the matter lies in the idea that 
everything is to be paid for by the capitalist—that 
is, by private enterprise. As already pointed out, 
this idea from the point of view of socialist ambitions 
is absurd and ultimately self-destructive. 

The house-building question in particular repre- 
sents a very great socialistic advance, and if labour 
would tackle it constructively it would greatly 
strengthen its general case and educate iteelf 
towards constructive action in other directions. 
The root of the present trouble is that labour is 
lacking in any proper sense of responsibility. 
Officially it stands for public ownership, and yet it is 
prepared to let public ownership remain parasitic 


on private ownership. Intellectually this position. 


is untenable and no effective progress is possible 
for labour until it faces the responsibility of its own 
doctrines. A sense of responsibility and a sense 
of discipline—self-imposed discipline—can only 
be obtained through action. Theoretical dis- 
quisition is useless, And if the Labour Party would 
make some effort really to help forward a solution 
of our labour problems it would not only improve 
its own standing, but would better realise the 
difficulties of the problems we are faced with. The 
Labour Party hopes and believes that the future will 
show a great advance in socialistic practice. Such 


. advance may take place, but if 1t does it will not be 


secured by the Party, which is responsible for it, 
avoiding all the difficulties which it entails and 
allowing it to remain a dead load on the State, 
rather than a worker in its interests. 





ELECTRICITY AND MATTER. 

On Saturday afternoon last Sir Ernest Ruther- 
ford, F.R.S., to whom we owe the accepted theory 
of radio-activity and most of our knowledge as to 
the dimensions of atomic nuclei, delivered, at the 
Royal Institution the first of a series of three 
lectures on “ Electricity and Matter.” 

In opening his discourse, Professor Rutherford 
said that if adequately treated the subject of his 
lectures would cover the major portion of modern 
physics, but he had no intention of undertaking 
such a heavy task, and would content himself with 
trying'to bring out some few of the salient points 
that had come to light. These established a striking 
connection between electricity and matter. During 
the past twenty years there had in fact been a 
veritable revolution in our ideas on this head, and 
this great advance was due to the curious and 
interesting discovery that electricity was itself 
atomic in structure. The proof of this came in 
initially by a sort of side effect and was consequently 
comparatively unheralded and unnoticed. In recent 
years, however, there had been ample recognition 
of the part played by electricity in regard to the 
structure of matter. 

He proposed in the first place to make a hurried 
survey of the earliest ideas connecting electricity 
with matter. The first great advance was due to 
Volta who, by the invention of the voltaic cell, 
showed that by chemica: interactions it was possible 
to produce electric currents. The full significance 
of this discovery was brought to light by Faraday, 
who disclosed the laws which controlled the passage 
of electricity through electrolytes. This was done 
in 1833, and whether in regard to its philosophical 
importance to science, or to its applications to 
industry, this discovery stood second only to that 
of electromagnetic induction, for which also we were 
indebted to Faraday. In his completed researches 
Faraday brought to light one fact of enormous 
importance, showing one close connection between 
electricity and matter, both with respect to chemical 
valencies and atomic weights. He found, in short, 
that there was one extraordinarily simple relation- 
ship between certain quantities. 

His audience, Professor Rutherford continued, 
had all seen experiments on electrolysis, but he 
would ask nevertheless to be excused if he con- 
sidered here some elementary matters in this con- 
nection, so as to make clear the really essential 
points. Taking the case of a simple cell in which 
® current was passed through a solution of hydro- 





chloric acid, we had, he said, hydrogen liberated 
at the cathode and chlorine at the anode. Faraday 
supposed that the current was conveyed from one 
electrode to the other by ions and as the hydrogen 
ion went to the cathode it carried, he held, a charge 
of positive electricity ; whilst the chlorine ions 
similarly carried negative charges. On this view we 
had in the electrolyte a stream of positively charged 
ions which were ultimately liberated .at the cathode 
in the form of hydrogen gas, whilst the corre- 
spending stream of negative ions were ultimately 
liberated at the opposite electrode as chlorine. 
If a solution of lead acetate were substituted for 
hydrochloric acid the current caused a deposition 
of lead at the cathode and this could be weighed, 
and the weight deposited proved always in exact 
proportion to the quantity of electricity passed 
through. Incidentally the lecturer described here 
an arrangement due to Mr. C. T. R. Wilson by 
means of which the passage of extraordinarily small 
quantities of electricity could be detected. In this 
case the negative electrode consisted of a piece of 
glass tubing having sealed into its lower end a 
Wollaston wire of platinum, which just emerged, 
and was filed off flat with the glass surface. On 

ing a current, mercury was deposited round this 
electrode in the form of a globule, and the arrange- 
ment was, Sir Ernest said, so sensitive that if the 
apparatus were coupled up to a coil in which a 





Fig. 1. 


magnet was placed, the production of the current 
which resulted, on merely withdrawing the magnet, 
was sufficient to produce a globule which could be 
seen with a microscope. 

In general, the lecturer proceeded, gases were 
usually liberated at the anode of an ‘electrolytic 
cell and hydrogen and metals at the cathode. 
When the weights of metals deposited by a given 
current were determined, Faraday found that 
this weight was in many cases exactly propor- 
tional to the atomic weights, but in other cases 
was some simple fraction of these, either }, } 
or 4. To get a fundamental explanation of this 
observation let us, the lecturer proceeded, sup- 
pose that when hydrogen or metals were liberated 
the actual ions were atoms carrying positive 
charges. In the case of monovalent elements one 
charge was carried by each atom, but the copper 
atom, when cupric salts were electrolysed, carried 
two charges, and the tin atom was found to carry 
four charges, taking as unity the charge carried by 
the hydrogenatom. On this hypothesis the results 
observed were completely accounted for. No atom 
on this view carried a fractional charge, but its charge 
was always an integral multiple of that carried by 
the hydrogen ion. This natural explanation of 
Faraday’s experiments was early clear to scientific 
men, but for long they were loth to accept it as 
more than a provisional hypothesis. Both Maxwell 
and Helmholtz, two of the greatest men of the last 
century, were cases in point. Both saw that the 
above was the simplest explanation of Faraday’s 
results, and Maxwell, in fact, suggested that the 
unit in question might be called a molecule of 
electricity, but held that the hypothesis should be 

solely as a simple way of the main 
facts of electrolysis, believing that it was improbable 





that this theory could be permanently retained. 
Very similar views were expressed by Helmholtz 
in the last Faraday lecture he delivered in England. 

The main difficulty which hindered the definite 
adoption of this view of electrolysis lay in the circum- 
stance that, when electricity was passed through 
a metal, instead of an electrolyte, there was no 
chemical decomposition whatever; and whilst the 
view that electricity was atomic in character 
applied to electrolysis it did not then seem 
possible to apply it to other cases of conduction. 
Light was first thrown on this question by an 
experiment of Crookes, the ultimate effect of which 
had been to revolutionise our ideas as to the struc- 
ture both of electricity and of matter. By his 
experiments on high vacua discharge tubes Crookes 
was the first to show the properties of the cathode 
rays. These rays were not themselves visible, but 
had the property of producing phosphorescence, so 
that their path could be traced. In view of the 
ultimate outcome of these experiments, they might 
be considered to be amongst the most wonderful 
that could be shown, as from them had been 
developed not only modern ideas as to the atomic 
nature of electricity, but the use of these rays in 
wireless telephony and telegraphy enabled one to 
appreciate what enormous potentiality might reside 
in even a single experiment. Crookes showed that 
the rays could be bent by a magnet, and it was 
later on found that they were also deflected on 
passing through an electric field. By experiments 
of this kind it had been established by Sir J. J. 
Thomson and others that the cathode rays were 
negatively charged particles traversing the discharge 
tube with prodigious swiftness, the velocity ranging 
from 10,000 miles to 100,000 miles per second. An 
interesting point was that the mass of each of these 
particles turned out to be excessively small, and the 
question arose as to whether they were not really 
something entirely different from ordinary matter, 
being nothing more than atoms of electricity. 
According to theories existing at the date of their 
discovery this latter point of view was a possible one. 

This great advance originated with Sir J. J. 
Thomson in 1881, who pointed out that any particle 
of matter which carried a charge had its effective 
mass, thereby increased. Consider, the speaker 
went on, such a particle to be set in motion 
at a high speed, carrying its charge with it. Then 
Rowland had proved that a moving charge 
was equivalent in all respects to a current 
of electricity. It followed accordingly that a 
magnetic field was immediately established around 
the moving charged particle, just as was the case 
around a wire conveying a current. The establish- 
ment of.this field involved an expenditure of energy 
which was stored in the ether, so that the energy 
due to the motion of a charged body was greater than 
that of the same body uncharged ; or in other words 
the apparent mass of the body was increased. This 
increase was inappreciable in comparison with the or- 
dinary mass unless the moving particle was extremely 
small, but its calculation showed that were the par- 
ticle much smaller than an atom this increase of mass 
due to a charge might be comparable to the total 
mass of an atom. If the mass of the cathode particles 
were mainly or wholly electrical, this mass as deduced 
from the deflections in magnetic and electric fields 
would appear to vary with the speed of motion and 
the rate of variation would be very rapid at speeds 
approaching the velocity of light. In discharge 
tubes it had not, however, been found possible to 
give the particles speeds of more than about 100,000 
miles a second, but similar particles emitted by 
radium attained speeds equal to 98 per cent. that 
of light. Kauffman accordingly determined the 
deflection of these particles in a magnetic field, 
using a photographic method, and it then ap- 
peared that the swifter particles had apparent 
masses equal to two or three times that of more 
slowly-moving particles. The kind of photograph 
obtained by Kauffmann is indicated in Fig. 1, an- 
nexed, where the faint wide lines show the traces 
left on the plate by the moving electrons. On com- 
paring the actual measurements with theory it was 
clear with reasonable certainty that these rays from 
radium might well be nothing more than atoms of 
electricity, wholly unassociated with matter. Such 
particles would, however, exhibit all the properties 
of ordinary mass. 
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The relationship between the mass of an electron 
and that of a hydrogen atom had, Sir Ernest said, 
been determined in the following way : 

Let M denote the mass of the hydrogen atom, 
E the charge carried by it in electrolysis and N, the 
number of atoms in 1 gramme of hydrogen. Then 
it was found by experiments on electrolysis that 
9,650 electromagnetic units of electricity must be 
passed in order to liberate 1 gramme of hydrogen 
gas. We had therefore 


NM = 1 gramme, and NE = 9,650, 
whence 


E 
= == 9,650. 
M 


Coming now to the electron, if m, denoted its 
mass (at low speeds) and e the charge carried, it was 


found by experiment that — = 1-77 x 10’ electro- 


magnetic units, so that if the charge e were numeri- 
cally equal to E (the charge carried by the H atom 
in electrolysis), we got at once the relation : 

M I-77 xi 1830 

As already stated, however, the mass of the elec- 
tron depended on its speed and the general connec- 
tion between the two had been worked out. by 
Heaviside and others. The simplest method of 
determining this relationship was, however, afforded 
by Einstein’s relativity theory according to which, 
if m, denoted the mass of the electron at low speeds 
and m that at any other speed, then 

m 1 

m= ,/1 — pe 
where 8 was defined by the equation : 

B= velocity of electron 
velocity of light 

As already stated some of the electrons emitted by 
radium had a speed equal to 98 per cent. of light, so 
that according to the equation just given their mass 
at this speed was about five times that of slowly- 
moving electrons. 

In one way, however, the Einstein theory proved 
more than was required, since according to it the 
same rule held, whether the particle was charged 
or not, and the mass of any material particle moving 
at a speed equal to 98 per cent. that of light would 
be about five times its ordinary mass. However 
this might be there could, Sir Ernest said, now be 
little serious doubt but that the electron was merely 
an atom of electricity and had no ordinary mass 
associated with it. The term electron was due to 
Dr. Johnstone Stoney, of Dublin, who in 1891 
pointed out that the laws of electrolysis indicated 
that electricity was atomic in character. He 
assumed that this atom of electricity was equal 
to the charge carried by the hydrogen atom in 
electrolysis, and proposed that this electrical atom 
should be called an electron. 

A crucial point in the method given above for 
ascertaining the ratio of the mass of the electron to 
that of the hydrogen atom was the assumption that 
its charge was numerically equal to that borne by 
the hydrogen atom. How was this to be justified ? 
Why should it not be 1,000 times as great ?—in 
which case the mass would come out at a figure 
comparable with that of the hydrogen atom. The 
gap in the argument had been filled by studying the 
properties of gases rendered conductive by ionising 
agents such as X-rays. 

Take, Sir Ernest proceeded, such an arrangement 
as indicated in Fig. 2, which represented diagram- 
matically the passage of X-rays through a gas. 
These rays ionised the gas, some molecules being 
rendered positive and others negative. If the 
upper of the two plates represented in the diagram 
were connected to the positive pole of a battery 
giving an E.M.F. of, say, 100 volts, and the lower 
plate to the negative terminal, these electrified 
molecules would be pulled out towards the plates, 
there being thus established a stream of negative 
ions flowing up to the positive plate and a similar 
current of positive ions to the negatively charged 
lower plate, with the result that the battery 
would under these conditions be able to maintain 
a current through the ionised air. 

Measurements made as to the rate of motion of 
these ions showed that all the positive ions moved 
at one speed and all the negative at another, and 








in general slightly lower speed, particularly in the 
case of damp gases. The problem then arose as to 
what was the charge carried by these ions. By 
experiments in which air was rendered conductive 
by the action of ultraviolet light on zinc the speaker 
had proved that in this case the ions formed moved 
at exactly the same speed as the negative ions 
produced by X-rays. If, however, the whole gas 
was exhausted from the neighbourhood of the zinc 
plate, electrons only were liberated, and it was shown 
that the conductivity produced when a gas was 
present was due to these electrons attaching them- 
selves to the molecules of the gas, which thus 
became negative ions. Hence, if in any way we 
could determine the charge on one of these ions we 
could obtain at the same time the charge of the 
electron. This feat was first accomplished by 
Townsend who proved that this charge was numeri- 
cally equal to that carried by the hydrogen atom in 
electrolysis. His first experiment was made in 
1897. He found that when sulphuric acid was 


Fig. 2. 
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electrolysed the oxygen came off charged. Some 
of the molecules were positive and some negative. 
In moist air these charged molecules acted as 
condensation nuclei, each forming a centre round 
which a small droplet of water condensed, thus 
producing a cloud. Townsend set himself the 
problem of finding the charge carried by each of 
these droplets, and of ascertaining the number of 
them between which the. total charge was divided. 
Such a cloud of minute droplets settled very slowly 
through air, owing to the viscosity of the latter. 
In fact, when any small body fell through a 
viscous fluid, it very rapidly attained a constant 
velocity of fall, which was known as the terminal 
velocity. Many years ago Stokes had worked out 
an expression for this terminal velocity v in terms 
of the radius of the drop a, its density o and the 
viscosity of the medium 7. He found that v was 
given by the relation : 

geo 

n 
where g denoted the acceleration due to gravity. 
Knowing o and-» and measuring the velocity of 
fall, Townsend was able to determine the radius 
of his droplets, and by absorbing in sulphuric acid 
the. whole of the cloud formed the consequent 
increase in the weight of the acid gave the total 
weight of the cloud. On dividing this by the 
weight of one droplet, of which the radius was now 
known, he obtained the total number of droplets in 
his cloud. 

By good luck most of the drops in this experiment 
carried one charge only, and in consequence 
Townsend got a very fair value for e, taking into 
consideration the pioneering character of the 
experiment. 





o=2. 
9 





A TRADE UNION LITIGATION. 


Tue judgment of Mr. Justice Russell in the 
action of Mr. James Walton, M.P., against the 
Yorkshire Miners’ Association is an example of the 
operation of the rule esteblished in the second 
Osborne case some years ago, that although the 
courts will not entertain actions to enforce agree- 
ments for the application of the funds of a trade 
union to provide benefits to its members, they will 
entertain actions to protect members of trade 
unions against unfair expulsion. 

The facts on which the judgment turned appear 
to be as follows :—The plaintiff, Mr. Walton, had 
been a member of the Yorkshire Miners’ Association 
for about thirty-eight years. On May 19, 1919, 
a resolution of the council of the association was 

expelling him from the association. He 
brought an action against the association and some 
of its officials for a declaration that the resolution 





was ultra vires and void as being unauthorised by 
the constitution of the association or any of its 
rules, and for an injunction to restrain the defendants 
from acting upon the resolution. The following 
points are taken from Mr. Justice Russell’s summing- 
up of the effect of the rules of the association : 
(1) The supreme governing body was the council, 
which was composed of certain officers and the 
delegates from about 160 branches ; (2) the delegates 
were free to vote as they thought right, unfettered 
by any instructions from their branches; (3) ex- 
pulsion could be voted by the council alone ; 
(4) a question of expulsion must be properly brought 
under Rule 41, and the council (a4) must see that 
the accused was made acquainted with the real 
charge, (b) must see that he had an opportunity of 
defending himself, and (c) must verify and consider 
the charge, and each member must form his indivi- 
dual opinion and vote accordingly. Apparently Mr. 
Walton’s expulsion arose out of his action in connec- 
tion with the agitation of the Miners’ Federation for 
a strike in the early part of 1919. The Govern- 
ment had made an offer which the Federation 
refused, and directions were given by the federation 
for a ballot on the question of a strike. The 
plaintiff was a member of the National Democratic 
and Labour Party, and he and others issued a 
manifesto to the miners advising them not. to strike 
and setting out the Government's offer, which the 
federation had not fully stated. When signing the 
manifesto the plaintiff added after his signature 
the words “‘ M.P., Member of the Yorkshire Miners’ 
Association.”” Apparently the association’s real 
objection was to his signing as a member of the 
association, on the ground that this might be thought 
to indicate that there was a split or difference of 
opinion on the subject of the strike. The manifesto 
was brought to the notice of the council at the end 
of March, and a resolution was passed instructing the 
officials to write to the plaintiff asking him to attend 
a meeting to be held on April 8, and to show cause 
why he should not be expelled. On April 1, Mr. 
Herbert Smith, the president of the association, 
wrote to the plaintiff inviting him to attend the 
meeting and to show cause why he should not be 
expelled, but the letter did not state what the charge 
against the plaintiff was. The plaintiff replied 
asking the nature of the charge ; the secretary wrote 
to the effect that he was “mainly” charged 
with using his influence to defeat the action of the 
Miners’ Federation. It did not appear from the 
letter that the charge related to the manner in which 
the plaintiff had signed the manifesto. The 
plaintiff replied declining to attend the meeting, 
but putting on record his defence to the only charge 
he knew of, viz., that relating to the contents of the 
manifesto. : 

The council then passed a resolution to the effect 
that the question of the expulsion was to go to the 
branches, and the delegates after receiving their 
instructions were to come to the next meeting 
prepared to vote. It will be observed from what 
has been stated above that according to the rules 
the delegates should have been free to vote as they 
thought right, unfettered by any instructions. 
Branch meetings were then held, and when the 
council met again on May 12 all the delegates, with 
the possible exception of some five or six, came with 
their hands tied, and recorded not their own 
decisions but the decisions of the majority of the 
members who happened to have attended the branch 
meetings. Under these circumstances his lordship 
said the resolution was not passed in accordance 
with the rules. The delegates should have exercised 
their own judgment, but in reality it was the 
branches who had judged the matter, and the 
resolution could not stand. Another reason why 
it was invalid was that the plaintiff did not know the 
charge against him. He was told and believed 
that the charge was his joining in the manifesto, 
but he was never told that the charge was that he 
had signed as a member of the association. He was 
therefore not in a position to deal with the charge, 
and the council was never in a position to consider 
his defence. On the ground of natural justice, 
therefore, the proceedings were invalid. His 
Lordship added that although it was for the council 
and not for him to decide whether the plaintiff's 
action was detrimental to the interests of the 
association in terms of Rule 41, he personally could 
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not see that it was detrimental. The plaintiff had 
no more described himself as representing the views 
of the Yorkshire Miners’ Association than he had 
described himself as representing the views of the 
entire House of Commons. His lordship would 
therefore make a declaration that the resolution 
was a breach of the rules and was void and of no 
effect, and that the plaintiff was still a member of 
the association, and there would be an injunction 
against the association and certain of its officers to 
restrain them from acting on the resolution. 





THE LATE LORD MOULTON. 

By the death of Lord Moulton the bench of judges 
loses one of the keenest intellects that ever adorned 
it. Indeed, regret has at times been expressed that 
by Lord Moulton’s decision to follow the profession 
of law, science lost a mind which would have mate- 
rially extended its boundaries, whilst a lower and 
less original type of intellect would have been equally 
or possibly more serviceable at the bar, where 
readiness is of more moment than depth. In fact, 
in some respects, Lord Moulton’s scientific cast of 
mind was a positive disadvantage to him in his 
chosen profession, as men capable of original thought 
have seldom the valuable practical gift of ‘‘ suffering 
fools gladly.” Towards the end of his life, more- 
over, his realisation of the necessity of founding our 
chemical industries on a secure basis, diminished his 
popularity with his former political associates, most 
of whom, have proved insufficiently acute to realise 
that protection from the German chemical combine 
is not merely essential to our national safety but 
will ultimately ensure us cheaper supplies of dyes 
and similar products. 

Born in 1844, Lord Moulton was 76 years 
old at his death. He was senior wrangler and 
first Smith’s Prizeman in 1868 and was appointed 
a fellow of Christ’s College. This fellowship 
could at that time only be held for a limited 
period unless the beneficiare took holy orders, 
and it is possible that this consideration may have 
influenced Lord Moulton in his decision to proceed 
to the bar. He became a barrister in 1874 and took 
silk in 1885. He was soon recognised as a specialist 
in patent cases, and had the faculty of being able 
to convey to the bench, though the occupant was 
often ignorant of mechanics, a clear idea of such 
scientific principles as might be involved. Amongst 
notable actions in which he was engaged may be 
mentioned the famous Otto patent case, in which, 
though Lord Moulton was unsuccessful in upsetting 
the patent, it is now generally recognised amongst 
engineers that the decision was wrong. As Govern- 
ment counsel in the Cordite case he secured a 
decision against the claims of Sir ‘Hiram Maxim, 
and in the Metropolitan Waterworks Arbitration 
he succeeded in persuading the arbiters to fix 
the purchase price of the undertakings at consider- 
ably below the intrinsic value. In fact the re- 
placement cost of the mains would have been 
about equal to the whole sum awarded. 

His investigations on the passage of electricity 
through gases led to his election as a Fellow 
of the Royal Society. He was made a judge of 
appeal in 1906, and on vhe outbreak of the war did 
invaluable service in the development of our 
chemical industries. The situation in this regard, 
has been commonly misunderstood or misrepre- 
sented in the popular Press. Germany had no 
advantage over us either in scientific knowledge or 
scientific insight, and, indeed, was our inferior in 
both these respects, but she had enormous works 
perfectly equipped, by means of which she could pass 
in a few weeks from a succesful laboratory experi- 
ment to large scale production. With us, after the 
laboratory stage had been passed, we had to set to 
work to construct the requisite factory and plant 
ah initio a necessity which involved delays of months 
or years. Lord Moulton was appointed in 1914 
Chairman of the Committee on chemical products 
and of the Committee on high explosives, and 
Director-General of Explosives Supplies in the 
Ministry of Munitions. In all these capacities Lord 
Moulton’s work was of the utmost value to the 
nation. His experiences then led him to believe 
that in the next war victory would rest with the 
country which had the best developed chemical 
industries. Indeed, he maintained, that if the 


Germans had had sufficient intelligence to concen- 
trate their submarine attacks on vessels conveying 
supplies of nitrates, success might not have eluded 
them. Fortunately, however, the German General 
Staff was notable for erudition rather than insight, 
and consequently though exceedingly clever in 
minor details, blundered hideously in matters of 
real moment. 





SEVERN CROSSINGS AND TIDAL 
POWER. 

LecturInG upon “Severn Crossings and Tidal 
Power,” at the Royal Institution last Friday even- 
ing, Mr. W. A. Tait, B.Sc., M.Inst.C.E., approached 
his problems from the standpoint of the engineer 
anxious, if possible, to combine improvement of the 
inadequate traffic facilities across the Severn 
estuary with utilisation of the tidal power, without 
interfering with shipping, ports and future indus- 
trial development on the estuary. He did not 
dangle the ‘“‘World’s Greatest Water Power 
Scheme” and the million horse-powers of the 
Ministry of Transport before his audience, but 
advocated a thorough experimental examination 
of the many problems to be faced before committing 
the country to heavy expenditure. The Thames, 
Forth and Tyne had in tarn been pioneers in the 
less usual form of crossing, Mr. Tait stated in his 
introduction. Brunel’s twin tunnel at Wapping, 
finished in 1843 as a footway, and converted into a 
tunnel railway after 1865, was later supplemented, 
in the 6 miles of river reach between London Bridge 
and Blackwall, by three more tunnels (Blackwall 
1897, Rotherhithe 1908, Greenwich 1902—the last 
for pedestrians only)—and the Tower Bridge 1894. 
On the Firth of Forth, Bouch’s railway ferry carried 
40 railway wagons across the stormy water, 5} miles 
from Granton to Burnt Island, before the cantilever 
bridge was opened in 1890. On account of the 
16 ft. tides a masonry slip and a cradle had to 
take the wagons on and off the ships. During the 
last two years of the war barges and train ferries, 
carrying locomotives and 52 wagons, were run 
between Richborough and Dunkirk or Calais and 
between Southampton and Dieppe. 

As regards the Severn, that important river 
is crossed below Telford’s arch bridge at Worcester 
only by a single-line railway bridge, } mile long 
(1879), 26 miles below Gloucester, and 14 miles 
further down by the Severn Tunnel, 4} miles long, 
opened in 1886 after fourteen years of construc- 
tion. Mr. Tait would not recommend more tunnels, 
nor train ferries for the Severn; the latter would 
not be workable until after the construction of a 
barrage and would then be no longer needed. 
He referred to two schemes under consideration, 
(a) that of Messrs. Addenbrooke, Meik and Twin- 
berrow, who favour a site near Beachley, and 
(b) that of the Ministry of Transport, near the 
Severn Tunnel. Both the projects involve the 
construction of a dam, utilising the river above as 
a reservoir, to be filled at flood tide and to drive 
low-pressure turbines installed in the dam only 
at ebb tide; construction of high-level reservoirs ; 
equilisation of the tidal power over a fortnight 
by means of water pumped into the high-level 
reservoirs to drive secondary high-pressure turbines 
during slack water. To find room for the turbines 
both the barrages should be longer than the shortest 
distance, (a) 9,800 (instead of 5,700) ft. and (b) 25,000 
(instead of 11,500) ft. ; the additional length would 
materially increase the cost, but also ease the water 
flow. The schemes differed mainly as to roads and 
railways; (a) proposed a low-level bridge with an 
opening span, (6) a high-level bridge without opening, 
yet much more expensive and necessitating very 
steep gradients in all the approaches. 

Mr. Tait did not sum up in favour of either scheme. 
Both would have to dispose of the tidal water and 
of the flood water of the Severn over vast areas ; 
the Severn Tunnel in particular required protection. 
Moreover, the foundations of the high-level reser- 
voirs would be difficult, and to prevent silting up 
the inlet and outlet of these reservoirs should be 
far apart. The barrage would itself alter the tides 
and currents. All these points required thorough and 
experimental examination, which the Government 
might undertake. Home makers of low-pressure 





turbines might meanwhile prepare for their con- 





struction. How such turbines would answer might 
profitably be studied at Loch Seaforth on the Isle 
of Lewis where a basin of 1 sq. mile, with spring 
tides of 13 ft., could easily be impounded by a 
relatively short dam to the benefit of Stornoway. 
The wear of the turbines by silt would have to 
be watched in the Bristol Channel. 





NOTES. 
EarLy Locomotive History. 

Mr. Loughnan Pendred has rendered considerable 
service in the interests of authentic engineering 
history by his critical examination of what has 
generally been accepted as the truth regarding the 
locomotives which Richard Trevithick is known to 
have run in London. The effect of Mr. Pendred’s 
paper on this subject, read before the Newcomen 
Society on the 2nd inst., must be admitted to be 
primarily destructive, for the only conclusion which 
can be arrived at after its perusal, is that we know 
extraordinarily little indeed either of the steam 
coach which travelled London streets in 1803, or of 
the rail locomotive which performed in the ring on 
what is now Euston-square. Such evidence as 
exists, concerning the details of these two revolu- 
tionary machines, Mr. Pendred shows not only to 
be technically unsound and impossible, but, to say 
the least of it, to be derived from sources which 
we quite agree suggest only the faintest degree 
of reliability. The remarkable fact appears that 
of the steam coach, which accounts credit with 
having produced an enormous sensation in the 
streets at the time, practically nothing dependable 
is known, while much of the information published 
concerning it has evidently confused several distinct 
machines and events. The generally accepted 
representation of this coach, produced in Francis 
Trevithick’s biography, Mr. Pendred shows was 
probably based a good deal upon imagination, and at 
the best originated from a verbal account given by 
a very old man of an incident which had occurred 
some 67 years previously. As to the locomotive 
which ran on the circular track in Euston-square 
practically as little is known, and the accounts are 
confused and contradictory. It is extraordinary 
that history should be so obscure in these matters 
for, of course, the Press was already vigorous at the 
dates in question, and one might reasonably have 
expected some reference to these unusual events, 
other than that by the promoters in the advertise- 
ment columns. If the attention, which we hope Mr. 
Pendred’s lecture will direct to these points, results 
in clearing up and adding to our present meagre 
knowledge, the Newcomen Society will surely 
have made quite a good start on what we trust may 
be a fruitful career. 


TRADE PROSPECTS AND THE ELECTRIC INDUSTRY. 
Up to the present the electric industry has not 
felt the full effect of the wave of bad trade, but if 
conditions do not improve it will certainly suffer 
later. The industry is not one that to any important 
extent produces for immediate consumption, and 
it is immediate consumption that has fallen off so 
badly. The products of the electrical engineering 
industry are mainly devoted to further production 
so that the demands on it cannot well vary so 
rapidly as can those on an industry the output of 
which is consumed shortly after it is produced. 
This condition means, however, that the electrical 
industry depends for its prosperity to a very con- 
siderable extent on saved money rather than spent 
money. Mr. LI. B. Atkinson, the president, at 
the annual dinner of the Institution of Electrical 
Engineers on the 3rd inst., stated that capital 
in this country was accumulated at the rate 
of 300,000,0001. a year before the war, and that it 
was doubtful if the sum now reached 100,000,000/. 
a year. A condition of this kind is very 
serious for an industry such as electrical engi- 
neering, which essentially lives on new construc- 
tion and the outlook is far from bright. Mr. 
Atkinson estimated that the industry which he was 
representing of itself required for the next ten 
years at least 20,000,000/. a year of saved, that 1s 
invested, capital. An orgy of spending and living 
up to our income is, while it lasts, a good thing for 
many trades, but it can bring no ultimate good to 
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argued that the present slump has its value in 
assisting to bring a sense of reality back to the 
world at large. The British electrical industry in 
scope and organisation is probably stronger than 
it has ever been, and one cannot but believe it will 
weather any storm that may be coming. Its extent 
and importance is reflected in the technical institu- 
tion which in many ways represents it. The 
Institution of Electrical Engineers has now 9,400 
members. It has 14 committees sitting and is 
represented on 40 external bodies. During the 
months of January and February only of this year 
47 technical meetings were held in various parts 
of the country. Such activities as this indicate a 
vigorous institution worthy of the important branch 
of applied science with which it is connected. 


THE FORTHCOMING TRACTOR TRIALS. 

Last autumn, as will be remembered, an important 
series of agricultural tractor trials was carried out 
under the joint auspices of the Royal Agricultural 
Society and the Society of Motor Manufacturers and 
Traders. This year the latter body is organising 
a series of international trials without the partici- 
pation of the former. The trials will begin on 
Tuesday, September 20, and will continue until 
the end of the week. The entrants will be inspected 
and checked on Saturday, September 17. The trials 
will’ embrace eight classes of machine covering 
steam and internal-combustion farm tractors; self- 
contained motor ploughs and cultivators; internal- 
combustion cable ploughing sets; self-contained 
garden ploughs and cultivators; tractor ploughs ; 
tractor cultivators ; 


the great productive industries, and it may be|machine could be readily adapted to the manufac- 
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ture of bricks of various shapes and sizes, and any of 
the ordinary surface finishes, such as chisel-dressed, 
rockfaced, rough-dressed, &c., could be produced by 
the use of suitable moulds. The re-building of 
the portion of the city of Halifax devastated by 
the disastrous explosion some years ago, has been 
carried out by means of concrete block work and 
the artistic effect is perfectly satisfactory. 


ATTACK OF BATTLESHIPS FROM THE AIR. 

In view of the many speculations that have been 
made as to the effect of aircraft on naval warfare 
of the future some notes of the evidence given by 
Brigadier-General W. Mitchell, of the United States 
Army Air Service, before the Appropriations Com- 
mittee of the House of Representatives, may be of 
interest. While General Mitchell did not recom- 
mend the abandonment of battleship construction 
he stated that any existing type of surface ship 
could be damaged, destroyed or sunk by aircraft. 
A diagram exhibited showed that of 251 bombs 
dropped from a height of 6,000 ft. on to a stationary 
target the shape and size of a modern battle cruiser, 
55 had resulted in direct hits, while 50 more had 
fallen in dangerous proximity to the vessel. The 
total number of destructive hits was therefore 
given as 105, or nearly 42 per cent. The United 
States naval authorities contend that it would be 
practically impossible for an aeroplane to drop a 
bomb on to a modern battleship manceuvring at 
full speed and using its anti-aircraft guns as well as 
its own aircraft; and moreover that, in the event 


8 |of a hit, the explosion would not be sufficient to 
and disc harrows. Each | incapacitate the ship. Both these points are denied 


tractor will be put through a 6 hours’ continuous| by General Mitchell, and a strong difference of 
ploughing test, during which a draw bar dynamo- | opinion also exists between the Air Service and the 
meter will be connected in series with the draw bar | Navy Department as to the conclusions to be drawn 
and a continuous record of work done so obtained, | from the bombing experiments carried out last 
while during the week preceding the trials all trial| October on the old U.S. battleship Indiana. The 
plots will be opened up and tests made for ascer-| Navy Department report that no serious damage 


taining the land resistance by means of a special 
plough and dynamometer. If time permits tests 
will also be made to ascertain the resistance of 


| 


resulted from under-water bombing, and, in general, 
that the damage to matériel from aerial bombs was 
local. Personnel in closed and armoured turrets, 
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with the trend of their modern industrial develop- 
ments. The course of lectures is being delivered 
under the auspices of the University of London. 
The first was to some extent introductory, and 
formed a review of recent engineering progress 
which we are sure revealed to many of the audience 
for the first time the size and importance of many 
of the undertakings successfully established in 
recent years to make better use of the natural advan- 
tages of the country. After this the first lecture 
was concerned with a general discussion of works 
in sanitary engineering and water supply, the lecturer 
touching upon the distinctive features of Italian 
practice and giving examples of actual works carried 
out. It may be mentioned that the Apulian 
Aqueduct has a length of over 990 miles, whereas 
the well-known Catskill Aqueduct for the supply of 
New York has a length of about 100. The lecturer 
described how this aqueduct was built, and detailed 
among other points the manufacture of the smaller 
concrete pipes. Pipes for distribution, of 3 ft. 
diameter and less, were made in moulds in a centri- 
fugal machine. The mould containing the rein- 
forcement was placed horizontally between two 
revolving heads. The required amount of concrete 
was inserted through openings which were then 
closed. The mould was then revolved between 
the heads, and by centrifugal action a very dense 
concrete was produced. The second lecture was 
delivered on Wednesday and,was concerned with 
agricultural hydraulic engineering, both irrigation 
and drainage, and was also very interesting, while 
to-night one will be delivered on industrial hydraulic 
engineering, referring especially to the development 
of hydro-electric power in the Alps and Apennines. 
As already noticed in these columns, subsequent 
lectures will be delivered on March 15, 16 and 18, 
next week, and from the promise of the first two 
our readers may be safely recommended to take 
advantage of acquiring in an agreeable manner 
information regarding what are really remarkable 
developments in a country anxious to make the 
change over from dependence on foreign supplies of 
power, to its own resources to meet both the 


the land in various fields at varying depths. Entries it was considered, would not be incapacitated. 
should be made on special forms obtainable from |The Air Service experts, however, found that a 
the Society at 83, Pall Mall, 8.W. 1, and must be ' | ,650-Ib. British bomb, containing 900 Ib. of amatol 
received not later than May 31. | and exploded between the two funnels of the Indiana, 
: |completely demolished the superstructure and all 
| the upper part of the ship between the funnels, one 


changed conditions of the world, and the needs of 
a rapidly increasing population. 





ConcrETE House BvuILpIne. 
The shortage of houses which afflicts this and 


Tue Norru-Kast Coast InstirvuTion OF ENGINEERS 
AND Surpsurtpers.—This Institution has issued new 





many other countries has directed attention to the 
whole question of house construction. Houses are 
one of the few things which cannot be imported 
when the cost of the home manufactured product 
becomes excessively high, and protected by the 
natural monopoly thus afforded them, the building 
trades unions have exploited the rest of the popula- 
tion to an unreasonable degree. By refusing to 
permit their members to lay more than a very 
limited number of bricks per day, the bricklayers 
have raised the cost of building to an uneconomic 
level, and have contributed very largely to the 
maintenance of the unsatisfactory conditions under 
which they, together with the rest of the country, 
are living to-day. The effects of this shortsighted 
conduct have been accentuated by the embargo 
which they have so far succeeded in maintaining 
against the employment of those men whosé services 
to the country are responsible for the fact that many 
of us have any use for houses at all. Relief from 
an intolerable situation is now being sought 
more and more in the direction of avoiding the 
tyranny of the union by the elimination of the 
bricklayer. Brickwork has long ago been more or 
less displaced by concrete for foundations, arches, 
and other constructional purposes. Monolithic 
concrete with its ease of manufacture and the 
readiness with which it can be reinforced, is now one 
of the leading structural materials, and rapid progress 
is being made in the application of concrete to non- 
monolithic buildings. In a recent lecture on “Con- 
crete Housing Machinery” by Mr. J. 8S. Lancaster, 
particulars were given of a Winget block-making 
machine, by means of which a hundred building 
blocks, each 18 in. by 9 in. by 4} in., could be made 
per hour by two men. Each block is thus the 
equivalent of six ordinary bricks, and an output 
equivalent to 2,500 bricks per day could be easily 
maintained and was not considered at all high. The 





of which was cut off and lifted on to the next deck, 
while the 8-in. barbettes were cracked and one of the 
plates of the turret was driven in a distance of 
8 in. They concluded that a bomb of the type 
mentioned, if exploded on the deck of a modern 
battleship, would be sufficient to put the vessel 
out of action, but they also pointed out that much 
heavier bombs had been developed both in France 
and Great Britain. With a view, we presume, to 
reconciling these divergent opinions as far as pos- 
sible, a resolution has been introduced into Congress 
directing the Navy Department to use certain 
obsolete vessels for experimental purposes, and 
Mr. Daniels has suggested that the ex-German 
battleship Ostfriesland, which has to be sunk, 
should be used for the purpose. We are indebted 
to The New York Herald for the particulars given 
above. 
ENGINEERING IN ITALY. 

It is not sufficiently realised in this country what 
a revolutionary effect the war has had on certain 
phases of industry on the Continent. Countries 
such as Italy, absolutely dependent in pre-war days 
on imported coal, find that this commodity is now 
costing them about 30 times as much as it did 
formerly, with the result that steam raised by coal 
is absolutely prohibitive in cost for factory opera- 
tion. The manner in which this situation is being 
met, as expeditiously as feasible, was dwelt upon 
by Dr. Luigi Luiggi, of the University of Rome, 
in his opening lecture, of a course of six, delivered 
at the Institution of Civil Engineers on Monday 
last. His Excellency the Italian Ambassador, 
Signor de Martino, occupied the chair and, in intro- 
ducing the lecturer, stated that Italy was as proud 
of her modern engineering feats as of her ancient 
civilisations, and that they were anxious in that 


country to cement the friendship which had carried | 


the war to a successful close, by keeping us in touch 


regulations relating to the 1921 scholarship. The 
alterations may be summarised as follows: (1) The 
subjects for the examination are different and are three 
in number instead of six. (2) Candidates for the 
scholarship who have not already satisfactorily passed 
an examination of approved matriculation standard, 
may enter for a matriculation examination along with 
the scholarship examination. Under the above regu- 
lations, it is no longer necessary for candidates who have 
already satisfactorily passed an examination of approved 
matriculation standard to return to the study of subjects 
which do not particularly apply to the profession for 
which they are preparing. On the other hand, the 
student who has not matriculated is not placed at a dis- 
advantage, for he would in any case require to matriculate 
before he could enter upon a degree course of study. 
It is hoped that a large number of the graduates will 
offer themselves as candidates for the 1921 scholarship. 
Any inquiries will be gladly and promptly answered by 
the Secretary, Mr. E. W. Fraser Smith, Bolbec Hall, 
Newcastle-upon-Tyne. 


Tae British Empire Propucers’ ORGANISATION .— 
This Institution calls attention to the suicidal policy 
of permitting public appeals for capital in this country 
on behalf of Lesion Governments and municipalities, 
such as were general before the war. The fatuity of 
allowing our funds to be used at this time for the develop- 
ment of foreign States, when Empire Government and 
private enterprises need all the financial support that 
we can possibly give them, must be ap mt to every 
business man. And yet we have had in the last few 
days a widely-advertised issue of bonds of the State of 
San Paulo, with no assurance whatsoever that the money 
raised will be utilised in any way in the purchase of 
British goods or in the promotion of any British enter- 
prises. It has nothing to say about the investment, 
as such, but adds that this is not the time to deplete 
our financial reserves for the purpose of supporting a 
country, however friendly to us that country may be, 
and of using our resources to strengthen a highly- 
organised Government coffee industry, at a time when all 
requirements in this commodity could be produced within 
the Empire, if the 2,000,000/. asked for on behalf of the 
State of San Paulo were expended on coffee cultivation 
within our own borders. It expresses the hope that at 
the next Imperial Conference this question of Empire 
reference in finance will be very fully considered, for 
it is a question lying at the very root of ensuring our 





Imperial security, development and solidarity. 
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THE INSTITUTE OF METALS. © 
Tue thirteenth annual general meeting of the 
Institute of Metals was opened on Wednesday 
morning last at 10.30 in the Hall of the Institution 
of Mechanical Engineers, Engineer-Vice-Admiral Sir 
George Goodwin, K.C.B., LL.D., the president, 
occupying the chair. 


Report OF THE COUNCIL. 


The report of the council for the year ended 
December 31, 1920, stated that, notwithstanding 
the raising of the ordinary members’ annual sub- 
scription from 21. 28. to 31. 3s., the total membership 
has increased during the year from 1,213 to 1,298. 
This latter figure, we may note here, is almost double 
the total membership on December 31, 1916. The 
increase in the annual subscription has enabled 
the Institute to continue its work unimpaired, but 
the margin between income and expenditure is 
still so small that all expenditure has to be watched 
very closely. The council have co-operated during 
the year with the Conjoint Board of Scientific 
Societies, the object being to approach Government 
with a view to obtaining a Government grant. It 
is felt by many of the constituent societies of the 
Conjoint Board, including the Institute of Metals, 
that such a grant is necessary if the work of the 
national scientific societies is not to be hampered 
by lack of funds., 

The council have continued their policy of appoint- 
ing honorary corresponding members, and, during 
the year the following new appointments have 
been made :—<Australia, Colonel W. L. Raws; 
Belgium, Mr. L. Boscheron; Switzerland, Mr. T. 
Edgar Harley. The number of honorary corre- 
sponding members is now 12. 

The report then enumerated the committees 
appointed by the council in 1920 and referred to 
their work. These committees are the Publication 
Committee, the Finance and General Purposes 
Committee, the Corrosion Research Committee, the 
Aluminium Oorrosion Research Sub-committee, 
the Fresh Water Oorrosion Research Sub-com- 
mittee, the Library and Museum Committee, the 
Beilby Research Prize Committee, the Nomenclature 
Committee, and the Local Sections and Increased 
Membership Committee. Control of the atmo- 
spheric corrosion research has been transferred, 
at the request of the Research Department, to the 
British Non-Ferrous Metals Research Association, 
together with the sum of 3481. 12s., collected by the 
sub-committee that had been appointed in connec- 
tion with this research (see ENGINEERING, vol. CIX, 
page 370). 

The cost of the journal has further increased ve: 
considerably, from 1,245/. in 1919 to 1,615/. in 1920. 
The selling price of the journal remains at 1/. 11s. 6d. 
per copy. It is hoped to shortly issue the general 
index to the Volumes I to XX. Arrangements 
have been made for the issue of separate reprints 
of the abstracts contained in Volume XXIV. If 
the demand for these reprints is great enough, 
such reprints will be made in the case of future 
journals. 

The report gave the dates of the meetings held 
during the year by the local sections at Birmingham, 
Glasgow and Sheffield, and the titles of the papers 
read and discussed at each meeting. 

The report of the hon. treasurer, Mr. A. E. Seaton, 
covered several of the points referred to above, 
and stated that in the year 1920-21 the expenses of 
the Institute will be nearly 5,000/. and the income 
just sufficient to cover them. 

After a few remarks by the chairman the report 
was adopted. The chairman then announced that 
the autumn meeting would take place from Sep- 
tember 21 to 23, in Birminghvm. 

Professor Carpenter being unwell, his paper, 
written in conjunction with Miss Elam, which was 
the first on the list, was postponed for reading 
until Thursday (yesterday). 


Tur Season Crackine or Brass 
CoprEeR ALLOYS. 


AND OTHER 


The first paper taken at the meeting on Wednes- 
day morning was the one having the above title, 
by Mr. H. Moore, Mr. 8. Beckinsale and Miss C. 
E. Mallinson, Woolwich. It was read in abstract. 





It stated that numerous specimens of brass in 
which season-cracking had occurred had been 
examined and an investigation made of the causes 
of season-cracking, the detection of liability to fail 
in this way, the mechanism of the process by 
which the cracks form and develop, the effects of 
variations in composition, structure, and physical 
properties such as hardness, and the prevention of 
season-cracking. Among the more important con- 
clusions are the following :— 

Season-cracking occurs in a great variety of 
industrial brasses, differing widely in composition, 
degree of purity, microstructure, and physical 
properties, but occurs only in material which is 
maintained in a state of stress, either by external 
constraint or more commonly by internal stress. 
Corrosion of the surface and sometimes of the walls 
of the cracks is frequently associated with season- 
cracking, but corrosion effects are not always visible. 
Season-cracking may occur in brass coated with 
continuous protective layers, such as lacquer, 
though nickel-plating is probably completely effec- 
tive in preventing season-cracking if a sufficient 
and continuous coat of nickel is secured. Highly- 
stressed articles, capable of developing season- 
cracks in certain conditions, may be kept for years 
in reasonably pure atmospheres without showing 
any sign of cracking, and there appears to be no 
reason to anticipate the development of cracks so 
long as the condition ot the surrounding atmosphere 
does not change. Some agency additional to the 
presence of initial stress appears to be necessary 
for the development of season cracks. Surface 
defects do not appear to contribute to the develop- 
ment of season-cracks in brass to any important 
extent and corrosion does not necessarily favour 
their development. Mercury, ammonia, and 
ammonium salts readily produce cracks in brass 
which is sufficiently stressed in tension. It is 
probable that traces of ammonia in the atmosphere 
are an important agency, and possibly the main 
agency, inducing season-cracking of stressed brass. 
Season-cracks almost invariably follow an inter- 
crystalline path, and the cracks produced in stressed 
brass by mercury or by ammonia are of the same 
inter-crystalline type. Ammonia appears to have a 
specific and selective action upon the inter-crystal- 
line material of brass, weakening it sufficiently to 
cause cracking if in tension. Mercury has a similar 
inter-crystalline weakening action. The greater 
the degree of hardening by cold work the less is the 
brass affected by the inter-crystalline weakening 
action of ammonia or mercury, although it is 
probable that weakening may occur whatever the 
degree of hardness of the brass. It is probable 


TY | that the behaviour of a copper alloy submitted to 


the combined effect of tension and of ammonia or 
mercury is a reliable index of its liability to fail by 
season-cracking. This liability appears to diminish 
as the zinc content of the brass is reduced. Copper 
and zinc-copper alloys containing less than about 
10 per cent. of zinc are unlikely to fail by the develop- 
ment of season cracks in service. A _ suitable 
controlled low-temperature annealing which will 
remove stress sufficiently to ensure freedom from 
season-cracking with little or no effect on the hard- 
ness appears to be the most effective safeguard 
against failure by season-cracking and might well 
be applied to all brass articles made by cold work 
operations capable of inducing permanent internal 
stress. This study of season-cracking and of the 
action of mercury and ammonia on stressed brass 
affords strong support to the hypothesis of an inter- 
crystalline material differing essentially in its 
properties from the crystals themselves. For 
example, in a pure alpha-brass the inter-crystalline 
material appears to be attacked by ammonia or by 
mercury much more rapidly than the crystals. The 
presence, on spun cups and on other cold-worked 
articles, of a layer which retards the inter-crystalline 
weakening action of both mercury and ammonia, 
is an interesting confirmation of the view that the 
inter-crystalline material is similar in its properties 
to the amorphous film produced by surface flow. The 
undoubtedly inter-crystalline character of season 
cracks in brass appears to be fully explained by the 
selective weakening action of a chemical substance 
on the inter-crystalline material. The authors were 
unable to find in the results of their work any 





evidence indicating that season-cracking is the 
result of viscous flow of the inter-crystalline cement. 
In this particular their view of season-cracking in 
brass differs from that of Rosenhain and Archbutt, 
although there is agreement in so far as their expla- 
nation is also based on the assumption of an inter- 
crystalline material probably identical in its proper- 
aah with Beilby’s amorphous phase found in surface 
films. 

Mr. Moore apologised for the length of the paper, 
and pointed out that one of its most important 
features was the stress laid on chemical action in 
promoting corrosion, ammonia and other substances 
being accelerating agents. 

Sir George Goodwin, the chairman, said he under- 
stood that whatever metallurgists would have to 
say in the matter, corrosion was a factor which 
came in. He asked why season-cracking was so 
rare in hard drawn steel tubes, whereas in hard 
drawn copper tubes it was so common. 

Dr. Hatfield congratulated the authors for the 
very important contribution they had made to the 
proceedings of the Institute. Their clear researches 
had added materially to our knowledge of the 
subject, and their point to the effect that the 
occurrence was due rather to chemical action than 
to general corrosion was correct. The cup referred 
to in his (the speaker’s) paper, written in conjunction 
with Mr. Thirkell, and read at the autumn meeting 
of 1919, had been for several years of its life in an 
atmosphere charged with ammonia and that 
explained its season-cracking. The author’s most 
important conclusion was the one to the effect that 
liability to the development of season-cracks 
appeared to diminish as the zinc content of brass 
was reduced, it being considered, the authors added, 
that copper and zinc-copper alloys containing less 
than about 10 per cent. of zinc were unlikely to fail 
by the development of season-cracks in service. 
Dr. Desch had drawn attention to the fact that 
zinc was removed more rapidly at the crystal 
boundary than elsewhere in the specimen. He 
(the speaker) agreed with the authors when they 
said they could not find any evidence that season- 
cracking was the result of viscous flow of the inter- 
crystalline cement, the authors adding that the 
undoubtedly inter-crystalline character of season- 
cracks in brass appearing to be fully explained by 
the selective weakening actidn of a chemical sub- 
stance on the inter-crystalline material. They thus 
disagreed with Rosenhain and Archbutt, and he 
(the speaker) also disagreed with them, the amor- 
phous phase had not and could not have the property 
which Rosenhain and Archbutt postulated. Dr. 
Hatfield added he was carrying out work in the same 
direction as the authors and showed a number of 
slides illustrating tests of microsections of his 
specimens. So far he agreed with the authors. 
He, however, disagreed with them in their statement 
as to difference of attack by certain chemical 
reagents. He showed on a slide the crystalline 
material, equally attacked with the “ hypothetical 
material.”” He was, however, in general agreement 
with the authors’ facts; he made one exception in 
regard to the theory, to the effect that the attack 
by ammonia and mercury nitrates did not demand 
the existence of an amorphous film. 

Dr. Rosenhain also congratulated the authors on 
the large amount of carefully ascertained facts they 
had brought forward, and the remarks made by 
the last speaker showed the value that was to be 
attached to those facts. There was with certain 
chemical substances a preferential action which 
took place along the boundaries. He felt that the 
selective chemical action on the boundaries had a 
great deal to do with season-cracking and was the 
main operative cause, combined with a certain 
amount of stress. He differed from the authors 
in this: If the chemical action penetrated the inter- 
crystalline boundary he could not see the reason, 
in the absence of viscous flow, why the stress 
activated the occurrence. He pointed out by a 
sketch on the blackboard the flow in the amorphous 
material and how further attack was allowed to 
proceed. In his paper written in conjunction with 
Archbutt he showed season-cracking produced at 
almost any desired speed and the placing of the 
material in a condition in which it could not crack 
at all.. The chemical action of the air, probably by 
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the oxygen, accelerated the effect, but was not 
essential. By heat treatment an aluminium alloy 
could be put in a condition in which it would not 
crack, where it would crack under other conditions. 
Chemical action did not come in in this latter 
consideration. Referring to Dr. Hatfield’s figures 
of tests, Dr. Rosenhain said there was in season- 
cracking a slow yielding to a slowly-applied load, 
and tension, shock and other tests did not apply 
to the case. In a wire being a single crystal the 
defects referred to were not evidenced, this tending 
to prove that the inter-crystalline material had a 
certain amount of viscous flow. 

Sir Gerald Muntz, who followed, thought,;that 
season-cracking should be considered as being the 
first-cousin if not the brother of fire-cracking. 
A piece which had never been put any way near 
ammonia or mercury might develop a defect exactly 
the same as season-cracking. Season-cracking had 
perhaps been treated too much in theory and the 
prime cause of this may have been lost sight of. 
It was caused, like fire-cracking, by a difference 
between the internal strain and the external. 
A brass rod was most liable to crack ; he showed 
how such a rod underwent a flowing-down action 
by being passed through a die to reduce it from a 
comparatively large diameter to a comparatively 
small one. The metal in the middle of the drawn- 
down bar was in a bursting condition, and if the 
outside surface of the bar was sufficiently strong 
to resist the bursting tendency the bar would hold. 
If this surface were turned away in a lathe the bar 
would break. Corrosion would weaken the skin 
and then the bar would also break. Another cause 
of bursting was the variation in the temperature of 
the store rooms; in this case, bars cracked longi- 
tudinally down their length. The prime cause, 
he thought, was the internal stress in the metal. 

Dr. O. F. Hudson believed that most of the 
occurrences could be explained by assuming no 
existence at all for the amorphous material. A 
most significant fact was that fracture occurred be- 
tween the crystals, and we had to assume that these 
alloys had a peculiar property of inter-crystalline 
weakness as compared with other alloys not subject 
to season-cracking. Season-cracking occurred when 
the yield-point at the inter-crystalline boundary was 
exceeded. He appreciated the authors’ work on 
the effect of ammonia on the inter-crystalline 
boundary in starting the cracking, and the emphasis 
laid on the importance of low-temperature annealing 
to reduce the liability to season-cracking. The 
reasonable way of overcoming season-cracking in 
material such as brass was annealing, for the 
mechanical properties were suitably improved by 
a suitable heat-treatment. The mechanical effect 
was good and the tendency to season-cracking was 
also reduced. 

Dr. Desch thought the authors’ conclusions as to 
chemical corrosion were most important, as also 
were their facts as to the selective action of some 
chemical reagents. Another feature of importance 
was to the effect that even these “selective re- 
agents” could only reveal a pre-existing weakness. 
His view, from the authors’ examples and other 
occurrences, was that the conditions at the crystal 
boundaries were revealed by surface tension ; 
surface tension did exist, the reagents brought 
about an inter-crystalline separation, one which 
would modify the surface tension in the metal. 
There was not simply a chemical action. 

Professor Turner agreed with the views expressed 
by Dr. Desch and referred to Professor Heyn’s 
May lecture to the Institute, in which the latter 
referred to the irregular expansion and tension 
taking place in different parts of a specimen. 

Mr. F. Tomlinson did not altogether agree with 
Sir Gerald Muntz and pointed out that if the latter 
started from an original bar having a smaller 
diameter than the one he showed being forced 
through a die, there would be a smaller reduction 
area and no season-cracking. Heat-treatment was 
a remedy for a material liable to season-cracking. 
Season-cracking and fire-cracking were similar, but, 
as Dr. Rosenhain has said, time was a very important 
factor. Season-cracking did not occur in rolled 
material, but one was liable to see it in cold-drawn 
rods or tubes. 

Mr." 0. W. Ellis found that season-cracking did 





take place without outside causes such as the 
presence of ammonia or mercury, as he had found 
out by a long experience as a user of material. He 
did not agree with the authors’ figures as to the 
contents of ammonia in the atmosphere and the 
bearing they showed for this in the occurrence of 
season-cracking. A slide of his showed a minimum 
season-cracking in summer and a greater prevalence 
in winter. The authors had said that since the 
amorphous phase was much more uniformly dis- 
tributed in cold-worked brass, the selective weaken- 
ing action of mercury or ammonia was less con- 
centrated at the inter-crystalline surface; he 
questioned whether that covered the whole field. 
The authors had quoted a statement of his (the 
speaker’s) to the effect that he considered that the 
primary cause of season-cracking in internally 
stressed brass was the absorption of the amorphous 
phase by the more dense crystalline phase and the 
consequent reduction in volume and increase of 
stress, but they had omitted an important feature, 
he having stated “in the most highly deformed 
crystal.” 

In the course of a brief reply, Mr. H. Moore said 
it was interesting to note that the bowl dealt with 
in Messrs. Hatfield and Thirkell’s paper had been 
for some time in an atmosphere containing ammonia. 
Their (the authors’) views had been expressed with 
caution and were confined to brass. They still 
considered that viscous flow need not be brought 
in, the occurrence could be explained without any 
reference to viscous flow. Any depth of penetration 
of ammonia or mercury was sufficient to produce 
season-cracking, and it was not necessary to call 
in viscous flow. A remedy was pointed out in the 
shape of low-temperature annealing, and makers 
should not allow material to leave their works. un- 
annealed. The authors still considered that 
chemical action on stressed brass was the real cause 
of season-cracking. They would, however, reply 
in full to the discussion by correspondence in the 
proceedings. 

Tae Annual DrInnEr. ; 

The annual dinner of the Institute was held on 
Wednesday evening at the Trocadero Restaurant, 
under the chairmanship of Engineer Vice-Admiral 
Sir George Goodwin, K.0.B., LL.D., and was a very 
successful gathering from the social standpoint, 
about 130 members and guests, including a con- 
siderable number of ladies, being preserit. Replying 
to the toast of the Institute, proposed by Sir Henry 
Fowler, K.B.E., the chairman referred to its growth 
in membership and influence. They must not, 
however, be satisfied, but must endeavour to improve 
the position, and for that purpose he wished to make 
a few suggestions to the metallurgists, manu- 
facturers and users of non-ferrous metals included 
amongst its members. The first, he thought, 
did not always take a sufficiently wide view of the 
problems on which they were engaged, but it was 
necessary to consider them, from the point of view 
of the manufacturer and user. To the manu- 
facturers he said that many of their so-called trade 
secrets were not secrets at all, and he suggested that 
they should bring them before the Institute for 
full and free discussion. If this were done he 
thought a great advance would be made all round. 
Users, he considered, were rather slow to appreciate 
what could be done by the metallurgist. This, 
however, was largely due to want of contact, and 
that contact could be provided by the Institute. 
Much could also be done by education of the 
younger engineers and a start had been made 
in that direction in the Navy. Outside the Ser- 
vice, he thought that the study of metallurgy 
might well be encouraged by instituting a system 
of scholarships and he also considered the Insti- 
tute did well in following the lead of some of 
its sister institutions by admitting student mem- 
bers. Among the guests present were Rear- 
Admiral F. L. Field, C.B., C.M.G., Sir James 
M‘Kechnie, K.B.E., Captain H. Riall Sankey, 
C.B., O.B.E., Air Commodore H. R. M. Brooke- 
Popham, C.B., G.M.G., D.S.O., and Sir Richard 
Redmayne, K.C.B. 

Yesterday afternoon a number of members visited 
the National Physical Laboratory, at Teddington. 


(To be continued.) 





THE WILKFORD SNAP FOR PNEUMATIC 
HAMMERS. 

EVERYONE accustomed to use pneumatic riveting 
hammers knows how frequently snaps break off at the 
point of juncture of the head and k. This often 
occurs in the case of comparatively new snaps, but is 
still more frequent with snaps which have been re- 
cupped. It is not surprising in view of the sudden 
change of section which occurs at the point in question. 
Worki = = view > ae the “ Wilkford ”’ 
snap, which we illustrate in the accom ing figure, 
has been introduced, giving a gradual dhanep tention 

















from the head, and overcoming the sudden contraction 
to which failure is usually due. The illustration is 
eee ec es the loose washer, shown in section, 
being formed to coincide with the contour of the snap, 
and providing the square shoulder fitting the hammer 
head. The loose washer only takes, of course, the 
rebound of the hammer, and does not bear any of the 
force of the blow. 

This snap is being introduced by Messrs. Samuel 
Osborn and Co., Limited, Clyde Steel Works, Sheffield. 
It has been practically tested on structural and ship- 
building work, and it is claimed that the cup head 
stands up to its work much better than in the ordinary 
head, and does not require re-cupping so frequently. 
The snap is made of Messrs, Osborn’s pneumatic tool 
steel, “ C.P. 1” brand, a tough steel intended to resist 
crystallisation due to repeated shock. 





Hien Heat-conpvotmra Rerractory MATERIAL. 
—A refractory material has been produced at the Perth 
Amboy, N.J., _ of the Carborundum Company 
which has a high heat conductivity, says the Iron Age, 
New York. It appears that in a sheet metal porcelain 
enamelling furnace in the plant of the Gribben and 
Sexton Company, Chicago, it took but six hours to 
bring the muffle interior up to 1,800 deg. Fahr. A 
result is that the furnace is now shut down over week- 
ends because of the relatively small amount of time neces- 
sary to bring it up again to temperature. Claims are 
made of savings in fuel consumption and in increased 
furnace production, as compared with the fire-clay 
muffle, but exact figures are not available yet, The 
material has been given the name Carborfax. It is 
understood the material is also in use for the roof of 
open-hearth furnaces, but here, of course, for its durable 
refractory property and probably not for heat-conducting 
capacity. 





Tae InstiTvTIon oF AvToMoBILE EnoingERs.—This 
Institution held a meeting on the 2nd inst., at which 
the alterations to the articles of association to conform 
to the conditions of the financial grant from the 8.M.M.T. 
were carried nem. con, The annual report was passed, 
and Dr. Hatfield gave a lecture on the results of experi- 
ments he had carried out on fatigue tests on automobile 
steels. The author took a basis for his tests that the 
Fa wy should fail at about 10,000,000 revolutions, 
the load required to produce this giving a fair measure 
of comparison between different steels. Though very 
valuable results have already been obtained, the ex- 
periments are still far from complete, but they are being 
continued, though final results may not be expected for 
some time in view of the fact that each test occupies 
five days and nights continuously, No time is bei 
lost in extending the programme of work of the Insti. 
tution, rendered possible by the support of the Society 
of Motor Manufacturers and Traders, and on April 27 
a on “ Ball Bearings,”’ by Mr. H. L. Heathcote,, 
wi read at a special meeting of the Institution at the 
Institution of Mechanical Engineers, 8.W.1, at 7 p.m 
Four informal meetings are also to be held this year. At 
these meetings various accessory devices on a car are 
to be demonstrated and discussed. It is hoped to hold 
six additional meetings during the Commercial Vehicle 
and Motor Shows at Olympia, when commercial vehicles. 
agricultural tractors and marine motors will be discussed. 
A paper will be read on April 13 by Mr. Geo, Watson, 
president-elect, on “A Suggested Programme for Auto- 
mobile Research,”’ which it is hoped will provide useful 
material for the Research Association of the Automobile 
Industry in preparing their programme. Owing to the 
present state of the trade it has been thought wise to 
cancel the proposed visit to Birmingham, and as an 
alternative a three days’ meeting will be held in London, 
with visits to the National Physical Laboratory, to Farn- 
borough and places of interest in London. A dinner 
will be held Gaiing the meeting. 
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THE RECRYSTALLISATION OF ALUMINIUM 
ON HEATING. 


Stages in the Recrystallisation of Aluminium Sheet on 
Heating: With a Note on the Birth of Crystals in 
Strained Metals and Alloys.* 

By Professor H. C. H. Canrenrer, F.R.S., Past-President 
(London), and Constance F. Exam, Member 
(London). 

Introduction.—The followi paper is closely con- 
nected with that presented by the authors at the previous 
meeting of the Institute on “Crystal Growth and 
Recrystallisation in Metals.” It deals principally 
with the metal aluminium. It is also related to the 
research published by one of the authors with Mr. L. 
Taverner, three and a-half years ago, on ‘‘ The Effects 
of Heat at Various Temperatures on the Rate of Soften- 
ing of Cold-rolled Aluminium Sheet.”” The investigation 
was designed to throw as much light as possible on 
the structural changes which accompany the gradual 
softening of the metal on heating. It must be stated, 
however, that it has purposely carried out with 


aluminium of a different quality from that used by one 
of the authors and Mr. Fovemer. In the latter case 
a variety of cx cial ini was employed 








which was in current use, but did not contain more than 
about 98-9 per cent. of aluminium. Notable quantities 
of silicon and iron were present, together with small 

uantities of copper, and probably oxygen and nitrogen. 
Such a material is not suitable for the scientific investig 
tion of the effects of heat on strain-hardened aluminium, 
which should first be determined on the purest variety 
that can be prepared commercially. Accordingly, the 
research has been carried out on aluminium sheet, 
obtained by the kindness of Mr. Murray Morrison, of 
the British Aluminium Company, Limited, which contains 
99-6 per cent. of aluminium. Even here the effects 
of the impurities, although diminished, will not be 
entirely negligible. Moreover, in sheet of the above 
purity, it is by no means unlikely that rather more 
oxide is present than occurs in sheet of lower purity. 
The authors, therefore, wish to state that they do not 
consider the results obtained by them would necessarily, 
or even probably, hold in all respects for aluminium of 
still higher purity. They are put forward simply as 
the best that can be obtained under the circumstances, 
and for the time being constitute the best standard from 
which the behaviour of less pure varieties of the metal 
can be judged. 

The changes in its microstructure which take place 
when a worked metal is heated have been investigated 
in the cases of gold, iron, copper and a-brass, The 
metal aluminium has also been investigated, but not 
as yet with the same degree of success as the metals just 
mentioned, due, probably, in a great measure to its 
peculiar softness and the consequent difficulty of pre- 
paring sections for microscopic examination. Two 
workers, however, have published descriptions of the 
microstructure of worked and annealed aluminium, 
and, in order to compare their results with those obtained 
by the authors, a short description of their investigations 
will first be given. 

The work of Brislee may be summed up in the follow- 





ing quotation from one of his papers: ‘* Microscopic 
examination of polished and etched specimens of 
aluminium taken at various stages of cold-working 


shows that the crystalline structure disappears at a 
very early stage of the working, and unless the metal 
is annealed it will become fatigued. Aluminium which 
has been subjected to excessive cold-working shows an 
entire absence of structure, and has the appearance of 
the metal which has flowed and passed into a vitreous 
amorphous state. The reverse change takes place 
with extreme slowness, and the ordinary annealing 
process does not change the structure from amorphous 
to crystalline, Aluminium annealed at a temperature 
of 500 deg. C. for ten hours appears to be dead soft, and 
has its maximum elongation. Nevertheless, it is still 
largely amorphous in structure when examined micro- 
seopically. Aluminium which has been annealed in 
this way hardens very rapidly when additional cold- 
work is done upon the metal. The primitive crystals 
are transformed into the amorphous state much more 
rapidly than larger crystals which are developed on 
annealing. The results of a specific heat determination 
render the conclusion probable that under the influence 
of cold-work aluminium is transformed into an amorphous 
variety.” 

In an earlier paper Brislee states that no modification 
of the customary methods of polishing and etching 
revealed elongated crystal boundaries such as are visible 
in other worked metals. 

Very much the same conclusions were reached by 
R. J. Anderson, who has published several papers during 
the last few years dealing with the microstructure of 
aluminium, both cast and worked, and also with the 
effect of annealing at different temperatures for various 
periods of time. He published photomicrographs of 
rolled aluminium sheet of various degrees of uction 
of thickness. At any reduction not exceeding 63 per 
cent. he concluded that the crystal boundaries are just 
discernible, but in the case of all heavier reductions 
he says: ‘‘ There is no evidence of crystallinity ; grain 
boundaries cannot be discerned and the metal is evidently 
mostly amorphous. The degree of formation is large 
and the structure of the metal is as would be expected.” 
Photomicrographs supporting this view were published 
by him. As to the effect of heating cold-rolled aluminium 
he considers that recrystallisation takes place very 
slowly, and that complete mechanical softenin may 
occur without the structure of the strained metal being 





* Paper read at the meeting of the Institute of Metals 
on Thursday, March 10. 








altered. He concluded that after prolonged annealing 
recrystallisation and grain growth take place, but that 
there are no further changes in mechanical properties. 
The metal was tested with the Shore scleroscope. 
Instances are given where-the scleroscope hardness has 
dropped to that of the annealed sheet after a short 
heating at 350 deg. C. to 400 deg. C. (from 6 to 15 
minutes). He says: “There is a change in the micro- 
structure, but even examination with an oil immersion 
objective shows no signs of recrystallisation. The great 
difficulty in etching aluminium could not account for 
it not being observed.’”” The photomicrographs repro- 
duced in the papers indidioned illustrate the structure 
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thin elongated crystals. It is to be noted, however, 
that neither the photographs of this nor those of the 
annealed sheet have such clearness of definition as was 
obtained by these authors in the case of alloys of 
aluminium with zinc. The above paper gives a detailed 
account’ of the best methods of grinding, polishing and 
etching aluminium. 

The investigation undertaken by the present authors 
was begun some six months before the publication of 
Messrs. Hanson and Archbutt’s paper, at a time, there- 
fore, when the only published papers were thosefof 
Brislee and Anderson. Inasmuch as the conclusions 
drawn by these two investigators appeared to be at 
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of aluminium which has been subjected to various 
temperatures, mostly for short intervals of time. The 
structures shown are in accordance with the conclusions 
drawn by Amderson from them. In this connection 
the published photomicrographs should be consulted, 
as they do not lend themselves to description. 

Most of the sections examined by Brislee and Anderson 
were prepared by polishing the surface of the sheet. In 
the case of Anderson the sheet used was so thin that it 
would have been extremely difficult to examine a section 
cut through the metal. 

Two microphotographs of sections cut through an 
aluminium sheet, the one in the cold-worked, the other 
in the annealed condition, were published by Hanson 
and Archbutt in their paper on “‘The Micrography of 
Aluminium and its Alloys.” Unlike the photograph 
of Brislee and Anderson, the sheet in the cold-worked 
condition shows a well-defined structure of extremely 
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variance with those drawn from the behaviour of the 
metals mentioned in the early part of this paper, and in 
particular with those reached by Sir George Beilby 
on the hard and soft states in metals, who never suc- 
ceeded, in spite of all his attempts, in converting a crystal- 
line completely into an amorphous metal, even by the 
severest mechanical work, it was decided to test the con- 
clusions of Brislee and Anderson anew. Accordingly. 
through the kind co-operation of Mr. Murray Morrison 
and Dr. A. G. C. Gwyer, of the British Aluminium 
Company, Limited, steps were taken to furnish the 
authors with samples of the purest commercia! aluminium 
in its various s of reduction from the original 
casting to the finished sheet. The details of these 
various stages of the reduction are as follows: The 
purity of the metal was about 99-6 per cent., the chief 
impurities being silicon 0-19 per cent. and iron 0-14 
per cent. The casting measured 21 in. by 9 in. by 4} in. 
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This was rolled at a temperature of from 425 deg. C. 
to 400 deg. C. After two passes through the rolls the 
21 im. length was extended to 38 in., and the thickness 
reduced from 4} in. to 2} in. At the third pass the 
metal was cross-rolled and thereafter rolled without 
further crossing (at a width of 37 in. to 38 in.) to } in. 
thickness. During these operations the metal, in spite 
of work done upon it, gradually cooled and was finished 
in the cold-worked condition. Samples were taken 
representative of the different stages of rolling from 
the casting to the final product. Photomicrographs 
of the structures are illustrated in Figs. 1 to 6. 

The methods of grinding and polishing adopted are 


Fic. 7. Heratep 1 Hour at 600 pec. C. 


hedral structure of a cast metal, from which the purity 
of the aluminium can be gau Small quantities of 
the iron aluminium compound will be seen segregated 
in the casting, but in other respects the structure is 
that of a pure metal. Elongation of these crystals is 
searcely noticeable in the metal rolled to 2} in., but is 
well marked in Fig. 3, where the thickness has been 
reduced to 1 in. Moreover, at this stage, the boundaries 
of the crystals, although quite distinct, become some- 
what and the whole surface appears rough. 
The ual drawing-out of the crystals into approxi- 
mately parallel fibres is revealed in Figs. 4 and 5. In 








these cases there is evidence that the crystals have 
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very similar to those recommended by Hanson and 
Archbutt, and the slight difference in the procedure of 
etching adopted by the present authors has already 
been described by them elsewhere.* Fig. 1 represents 
structure of the casting; Fig. 2 that of the metal after 
rolling to 2} in. thickness ; Fig. 3 is the structure after 
cross-rolling to 1 in.; Figs. 4, 5 and 6 represent the 
structure after rolling to } in., } in., and } in. respectively, 
and Fig. 6 may be taken to be typical of the structure 
of the sheet used in the authors’ subsequent experiments. 
In every case sections were cut through the sheet parallel 
to the direction of rolling. Since the metal was not 
annealed at any stage throughout the rolling process, 
the gradual elongation of the crystals from the original 
cast to the final worked condition can be followed in 
the photomicrographs. Fig. 1 shows the typical poly- 





* Carpenter and Elam, Journal of the Institute of 





Metals, No. 2, 1920, vol. xxiv. 





Fic. 12. Heatrep 2 Hours at 350 pea. C. 
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been rolled into one another and have become very 
much divided. In the sheet as finally obtained (Fig. 6) 
the crystal boundaries are so close together as to give 
the appearance merely of a number of parallel lines 
running in the direction of rolling. A closer inspection 
of them, however, shows that occasionally two of them 
conve and meet, indicating that they are genuine 
crystal boundaries. The final sheet (} in.) represents 
a reduction in thickness of 97 per cent. 

Ié is clear from the structures revealed in Figs. 1 to 6 
that the statement that aluminium loses its crystalline 
structure on working and becomes completely amorphous 
is incorrect, and that this metal does not occupy the 
peculiar position allocated to it by Brislee and Anderson. 
It appears probable that these investigators were misled 
by drawing their conclusions from appearances observed 
after grinding, polishing and etching sections correspond- 
ing to the surface of the sheet. It will readily be under- 


| stood from Fig. 6 that if a section had been examined 


parallel to the surface of the sheet quite a different 
structure would have been obtained. The crystals in 
the cold-rolled sheet are so flattened out as to resemble 
leaves of — in a book. A section in the plane of 
rolling wo cut these leaf-like crystals in such an 
irregular manner that the structure revealed on etching 
would be very difficult to interpret. 

In the po Sa investigations it was found necessary 
to examine sections cut through the thickness of the 
sheet because the microstructure in the interior differs 
slightly from that near the surface, and all the 
that were noticed on heating always began at the surface, 
where the degree of work was severest. 

For this purpose sections of the sheet, generally two 
or three, were clam together between two thin pieces 
of steel fitted with small screws at each end. This 
method was suggested by Hanson and Archbutt in 
their paper. The present authors used a modification 
of it, which consists in so arranging the clamp that 
the aluminium projects below the surface of the steel, 
since it was found that the latter tended to rub into the 
aluminium during grinding and to smear the surface 
during polishing. The specimens could easily be detached 
for the purpose of etching, and it was found desirable to 
do so, since the etching solution tended to collect between 
the aluminium sections and those of the steel, and was 
“— difficult to remove. 

he specimens were all cut longer in one direction 
than in the other, the longer direction corresponding 
to that of rolling the sheet. This precaution was neces- 

to ensure that similar sections were examined in 
each case and were in every way comparable. In the 
cold-rolled condition sections at right angles to and in 
the direction of rolling could easily be distinguished, 
but since heat obliterated the original crystal boundaries 
there was no means of distinguishing between them. 

The 1 gy were heated in an electrically-heated 
muffle furnace, in which the maximum variation of 
temperature was + 5 deg. C. The muffle was raised 
to the required temperature before introducing the 
sections, and the times given are reckoned from the 
closing of the furnace door. As the specimens were 

small, there was only a drop of a few degrees in the 
temperature, which quickly rose to the required figure. 
The shortest — riod was one hour, and the tem- 
perature drop ca by the introduction of the specimens 
was very quickly repaired. 

Experimental Results.—It was found that the changes 
produced by heat in the microstructure of the aluminium 
could be divided into three main stages in the 
from the cold-worked to the completely aehened sheet. 
| Further, it was found that over the r 
investigated, namely, from 200 deg. C. to 600 deg. C., 
the changes took place in varying degrees of rapidity, 
being excessively slow at 200 > ey C. and very rapid in 
the neighbourhood of 600 deg. C. Inasmuch as very 
short periods of heating are unsatisfactory in many 
ways, no attempt was made to trace the transition of 
of the strain-hardened to the fully-softened sheet at 
the higher temperature limit. Complete softening 
takes place at this temperature in the space of one hour. 
Since, however, it is necessary to ascertain the final 
structural condition of the fully-softened metal in order 
to have a standard with which to compare the transi- 
tional structures obtained at the slower rates of change 
occurring at lower temperatures, the effects of heating 
at the highest temperature will first be described and 
afterwards those occurring at successively lower tem- 
| peratures. 

(A) Ewperiments at 600 deg. C.—The effect of heat at 
this temperature for one hour was to c the structure 
of the cold-worked sheet (Fig. 6) to that shown in Fig. 7. 
It was found that the entire sheet i of large 

polyhedral crystals which were approximately equiaxed, 
although there was a tendency for them to be slightly 
elongated in the direction of rolling. In a previous 
pee the authors have already shown* that prolonged 
eating at 600 deg. C. and 550 deg. C. causes the pro- 
duction of very large crystals, which originate at the 
surface of the sheet. Some of these crystals extend 
right through the sheet and occupy an area of several 
square inches. They’are not, however, related to the 
softening of the original cold-worked sheet, since they 
are not formed until heating has been continued at a 
high temperature for a considerable time after the work 
Savdene ike been completely removed, 

(B) Experiments at 500 deg. C.—An attempt was made 
to investigate at this temperature the earlier structural 

| changes which take place on heating. This, however, 
did not prove successful, since, after 15 minutes’ heating, 
the original elongated crystals had disappeared and the 
structure illustrated in Fig. 8 was obtained. It will be 
seen that certain of the crystals are tarnished and are 
not so clearly defined as those in Fig. 9, which represents 
the structure of the completely softened sheet. Here 
also there are si of the crystals being elongated in 
the direction of the rolling. If the heating is prolon 
a slight increase in the size of the crystals is manifest 


of temperatures 





and there is a tendency for them to become more equiaxed, 
When all c has ceased, however, it is still possible 
,to detect the direction of rolling by the shape of the 
crystals. Figs. 8 and 9 both show a series of approxi- 
mately parallel ridges, which are always visible in the 
heated sheet. They seem to follow the original boun- 


|daries of the cold-worked flattened crystals, and the 
authors are inclined to attribute them to the remains 


of an impurity or impurities which do not diffuse on 
| heating. These lines are especially manifest when the 
specimen has been etched deeply in sodium hydroxide, 

he chief impurities present are silicon and iron, the 
former being dissolved on sufficient heating, and the latter 
existing as an iron-aluminium compound, which is respon- 
sible for most of the black holes or spots visible to some 





* Carpenter and Elam, loc, cit. 
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extent in all the photographs. It does not appear 
probable that the lines referred to are due to the presence 
either of iron or silicon, and the authors suggest that 
they may be due to aluminium oxide, which would be 
pushed to the crystal boundary when the metal solidifies, 
being insoluble in it. A somewhat similar effect can be 
obtained by etching cast aluminium very deeply, only 
in this case the impurity exists in the form of cores. 
These lines are also observable, though to a much smaller 
extent, in specimens heated at 600 deg. C. 

(C) Experiments at 400 deg. C.—After one hour at 
this temperature it was found that all signs of the cold- 
worked structure had been removed (Fig. 10). The new 
crystals, however, were decidedly elongated in the 
diréction of rolling, especially near the surfaces of the 
sheet. Moreover, certain of the crystals showed a slight 
tendency to tarnish on etching, a feature which is evident 
in the microphotograph. On heating for longer periods 
(three weeks) the crystals were found to grow slightly 
larger and appeared more equiaxed, but still showed the 
direction of rolling. 

The characteristics of the changes occurring in the 
temperature range 600 deg. C. to 400 deg. C. are :—(1) 
The rapidity with which the worked structure is com- 
pletely replaced by a uniform structure of polyhedral 
crystals ; (2) the almost equiaxed shape of the crystals 
formed, especially at the higher temperatures ; (3) the 
absence of tarnish, of which only the first signs appear at 
about 400 deg. C. 

(D) Experiments at’ 350 deg. C.—The type of structure 
obtained at this temperature is intermediate in character 
between that revealed at higher and lower temperatures. 
After one hour the cold-worked structure had been 
replaced by large elongated crystals having a curious 
straggling appearance (Fig. 11). After two hours these 
were found to have become more rounded (Fig. 12). 
After one week they were found to have become still 
more equiaxed and were possessed of clear and well- 
defined boundaries (Fig. 13). At the end of ten weeks 
they had increased in size, but were still somewhat 
elongated in the direction of rolling (Fig. 14). It is a 
noteworthy fact that, after being heated at 350 deg. C., 
the metal is easier to etch and shows a better-defined 
structure than after heating at temperatures above or 
below this. It should also be noticed that the crystals 
obtained at this temperature show hardly any tendency 
to tarnish on etching. The change from the long 
straggling crystals shown in Fig. 11 to the smaller rounded 
erystals shown in Figs. 13 and 14 is not easily explained. 
This matter is referred to later in the description of similar 
instances occurring at lower temperatures. 

(BE) Experiments at 300 deg. C.—-Of the various stages 
which worked aluminium passes through on heating, 
only the final one can be investigated at the temperatures 
hitherto considered, owing to the rapidity with which 
this is reached. Even at 350 deg. C. all signs of the 
original cold-worked structure had been removed after 


one hour, although structural equilibrium had not 
been reached in that time. At temperatures from 
300 deg. downwards, however, the time required to 


bring about the changes is greater, and, consequently 
it is possible to arrest and examine metal in all its stages 
of reconstruction. After heating for one hour at 300 deg. 
C, a section of the sheet, although retaining the elongated 
structure of its original crystals, appeared rough and 
granular and the boundaries were less well defined. This 
gave the specimen a somewhat tarnished appearance 
(Fig. 15). At the end of three hours minute new crystals 
began to make their appearance near the surfaces of 
the sheet. In every case they were observed to arise 
in the boundaries of the old crystals and they are always 
white, in contrast to the material from which they are 
erystallising, which is tarnished, This fact is clearly 
seen in Fig. 16, a diagram of which is appended (Fig. 16a), 


Fig.i6a, 


showing the new crystals, A and B, situated in a crystal 
boundary. On further heating these crystals increase 
both in size and number, until in seven hours the sheet 
was half recrystallised (Fig. 17). Reerystallisation 
was completed in about 18 hours, after which little 
change was noticeable, except a slight increase in the 
size of the individual crystals. A typical example of 
the fully reerystallised sheet at this temperature 
shown in Fig. 18, which is a photomicrograph of a 
specimen annealed for ten weeks. Heating for one year 
produced no further change, so it appears justifiable 
to conclude that the structure represented by Fig. 18 
is a stable structure at this ternperature for this particular 
sheet. The elongated character of the crystals and the 
tendency of many of them to tarnish is very noticeable. 

It will be observed that at 300 deg. C. the sheet passes 
through three distinct changes as the heating is carried 
out :—(1) The stage in which the only observable struc- 
tural change is a loss of definit'on of the original struc- 
ture. The specimen acquired a somewhat granular 
texture, which is rendered evident by a tarnish produced 
on etching. (2) A stage in which new crystals make 
their appearance and grow. The old and new crystals 
exist side by side until the former are absorbed by the 
latter. The contrast is very marked on etching, the 
new crystals appearing white and the old ones tarnished, 
It should be noted that the new crystals are not equiaxed 
but elongated in the same direction as’ those contained 
in the cold-worked sheet. (3) During this stage the 
crystals grow until their maximum size is reached. 
There is a slight tendency towards equiaxing, but the 
great majority of the crystals are always very much 
elongated in this final condition, and certain individuals 
always appear tarnished, 


is 


are still 


more evident, and, therefore, lend themselves to closer 
study at 250 deg. C., and accordingly a general descrip- 
tion of them will be reserved until after the experiments 
at 250 deg. C. have been described. 

(F) Experiemnts at 250 deg. C.—At this temperature 
the first signs of recrystallisation were noticed after 
17 hours. As at 300 deg. C., these were preceded by a 
general darkening and roughening of the etched surface, 
and the new crystals were first formed near the surface 
of the sheet. After 24 hours a considerable number 
of large new crystals were found scattered through the 
sheet. Some of these, which were, however, longer, 
can be seen in Fig. 19, in which the black background 
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streaks and islands the new crystals. This and the 
succeeding photomicrographs (Figs. 20, 21 and 22) all 
show the great contrast in behaviour to the etching 
reagent of the recrystallised and uncrystallised regions. 
The long strips of material with no apparent divisions 
into normal-shaped crystals are characteristic of the 
effects produced at these low temperatures. This is 
especially marked in Fig. 22. The effects produted 
after six weeks and six months respectively are shown in 
Figs. 23 and 24. Heating for further periods does 
not produce any change, so that the structure revealed 
in Fig. 24 may be considered to be the stable structure 
produced at this temperature. 


of the new crystals is clearly shown. The characteristic 





The characteristics observed at 300 deg. C. 
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Fic. 17. Heatep 7 Hours at 300 pee. C. 
< 100. 
represents the unrecrystallised metal and the white | 


The elongated character 


of forming stable elongated crystals at temperatures 
of 250 deg. C. and 300 deg. C. is also brought out in | 
Fig. 25, which represents the structure of the sheet 


after heating for nine months at 300 deg. C. The photo- 
graph was taken with oblique illumination and magnifies 
the structure 16 times. A similar photograph taken 
of a specimen heated for one week at 500.deg. C. is 
included for comparison (Fig. 26). This clearly shows 
the equiaxing produced at this temperature. It seems 
probable that the large white areas observed in the 
sheet heated at 250 deg. C. are constitutionally similar 
to those shown in Fig. 8, which reveals the result of 
heating for only 15 minutes at 500 deg. C., and that 
they do eventually break up to form small but (still 
elongated crystals. Moreover, a specimen heated for 
two weeks at 250 deg. C., and then for one hour at 500 deg. 
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C., shows a structure similar to that obtained by heating 
| at 500 deg. C. for one hour, indicating that the elongated 
| crystals take on the equiaxed form at the higher tem- 
| perature. , 

| It will be noticed that the tendency to tarnish 
diminishes as the heating is prolonged. When _ the 
| entire sheet has recrystallised, as in Fig. 23, the tarnishing 
| is much less than that observed after two weeks at this 
| temperature (Fig. 22), but it never disappears entirely, 
| as Fig. 24 shows. The appearance of the tarnish which 
precedes the actual recrystallisation, and the tendency 
for the recrystallised material to be free from this effect 
suggests that it is due to some peculiar physical condition 
of the metal. The question of tarnish has been dealt 
with at some length in the paper of Hanson and Archbutt 
already mentioned. They say that “‘in some cases 1t 
is found that after the removal of the black deposit 
ll covered with a 
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‘(with chromic acid) the surface is sti 
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light-coloured tarnish, which is extremely adherent 
and cannot be removed either mechanically or chemically 
without destroying the etched surface. The best method 
of avoiding this tarnish effect is to use greater care 
during the grinding and polishing operations. .... . “ 
They give a photomicrograph of an alloy containing 
17 per cent. of zinc, after cold-drawing. In this latter 
case, although the complete deposit has been removed 
by the immersion in chromic acid, a certain amount of 
“tarnish has been left on the surface. This is probably 
due to the fact that the alloy is in a cold-worked con- 
dition, but there is also evidence that the grinding 
operation has not been very well carried out. In a 
number of places in the section dark parallel markings 
can be seen, which have the appearance of wide scratches. 
These were not visible on the polished specimen, and 
their appearance indicates that some local distortions 
of the surface produced during the grinding operations 
remained in the specimen, and this distortion is probably 
partly to blame for the tarnishing of the surface.” 
Anderson, in a contribution to the discussion of the 
above paper, refers to the individual tarnishing of single 
crystals or groups of crystals in a casting. 

The tarnishing referred to by the present authors is 
not produced by cold-work, and it is of two kinds, 
the first place, it is produced when a cold-worked specimen 
begins to soften on heating. It was characteristic of 
the sheet in the original cuntitien that it etched without 
a trace of tarnish, but as soon as it was heated the surface 
was roughened on etching, as shown by the photomicro- 
—_ (Figs. 15 and 19). These photographs are a 
ittle misleading, since the tarnish was either light or 
dark brown, but not black as it appears. It is probable 
that this tarnish, which is characteristic of the partially 
softened sheet, is different from that observed on certain 
crystals in the fully recrystallised and softened specimen 
(Figs. 18 and 24). This latter is the second type of 
tarnishing envisaged by the authors, and is confined 
almost entirely to imens heated at temperatures 
below 350 deg. C. It somewhat resembles the effect 
produced by etching a-brass, when twins are often only 
distinguishable by the fact that they colour or tarnis' 
differently. - Under certain conditions they can be made 
to. appear black and white in alternate bands. 

The former type of tarnishing is regarded by the 
authors as the first evidence in the breakdown of the 
stability of the work-hardened complex, which, in terms 
of Sir George Beilby’s theory of the hard and soft states 
in metals, must be re; ed as complex of amorphous 
units and very much broken up crystalline lamelle of 
aluminium. It has been mentioned that in the pre- 
paration of the sheet a reduction of thickness of 97 per 
cent. of the original casting took place. The sheet, 
therefore, represents very severely worked material, 
and there is nothing surprising in the fact that the first 
signs of the breakdown of the complex on heating should 
ape to be quite general throughout the section. 
The second type of tarnishing, however, remaining after 
prolonged heating at temperatures from 300 deg. C. 
downwards is not quite so readily capable of interpreta- 
tion. If it is suggested that the cause is simply one of 
differences of orientation in the crystals themselves, 
such as is sometimes responsible for differences of this 
kind in etching pure metals, it may be replied that the 
sections hea’ between 350 deg. and 600 deg. C. ought 
to show the same phenomenon, since undoubtedly in 
these cases also there will be differences of orientation. 
Such, however, is not the case. The most plausible 
explanation which has occurred to the authors is the 
following :—When new crystals are born in the strained 
sheet they crystallise out of a matrix which is not pure 
aluminium, but aluminium containing certain impurities. 
Among these may be mentioned silicon, iron and oxygen, 
and probably nitrogen. In the strair-hardened sheet 
the: silicon — to be wholly dissolved, whereas the 
solubilities of the aluminium-iron compound, FeAl, 
and the oxide, Al,O3, are very much less. Put briefly 
therofore, the new crystals are born from a solid solution. 
The first crystals to separate will be purer than the 
matrix, and they will have a definite crystalline range. 
This relatively higher degree of purity, which can be 
deduced on theoretical grounds, is evidenced by the fact 
that the new crystals always appear white. Therefore, 
as the process proceeds, unless diffusion takes place 
between the layers of solid solution which are succes- 
sively deposi round the original crystals, the later 
crystals will form in a matrix which contains a greater 
proportion of impurities and will not, therefore, be so 
pure. It seems probable, therefore, to the authors, 
inasmuch as films of oxide, which are always present in 
alumiaium of this degree of purity, will have a retarding 
effect upon diftusion and equalisation of concentration 
in solid solution, that this is the most likely explanation 
of the occurrence of tarnished crystals in specimens 
which have recrystallised at low temperatures. Put 
shortly, recrystallisati is complete, but diffusion is 
not suffieiently active to equalise the differing composi- 
tions of the various crystals. According to this explana- 
tion, the crystals which appear tavnished in, for instance, 
Fig. 24, are those which were the last to be formed from 
the strain-hardened material. It is well known that the 
rate of diffusion increases with rise of temperature, and 
on the above explanation, therefore, the absence of 
tarnish on specimens heated from 400 deg. C. upwards 
appears intelligible. 

(@) Experiments at 200 deg. C.—The structural changes 
which take place at this temperature are so slow that, 
although specimens of this sheet have been heated for 
18 months, recrystallisation is very incomplete and is 
confined to tho surfaces of the sheet. Specimens 
examined at the end of six months had a granular appear- 
ance, similar to that which ied recrystallisation 
at higher temperatures. A photomicrograph (Fig. 27) 
taken near the surface of the sheet shows the extent to 
which the structure has altered after 18 months. The 











newly-crystallised material appears lighter than the 
old, bat both of them have been pitted by the etching 
nt. The retarding effect of impurities on aluminium 
heated for prolonged periods at this temperature is well 
shown in Fig. 28, which is the photomicrograph of the 
structure of aluminium sheet of the same thickness as 
the specimens used in this investigation, which con- 
tai not more than 98-9 per cent. of aluminium and 
has been heated for 3-23 years. It will be observed 
that there is no sign of the breakdown of the structure 
of the work-hardened metal, whose very thin flattened 
crystals are clearly observable. 
Reference may now be made to certain facts established 





Temperature in Elongation, per 


degrees C. cent. on 3 in. 
550 36-2 
500 38-5 
450 40-7 
400 40°7 
350 42-2 
300 41-5 
250 ove ase oe 43-3 
These results, although obtained with aluminium of 





a lower degree of purity, can be stated to hold equally 
well for the high purity aluminium experimented with 
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by Mr. L. Taverner and one of the authors in their 
research on “The Effects of Heat at Various Tem- 
peratures on the Rate of Softening of Cold-rolled Alu- 
minium Sheet.” It was there established that work- 
hardened aluminium, after exposure for a period not 
exceeding 96 hours to temperatures varying from 550 deg. 
C. to 300 deg. C. inclusive, attained the same de; of 
softening in all cases, and was in fact completely softened, 
and the same result was obtained at 250 deg. C. in a 
rather longer period, namely, 600 to 800 hours. It 
was also shown that the ductility of the sheet as 
measured by the elongation was not constant, but 
tended to rise as the temperature at which the metal 
had been heated fell. his is demonstrated in the 
table in the next column: 








in the present research. The only difference is that 
the ductility is higher in the purer sheet and softening 
takes place more quickly. The study of the micro- 
structure revealed in the present investigation throws 
some light on this gradual rise of ductility with fall of 
temperature. The lowest ductility is shown by specimens 
heated at the highest temperatures in which the crystals 
are largest, approximate most nearly to the equiaxed 
condition, and are the most homogeneous in composition. 
With fall of temperature, as has been shown, the crystals 
gradually become smaller, more elongated, and, if the 
interpretation given previously is correct, are not so 
homogeneous in composition. These differences are 
accentuated as the temperature falls, and attain their 
highest value at the lowest temperature, 250 deg. C. 
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According to this explanation the sheet consists of 
crystals of varying degrees of purity. The purest 
crystals are the softest, and when the material is stressed 
these softer crystals will be relatively more distorted 
and will be responsible accordingly for the higher values 
found for the ductility. 

One of the most interesting points brought out in the 
present investigation is the apparently permanent effect 
of rolling on the shape of the crystals formed on heating. 
This was noticed by Mathewson and Phillips to be the 
case in a-brass heated at low temperatures, although 
in this instance the effect was not great. A noteworthy 
example of the persistence of elongated crystals after 
heating a worked alloy was obtained by the present 
authors in the case of an aluminium-zine bar containing 
18 per cent. of zinc, which had been hot-rolled. The 
structure of the metal as rolled is seen in Fig. 29 to 
consist of elongated crystals of the solid solution with 
roughened boundaries. This alloy, in spite of its high 
zine content, recrystallised very much more quickly 
than the 99-6 per cent. aluminium described in this 
research. Even after five minutes at 500 deg. C. re- 
crystallisation was far advanced, and appeared to be 
complete in one hour. The structure after forty-eight 
hours’ heating at this temperature is shown in Fig. 30. 
It will be observed that, although certain of the crystals 
approximate to the equiaxed condition, others are very 
much elongated and appear to be quite stable. They are 
quite different from the elongated crystals in the original 
bar and possess clear, and, for the most part, smooth 
crystal boundaries. They have been formed by re- 
crystallisation, and are not, as at first might be expected, 
individual crystals which have not changed on heating. 
The much slower rate of recrystallisation in the 99-6 per 
cent. aluminium is regarded by the authors as being 
due to the retarding effect of the oxide. 

Summary.—There are three distinct types of structure 
produced on heating the aluminium sheet experimented 
with, They correspond to different steps in the passage 
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from the work-hardened amorphous crystalline complex 
to the fully softened crystalline sheet. They may be 
classified as follows :—-(1) Type 1 is characteristic of 
metal heated for long periods at 220 deg. C. and for 
short periods at 250 deg. C. and 300 deg. C. It is the 
first visible structural change, and is characterised by 
the general tarnishing of the surface, a granular structure, 
and a blurring of the original boundaries of the flattened 
crystals. (2) Type 2 is the birth of new crystals in the 
old boundaries. These always appear white in contrast 
with the tarnished unreoriented crystals. Characteristic 
of this type is the presence of new and old crystals in 
the same specimen. Examples are the early stages of 
recrystallisation at 250 deg. and 300 deg. C. (3) Type 3 
is the structure finally obtained after heating to structural 
equilibrium at a given temperature. Of this type there 
are two distinct forms, depending on the temperature 
at which they are produced: (a) The erystals are very 
much elongated in the original direction of rolling, and 
there is always a tendency for some of them to darken 
on etching. Prolonged heating at 250 deg. C. and 
300 deg. C. produced typical examples of this sub-class. 
(6) The crystals approximate more nearly to the equi- 
axed condition the higher the temperature, though, 
even at the highest temperature, they still show a slight 
elongation in the direction of rolling. There is little or 
po tarnishing of the crystals. Examples: Specimens 
heated at 450 deg. to 600 deg. C. Specimens heated 
at 350 deg. C. to 400 deg. C. furnish examples in each 
of the sub-classes (a) and (b). In the earlier stages of 
recrystallisation and growth they resemble (a) in that 
the c ls are markedly elongated, but in the final 
stage they resemble (5). 

Note on the Birth of Crystals in Strained Metals and 
Aloys.—In their recently-published paper on “ Crystal 
Growth and Recrystallisation in Metals,”’* the authors 
stated that recrystallisation of the strained metals 
examined by them did not take place as the result of a 
general disintegration of the distorted crystals, but that 
the new crystals formed only in the boundaries of the 
old ones and grew from there into the crystals them- 
selves. This statement accords with the results obtained 





* Journal of the Institute of Metals, No. 2, 1920, 
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by Chappell* and Mathewson and Phillips.+ The latter 
investigators, however, did not draw the same conclusion 
from their observations as the authors, whose conclusion 
was criticised in the discussion. The investigation of 
the structural changes which take place on heating 
cold-rolled aluminium sheet, descri in the foregoing 
paper, has provided confirmatory evidence of the view 
in question. It must be emphasised, however, that 
this conclusion is very difficult, and sometimes impossible, 
to test in severely-worked material owing to the extreme 
distortion of the crystals and their consequent inter- 
penetration. Moreover, the presence of aluminium 
oxide undoubtedly has a retarding effect on the recrys- 
tallisation of aluminium sheet. Accordingly, fresh 
experiments have been carried out with two alloys, in 
which particular regard was paid to two conditions. 
First, the material must not be so severely strained as 
to produce anything in the nature of a confused struc- 
ture and a markedly fibrous condition must be avoided. 
Secondly, recrystallisation should be manifest at low 
temperatures, since it is very difficult to study the 
birth of crystals at high temperatures, where growth 
is very rapid. Experiments have accordingly been 
made with two alloys in which the above conditions 
were fulfilled, namely, an alumium-zinc alloy containing 
18 per cent. of zinc and 70 : 30 brass, 

he aluminium-zine alloy, kindly prepared for the 
authors by Mr. Murray Morrison, received the following 
treatment :—The billet was preheated for two hours at 
400 deg. C. It was extruded in ~ in. diameter bar at a 
container temperature of 200 deg. C. It was then heated 
for three hours at 300 deg. C. and subsequently drawn 
down in two passes, the one heavy ond he other light, 
to }in. Its analysis was as follows :—Silicon, 0-14 per 
cent. ; iron, 0-16 per cent.; zinc, 18-34 per cent. It 
was made from the purest commercial zinc and aluminium 
available. The structure of the bar as received is shown 
in Fig. 31. It is typical of a worked metal, but the 
crystals have even and well-defined boundaries, and are 
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nothing like so much flattened as in the pure aluminium 
sheet previously experimented with. In spite of the 
lesser degree of work this bar recrystallised on heating 
so rapidly that it was found necessary to heat it at a 
temperature not exceeding 250 deg. C. in order to observe 
the birth of new crystals on recrystallisation and their 
subsequent growth. In this respect it presents a marked 
contrast to the pure aluminium sheet, which required 
more than six weeks before it reached this stable con- 
dition, whereas the above aluminium-zinc alloy recrystal- 
lised in 24 hours. 

In this experiment no general tarnishing of the surface 
took place on heating, corresponding to Type 1 in the 
aluminium sheet. The first visible change of structure 
was the appearance of new crystals in the boundaries 
after about three hours’ heating. In certain cases the 
new crystals were observed to form in contact with 
segregated impurities in the alloy, but in no case were 
they observed to originate in the interior of a crystal 
unless it were in contact with such an impurity. By 
far the largest number were born in the crystal boun- 
daries, frequently at the meeting point of three or four 
crystals, and in the majority of cases they grew with 
more or less equal readiness into the crystals in whose 
boundaries they had originated. The formation and 
subsequent growth of the new crystals, both in number 
and size, can be studied in Figs. 32 to 35. Fig. 33 shows 
the first appearance of the new crystals in a form which 
lends itself to photographic reproduction, although signs 
of the new crystals, which have originated in a boundary, 
are clearly seen in the earlier stage as well, Fig. 32. 
Subsequent stages of growth, both in number and size, 
are revealed in Figs. 34 and 35, while Fig. 36 illustrates 
the structure of the fully-recrystallised bar, in which it 
will be observed that the crystals are equiaxed, In this 
case, however, all traces of the original worked structure 
have been removed. 

The 70 : 30 brass experimented with was taken from 
a broken test piece at some little distance from the 
fracture. The test piece had been cut from a sheet 





* Journal of the Iron and Steel Institute, No. 1, 1914, 
vol, lxxxix., pp. 460-496. 

+ Transactions of the American Institute of Mining 
Engineers, 1916, vol. liv, pp. 1-50. 





} in. in thickness and had been heated at 750 deg. C. 
before being pulled, so that the original crystals were 
large. The specimen was then heated for one hour 
at 375 deg. C., when it was found that recrystallisation 
had begun in a number of places and the following 
observations were made :- 

(1) All the new crystals originated either in crystal 
boundaries or in twin boundaries; (2) they grew in- 
discriminately into the crystals in contact with the 
boundaries in question ; (3) many of the new crystals 
were themselves twinned; (4) as between cr 1 
boundaries or planes of twinning no preference could be 
detected as regards origin of growth. 

Fig. 37 shows numerous instances of the birth of 
crystals in twin boundaries, while Fig. 38 shows their 
birth in the old crystal boundaries. From this it would 
appear that twin boundaries act similarly to crystal 
boundaries during deformation and subsequent recrystal - 
lisation on heating. 

Accordingly, the evidence obtained from both these 
alloys is in agreement with that shown by the pure 
aluminium sheet and the results obtained by Chappell 
oniron. In all these cases recrystallisation was observed 
to begin in the boundaries of the distorted crystals, 
using the term “boundaries” in the broad sense to 
include the twin boundaries. The only instances in 
which the new crystals were formed in the interiors 
of the old crystals were those in which they originated 
at a segregated impurity, and here also there is a boundary, 
although of a different kind. 





Tue Instirvution or Muwnicipan anp County 
Enarneers.—The forty-eighth annual general meeting 
and conference of this Institution is to be held in London 
on June 15, 16, 17 and 18. Papers relating to the 
following, amongst other, subjects will, be read and 
di “Housing and Town Planning,” “Sewage 
Disposal,’ ‘“‘ Road Construction,’’ ‘Municipal Trans- 
port,” “‘ Public Lighting,’’ “‘ Public Works Generally ’’— 
and the arrangements for the meeting will include visits 
to various engineering undertakings of an important 
character. Further particulars can be obtained from 
the secretary, Mr. J. W. Dudley Robinson, 92, Victoria- 
street, Westminster, S.W. 1. 





AEROPLANE Srasrtity.—Two reports, numbers 95 
and 96, recently to hand from United States National 
Advisory Committee for Aeronautics are entitled ; 
“Diagrams of Airplane Stability’’ and ‘‘ Statical 
Longitudinal Stability of Airplanes,” respectively. In 
the former the effect on longitudinal and lateral oscilla- 
tions of simultaneous variations of two resistance 
derivatives, while the other derivatives remain constant, 
is studied graphically, but the graphical method used is 
admittedly inferior to that devised by Bairstow and 
Nayler and published in the British Advisory Com- 
mittee’s Report No. 116, 1915. The analysis is also 
applied to the cases of the parachute and the helicopter, 
and it is concluded, in connection with the latter, that 
the gyroscopic effect on stability will be greater than 
in the case of the aeroplane. he other report is a 
continuation of the preliminary report on free-flight 
testing (No. 70) and gives a detailed theoretical analysis 
of statical stability with free and locked controls. It also 
gives and discusses the results of many free-flight, tests 
on several types of machines, Either report may be 
obtained on request from the National Advisory Com- 
mittee for Aeronautics, Washington, D.C., U.S.A. 


Aw InTER-DEPARTMENTAL COMMITTEE ON PATENTS.— 
The Lord President of the Council has establiched an 
Inter-Departmental Committee on Patents with the 
following terms of reference: (1) To consider the 
methods of dealing with inventions made by workers 
aided or maintained from public funds, whether sueh 
workers be en, (a) as research workers, or (6) in 
some other technical capacity, so as to give a fair reward 
to the inventor and thes enco’ urther effort, to 
secure the utilisation in industry of suitable inventions 
and to protect the national interest ; and (2) to outline 
@ course of procedure in respect of inventions arising 
out of State-aided or supported work, which shall 
further these aims and be suitable for adoption by all 
Government Departments concerned, As at nt 
constituted, the committee consists of the following 
members: Mr. Kenneth Lee, LL.D. (chairman) ; 
Mr. W. St. D. Jenkins, C.B.E., Admiralty, Director of 
Contracts ; Mr. F. E. Smith, O0.B.E., F.R.8., Admiralty, 
Director of Scientific Research; Air Vice-Marshal 
Sir E. L. Ellington, K.C.B.. C.M.G., C.B.E., Air Ministry, 
Director-general of Supply and Research; Mr. H. 
W. W. McAnally, Air Ministry, Assistant Secretary ; 
Mr. P. W. L. Ashley, C.B., Board of Trade, Assistant 
Secretary, Industries and Manufactures Department ; 
Colonel W. H. D. Clark, O.B.E., Board of Trade, 
Assistant Comptroller of the Patent Office ; Sir H. Frank 
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SOME NOTES ON CALCIUM.* 

By P. H. Brace, B.Sc. (East Pittsburg, Pa., U.S.A.). 
* Historical.—Sir Humphry Davyt appears to have been 
the first to isolate traces of calcium by the electrolysis 
of moist lime ; though while Davy’s work was in pro- 
gress he received a letter from Berzelius and Pontin 
which described the results of their experiments on the 
electrolysis of the alkaline earths with mercury cathodes. 
Davy repeated these experiments and secured amalgams 
of calcium and the other alkaline earths, confirming the 
conclusions of Berzelius and Pontin. In 1854 Bunsent{ 
prepared small quantities of calcium by electrolyzing an 
aqueous solution of the chloride with a mercury cathode 
and subsequently distilling off the mercury. Matthiesen,§ 
in 1856, prepared small quantities of impure metallic 
calcium by the electrolysis of a fused mixture of stron- 
tium chloride and calcium chloride. Comparatively 
little interest was shown in the subject until Moissan,|| 
in 1898, published his results which showed that nearly 
pure calcium could be prepared by the reduction of 
calcium iodide by means of sodium. In the same paper 
Moissan mentions the electrolytic preparation of calcium 
from the fused iodide. Moissan§ investigated his pro- 
duct with characteristic thoroughness, for a little later 
in the same year he published an extensive list of the 
properties of the calcium prepared by the sodium reduc- 
tion method, In 1898 Bela von Lengyel** gave an 
account of the properties of calcium prepared in a cell 
with a porous diaphragm. He reported a purity of 
99-2 per cent., and described his product as having a 
colour similar to that of a silver-rich gold alloy. 
Evidently his metal was contaminated, for the colour 
of pure calcium is silvery-white. Borchers and Stockemtt 
described a calcium cell in which the metal was deposited 
in the form of a sponge on a water-cooled cathode pro- 
jecting upward from the bottom of the cell submerged 
in the electrolyte of fused calcium chloride. A similar 
cell was used in 1903 by Goodwin,t{ but he operated at a 
higher current density and temperature, and so caused 


the calcium to collect in the molten state and rise to! 


the top of the bath, whence it was removed by means of 
a ladle. This was a distinct advance over the methods 
of Borchers and Stockem. Shortly after this, in 1904, 
Rathenaug} made the next noteworthy advance when 
he used a cathode which just touched the surface of the 
molten electrolyte, and operated it at such a current 
density that the surface of the calcium in contact with 
the electrolyte was kept molten. The cathode was 
gradually elevated as the metal accumulated, and an 
irregular rod was thus built up. This method was 
commercially successful. | Goodwin,|||| in 1904, published 
the results of a rather extensive series of experiments 
with an apparatus of the Rathenau type, and gave a 
rather complete account of the physical properties of 
the calcium he had prepared. In 1905 Wohler™% reported 
on his experiments in which an electrolyte containing 
100 parts of CaCl, and 17 parts of CaF, was used. He 
believed that the low melting point of the above mixture 
was an advantage, but the experience of others has since 
indicated that there are disadvantages which more than 
outweigh the convenience of the low melting point. 
This will be referred to again in connection with some of 
the writer's findings, Arndt*** described the preparation 
of calcium aluminium alloys by the electrolysis of caleium 
chloride with an aluminium cathode. Alloys containing 
between approximately 20 and 80 per cent. of calcium 
are described, but no particularly useful properties are 
mentioned, 


a comprehensive bibliography of calcium metallurgy, 


followed by a description of the results of their work with | 


the Rathenau form of cell, and in the following year, 
Frary, Bicknell. and Tronson{{{ discussed the efficiency 
of the apparatus just mentioned, and concluded that 
practically 100 per cent. current efficiency could be 
obtained by proper manipulation. They were of the 
oyinion that pure calcium chloride made a more satis- 
fattory electrolyte than the calcium fluoride-calcium 


chloride mixture of Wohler. At the same time Johnson§§§ | 


published an account of a series of experiments with the 
submerged cathode cell of Borchers and Stockem, and 
the Rathenau cell ; and described the development and 
operation of a rather novel apparatus in which the metal 
was deposited on a perpendicular, vertically moving iron 
ribbon cathode which closed the narrow end of a 
V-shaped enclosure containing the electrolyte. The wall 
of the enclosure opposite the ribbon was of graphite, 
and formed the anode, The cathode current density 
was kept considerably lower than in the case of the 


* Paper read at the meeting of the Institute of Metals, 
on Wednesday, March 9, 

+ Philosophical Transactions, 1808, 343, 354. 

t * Annalen der Physik,”’ 1854, 92, 251. 

§ Journal of the Chemical Society, 1856, 8, 27-30, 

|| Comptes rendus hebdomadaires des Séances 
Académie des Sciences, 1898, 126, 1753-1758. 

{| Jbid., 1898, 127, 584-590. 

** “Chemisches Zentralblatt,’ 1898 

+t “ Zeitschrift fir Elektrochemie und angewandte 
physikalische Chemie,’ 1902, 8, 757-758. 

t} Journal of the Chemical Society, 1903. 25, 873-876, 

§§ “ Zeitschrift fur Elektrochemie und angewandte 
physikalische Chemie,”’ 1904, 10, 508. 

\\| Proceedings of the American Philosophical Society, 
1904, 43, 381-392. 

"4 “ Zeitschrift fir Elektrochemie 
physikalische Chemie,’ 1905, 11, 612-618. 

*** “ Berichte der deutschen chemischen Gesellschaft,” 
1905, 38, 904-906. 

ttt Transactions of the 
Society, 1909, 16, 185-195. 
ttt Jbid., 1910, 18, 117-123. 
§$§ Jbid., 1910, 18, 125-164, 
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In 1909 Frary and Badgert{t published | 


| Rathenau cell, and it appears that the calcium was 


deposited in the solid state, producing a thick plate on 
the iron ribbon in much the same way as metals are 
ordinarily deposited from aqueous solutions. The author 
concluded his paper with an account of the determina- 
tion of the decomposition voltage of molten calcium 
chloride, and stated that the value lay between 2-6 volts 
and 2-8 volts. In 1909 Cowper-Coles* patented a 
process for the electrolytic preparation of calcium and 
similar metals, the principal feature of which was the 
use of a cathode in the form of a disc whose edge just 
touched the surface of the electrolyte, and which was 
rotated as the deposit collected. In 1911 a refining 
processt was described, which had in view the elimi- 
nation of the included chloride and other mechanically 
held impurities from calcium produced by the Rathenau 
and similar methods. In this process the calcium was 
melted under calcium chloride and collected under an 
inverted conical iron bell submerged in the molten 
chloride. The idea was that the calcium would separate 
completely from the chloride and other impurities by 
virtue of the differences in their densities. Moldenhauer 
and Anderson,t in 1913, described experiments with 
mixed fused electrolytes in which calcium alloys with 
zine and some other metals were produced. They also 
stated that potassium chloride might be added to 
| calcium chloride in amounts up to nearly 25 per cent. 
before the potassium content of the calcium produced 
became too great to permit the successful working of the 
| Rathenau method. In 1920 the writer§ published a 
short account of some experiments on the electrolytic 
production of calcium, and described a type of cell 
which he believed to be much easier to operate than the 
conventional form in which the graphite container for 
the electrolyte formed the anode. This apparatus will 
be more completely explained below. 

This brief review of the literature will show that 
almost an even hundred years elapsed after the discovery 
of metallic calcium before serious attempts were made 
to prepare the metal in large enough quantities to permit 
accurate determinations, and useful applications of its 
many interesting properties. Between 1898 and 1910 
calcium received considerable attention from the stand- 
point of both preparation and properties. As a result 
enough demand sprang up to warrant the commercial 
production of the metal at Bitterfeld, in Germany. 
During the last ten years interest seems to have lagged 
somewhat ; indeed, J. W. Richards,|| in 1916, mentioned 
calcium as one of the well-known and available metals 
which had not received the extensive application which 
might be expected from a consideration of its many 
interesting and unusual properties. Richards pointed 
out the advisability of closer study of the properties 
and possibilities of the less commonly used metals, 
calcium amongthem. At the present time calcium seems 
to find such small application that supplies are not 
regularly carried by dealers, and, furthermore, the prices 
asked are out of propertion to the difficulties of pre- 
paration. It is hoped that this paper may stimulate 
discussion which will bring out all the present applica- 
tions of calcium, suggest new ones, and put producers 
and prospective users on such a footing that the inter- 
action of supply and demand will Operate to create a 
good market and a satisfactory supply at prices more 
reasonable than those which are now obtained. 

Properties of Caleium.—tThe following is a short list 
of the more fundamental properties of calcium. The 
numbers in the right-hand column refer to the references 
below. 


Autho- 
Property. Value. rity. 
Atomic weight ... 40-07 1 
Specific gravity 1-548 2 
3°43 3 
Electrical resistivity, microhms per] 5-32 4 
centimetre cube ° + ooo 4°26 5 
6-77 6 
Temperature’ coefficient of electrical { 0-00457 3 
resistivity, per degree C.... ... | 0-0034 5 
Thermo-electric power against 
lead... wae ase . 8-9to 150°C. 5 
Microvolts per degree C. 14-0 ,, 400°C. 5 
Specific heat a . 0°-20° C., 01453 7 
Melting point, degrees C. oes 810° 8 
Tensile strength, kg. per sq. em. 612 3 
Brinell hardness, 500 kg. load ... 42-5 Writer 
Shore hardness ... wit 19-20 el 
Heat of oxidation, calories per 
grm. of metal... abe ve 3288 9 
Heat of chlorination, calories per 
grm. of metal... : 4248 9 


(1) “ International Atomic Weights, 1920.”’ 

(2) Moissan and Chavanne, Comptes rendus, 1905, 140, 
122-127. 

(3) Goodwin, Proceedings of the American Philoso- 
phical Society, 1904, 43, 381-392. 

(4) Northrup, ‘ Metallurgical and Chemical Engineer- 
ing,”’ 1916, 15, 193. 

(5) Swisher, Physical Review, 1917, 10, 610-618. 

(6) P. H. Brace, Transactions of the American Electro- 
chemical Society, 1920, 69-82. 

(3) Goodwin, Proceedings of the American Philoso- 
phical Society, 1904, 43, 381-392. 

(5) Swisher, Physical Review, 1917, 10, 610-618. 


* British Patent, 24 396 (1909). 
+ French Patent, 438,772 (March 





22, 1911). 


t “Zeitschrift fiir Elektrochemie und angewandte 
physikalische Chemie,’ 1913, 19, 444-447. 


§ Transactions of the 
Society. 1920, 69-82. 

*\ Metallurgical and Chemical Engineering,’ 1916, 15, 
193-197. 
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(7) Arciero Bernini, Physikalische Zeitschrift, 1907, 8, 


(8) Moissan and Chavanne, Comptes Rendus, 1905, 140, 
122-127. 

(9) Richards, ‘‘ Metallurgical Calculations,’ Part I., 
page 18. 


The following condensed list of reactions may be of 
interest. The numbers in parenthesis following the 
reacting element refer to the references which follow 
immediately below. 


Carbon (10).—CaC2 formed exothermically by direct 
interaction of carbon and calcium metal. Pure calcium 
carbide is a white solid. 

Oxygen (10).—No reaction in dry oxygen at ordinary 
temperatures. Above 300° C. reaction proceeds rapidly, 
forming CaO. Takes fire in air if heated above a dull 
red heat, and burns to oxide and nitride with vivid 
ineandescence. 

Nitrogen (10).—No reaction at ordinary temperatures. 
Slow combination above 300°C. Heated in pure nitro- 
gen at approximately 900° C. the nitride CagN3 is formed. 
This nitride is a reddish-brown solid which reacts with 
water to form ammonia. 

Chlorine (10), Bromine (11), Iodine (11).—No reaction 
at ordinary temperatures if these halogens are pure and 
dry. Above 400 deg. C. goes on, becoming violent as 
the temperature is raised. 

Fluorine (12).—Reacts violently at ordinary tempera- 
tures. 

Hydrogen (10).—At temperatures near 700°C. the 
hydride CaH2 is formed. This hydride reacts with 
water and liberates the combined hydrogen, and the 
calcium remaining then attacks the water and liberates 
its usual quota of hydrogen. Calcium hydride has been 
used as a portable source of hydrogen for filling balloons. 

Water (10).—Pure water is decomposed slowly by 
calcium. Hydrogen is liberated and calcium hydroxide 
is formed. The reaction is greatly hastened by small 
amounts of impurity in the water. 

Carbon Dioxide (13).—At a red heat carbon dioxide 
is decomposed and the carbon liberated. The oxygen 
goes to the calcium, forming calcium oxide. 

Oxides and Halides (14, 15).—The oxygen and halogen 
compounds of a number of metals are readily reduced 
by heating them with metallic calcium. Chromium and 
manganese are thus readily prepared from their oxides. 


(10) Moissan, Comptes rendus, 1898, 126, 1753-1758. 

(11) Thorpe, ‘‘ Dictionary of Applied Chemistry,” 
vol. i., page 606. 

(12) Ibid., page 599. 

(13) O. P. Watts, Journal of the American Chemical 
Society, 1906, 28, 1152-1155. 

(14) Perkin and Pratt, Transactions of the Faraday 
Society, 3, 179-186. 

(15) Perkin, ibid., 3, 115-117. 


Alloys of Calcium.—The list of calcium alloys that 
have been prepared and investigated is quite large. The 
outstanding general properties seem to be brittleness 
and the tendency to the formation of intermetallic com- 
pounds. Very few of the calcium alloys appear to have 
any usefulness as structural materials. Aluminium-rich 
alloys may find application because of their slight 
advantage in weight over pure aluminium. Lead alloys 
containing calcium and other alkaline earth metals are 
finding application as bearing metals for service, such 
as the usual white metals are put to. The following 
condensed abstracts will indicate the nature of the work 
which has been done in the field of calcium alloys. 
N. Barr* has published the results of an extensive investi- 
gation of the properties of a number of calcium alloys 
by the method of thermal analysis. Calcium was alloyed 
with thallium, lead, copper, and silver, and in every 
ease definite evidence of the occurrence of intermetallic 
compounds was secured. Moldenhauer and Anderson? 
investigated the direct production of calcium alloys from 
fused, mixed electrolytes. Zinc, aluminium, and potas- 
sium alloys were prepared. Coopert{ has patented alloys 
of calcium with aluminium, in which the calcium content 
may be as high as 8 per cent. The claims feature light- 
ness, ductility, and ease of machining. Kroll§ has 
patented the use of calcium and its light alloys as a 
filling for hollow steel structural members. He has 
claimed that, as compared with nickel-chromium steel, 
structures made according to his patent have the same 
strength with but 41-56 per cent. of their weight. Hirsch 
and Aston|| experimented with the production of iron 
alloys, and state that up to 6 per cent. of calcium may 
be alloyed with iron by reducing Fe20; in gas-tight iron 
cylinders. They state that calcium destroys the welding 
property of iron. Watts and Breckenridge{| used the 
brittle alloys of calcium with aluminium, silicon, and 
manganese as reducing agents in the course of experi- 
ments on the preparation of some of the more difficultly 
reducible metals. The brittleness of the alloys was 
found a great convenience, as it enabled them to be 
pulverized and brought into an intimate mixture with 
the substances to be reduced. Stockem** stated that 
calcium dissolved in cast iron with the evolution of con- 
siderable heat, and that if considerable amounts of 
calcium were added a scum of calcium carbide collected 
on the surface of the molten metal. He also stated 
that calcium alloys with copper in all proportions, and 
that some of these alloys are useful as deoxidizers and 





* “ Zeitechrift der anorganischen Chemie, 70, 352-394.” 

+ “Zeitschrift fiir Elektrochemie und angewandte 
physikalische Chemie,” 1913, 19, 444-447. 

t United States Patent, 1,224,362. 

§ Swiss Patent, 75,891 (January 2, 1918). 

|| ‘** Electrochemical and Metallurgical Industry,” 1907, 
6, 236-237. 

€ Ibid., 1907, 6, 237-238. 

** «« Metallurgie,’ 1906, 3, 147-149. 
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scavengers in non-ferrous alloys. Watts* found that 
calcium acted as a powerful desulphurizer of molten, 
low-carbon iron, but that the effect on the phosphorus 
content was relatively small. Hackspill} prepared lead 
alloys by the reduction of lead chloride with an excess 
of calcium. The alloys were harder and less brittle 
than lead and tarnished in the air. They were slowly 
attacked by cold water, and more rapidly by hot water. 
A erystalline alloy, PbzCa2, was isolated by distillation 
in vacuo. 

A summary of the more important uses of metallic 
ealcium is as follows :—l. As a reducing agent in the 
preparation of metals and alloys from their oxygen and 
halogen compounds. As a reagent in the purifica- 
tion of the inert gases. 3. As a scavenger in non-ferrous 
matals and alloys. 4. As a scavenger, decarburizer, and 
desulphurizer of ferrous alloys. 5. As a dehydrating 
agent, as in the treatment of oils and alcohols, for 
example. 6. As a means of fixing atmospheric nitrogen. 

As a source of pure calcium carbide by direct reaction 
with pure carbon. 8. As a stiffening filling for hollow 
metal structural members. 9. As a constituent of a 
light aluminium alloy having useful properties. 10. As 
a hardening component in certain lead-base anti-friction 
alloys. 

Preparation of Calcium.—There are three general 
methods for the preparation of calcium, as follows : 
|. By the reduction of calcium compounds by metals of 
the alkali group. 2. By the electrolysis of concentrated 
aqueous solutions with a mercury cathode. The 
electrolysis of fused halogen compounds of calcium. 

Of these three methods the last is by far the simplest 
and most direct. 

Moissant is the one who has written most authorita- 
tively on the first method. No advance has been 
recorded in this direction since the publication of his 
researches. He discovered that calcium was soluble in 
molten sodium, but not in solid sodium, and that when 
calcium iodide and a considerable excess of sodium were 
heated together in a gas-tight steel container to a tem- 
perature of approximately 750°C., the calcium iodide 
was reduced and the resulting calcium dissolved in the 
excess sodium, from which it crystallised on cooling 
in brilliant, silvery, hexagonal crystals. The sodium 
which was necessarily associated with the calcium crystals 
was removed by the action of absolute alcohol, which 
reagent has little effect on calcium. Moissan asserts 
that he obtained a purity of 99-2 per cent., and from his 
description of the properties of his product it is certain 
that it was quite pure. 

Calcium may be prepared from aqueous solutions by 
electrolysis with a mercury cathode. Concentrated 
caleiumn chloride solution is the usual electrolyte. The 
cathode current density is kept fairly high. As the 
calcium is released it amalgamates with the mercury, 
and is finally recovered by distilling off the mercury 
in vacuo. Some mercury remains in the calcium even 
after distillation at temperatures above the vaporisation 
point of the calcium. This method of preparation is 
obviously indirect and cumbersome. 

The electrolysis of pure molten calcium chloride is the 
most direct and convenient method of securing pure 
calcium. When properly prepared the impurities will 
total less than 0-& per cent., and will consist of included 
particles of chloride and traces of calcium carbide. 
Small quantities of calcium may be readily prepared by 
by melting a few grammes of dry calcium chloride in a 
poreelain crucible and electrolysing with a current of 
a few amperes, using a graphite anode and a stout iron 
wire as cathode. Small globules will collect about the 
cathode, and may be recovered by shutting off the 
current and allowing the melt to solidify. The writer 
has succeeded in building up little rods weighing a gramme 
or so by gradually raising the iron wire as the calcium 
collected. 

The earlier attempts at large scale production resulted 
in the development by Borchers and Stockem of what 
may be designated as the “ submerged cathode ” type of 
cell. Fig. 1 is a diagrammatic representation of such a 
cell. A graphite shell, A, is closed at the bottom by a 
water-cooled plate, Z, to which is fastened the upright, 
water-cooled cathode, D, concentrie with A. The shell 
and cooling plate are separated by an insulating ring, H, 
of asbestos or mica. Electrical connections are made to 
the cooler plate and to the graphite shell, as at F. The 
floor of the cell is covered with a layer of powdered 
calcium oxide or calcium fluoride, J. 

Operation of the cell is started by filling it with molten 
calcium chloride and electrolyzing. The calcium collects 
as at G, on the central cathode, and the chlorine is evolved 
at the inner surface of the graphite shell. The cooler 
plate maintains a layer of solid calcium chloride, B, 
on the bottom of the cell. The originators of this cell 
operated it under such conditions of current density 
and temperature that a sponge of caleium was formed 
about the cathode. This sponge was compacted by 
pressing and the bulk of the entangled chloride removed, 
The calcium content of the resulting mass was from 
ot) per cent. to 90 per cent. Goodwin worked with this 
cell in his earlier experiments, and found that much 
more satisfactory results were obtained by running the 
cell hot enough to melt the calcium. The globules of 
metal thus formed rose to the surface of the molten 
electrolyte, whence they were removed in a ladle and 
cooled ‘under oil. The writer's experience with this 
inethod has been that it will work, but that the product 
is almost invariably porous and brittle and unsuitable 
for working into sheet and wire. 





* Journal of the American Chemical Society, 1906, 
1155. 

+ “Comptes rendus hebdomadaires des Séances 
l Académie des Sciences, 1906, 143, 227-229. 

t Comptes rendus hebdomadaires des Séances 
v Ac ademie des Sciences, 1898, 126, 1753-1758. 
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It appears that the most successful scheme for coliect- 
ing the calcium as it deposited was developed by 
Rathenau. He found that a rod of caleium could be 
built up by using a cooled cathode which just touched 
the surface of the electrolyte, and operating at such a 
current density as to keep the surface of the calcium 
in contact with the electrolyte in a state of fusion while 
the cathode was gradually moved upward as the deposit 
accumulated. As successive portions of the electrolyte 
were withdrawn from the bath they solidified and formed 
a foundation for subsequent accumulation. Thus a rod 
of irregular cross-sectional area was built up. In the 
usual form of this cell the container for the molten 
electrolyte was of graphite and acted as anode also. 

The writer has worked with a cell of this type, and has 
found it to be much superior to the submerged cathode 
arrangement. His experience, however, has been that 
it was very difficult to get a rod with a cross-section 
approaching uniformity, and that considerable skill and 


experience were necessary before one could maintain 
the cell in operation for any extended riod. It 
appeared that the temperature conditions within the cell 


were of vital importance, and that they were quite 
sensitive to changes in the size and position of the areas 
which were acting as anode. It was concluded that the 
operator would have much better control of the process 
if the anode areas were made more definite, and if means 


SUBMERGED CATHODE CELL. 


Fig.1. 
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Fie. 1. Suspmercep CaTHopE CELL. 


A isa graphite shell, containing fused calcium chloride, C, 
and forming the anode. The cathode, D, is fastened to water- 
cooled bottom plate, H. Calcium collects as at G, and rises to 
surface of electrolyte. 
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A is agraphite shell, cooled by the water jacket C. B repre- 
sents the fused calcium chloride. G, G’ are adjustable water- 
cooled graphite anodes. H is the cathode. Current for electro- 
lysis is supplied from a continuous current generator, Z, 
connected as shown. 


could be provided for controlling their size and position, 
Accordingly, some tentative experiments were then made 
which showed that the foregoing conclusions were 
correct, and taught the importance of having the 
mechanical details worked out with some care and with 
@ view to convenience and certainty of operation. The 
arrangement is shown diagrammatically by Fig. 2. 
The graphite container, A, for the fused aa ie B, 
was provided with a water-cooled bottom, C, which 
maintained a shell of solid electrolyte, D, during opera- 
tion, A jacket, F, of fine graphite and lamp-black 
protected A from oxidation and prevented excessive 
heat losses. Two water-cooled graphite plates, G, G@’, 
formed the anodes. These were provided with both 
vertical and horizontal movement. The cathode, H, 
was water-cooled and provided with gear for raising 
it steadily at a controllable rate. The continuous 
current generator, E, could be connected to the cathode 
and anodes by placing the switch, S, in the position 
shown by the solid lines. It could be disconnected and 
the anodes made the terminals of an alternating current 
cireuit by placing S in the position shown by the dotted 
lines. An ammeter, Am, and voltmeter, Vm, were 
connected as shown. 

Operation of the cell was started by drawing an alter- 
nating current arc between the tips of the anodes, and 
melting down enough chloride in the bottom of the cell 
to form a pool into which the anodes were dipped. After 
this the molten electrolyte carried the current and was 
heated thereby. Fresh portions of chloride were added 








and melted till the bath was brought to the desired 
volume. Switch S was then thrown into the direct 
current position, and electrolysis started by bringing 
the cathode into contact with the surface of the electro- 
lyte. 

The temperature of the cell while operating was very 
readily controlled by varying the separation and immer- 
sion of the anodes. It has ders found most feasible to 
operate at constant current and to control the conditions 
of deposition by means of the anodes and the rate of 
cathode movement. In practice this cell has been found 
to operate very smoothly, the duration of runs being 
limited only by the range of motion of the cathode. The 
diameter of the sticks was uniform to within a very few 
millimetres, and the quality of the metal such that it 
could be rolled into rods and thin sheets without any 
difficulty. 

The principal dimensions of a 500 amp. cell are given 
in the following table :— 


Container, Acheson graphite. 

Outside diameter, 12 in, (30-4 em.). 

Inside diameter—Top, 11 in. (27-9 em.), 

Bottom, 104 in.(26-6 em.). 

Depth, 9 in, (22-8 em.). 

Anodes, total workable area, 80 sq. in. (516 sq. 
Average running area, 60 sq. in, (387 sq. 

Working charge of electrolyte, 25 to 35 Ib. (11- 

to 15-7 kg.). 
Cell, voltage, 25 volts to 30 volts, 
Current, 400 amp. to 500 amp. 


em, ). 
em. ). 
3 kg. 


The best results were usually obtained by running the 
cell with sufficient energy input to keep nearly the entire 
charge of electrolyte molten, only a small portion on the 
— and bottom of the graphite container remaining 
soli 

If the cell were allowed to run cool so that thick layers 
of solid electrolyte formed, difficulty would be experienced 
when the temperature was subsequently raised, appa 
rently owing to the release of graphite or other impurity 
which had concentrated in the electrolyte that had 
solidified during the period of subnormal temperature. 
A black scum would form on the surface of the bath, 
which would react with the calcium being deposited and 
greatly disturb the delicate temperature balance at the 
cathode. 

When the cell was running smoothly, the layer of 
molten metal on the lower end of the cathode was approxi- 
mately 4 in. (0-3 em.) thick. If the molten zone rose 
too far, a large globule would break off and float around 
on the surface of the bath until oxidised or cooled against 
the side walls. This was a very undesirable happening, 
as the bath was contaminated by the oxide formed and 
any metal free in the cell was likely to attack the anodes, 
disintegrating them and sending finely divided calcium 
carbide into the electrolyte to contaminate the calcium 
produced. 

It has been found that from 4 units to 5 units of chloride 
are used per unit of calcium produced, while the theo- 
retical ratio is but 2-76 units of chloride to one of metal. 
The low recovery was due partly to the loss caused by 
the skimming of the bath which became necessary at 
times ; to the chloride layer which formed on the calcium 
as it was drawn from the bath ; but principally to the 
atomising effect of the vigorous evolution of chlorine. 
A very fine spray of electrolyte was formed and carried 
up to the flue by the draft used to dispose of the chlorine. 

Electrolytes.—Of the various electrolytes which have 
been suggested, the writer has tried calcium chloride- 
calcium fluoride, calcium chloride-potassium chloride, 
and pure calcium chloride, and is of the opinion that 
pure calcium chloride properly dehydrated is the most 
satisfactory. Both purity and complete dehydration 
of the electrolyte are essential if trouble is to be avoided 
in the operation of the cell. 

Satisfactory dehydration was secured by boiling the 
aqueous solution down with excess of hydrochloric acid 
and a few per cent, of ammonium chloride. The white 
porous cake formed was broken up, mixed with additional 
ammonium chloride, and heated out of contact with 
moist air at a temperature of 500 deg. C. to 600 deg. C. 
for several hours. 

Incomplete dehydration was made evident by the 
evolution of hydrogen at the cathode when electrolysis 
commenced. Oxygen was apparently freed at the 
anodes, greatly hastening their disintegration and caus- 
ing the bath to become contaminated with finely divided 
graphite. The hydrogen liberated at the cathode inter- 
fered greatly with the deposition of the calcium, the 
graphite in the bath was carried to the cathode where it 
reacted with the calcium, and the net result was a dis- 
agreeable mess and little calcium. 

If the chloride used for electrolyte contained even 
small amounts of the salts of sodium, magnesium, or 
aluminium, more or less trouble was encountered, because 
of the fact that these metals were precipitated along 
with the calcium, and at some stages of the process so 
lowered the melting point of the deposit as to make 
it almost impossible to maintain operation of the cell. 
When. using electrolyte of sufficient purity, @ cell could 
be operated for extended periods with no difficulty and 
with no need for any change of the electrolyte or additions 
to it other than the fresh material needed to replace that 
used up. 

The powerful reducing action of calcium was well 
illustrated by the fact that globules of calcium which 
became detached from the cathode and remained in 
contact with the molten electrolyte for some time picked 
up magnesium, aluminium, and sodium from the molten 
electrolyte. Buttons containing several per cent. of 
these metals have been taken from cells which have 
been in operation on electrolytes containing but small 
fractional percentages of salts of the metals first mene 
tioned. Some of these buttons were so highly alloyed 
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as to be quite brittle, to react but slowly with water, and 
to have a melting point below a red heat. 

In closing, it may be said that the electrolytic prepara- 
tion of calcium is a simple matter if pure, dry calcium 
chloride is used. By “dry ” is meant perfectly dry ; the 
*‘anhydrous,”’ “ C.P.”’ material supplied for drying tubes 
and similar applications may contain as much as 0-1 per 
cent. of moisture, and other impurities sufficient to make 
a great deal of trouble. 

Conclusions.—1, Apparently the honour for the first 
isolation of calcium must be divided between Davy 
Berzelius, and Pontin, all of whom succeeded in pro- 
ducing amalgams by electrolysis of calcium salts. 

2. ‘the chemical method of preparing calcium was 
perfected by Moissan, who reduced calcium iodide with 
sodium in excess and secured crystals of calcium, de- 
posited from the sodium on cooling. 

3. Goodwin and Rathenau made important advances 
in the technique of the electrolytic preparation, and the 
“contact cathode ’’ process of the latter has met with 
commercial success. 

4. Certain modifications permitting the control of 
anode conditions have been introduced by the writer, 
and it is believed that marked advantages result. 

5. Pure calcium chloride, completely dehydrated and 
free from calcium hydroxide, is a most satisfactory 
electrolyte. 





Extinction or Fuet Om Frres.—In view of a 
ible increased use of fuel oil Captain Hiilcker gives 
in the Zeitschrift des Vereines Deutsch genieure, of 
November 20, some hints on the extinction of oil fires as 
ractised in the German Navy. Foam extinguishers 
or manual use should be fixed in endangered positions. 
Gas masks are not recommended. Hoses for conical 
water sprays are useful, not for stifling the fire, but for 
clearing the atmosphere of smoke so that the seat of the 
fire may be rec When the seat is not accessible, 
the space is flooded. When the fire has assumed large 
dimensions before discovery, the space is put under steam, 
with pipes of about 12 mm. (} in.) diameter, ending 0-5 m. 
(20 in.) above the floor; the steam can then spread 
over the bilge water. Alterations in the boiler setting 
may give rise to fires because the bricks become 
my nated with oil. To coat such brickwork with tar, 
as Hiilcker proposes, in order to prevent the absorption 
of oil, would appear rather risky. 





ReENIso METALLURGICAL Works IN 1919.—The 
report for 1919 of the Rhenish Iron Industry Association 
shows that though the number of iron and steel works 
and mills, only decreased by 2 to 219, the decrease in 
the number of workers was much greater, amounting 
to 68,000 employees, more than three-quarters of this 
occurring in the nm-Oberhausen district. The figures 
concern the Rhenish-Westphalian districts in which 
229,011 workers were still employed. Wages went up by 
67 per cent. on average. The expenses for the adminis- 
tration of the benevolent funds increased from 2-34 marks 
in 1918 to 4-32 marks in 1919; this was partly due to 
numbers of claims left over from the previous year. The 
number of accidents for which compensation had to be 
paid diminished from 3,749 in 1918 to 2,802 in 1919; the 
numbers of accidents reported were 42,700 and 21,801. 
Fatal accidents were still numerous, namely, 455 in 1918 
and 320 in 1919. Of the latter 70 were caused by lifting 
machinery, 53 by the works railways, 41 by falls, 19 by 
falls of objects, 21 by machinery, 29 by poisonous 
gases, and 15 by flames. Petty thefts, of copper cables, 
wooden protections, &c., were responsible for a d 
many accidents. The whole legislation on accidents 
insurance and compensation has been remodelled ; the 
men are represented on the supervision committees, and 
the responsibility of the employers does not cease with 
their conforming with the required provisions; they 
have also to see that rules are observed. 


Tue CuEMIstTRY oF THE Eartu’s Crust.—The interior 
of our planet used to be considered to be a sea of molten 
rock of very high temperature covered by a relatively thin 
solid crust of cooled matter. At present most scientists 
—_ assume the Earth to be a rigid solid throughout, 

ot, but of an unknown temperature gradient, which 
possibly varies locally, and much denser in the interior 
than near the surface. The increase in density and rigidity 
may be gradual ; from earthquake observations Wiechert 
and Knott believe that there is a discontinuous c 
about half “way down to the centre. The term “crust” 
b indefinite on this assumption. F. W. Clarke, 
of the Geophysical Laboratory, means by crust the 
surface layers of about 10 miles thickness, which would 
accord with the sum of the highest mountains and the 
greatest depth of the sea, each about 5 miles. This mean- 
ing is accepted by Henry 8S. Washington, of the same 
Laboratory, in his article on ‘‘The Chemistry of the 
Earth’s Crust”’’ (Journal of the Franklin Institute, 
December, 1920, pages 757 to 81.'). In this he estimated 
that 95 per cent. of the crust is made up of igneous 
rocks, mainly silicates of Al, Fe, Mg, Ca, Na, K. Silica 
itself represents nearly 60 per cent. of. his mass of the 
crust. is percentages are in round numbers: Oxygen. 
46, silicon 28, aluminium 8, iron 5, calcium 3-6, sodium 
2-8, potassium 2-6, magnesium 2-1. All the other 
elements are calculated to be present in less than 1 per 
cent each : titanium and phosphorus each 0 - 13, hydrogen 
0° 127, manganese 0°01, &c., and in order fluorine, chlorine, 
sulphur, &c., with bromine, tellurium and platinum 
at the end of the series. The first-mentioned elements 
down to man; are supposed to make up 99-6 per 
cent. of the crust, while the interior of the Earth would, 
it is concluded, consist largely of magnetic nickel-iron. 
These estimates are based upon varied considerations 
and upon the analyses of some 5,000 rocks. 





CATALOGUES. 


Roller Bearings.—A new catalogue of their flexible 
roller bearings specially designed for trucks and trollies 
is to hand from Messrs. Hyatt, Limited, Thurloe-place, 
South Kensington, London, 8.W. 7. 


Turret Lathe Tools.—-A new edition of their catalogue 
of tools and attachments for the turret lathe comes 
from Messrs. Alfred Herbert, Limited. It shows both 
the great variety of special tools used in these lathes and 
the importance which the lathe makers properly attach 
to the tool equipment. 


General Machinery.—A general list of new, slightly 
damaged and second-hand machine tools, construction 
materials and general supplies is given, with prices and 
illustrations, in Rownson’s Recorder, issued by Messrs. 
Rownson, Drew and Clydesdale, Limited, 225, Upper 
Thames-street, London, E.C. 4. 


Steam Wagons.—A booklet giving a list of councils 
and public authorities who use their steam wagons has 
been issued by Clayton Wagons, Limited, Lincoln, The 
list is a creditable one, including many of the largest 
borough councils and smaller rural authorities: A few 
excellent illustrations of the wagons showing the kind 
of work they are engaged in are also included, 


Springs.—A 9%4-page catalogue from Messrs. Herbert 
an ae Sons, Limited, Redditch, shows a remarkable 
variety of manufactures in spiral springs and spring and 
other pressings from plate. This is a kind of work which 
is always done better and very much cheaper by the 
specialist, and it would be hard to find a ter variety 
of neat examples than is contained in this catalogue, 


Power Station Plant.—Messrs. Sanderson and Porter* 
New York, U.S8.A., send a striking booklet showing the 
plant designed by them for the great Springdale power 
station of the West Penn. Power Company, Pittsburg, 
U.S.A., and giving the names of the firms by whom the 
various units were constructed. The work altogether 
forms one of the most remarkable examples of large-scale 
engineering construction. 


Overhead Cranes.—The Vaughan Crane Company, 
Limited, Openshaw, Manchester, send a new booklet 
illustrating many different types of crane made by them 
and giving brief particulars of each, the object bein 

to enable engineers to send for more fully detaile 

catalogues of the particular cranes they may require. 
The range of types is from simple hand-lifting appliances 
to the heaviest generally used, and includes many 
special adaptations for particular work. 


Dock and Wharf Cranes.—A very fine catalogue of 
electric cranes for dock and wharf work with lifting, 
luffing, slewing and travelling movements has been issued 
by the Wellman Smith-Owen Engineering Corporation, 
Limited, Kingsway, London, W.C. 2. The pedestals 
of the cranes allow for the passage of trains, the crane 
rails being of 15 ft. gauge. The illustrations, both 
general views and mechanical details, are exceptionally 
good and the text is very clearly written. 





Drilling Machines.—Drilling machines of the light 
work type, known as sensitive, with any number of 
spindles, from one to six, mounted in one frame, are the 
subject of a special catalogue issued by Messrs. Smith 
and Coventry, Limited, Manchester. The multiple 
spindle machines have one work-table and separate belt, 
feed and other mechanism for each spindle, so that work 
can be done either in series or in parallel. All the details 
conform to accurate and high-speed requirements. 


Stone Grinding Mills.—Two powerful mills for reducing 
stone to fine powder for use in collieries, for the prevention 
of coal-dust explosions, are illustrated and described 
in a catalogue received from Messrs. William Johnson 
and Sons, Limited, Armley, Leeds. One of the machines 
is a ball mill and the other a tube mill, and each type 
is made in a latge range of sizes. The mills are also 
suitable for very fine grinding such as cement-making 
requires, for which kind of work slow, heavy machinery 
is preferred to grinders of the high speed type. 


Brick-making Machinery.—A very fine range of 
pas machines for preparing the clay and shaping 

ricks, tiles, slabs, pi and all similar articles is shown 
in a catalogue issued by the Brightside Foundry and 
Engineering Company, Limited, Sheffield. The catalogue 
covers requirements of output from 20,000 plain bricks 
per day and the shaping of special bricks by a hand- 
operated machine, making one at atime. The catalogue 
is a very creditable exposition of special millwork which 
should find a market in all parts of the world. 


Lantern Slides of Machinery.—Messrs. Tangyes, 
Limited, Cornwall Works, Birmingham, send a copy of 
a 28-page pamphlet containing a list of lantern slides 
which they are willing to lend to lecturers and instructors 
in engineering subjects. The slides illustrate steam 
engines, boilers, pumps, gas and oil engines, hydraulic 
appliances, machine tools of special and heavy types, 


winding and other machinery. Copies of the list may 
be from Messrs. Tangyes on direct application. 
Literary matter in draft may also be had. 


Testing Machines.—A very fine series of catalogues 
comes from Messrs. Alfred J. Amsler and Co., Schaffhouse, 
Switzerland, describing their impact, tensile, torsion 
and bending test machines, the latter being suitable for 
testing cast-iron beams, and flat, helical and other springs. 
We have also received a catalogue dealing at some length 
with railway dynamometer cars, and another giving 
particulars of instr such as planimeters, inte- 
grators, hydrometrical apparatus, tide gauges and 
balances. The sole agent for Messrs. Amsler’s products 
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is Mr. J. T. Primrose, 162, Norwich road, Ipswich. 
the catalogues are in English. 

Electric Drive-—The driving arrangements for 7% 
large number of small machines are well illustrated in a 


All 


a special catalogue issued by the General Electric 
Company, Limited, Queen Victoria-street, London, 
E.C. 4. The machines are installed in the diamond- 


cutting factory at Brighton, which is mainly used for 
the employment of partially disabled soldiers. A 
74-h.p. motor drives 17 polishing discs (of which there 
are 1,500); small motors of jj-h.p. drive saw-making 
machines and 10-h.p. motors drive the saws. The 
shafting is placed on the floor and most of the motors 
are also on the floor, though some of them are suspended 
from the roof. The current is taken from the corporation 
mains, and the General Electric Company have installed 
the whole of the lighting and power equipment. 


Small Machine Tools.—Hand and automatic gear- 
cutting machines, bench drilling machines and tapping 
machines, all on a small scale, made by Messrs. 8. 
Ratcliffe, Limited, Manchester, are the subject of a 
catalogue which reaches us from Mr. H. V. Carrington, 
64, Victoria-street, London, S.W. 1, who has been 
appointed selling agent for these tools. The gear cutter 
is of the milling type and of substantial construction, 
and is provided with free adjustments for accurate work 
in eutting both spur and bevel teeth. All the machines 
are very conveniently designed and the detailed specifica- 
tions indicate that they are suitable for rapid and heavy 
service in the workshop. Mr. Carrington also sends a 
catalogue of dividing heads, machine vices, reamers. 
milling cutters, taps, dies, &c., made by the Universal 
Tool Company, Doe-street, Birmingham. 


Marine Appliances.—A catalogue of exceptional 
interest and utility to marine engineers has reached us 
from the McNab Company, Bridgeport, Conn., U.S.A. 
This catalogue, which is a strongly-bound book, ex- 
tremely well printed and illustrated, contains over 200 
pages and is entitled “The McNab Encyclopedia of 
Marine Appliances.’”’ The appliance first dealt with 
is the McNab direction and revolution indicator, the 
earliest form of which was illustrated and described in 
ENGINEERING, vol. xc, page 796; several later forms 
are, however, described in the catalogue. Another 
interesting instrument shown is known as the Duplex 
logmeter and has been approved by the United States 
Navy Department for installation on all future sub- 
marines. It gives a continuous record of the revolutions 
of both port and starboard engines, shows the direction 
and rotation of both engines, and enables the exact 
number of revolutions per minute of either engine to be 
ascertained by a very simple operation ; the instrument 
is of course, suitable for use on any type of twin-screw 
vessel, whether propelled by reciprocating engines or 
turbines, Another instrument, shown in the catalogue 
is known as the “‘ Frigidometer,” and is used to determine 
the proximity of ice by the automatic detection of 
changes of temperature of the sea and air. A number 
of these instruments have, we understand, been success- 
fully installed on passenger and cable-laying steamers. 
Other items included in the catalogue are engine-room 
telegraphs, ship’s whistles and whistle valves, fog signal 
and watch bells, compasses and binnacles, taffrail logs, 
sounding machines, lamps and signalling appliances, 
steering gears, anchors, deck fittings, port lights, salt 
detectors, COs indicators, safety valves and other steam 
fittings, as well as stern tubes, screw propellers, engine 
indicators, torsion meters, pressure gauges, draught 
gauges and many other appliances for shipbuilders and 
marine engineers. Each of the appliances is illustrated 
and described, and where necessary the method of 
installing and using the appliance is also explained. 
The nature of the contents, in fact, fully justifies the 


‘above-mentioned title of the catalogue, which is the 


best example of its particular class of trade literature we 
have seen for some time. 





PHOTOGRAPHY BY FLUORESCENCE.—Photography, and 
icularly photography by monochromatic light, 
requently brings out details which escape the eye, and 
forgeries of documents have been discovered by these 
means. Chemical tests are very useful as well for these 
purposes. But chemical treatment may spoil the speci- 
men and is not much used, therefore, for the explora - 
tion of palimpsests, é.e., old parchment documents, the 
original writing of which had been obliterated (mostly 
by erasure) by medieval scholars who wished to make 
fresh use of the valuable parchment. Such documents 
are photographed, frequently in monochromatic light 
or in ultra-violet light, in order to reveal the original 
writing. R. Kégel, of the ancient Benedictine Abbey 
of Wessobrunn, in Upper Bavaria, found photography 
by fluorescence even more efficient than photography 
in ultra-violet light. It is a kind of negative process. 
The point is that the yellow or brownish parchment 
fluoresces (like many organic substances) when illuminated 
by the ultra-violet rays of a quartz-mercury lamp. 
whilst oddly enough the old ink generally does not 
fluoresce, though it was probably made with gall extract 
and might contain sulphur compounds, some of which are 
self-luminous. Thus the parchment shines in ultra- 
violet light whilst the old (almost invisible) obliterated 
writing remains dark. The greasing and other prepara- 
tion of the parchment does not appear to weaken the 
contrasts in most cases. Photography by fluorescence 
requires a condenser and an optical system which Kégel 
very briefly described in a communication which he 
presented to the Berlin Akademie der Wissenschaften 
in 1914, This journal has only recently become avail- 
able over here, while the Zentralblatt fir Bibliothekwesen 
of the same year, to which Kégel referred for technical 
detail, is hardly to be found at all. 
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CENTRIFUGAL CASTINGS. 


Ir can be said with much truth that in all the 
arts appertaining to the production of engineering 
commodities, there has been less development 
in that connected with the actual making of iron 
castings than in any other, although castings form 
such a large percentage of the total output of the 
industry. Especially perhaps is this assertion 
justified when applied to the foundries of our own 
country. In the present article we record the 
results of a distinct departure from normal present 
practice. 
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piston ring drums and engine liners, and perfectly 
satisfactory machining qualities are being obtained 
without any annealing or heat treatment. This 
result has only, we understand, been obtained as the 
outcome of an exhaustive series of experiments 
on mixtures, pouring temperatures, die temperatures, 
speeds and so forth, each of these variants being 
a determining factor in the quality of the resulting 
material. The range for successful working is, no 
doubt, a comparatively small one, so that on in- 
vestigation it is perhaps not so surprising that 
previously failures have been registered. Having 
seen the process in operation, however, there can be 
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combustion engine builder for liners and similar 
castings, since the elimination of plates renders 
cracks and so forth less liable to start and to spread. 

At present the majority of the work going through 
Messrs. Stokes Castings’ shops consists of small 
cylindrical drums for conversion into piston rings 
for internal-combustion engines. It has been found 
that the resulting rings show great flexibility and 
that the elastic properties of the material are retained 
after being subjected to the engine temperature. 

The importance of the part played by the piston 
ring in the operations of all internal-combustion 
engines, is perhaps but insufficiently appreciated, 
and in this connection we would refer interested 
readers to an article on this subject which we 
published some time ago (see ENGINEERING, 
vol. evii, page 742), from which it will be evident 
that a close study of this subject is fully merited. 

The castings have been found most economical to 
deal with in the machine shop, the dirt and slag 
inclusions inevitable with ordinary cast-iror® being 
literally squeezed out of the molten metal under 
centrifugal action in the casting process. Another 
advantage claimed is that the rings cut from the 
pots are uniform throughout instead of varying 
in quality from end to end of the drum as in the case 
of drums cast vertically in the sand. 

Messrs. Stokes Castings have also been supplying 
castings for conversion into internal-combustion 
engine liners to a well-known firm of motor engineers, 
with a resulting considerable economy in production, 
and improvement in the finished article, and there is 
no doubt that the many objections to cast-iron 
engine liners principally on the score of inequality, 
disappear when the material used is cast centri- 
fugally. At the works of the motor firm in question, 
each casting after it has been machined to a thick- 
ness of a few mm., is subjected to a severe hydraulic 
test, and whereas with the original liners which were 
cast in stationary chills with very large headers, a 
considerable percentage of rejections were obtained, ~ 
this scrap has been practically eliminated by using 
centrifugally cast material. 

The casting plant consists of a number of machines, 
and one of the latest type is illustrated in Fig. 3. 
The machine is driven direct by means of a variable- 








The advantages of casting cylindrical articles 
under centrifuga! pressure are now becoming more 
generally known to engineers and ironfounders, but 
on first consideration it may be regarded as some- 
what astonishing that the process once conceived 
has taken so long to mature and bear fruit commer- 
cially. The first patent, we believe, covering the 
casting of materials under centrifugal pressure hav- 
ing been taken out by Eckhardt in 1809. Many 
attempts, and many failures have since been made 
to establish the process on a manufacturing basis. 

At the works of Messrs. Stokes Castings, Limited, 
at Mansfield, a regular output of centrifugally-made 
castings is now being obtained, the average output 
for the last few months being in the neighbourhood 
of 2,000 castings per week. The castings produced 
are in the main for internal-combustion engine work, 
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no doubt that its future development is assured, 
and that during the next decade an increasing range 
in sizes and types of castings will be dealt with by 
this mechanical engineering means. 

The quality of the product obtained as shown by 
the fractures obtained is a very marked metallurgical 
advance over material cast in sand moulds or 
stationary chills. Graphite plates are practically 
eliminated. 

Figs. 1 and 2 show comparative sections of a 
centrifugal casting made in Mansfield, and a high- 
grade cylinder casting made by the ordinary method. 
It will be seen that in the centrifugally-cast material, 
the free carbon is present in small colonies or groups 
of a granular form, and that these are separated 
from each other by the ferrite and pearlite—an ideal 
structure from the point of view of the internal- 
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speed motor through a flexible coupling and friction 
clutch. The floor space occupied is about 12 ft. 
by 3 ft., and a weekly output of from 3,000 to 4,000 
castings can be obtained from six machines working 
single shift 47 hours‘a week. The designs of the 
machines are covered by a number of patents. 

No floor space is ocoupied by moulding boxes 
or sand-mixing appliances, and waste of material 
is largely eliminated owing to the absence of headers, 
risers, &c. A group of castings made on these 
machines is illustrated in Fig. 4, wep, SiS 
large central casting is a liner for a Diesel engine, 
while the two heavy rings to the left of the central 
casting are for conversion into turbine glands. 
The other castings are piston ring drums and a 
group of the engine liners previously referred to. 

The time taken to produce a 6-in. diameter drum, 
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counting from the time of pouring into the receiver 
on the machine to time of taking out the completed 
casting, is something under a minute. In fact, 
whilst the automatic moulding machine with the 
molten metal automatically introduced in correctly 
weighed quantities at one end and the completed 
castings being ejected at the other is still an ideal, 
it is an ideal that is thus being more and more 
nearly approached in actual practice. 

Messrs. Stokes Castings have up to the present 
largely confined their research to the question of 
grey. cast-iron, but interesting experiments have 
been made with some of the non-ferrous metals, and 
Figs. 5 and 6 show respectively a micro-section 
of a special lead-bronze ingot and the micro-section 
of a centrifugal casting made from the same mate- 
rial. The comparison between the grain size of the 
centrifugally-cast material and the original ingot 
is remarkably illustrated by these two photographs. 
Fig. 5 clearly shows the size of the crystal grains 
in tge ingot, the greater portion of the area of the 
photograph being occupied by one single crystal. 
In Fig. 6, taken at exactly the same magnification, 
the area of the photograph is clearly seen to be made 
up of numerous small crystal grains, each of which 
is about 1/150 the size of the ingot crystal. The 
casting from which the micro-photograph was 
taken was in the form of a small cylinder about 
8 in. in diameter, with a wall thickness of 1 in. 
The chemical analysis of the material was as 
follows : ~ 

Analysis near Analysis near 








the Bore. Outside. 
per cent. per cent. 
Copper 80-40 79°08 
FUR spe 11°56 12°25 
Lead 8-04 8°85 
Phosphorus (faint ‘trace) 
Total 100.00 100.18 


Two tensile test pieces were cut from the actual 
casting itself and gave the following results :— 


Tensile Tests, 
Break. Elongation. 
tons per sq. in, per cent. 
19°6 14 
20°0 15 
and the Brinell hardness test 'gave the following 
figures :— 
Near Bore. Near Outside. 
101 90-0 


Referring to the analysis figures, the interesting 
effect of the centrifugal action is clearly marked 
in the manner in which the tin and lead have 
tended to fly to the outside of the casting, the 
Brinell hardness figures reflecting the displace- 
ment. For the analysis given it was estimated 
that an ordinary sand casting would give tensile 
figures of not much over 12 tons to the square 
inch, with an elongation of, say, 9 per cent. The 
centrifugal casting, it will be seen, shows a very 
marked improvement on these figures. 

We understand that in many respects the non- 
ferrous metals are more difficult to handle under 
the centrifugal process, but the results given promise 
considerable extension of scope of work in the wide 
field of non-ferrous castings. 

We were much im by the process and the 
appearance and quality of the castings provided. 
The process represents the conquest of the foundry 
by engineering metallurgical science and marks 
another advance of machinery over hand methods. 
Whilst the scope of the work is at present limited 
to relatively simple forms and sizes, yet the principle 
seems to us capable with advantage of expansion 
and development into other fields. 





THE HYDRO-ELECTRIC POWER SCHEME 
AT THE NORE FALLS. 
(Continued from ‘page 249.) 

Tue distribution basin supplied by the two branch 
tunnels is rectangular in shape, being 39-5 m. 
long by 7°75 m. wide (129-5 ft. by 25-4 ft). The 
distribution works are illustrated in Figs. 6 and 8, 
page 313, and 11 to 15, page 314. Figs. 6 and 7 
show the distribution basin, the penstocks and the 
main power station. The sections shown in Figs. 8, 
9 and 10 show the distribution or intake for the 
penstocks. the penstock lines, and the generating 
station. The distribution arrangement at the 
intake for the penstooks is shown in greater detail in 
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Sprocra, Bronze-Bearina MeErat. 


Figs. 11 to 15. Of these, Fig. 11 is a vertical 
section, and Fig. 13a plan. Fig. 12 shows a section 
of the main tunnel, of 40 sq. m. section. This, as 
already stated is branched into two, supplying the 
long basin containing 11 openings for as many pen- 
stocks. The whole is cut in the solid rock, and this 
chamber is carried up vertically to the 739 m. level, 
and is arranged to be utilised for a surge shaft 
leading to the overflow tunnel indicated in Figs. 
11 and 13. The 11 openings to the penstocks are 
placed 3-70 m. (12 ft. 1} in.) apart centre to centre. 
The whole basin is divided longitudinally by a wall 
extending its whole length, in the foot of which are 
openings leading to the penstocks. Each penstock 
opening is partitioned off from its neighbours as 
shown in Fig. 13, by walls 1-2 m. thick. This 
work is of reinforced concrete. The openings in 
the front wall are 8°75 sq. m. in area, and can be 
closed by large gates. Behind these gates are grids 
seen in Figs. 11, beyond which the pipe line 
an, contracts to the penstock diameter of 

1-65 m. (5 ft. 5 in.). 

The whole of the distribution basin, and these 
lengths of throat leading to the penstocks are lined 











Fie. 6. Sprct4n Bronze-Bearina METAL, 
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with concrete. The large sluice gates cannct be 
operated under more than 10 m. head, and there are 
special arrangements for emptying and filling the 
chambers at all water levels. The penstocks run 
on to a valve-house excavated in the rock. Fig. 14 
shows a section of part of the valve-house, and 
Fig. 15 a section of the tunnels entering it, looking up 
towards the sluice gates. Each penstock is pro- 
vided with two valves. The lower cne works 
automatically, and is released if the velocity of the 
water in the tube exceeds a predetermined limit. 
It can also be controlled electrically from below. 
The other valve is hand-operated and can be worked 
if necessary under full water pressure. 

As already stated the diameter of the penstocks 
at the top is 1-65 m. (5 ft. 5in.). They diminish in 
five stages to a diameter of 1-26 m. (4 ft. 2in.), at the 
power station. The speed of the water at the top 
is reckoned as 3-1 m. per second (11-2 ft. per second) 
and at the bottom as 5-3 m. per second (17-4 ft. 
per second). The thickness of the pipes varies from 
8 mm. (0°31 in.) at the top, to 33 mm. (1-3 in.) at 
the lower end. The upper sections, from 8 mm. up 
to 12 mm. thick, are riveted; the lower sections 





G 
Z 
pe 
cs 
tx 
Z. 
oO 
Z 
ca) 


Marcu 18, 1927. ] 


aie yorya jo sXemuni oy} ‘seUBIO 104-90] O49 S¥Yy 
WOOI SUIGIN} 8y, “Wl PLE Fe SaljZUsO 4JVYS OUTqINY 
oy} pue “Ul EZE Sf joAgy Joy eYy, ("U! § Wy TS) 
"UL GL-GT [OAS Joo 04 yysIey OY} puw (“75 ZL) “Ml ZZ 
4q (4) &-Z8h) “WOT ee suosUSUp IOLO;UT OY], 
"ool pros uo suoT}EpUNoy YIM ‘a}zaINUOO pso10} 
“ured JO 4fINQ S14 “OL “Sty Ur ueAsd st osnoy domod 
B1eqpoy ey} jo uoMjoes W ‘esnoq-semod oy} Woy 
pouun, oSreyosp 04} 0} po; puw urerp ofsey v Aq 














pezoe]]Oo oq [ft J97;eM SIY} W10}40q 04} FY “S010} 
$}1 JO YonuI oso] Avul 41 3843 Os 41 oynqUySTp pu eprs 
au0 0} Jno 103eM BZuideose.dy4 yonpuoco 03 szuT0d 
feloaes ge opeUl are syuoUIgZueIIe syooysued oT} 
jo suorjied soddn oy} ur ornjrey JO queAe 043 UT 
“worjoos ut (“95 “bs g.g¢) “ut “bs ¢ 


ere sjouun} essyy, “ede (‘ur — 3 6g) “ZI 


qnoge peljygo Buyeq 10438, 94} ‘jouuNy yuepuad 
-epur ue Aq osnoy-iemod 243 qzIM se}yeoruNUTIUIOD 














f 


STIVA AYON AHL LV ANAHOS 








SHH aH 0FW 


tL bag 





yowes pus ‘oFeioqouy 4s0m0] 043 J0qe OZsea Tp Joy 
syoojsued snouea ayy, ‘ea0ge yurod Aue avy} Je8070 
soqzel st gory “Gaede (ur Fz “35 9) “Ml ZO-Z are syooys 
-ued 04} ‘12A9Moy ‘pus siy34y *L “B1y Ul UMOYs SE 
‘Ajqeieprsuco eBzaarp sdnoiB 043 94} pus JeM0] 04} 
iV «“quowusy~e yusregip ApYysys Mojo 07 sdnoid 
om} 04} Burmoye Aq pepjoae useq seq Surseyq 
jO JUNOWY UIE}IG0 Y “OQ, puY § ‘g “SBIy Ul UMOYs 
Bureq szurod peor; ‘yoor pros ey} uO aza10N00 





i 
—— Ke. 
° we 


peoloyujer jo suveul Aq pesoyoue ‘eps urejunou 
ey} UMOp poriwo aie AoyE “1 ple g ‘sii 
Wouy WED OG [A sTYyy, ‘Syoojsued eay Jo ouo 
pue xis jo dnoi# ouo u10j 0} JoyjouRN ouo qowoidde 
sdnoiZ e804} eovzins 943 04 aBiauie Aoyy 1oyy «Omg 
JO euo pus ‘eerq} jo sdnoiZ cory} ut puo Jeddn 043 
q@ pedueie ole syoojsued oy} 4y3 USES eq LA 41 


0} paqieyer soin3y oy} wory -(spred 9Q9‘T) “WE OZE JO 


q73ug] eFwioae uv oaey syoojsued oy], “peppem ore 


: 





ae te ‘ 
; —S 
jun _—.” - : 
Nl SS 
es ey Wi I = 
pa “tr ‘74 4 SAY 
SAS SS 
OOL 



































YUAMOd OLYLOUTE-OUd 








AH 








314 








_ ENGINEERING. 


[Marcu 18, 1921. 








HYDRO-ELECTRIC POWER SCHEME AT 


~ 7 ktm won 






Fig.tt. 


SECTION A-B-C-D. | 








THE NORE FALLS. 
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carried on hollow columns which do duty as part of 
the cooling air system for the generators. Air is 
drawn down some of them into a large duct from 
which it is distributed to the generators, the hot 
air being passed through ducts in the floor and up 
the inside other columns, into the open above. 
During the cold weather the cold air may be partly 
drawn from the machinery hall, while the hot 
may be used for warming the instrument building. 
, When fully equipped there will be 12 Pelton wheel 
units, each of 21,500 h.p., of which one will be in 
reserve, so that the station will have available some 
236,500 turbine horse-power. With normal water 
level at Tunhévd it is reckoned the loss in head to 
the power station will be equivalent to 18.m. 
(594 ft.), and the effective head 341 m. (1,119 ft.). 
The water discharged from each turbine runs through 
separate tunnels to two collecting tunnels, one of 
which serves six machines, and the other five. 
These tunnels, after right-angled bends shown in 
’ Fig. 7 are carried out to the Norefjord. The roof 
of these tunnels is 7°5 m. (24} ft.) below the floor 
of the power station, and their floor level is between 
362 m. and 360 m. 

On the back wall of the machinery hall is a gallery, 
6 m. (19 ft. 8 in.) above the floor level. Here are 
placed the controls for the generators and tur- 
bines. The gallery is 3 m. broad for the central 
length, and 2 m. broad for the remainder, 
running the whole length of the building. The 
electrical plant, switch gear, &c., is placed in a 
jong building behind the machinery hall. The 
lower portion is arranged with compartments 
of concrete for the transformers and oil switches. 
This isolation has been decided upon on account of 
fire risks. Staircases and hoists are arranged to the 
floors above, of which there are three. The first 
floor is one continuous room over the 110,000-volt 
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oil switches, where a set of ’bus-bars for this voltage 
is placed. A row of compartments over the trans- 
formers on the ground floor contain 12,000-volt oil 
switches, with transformers. The second floor is 
divided into two sections longitudinally, accom- 
modating respectively two sets of 12,000-volt 
*bus-bars, and one set of 110,000-volt ’bus-bars. 
The third floor is one large room and is devoted to 
the arrangements for the outgoing mains. 

The sluice valves for the penstocks are situated 
in a covered yard between the machinery hall and 
the transformer building. The cooling plant for 
the transformers also finds place here. The cooling 
water is taken from the discharge tunnel. A 
workshop at the western end of the building 
serves both portions of the station. The workshop 
floor is on two levels with a difference of 12 m, 
(39 ft. 4in,) between them. Access is easy from 
all parts of the buildings, and it is so arranged that 
jobs which require considerable head room, are 
handled on the lower level. An oil-filtering plant 
and a smithy are arranged adjoining the workshop. 
Subsequent extensions of the power station can 
be made at the eastern end. 

The Pelton wheels run at 300 rpm. Each 
turbine consists of two wheels, and each wheel has 
two nozzles. , The discharge tunnels are lined with 
concrete and steel plates. There is a grid below 
each turbine on which men can stand for repair 
work or inspection. The speed regulation is accom- 
plished by needle and knife, or deflectors in the 
usual way. The speed regulators are worked by 
oil pressure, all regulators being connected with 
one pressure line. The regulators are also fitted 
with electric central control so that the turbines 
can be started and stopped from the instrument 
board. In the pipe line for each turbine an annular 
valve and a sluice valve are installed for protection. 
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The annular valve is closed by hydraulic pressure, 
the sluice valve being worked by oil pressure. 
Both valves can be opened and closed from the 
contro! gallery. For the sluice valves a separate 
electrically driven compressor is installed. 

The generators are three-phase alternators, 
generating at 12,000 volts, 50 periods per second. 
Each generator is fitted with direct-coupled exciter 
for 220 volts. They are entirely enclosed, and 
provision is made for the supply to each of 30 cub, m. 
(1,059 cub. ft.) of air per second, under full load. 
The i are force lubricated, and the oils 
cooled. .The stator windings are electrically and 
mechanically designed to withstand short circuits 
without deformation. The rotors are designed to 
withstand a,temporary increase in speed of 80 per 
cent, aboye normal. The weight of a generator 
and exciter is about 220 tons. 

The transformers step up from 12,000: volts to 
110,000 volts. The oil for each transformer is 
cooled by being passed through a coil in a water tank. 
The oil plant comprises filters, &c., and a boiler, 
where it is boiled under a vacuum. A large drying 
oven is also provided for drying out a complete 
transformer. The auxiliaries include among other 
machines, two direct-current generators of 350-kw. 
capacity, at 230 volts and running at 500 r.p.m., 
direct coupled to Pelton wheels. 

Normally each unit will supply its own long- 
distance line, without parallel connection with other 
units. Parallel working will, however, be available 
if necessary, in order to make provision for the 
temporary stoppage or cutting out of any generator, 
transformer, &c. As will have been gathered above 
two sets of high voltage and two sets of low-voltage 
*bus-bars have been arranged, each divided into 
sections. 

Exciting current may alternatively be obtained 
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from @ motor-driven reserve machine of the same 
type as those coupled direct to the generators, 
The current for switches, relays, lighting, cranes, 
&c., is direct current at 220 volts. The ’bus-bars 
for this supply are divided into two sections, relays, 
switches and lighting being on one set, and the cranes 
and other machinery being on the other. As a 
reserve there is a 2,000-ampere accumulator. 
Practically the whole station is for 
distant control from the control room, but a system 
of telephones and signals is arranged for such work 
as cannot be regulated from a distance, and so that 
reports and orders can be quickly transmitted. 


(To be continued.) 





THE INSTITUTE OF METALS. 
(Continued from page 301.) 
Some Norges on CaLcrum. 

On the members reassembling on Wednesday 
afternoon, the 9th inst., the first paper taken was 
the one entitled ““Some Notes on Calcium,” by 
Mr. P. H. Brace, East Pittsburg. We reproduced 
it on page 308 ante. It was read in abstract by 
Dr. J. L. Haughton. 

Sir George Goodwin said the reading of a paper 
on calcium had been suggested to the council 
in the light of a help in the development of certain 
aluminium alloys, in the thought that an aluminium 
alloy containing calcium might prove a valuable 
one to engineers for certain purposes. A great 
deterrent to the use of calcium at the present time 
was no doubt the high cost of its production. 

Mr. F. 8. J. Pile asked at what price calcium 
could be produced. 

Professor Turner said he was glad at the informa- 
tion contained in the paper and a practical applica- 
tion of calcium could be anticipated when, as 
suggested, the price was lower. He had had some 
calcium rods before the war, which had been 
supplied from Germany; in lightness they were 
comparable to magnesium. He anticipated from 
that fact that the metal would be soft, but such 
was not the case, for it turned the edge of a pocket- 
knife; he was surprised at this, for the Brinell 
hardness was as low as 42. Calcium, apparently, 
was not rapidly acted upon by the air. It would 
find application in bearing metals and light alloys 
to a considerable extent provided its cost were low. 

Dr. Haughton was sorry he could not reply to the 
questions on behalf of the author. The fact stated 
by Professor Turner might perhaps be due to the 
difficulty of getting rid of the calcium chloride in 
the metal, this accounting for the effect he mentioned 
upon a knife blade. 


Piastic DgeFoRMATION oF Some CoprER ALLOYS 
aT ELEVATED TEMPERATURES. 


The next paper taken was the one bearing the 
above title, by Professor C. A. Edwards and Mr. 
A. M. Herbert. It was read in abstract by the 
former. We reproduce it on page 341 of the present 
issue. 

The paper stated that in previous investigations 
observations were made by means of methods of 
testing under static loads. In the authors’ work 
dynamic stresses were applied by means of a falling 
weight to which was attached a 10-mm. steel ball. 
The degree of plasticity was calculated from the size 
of the indentations produced in the specimen by the 
ball. The results gave unmistakable indications 
of pronounced changes in the plasticity of both 
series of alloys used, at temperatures corresponding 
with structural transformations that are known to 
occur in the respective series. The same kind of 
evidence, the authors said, does not seem to be 
obtained with a static method of testing. The 
difference was no doubt due to the influence of the 
time factor. With the dynamic method the time 
factor was reduced to a minimum ; with the static, 
the best that could be done was to attempt to 
standardise this variable. 

The discussion was opened by Mr. F. Tomlinson, 
who said he awaited with great interest the authors’ 
farther experiments, announced in the last para- 
graph of their paper, these being their proposed 
tensile tests under dynamic stresses. All con- 
cerned with non-ferrous metals and alloys would 
look forward to the important practical results 








to be gathered from these experiments and applic- | authors found that “ hardness” and “ plasticity ”’ 
able to the rolling, extruding and forging processes. | were in ble terms. The authors’ teste 
The furnaceman had a test which was a crude form | and data would be found useful by a manufacturer 
of the test by the authors ; he used a bar having a in regard to the temperature of working of an alloy 
hook at its end to move the ingots in the furnace, | with which he was not familiar. 
the bar end became hot in this service and the) Dr. Hatfield stated he was working on similar 
furnaceman, by striking the end against the furnace lines with ferrous metals. The apparent dis- 
frame, determined when the ingots had reached crepancy between the authors’ and Dr. Bengough’s 
the required temperature. He even looked upon | tests was rather striking. The data from the tensile 
his test to prove that the pyrometer was right. The | tests brought out some characteristics and those 
authors had used pure metals and they might find from the authors brought out others, and the two 
that small impurities might influence their results. | series combined had an important bearing upon 
A furnaceman could not say whether a metal would | the problems to be faced. 
fail under work and he (the speaker) rather doubted, In the course of his reply, Dr. Edwards said, in 
whether the authors’ work would lead to that result reply to Mr. Tomlinson, that their material was 
being established. Unfortunately, metals had quite pure and was not strictly comparable to com- 
failed on rolling and in other treatments, and they | mercial material containing lead, among other 
would probably fail again after the authors’ further impurities. The authors could not say whether 
tests. 'the commercial metal would give better results 
Dr. Bengough stated he had seen with great | than their own metal. Their object was not to 
interest the differences the authors had found | throw discredit on the tensile tests, but to call 
between the results of tensile tests and the results attention to another method which could be used 
of their own tests. Their idea was to suggest that | and should not be lost sight of. As to their 
the deductions from tensile tests were not directly | ‘‘ critical anticipation of the critical point,’ he 
applicable to metal at high temperatures, whilst |(Dr. Edwards) said this was perhaps solely in the 
their own were applicable. This was arguable. minds of the critics. The point came out at 450 
The real value of tensile tests was not yet thoroughly deg. He did not think he felt satisfied with the 
understood, and it was perhaps rather premature to | point of view that it would be difficult to standardise 
say that there was no correlation between tensile|the time factor. Any desired indent could be 
tests at high temperatures and the failing of metals | produced by varying the load of impact and by 
at those high temperatures. In time, correlation | means of the formula the hardness value could be 
would be had between the authors’ tests and the calculated, and the time factor was fairly well 
work on metals at high temperatures. At present | under control. Their object had been to keep out 
there was not a sufficient number of either tensile the word “ hardness,”’ since this had formerly been 
tests or of the authors’. The latter said their test | objected to. He was pleased to hear that Dr, 
gave indication of the inversion in the alloy, whilst Hatfield was carrying out similar tests more particu - 
the tensile test was different in that respect. He larly with steel. ; 
asked whether the authors had not had a critical 
anticipation of the critical point. By looking Co 
further into the tests of beta brass they referred to | vile as 
the authors would find that in three out of four! The second paper was one on “The Action 
instances there were indications of a change at of Reducing Gases on Heated Copper,” by Mr. H. 
about 450 deg., in the other it was below, but this Moore and Mr. 8. Beckinsale. It was read jin 
specimen contained lead, and the lead no doubt abstract. 
interfered with the mechanical properties at the) It stated that specimens of copper containing 
lower temperature. Dr. Bengough thought that different percentages of oxygen, and others com- 
in his own tests the rate of loading had been perhaps pletely deoxidised and containing a small excess 
rather too fast; he had no means of noting the of zinc, manganese, aluminium, or phosphorus, 
yield-points and it was quite possible he went on were exposed to the action of different reducing 
loading too long and obtained a kink in the curye gases at different temperatures and for varying 
at too low a temperature. If the tensile tests were lengths of time. A marked injurious effect | was 
standardised in regard to rate of loading, tempera- produced even when the oxygen content of the 
ture and time, they should give interesting data on | copper did not exceed 0-026 per cent. In copper 
the plastic properties of the metal. containing 0-07 per cent. of oxygen the effect of 
Mr. S. Payman found the way in which the reducing gases began to be important at about 
470 deg. critical point for copper-zine alloys was | 600 deg. The lower the oxygen content the higher 
brought out a very striking one. Both static and| was the temperature required to cause similar 
dynamic tests had their own field of usefulness. injury. Coal-gas was intermediate between hydro- 
In many processes of hot working metals were | gen and carbon monoxide as regards the depth of 
subjected to rapidly repeated dynamic stresses, | penetration in a given time, but its actual weakening 
and in actual use they might be subjected to static | effect seemed to be greater than that of either of 
stresses of long duration, at temperatures much | these gases. Copper containing a small percentage 
below those used in hot working. In the authors’ | of zinc, manganese, aluminium or phosphorus was 
reproduction of Bengough’s curve (Fig. 11) there entirely free from globules of cuprous oxide and 
was little difference between the breaking load | was not affected injuriously when heated in reducing 
with an 80-minute test and that with a 100-minute atmospheres, even during 6 hours at 1,000 deg. in'a 
test. It was clear from the curve that a minimum current of coal-gas. Copper completely deoxidised 
breaking load of about 174 lb. was reached with a | with hydrogen when molten was equally immune 
100-minute test; further increasing the duration from the injurious effects of reducing gases. For 
did not increase the breaking load. There was thus some purposes other than electrical an alloy of 
a limiting period for the duration of a static test | copper with 3 per cent. of zinc appeared to be a 
beyond which all tests would have approximately | better material than commercially-pure copper. 
the same result. The time would depend to a large | The presence of 2-5 per cent. to 3 per cent. of zinc 
extent on the rapidity of recrystallisation at the in the copper gave useful properties in addition (to 
particular temperature under consideration From the immunity from injury in heating in reducing 
the same curve he (the speaker) found that when | atmospheres, which was recorded even with 0:10 
the test took less than 20 minutes, a very slight per cent. of zinc. 
difference in the duration might mean a very large, Professor Turner said it was well known that 
difference in the breaking load. o commercial copper when exposed to a 
Dr. Rosenhain said he was very much interested | reducing atmosphere lost its pitch and became 
in the authors’ results. He agreed with some of inferior in physical properties. He (the speaker) 
their tests and thought they would act as a guide drew a similarity between the occurrences in copper 
for the best working temperatures of some alloys. in a reducing atmosphere and those in blister steel. 
He asked whether the authors’ fraction of a second The authors’ statement in the matter of cuprous 
was constant, and whether they could standardise oxide did not appear to him to be correct, and he 
also the rate of loading. A paper he (the speaker) | thought the cuprous oxide was “ fighting against ” 
had written with Mr. Humfrey, dealing with steel, | soluble impurities. 
showed that the influence of the rate of loading) Dr. Bengough stated that when he had dealt 
on deformation followed the laws one would expect with this subject in papers of his he had had a 
from viscous fluid flow. He asked whether the controversy with Heyn as to the effect of carbon 
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monoxide. He (the speaker) found that this did 
not lead to cracks in copper, and he had prepared 
the carbon monoxide in the same way as the authors. 
Heyn had said that any method of passing gas over 
coke or charcoal was contaminated by hydrogen, 
and Heyn added that the hydrogen was the in- 
criminating cause. He (the speaker) asked the 
authors whether they had tested the carbon mon- 
oxide for hydrogen. 

Sir Gerald Muntz said it was an easy matter to 
deoxidise copper and thus to get rid of danger. 
The required mechanical properties could now be 
obtained more easily than in the past, for pure 
copper was now available and the necessary 
additions could be made fo this. Tough copper 
had perhaps better fire-resisting properties, but 
these properties could also now be secured by taking 
deoxidised copper and adding to it certain metals 
such as arsenic and nickel. The drawback of 
arsenic was that when using this, copper oxidised 
more readily, whilst with nickel there was not the 
scaling effect which obtained with arsenic. 

Mr. F. Tomlinson, referring to the last speaker’s 
remarks, said that probably for every ton of nickel- 
copper there were made hundreds of tons of 
arsenical copper. It was, however, up to the 
manufacturers to produce the best material in the 
first instance, and to deliver it in the shape of 
tubes, sheets, plates and other forms, of most 
satisfactory quality in every respect. He asked 
whether if they passed zinc vapour over the copper 
the authors would get similar gassing effects. 

Mr. R. J. Redding found that the paper would 
clear up many points for those who translated it 
into workshop practice. He manufactured in 1915 
vital parts of vital war material; the metal used 
was above suspicion in every respect and all went 
well, when suddenly brittleness was developed. 
The copper was good, the oxygen figure was safe. 
Annealing made matters worse. He found that the 
reason for the unsatisfactory conditions which had 
supervened was that the pieces were being annealed 
immediately on leaving the lathe, they had oil on 
them and the reducing gases arising from the oil 
was causing the trouble. The washing away of the 
oil previous to annealing was then undertaken and 
no further trouble was experienced. This example 
illustrated how the paper could be translated, 
as he had said, in workshop practice. Additional 
information on the effect of hydrogen would increase 
the value of the paper. 

Mr. S. Payman said the authors had given a 
sketch of their test pieces for strip samples. He 
would like to point out that the results obtained 
with test pieces of the proportions stated were most 
unreliable ; it was quite impossible to state the 
actual stress at which the test-piece was fractured. 
The effect of the sudden reduction in cross-section 
of the test-piece over a very short gauge-length 
was to cause a most uncertain distribution of stress 
in the specimen. He (the speaker) referred to 
Professor Coker’s work on this subject and to the 
colour photographs in EN@rNnerine for January 7, 
1921. He (the speaker) showed on the screen one of 
these photographs and pointed out that but very 
little of the gauge length was stressed uniformly. 
He had marked this section in dotted lines and said 
that with the exception of the corners, the darker 
the shade the more intense in general was the stress. 

Mr: Moore, in the course of his reply, and with 
reference to the addition of cuprous oxide to 
neutralise the effect of impurities, said that was 
a common practice, but the authors were doubtful 
whether it was as necessary as it was thought to 
be. . There was much to be said in favour of the 
use of pure copper. With regard to the cuprous 
oxide in solution, the pvint was one to be con- 
sidered, but they would like to have evidence 
on that particular point, for they were of opinion 
that injury was the effect of cuprous oxide present 
in globules. In regard to the carbon monoxide 
being free from hydrogen, they took care to see 
to the point in the CO, from which the CO was 
prepared. They did not detect the formation of 
water and therefore they could conclude that the 
action was that of carbon monoxide and not of 
hydrogen. There was much to be said in favour 
of starting manufactures with pure copper. As 
for their test-piece, it was not an ideal one; their 
tests, however, were comparative ones to test for 





freedom from injury, the test-piece had a convenient 
shape and it yielded results quite comparative with 
the other portions of their observations. 


SraGeEs IN THE RECRYSTALLISATION OF ALUMINIUM 
Sueet, on Heatiyve: Wire a Nove on THE 
Brets or Crystars In Stratnep METALS AND 
ALLoys. 


On the members re-assembling, on the morning 
of Thursday, the 10th inst., the first paper taken 
was the one having the above title, by Professor 
Carpenter and Miss. C. F. Elam. It was read in 
abstract by the latter. We reproduced it on 
page 302 ante. 

The discussion was opened by Dr. A. G. C. 
Gwyer, who said that the present paper, which 
formed a continuation of the one read at the last 
autumn meeting in Barrow, was of great interest 
from both theoretical and practical standpoints. 
The work was a repetition of his (the speaker’s) own 
work and he could confirm the authors’ findings 
in most cases. In their introduction, the authors 
had referred to the work of Brislee and Anderson, 
quoting the “‘ vitreous amorphous state,” and he 
was glad the authors had straightened that matter 
out; he had not found a completely amorphous 
condition. He would like to have further data 
on the figures of tests referring to the cold work ; 
the material, he thought, had not been severely 
cold-worked. In some instances quoted by the 
authors, the explanation appeared to lie in the fact 
that the metal was in a stage between moderately 
and hard cold-worked. In his (the speaker’s) large 
sections in the laboratory he was unable to dis- 
tinguish between the edge of the internal structure. 
One had not got quite rid of the differences occurring 
in the original casting ; the dendritic structure ex- 
tended along about } in. in the casting and persisted 
some time afterwards. He asked for further 
explanation as to the grain size after a prolonged 
heating at 600 deg., since in the authors’ former 
paper it was shown that long annealing at a much 
lower temperature gave the larger crystals. He 
also referred to the authors’ statements as to Figs. 
11 and 13, and asked whether the crystal structure 
was really greater in: Fig. 11 than in Fig. 13; it 
seemed hardly possible that such could be the case. 
Their observation as to the fact that “at the end 
of 3 hours new crystals began to make their appear- 
ance near the surfaces of the sheet” was a very 
important one. In regard to tarnishing there 
was no doubt that the two varieties of effects could 
occur. Tarnishing was said to be attributable to 
faulty polishing, but he also agreed with the authors 
that the appearance in Fig. 22 was attributable 
to a cause other than faulty polishing. A type of 
tarnish was purely an etching phenomenon; by 
altering the etching conditions one could get over 
the difficulty. The authors’ figures showing a drop 
in ductility as the annealing temperatures were 
raised were attributed to a difference in homo- 
geneity of the crystals. This introduced a complica- 
tion, and he thought the point lay in the fact that 
annealing at different temperatures produced a 
different grain size. In the matter of contamination 
by oxide, he asked what reason there was for 
inferring that high-purity metal contained more 
oxide than low-purity metal. In conclusion, he 
congratulated the authors for showing how new 
erystals were formed in the intercrystalline bound- 
ary. 

Dr. Rosenhain asked whether, if on etching 
a@ metal was found to contain grains these could 
justly be termed crystals. He was of opinion that 
probably much of the crystalline orientation 
remained, but that there was also a large amount 
of other matter in which the crystalline structure 
was disarranged. In extruded metal one found 
groups of grains in the case of which recrystallisation 
never crossed certain boundaries. He showed a 
moderately elongated structure where one found 
that one of the boundaries appeared to be a barrier 
to crystalline growth. The*boundary persisted and 
no crystalline growth could traverse it. “Sacks 
of crystals ’’ occurred only in the central core of an 
extruded bar corresponding to the ‘centre of the 
ingot and where there were more impurities, non- 
metallic matter, whether oxides one could not say. 
He pointed out that there was a greater liberty of 
erystal growth in the direction of the greater length, 


there being a tendency for the crystals to follow the 
shape of the piece. He was at a loss to understand 
the authors’ reference to tarnishing. A tarnish was 
a coating of material covering particular crystals. 
The authors had referred to a roughening effect. 
Had they ascertained what had caused the darkening 
of crystals ? In iron etched with nitric acid, some 
erystals were dark and others light. Other reagents 
eee different effects. The orientation of the 
acets of the crystals also came in. It was easy 
to distinguish this orientation effect by rotating 
the specimen under oblique illumination. A 
specimen could be repolished and re-etched several 
times. New evidence was required in the matter 
of the new crystals. He asked whether the authors’ 
observations with regard to the question of the 
solubility of Al,O, were surmises, and if they could 
state the amount present in different conditions. 
Pure aluminium could be prepared in the laboratory 
in sufficient quantity to give a small ingot for 
ascertaining what pure metal gave in corresponding 
conditions. 

Professor Desch said he was glad the authors 
had been successful in their etching methods ; 
aluminium was bad to etch and the authors’ etching 
was excellent. One point on which he was still 
in doubt was the authors’ explanation of the 
tarnished crystals, the explanation suggested 
involved the mobility of impurities. He said if to 
fetch was to develop the cored structure, what 
became of that dendritic structure that would show 
if there were a segregation of impurities in some parts. 
He would like the authors’ photomicrographs to be 
completed by others showing where the crystals 
appeared in contact with non-metallic inclusions. 

Mr. D. Hanson stated that he had done a large 
amount of work in the same direction, and could 
confirm a large number of the authors’ points. 
In regard to parallel lines in material etched after 
annealing, as in the authors’ Figs. 9 and 10, he had 
seen lines of the same kind, but very seldom. They 
were certainly very persistent. Did the authors, 
he asked, éxamine several castings instead of one. 
He thought the occurrence was abnormal. The 
authors’ suggestion as to the action of oxide in 
crystal boundaries rolled out was an interesting 
one. He asked whether they had further informa- 
tion to give as to the solubility of the oxides. The 
authors pointed out in their Fig. 16 two bright- 
coloured crystals in an old crystal boundary and 
said they came from that boundary; the line was 
a very jagged one, it could not be called a crystal 
boundary and there was no evidence that the 
crystals were produced in that “boundary.” It 
was almost impossible to see a crystal boundary at 
that part. He thought, however, that the authors 
had proved their point in their aluminium alloys not 
so severely worked. The authors suggestion to 
explain the appearance of white crystals was an 
ingenious one, but diffusion at 250 deg. was so very 
slow that he hardly thought the authors had 
finally proved their case. 

Dr. Hatfield was glad to see that the authors 
found the evidence obtained with their alloys to 
agree with the results obtained by Chappell on iron. 

Colonel Belaieff expressed the view that the 
question of crystal boundaries was very much 
influenced by impurities and by impurities in the 
branches of the dendrites. The phenomena of 
recrystallisation were always described as occurring 
during heating, but was that really so? Certain 
changes could only take place during cooling. 

Miss Elam, in the absence of Professor Carpenter 
through illness, replied briefly to the points raised 
in the discussion and said she was pleased Dr. 
Gwyer had confirmed their (the authors’) observa- 
tions. He had helped them with the etching. The 
crystals had been severely deformed on the rolling 
down of the specimens. When annealing, re- 
crystallisation began at the surface, this being an 
index that the surface had been more severely 
stressed. In the rolled sheet, they got growth of 
crystals from new centres. There was a critical 
temperature at which larger crystals could be 
obtained. As for the size of the structure in Figs. 
11 and 33 it was curious to note that the crystals 
were the same as in Fig. 22. The authors had 
obtained large areas in which there was no sign 
of a and it was difficult to explain that 
point. She did not think tarnishing was always 
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connected with etching. Pure metal showed more 
tarnishing than commercial metal. In regard to 
ductility they found a difference corresponding 
with the crystal shape and they correlated the two. 
There was no sure method of determining the 
oxide in aluminium alloys ; the methods used were 
not sure and were open to suspicion. They had 
found the dendritic structure only in the casting. 
The Figs. 1 to 6 showed boundaries, the jagged lines 
were crystal boundaries. Their statement as to 
slow diffusion accounting for the tarnish had been 
misunderstood ; they meant that the new crystals 
were probably purer than the metal from which 
they had separated and appeared white. 


THe CONSTITUTION OF THE ALLOYS 
with TIN. , 

The last paper taken was the one having the 
above title, by Dr. J. L. Haughton. It described 
the constitution of the copper-tin alloys containing 
from 40 per cent. to 100 per cent. of tin, below a 
temperature of 400 deg. C. The constitution was 
investigated by means of thermal curves, electrical 
conductivity measurements and microscopic ex- 
amination of annealed and quenched specimens. 
There is a polymorphic transformation in one of the 
constituents at a temperature of about 180 deg. C., 
and in a few of the alloys a further transformation 
occurs at 210 deg. C., which so far cannot be ex- 
plained. The limits of solubility of tin in copper 
were also investigated, and it was found that not 
more than 0-2 per cent. of copper dissolved in solid 
tin. An appendix described the work of certain 
other investigators on the copper-tin system. We 
propose to reproduce this paper, which is a con- 
tinuation (Parts III and IV) of a former paper by 
the same author; this latter will be found in 
ENGINEERING, vol. xcix, page 419. 

Professor Desch, who opened the discussion, 
said that so much, work had been carried out on 
the copper-tin series, giving contradictory results, 
that he was glad Dr. Haughton had taken up the 
point and had supplemented his former contribution. 
He hoped the author would continue his work still 
more by taking in hand the copper-rich alloys. 
As work proceeded, the findings seemed to approach 
more nearly to those of Heycock and Neville. The 
author’s heating and cooling curves in Fig. 6 were 
of the same type as those for alloy steels on repeated 
heating and cooling, and the effect shown was due 
to the great lag which took place on heating and 
cooling. Diffusion was very slow. The occurrence 
seemed inconsistent with the shape of the curve E, 
Fig. 7, of electrical resistance and the loop was 
apparently in the wrong direction. 

Dr. Hudson said he greatly appreciated the 
author’s work, and was specially interested in the 
latter part of the paper, which dealt with the 
extreme tin series; so far as had been found, the 
author’s statements as to the eutectic were the 
correct ones. Solubility was very difficult to 
determine when it was very small and he was glad 
the author had determined it. 

Professor Turner found that the portion of the 
equilibrium diagram the author had now studied 
was not the most important from the commercial 
point of view, but there were, nevertheless, applica- 
tions for the author’s alloys. If alloys were of 
great importance, one had very complicated dia- 
grams, whilst in simple alloys the variations were 
small. - 

Mr, T. E. Rooney said that the alloys containing 
large percentages of tin were certainly an important 
series. Further explanation was needed in regard 
to the author’s statement as to the limit of solu- 
bility of copper in tin, and in regard to his state- 
ment to the effect that this was very small when 
the eutectic contained only 1 per cent. of copper. 
He (the speaker) had found a percentage of copper 
as low as 0-5 per cent. 

Dr. Haughton, in his reply, said he was a little 
disappointed in that no explanation had been given 
as to the reaction at 210 deg. The curves had not 
been taken at a high varying ratio, all the rates 
were from 34 deg. to 4 deg. per minute except two. 
Some of his specimens were annealed above and 
some below the transformation point, and both had 
brought out the same feature in the curves. The 
alloy systems of commercial value, as had been stated, 
were generally the most complicated, for the com- 
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mercial alloys had been thoroughly investigated 
and it had been found that they were complicated. 
In regard to Mr. Rooney’s remarks, he (the speaker) 
was glad to find that the point objected to, the 
1 per cent. of copper, was one for which he (the 
author) was not responsible; he had taken that 
from the work of others. 

On the motion of the chairman, all the authors 
received the thanks of the members for their 
contributions. 

The usual thanks to the Institution of Mechanical 


.Engineers for the loan of their hall concluded the 


proceedings. 
RUBBER ENERGY. 


RvuBBER is a peculiar material. It contracts when 
heated and expands when cooled. It has been 
largely used for railway buffer and draw springs, 
and more than half a century ago the late Mr. 
George Spencer carried out extensive experiments 
to determine the best form in which it could be so 
employed. An important property that comes into 
question in some classes of springs is not so much 
elasticity, as ordinarily understood, but proof 
resilience, i.e., the energy which a material can 
store when stretched up to its elastic limit. 
In that respect rubber far surpasses all other 
materials. In a remarkable paper on “ Rubber 
Energy,” which Mr. W. B. Wiegand, of Messrs. 
Ames Holden McReady, Montreal, contributed 
to the Rubber Section of the American Chemical 
Society last autumn—the paper is published in 
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the February issue of the Journal of Indus- 
trial and Engineering Chemistry—the following 
figures were given for proof resilience in feet-pounds 
per cubic inch: Gray-cast iron 6°373, soft steel 
3°07, rail steel 14°1, tempered spring steel 95-3, 
structural nickel steel 14°7, rolled aluminium 7°56, 
phosphor brenze 4°06, hickory wood 122°5, vul- 
canised rubber 14,600. Thus the spring steel has 
less than a hundredth of the resilience of rubber. 
What becomes of the work done on stressed 
rubber ? A compressed lump of putty is merely 
flattened out, and the energy is spent in heat. 
A steel spring stores most of the energy, of which 
little is lost in heat. When a gas is compressed, 
most of the energy is converted into reversible heat 
which can do work again. In rubber the effects are 
combined. A stretched rubber band converts most 
of the work done upon it into potential energy, 
nearly all reversible; the heat which made the 
rubber warm on stretching is reabsorbed during 
retraction and is not lost; but the irreversible 
heat which is likewise liberated by the stretching 
is further increased when the rubber contracts. 
Mr. Wiegand showed a mechanical model, due to 
Dr. F. M. G. Johnson, of McGill College, to render 
these relations more clear. It is (see annexed 
figure) a combination of a cylinder containing gas, 
a piston, a steel spring and a friction member 
through which the piston rod passes. When the rod 
is loaded by W both the spring E and the gas are 
compressed ; Q, is the reversible heat of the gas, 
and Q, the irreversible frictional heat. When the 
rubber retracts, the gas and the spring expand, and 
the frictional heat is further increased. That 
frictional heat will, when the extension curve of the 
energy input and the retractive curve of energy 
output are drawn, be represented by the area of 
the hysteresis loop. Bouasse found in 1903 that the 
hysteresis of rubber diminishes as the stress-strain 
cycle is repeated, there being little further change 
in the loop area after the third successive cycle. 





Schwartz confirmed this in 1910 and showed also 
that the area will be increased as the rate of cyclic 
changes is increased, but will decrease as the temper- 
ature is raised. Both these observations are 
important for solid tyres ; at excessive speeds the 
number of loops per vime unit, and hence the 
frictional heating, will much increase, but for- 
tunately the quantity of heat liberated per cycle will 
decrease. The reversible heat has also to be con- 
sidered’in this problem. 

If we extend rubber isothermally, allowing the 
reversible heat to disappear, the system will come 
to an equilibrium depending upon the load and 
the thermal condition. Any change of the one 
factor willbe offset by a change in the other. When 
the load is increased, the sample stretches, but” 
turns stiffer also; when the temperature is raised 
the rubber contracts, because heat is used up by the 
contraction. That rubber contracted on heating 
was predicted by Kelvin after Joule had rediscovered 
that heat was generated during extension. Wiegand 
studied in connection with H. F. Schippel mainly 
the hysteresis phenomena with the aid of a machine 
actuated by a helical spring working usually at a 
relatively low speed, an extension of 20 in. per 
minute; the conditions would therefore be iso- 
thermal rather than adiabatic (rapid extension). 
The mean cyclic elongation was 200 per cent. or 
300 per cent.; but the experiments were pushed 
beyond 500 per cent., as he found that the hysteresis 
loss increased enormously as the 300 per cent. 
elongation was exceeded. A typical pure gum 
(5 lb. of sulphur to 100 Ib. of rubber, of which 60 Ib. 
was latex and 40 Ib, soft-cured wild rubber together 
with 5 lb. of zinc and a little thiocarbanilide as 
activator), gave a breaking elongation of more than 
900 per cent. The state of cure” was found to be 
of influence ; a certain overcure seemed to diminish 
the hysteresis, but Wiegand would not recommend 
overcuring. The active fillers such as carbon black, 
zine oxide, or fine clay, produced a linear increase in 
the hysteresis ; as, however, zinc oxide is a much 
better heat conductor than carbon black, the rela- 
tions are as yet by no means clear. With 5 volumes 
of zinc oxide: the heat degradation in a rubber 
amounted to 8 per cent., in a trade stock containing 
20 volumes of zinc oxide the degradation amounted 
to 14 per cent. of the total energy input per cycle. 

In the case of pneumatic tyres consisting essenti- 
ally of layers of fabric held together by rubber, the 
frictional heat may be largely due to the fabric, and 
Wiegand cuts for his tests a l-in. section, clamps 
the upper end to the wall and suspends from the 
other a pendulum to watch the damping, the period 
after which the pendulum stops. A 3}-in. plain 
casing stopped in 63 minutes; when the first ply 
of fabric had been removed, it took 74 minutes to 
stop; after removing the second ply 8 minutes, 
after the third 11 minutes (round figures) ; when all 
the carcass plies had been removed, and the tread 
and breaker had been inserted, the pendulum 
kept on swinging for 21 minutes. With the number 
of plies the frictional heat indeed increases in 
geometrical (not arithmetical) progression, the 
real rubber not contributing more than a single 
ply. These figures were not influenced by the state 
of rubber cure. Rubber specialists will find a great 
deal more of interest in Wiegand’s paper concerning 
the influence of pigments on the energy storage 
capacity of rubber and other points. Rubber can 
be so compounded, e¢.g., as to obey Hooke’s law 
like steel. Thermodynamically, however, rubber 
still supplies plenty of nuts to crack. 





Exvectric Steet Furnaces.—According to The Iron 
Age, New York, there are in the world outside America 
131 Héroult steel furnaces, 85 Rennerfelt, 65 Greaves- 
Etchells, 7 Snyder and 6 von Baur, a total of 294 
installations while there are estimated to be 268 furnaces 
of other types, the grand total being 562. In the 
United Kingdom there are, according to our con- 
temporary, 53 Héroult furnaces, 7 Rennerfelt, 38 
Greaves. hells and 3 Snyder, total 101, besides 49 
furnaces of other types, a total of 150. For countries 
outside the United States, Germany follows with a total 
of 100 electric furnaces, France with a total of 69 and 
Italy with 50, Sweden having also 50. The United 
States have 356 electric furnaces, of which 159 are 
Héroult furnaces, 52 Snyder and von Sch i, 23 
Greaves-Etchells ; whilst Canada owns a of 43. 





including 18 Héroult furnaces. The electric steel 

furnaces throughout the world, according to the above 

res, number therefore 961, of which 308 are of the 
éroult type. 
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THE “RESILIA” VOLTMETER FOR 
PYROMETERS. 


In electric pyrometers of the thermocouple type 
a galvanometer is usually employed to measure 
the temperature difference between the hot junction 
and the cold junction. The cold junction has to 
be kept at a constant temperature which forms the 
datum line of the measurements, and to maintain 
this temperature, the cold junction has to be removed 
from the furnace or other source of heat. In order 
to obviate thermocouple wires of t length, “ com- 
pensating leads” are inserted ween the wires 
pro and ‘the cold junction, The galvanometer 
itself may have to be mounted at considerable distance 
from the furnace, and may serve as indicator for 
several thermocouples, In those cases the external 
resistance of the circuit becomes great, and high- 
resistance galvanometers are wanted. The thermo- 
currents then are feeble, and the moving system has 
to be made light and the pivot points, upon which it 
turns, extremely fine. When an elastic mounting is 
used, a slight jar may separate the pivot and the 
conical jewel of its bearing; and when the parts come 
together again with relatively large force, the fine 
point of the spindle may be broken off. In order to 
enable their instruments, especially of the portable 
type, to bear somewhat rough usage, the Foster Instru- 
ment Company, of Letchworth, Herts., have devised 
their “ realli ® movement, which we illustrate in the 
diagrams, Figs. 1 to 3 and the two photographs, Figs. 
4 and 5, on this page. 

The steel magnet of the galvanometer is of ring 
shape, and its pole pieces 7 embrace the iron core 6, 
which itself has the shape of a stout split ring. The 
core is stationary, but it supports the moving coil 1 
which swings in the annular space between 6 and 7 
about the core axis 4. The horizontal parts of the 
coil, above and below the cylindrical core, are slightly 
arched, and the inturned pivots 2 of the coil are fixed 
to the inside of these portions without being threaded 
through the coil; the action of the design does not 
depend upon any elasticity of this mode of attachment, 
however. The pivots have their bearings in the 
conical jewels 3 which are mounted upon the axial 
staff 4; this staff is very light and is held in position 
relatively to the core by the springs 5. Any jolt to the 
instrument will therefore make the whole system of 
coil, pivots, staff and jewels oscillate together, and 
there is no danger of the pivots striking a blow on the 
jewels. In order to facilitate the mounting of the 





the core is longitudinally slotted as shown in 
ig. 4. The connection between the coil and the cable 
from the cold junction is effected through the frame 11 
and the control spring 10 at the top, and through the | 
insulated arm 17 and the ligament 15 at the bottom | 
of the core. The zero is controlled with the aid of the 
bridge piece 16 carrying the arm 12, to one end of 
which the outer end of the control switch is attached. 
The other end of the arm 12 is used for the actual 
adjustment by means of a light spring and a pusher rod. 
The light pointer 8 is rigidly attached to the coil. 
In order to balance the weight of this pointer, the 
mounting of the coil is slightly eccentric to the axis 
(Figs. 1 and 3); a final adjustment of the ba ance is 
attained by moving the small sliding weight 9 on the 
ointer (Fig. 1). A counterweight and tail is hence 
not needed, wh ch is an essential advantage as these 
parts would add to the weight and inertia of the moving 
system and would increase friction. 

By the screw 14 the core is rigidly connected with the 
frame 13, which forms part of the whole stationary 
system comprising the magnet, inside the galvanometer 
case. That the resilia movement attains its object in 
protecting the | seme y sa against jars, was demon- 
strated at the January exhibition of apparatus by the 
Physical and Optical Socieiies—when we first noticed 
this novelty—by banging the whole pyrometer case on 
the table. 








NOTES ON SOME FEATURES ON GERMAN 
WARSHIP CONSTRUCTION.* 


By Sir Eustace T. D’Eyncourt, K.C.B., F.R.S., 
Vice-President. 

At the end of the paper I read before this Institution 
two years ago on “* Naval Construr tion during the War,’’t 
I ventured to say that the work carried out during 
the war represented the culmination of half a century’s 
efforts in developing naval design, and showed that 
throughout this period Great Britain had led the way 
not only in personnel but also in naval matériel. 

Since that date we have had opportunities which we 
never had before of thoroughly examining some of the 
most recent productions of the naval con- 
structors, and I can say ponerally that we have seen 
nothing that tends to alter the conclusion that was reached 
previously. ‘There were a few points, no doubt, in which 
the Germans excelled. As has been stated before, they 





* Paper read at the Institution of Naval Architects, 
March 16, 1921. 





} See Enarvzerme, vol. cvii, pages 479-482. 
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had got ahead of us in developing Diesel engines, especially | 
as adapted to submarines, and had produced engines 
with cylinders developing 300 horse-power against our 
standard engines, which only developed 100 horse-power. 
In spite, however, of this handicap, we had submarines 
which excelled those of the Germans both in speed and 
i They also had splendid scientific instru- 
ments of all kinds, to which they had devoted great 
attention and research, and in some of these items I 
think they had the advantage of us. The design and 
construction of their ships generally was also sound and , 
good on the whole, an as has m pointed out, in 
their bigger ships they had the advantage over us of | 

docks, which enabled them to build broader ships 
with greater initial stability. Also the additional 


breadth certainly gave an advantage in developing the | 


of the heavier class of ships, since up to the time | Ge 


desi 

of the Wee we had to restrict the beam of our capital 
ships to 90 ft., whereas the Germans were able to go to 
nearly 100 ft. With our present docking accommodation, | 
since, early in the war, this disability has to a great 
extent been removed, although we still have not very! 
many large docks, and there is a noticeable absence of 
them on the Clyde, where many of our biggest ships | 
are built. 

In view of the general interest now taken in warship 
design, and as the — which I had the honour of 
reading last year on H.M.S. Hood has possibly increased 
interest in the question of naval design as it stands at 
present, I thought that, as I am in a position to do so, I 
would give particulars of some of the latest German 
warships, of which we now have a fairly complete know- 
ledge. Mr. Goodall is also about to read a detailed 
account of the Baden, of which we have made a very 
thorough examination, and have, in addition, tried the — 
model of that ship in the Tank. I need not, therefore, | 
enlarge much upon this very interesting ship except to 
say that the general conclusion come to is that she was 
designed as soon as the Germans had knowledge of our 
Queen Elizabeth class, of which she is really a fairly | 
close copy. When you have heard the particulars 

iven by Mr. Goodall, I think you will agree with me that 
© copy is inferior to the original. 

The main armament of the Baden is the same as that 
of the Queen Elizabeth and Royal Sovereign, but her | 
speed is inferior to the former and her protection is | 
inferior to that of the latter ship. In designi her, of | 
course, allowance must be made for the etreaings 
they laboured under of not having all oil-fired boilers— 
@ feature which certainly gives a considerable advantage 
in speed, especially when the power has to be kept up 
over a long period. The en, and, indeed, most of 
the more recent capital ships of the Germans, are sub- | 
divided more minutely than ours in some parts, but less 
80 in others, so that the whole arrangement does not 
make for any greater safety in case of accident or flooding 
than in our own ships. Their arrangement of compart- 
ments involved a somewhat complicated system of 





, was to look after the trim and safety of the ship, 
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flooding. They had a very well-organised method of 
supervision, under a special officer, whose sole duty it 
and I 
think there is no doubt this resulted, at the Battle of 
Jutland, in the saving of some of their very heavily 
damaged ships which would otherwise not have reached 
port. In another respect also it is interesting to note 
that in more than one instance German battle cruisers 
were fortunate in escaping total destruction when, 
though their magazines were on fire, they did not explode, 
but only burnt. In fact, they seem to have had consider- 
able confidence in the stability of their powder, as we 
find that they did not take nearly such elaborate pre- 
cautions to prevent flash reaching the magazines as we 
did in our ships. 

I give below tables of particulars of the more recent 
rman battleships and battle cruisers, together with 
tables of our own contemporary ships (see Table I). 
In considering the particulars of the ships given in these 
tables, and also in view of what took place at the Battle 


, of Jutland, perhaps. the class of battle cruisers on the 


two sides are the most interesting ships to consider. 
The first British battle cruisers were commenced earl 
in 1906. The German reply to these was the Bliicher 
—a ship of very inferior design, as seen from the par- 
ticulars, and which was destroyed in the Dogger Bank 
action. On learning the particulars of Invinsible class, 
the Germans followed with Von der Tann and Moltke, 
and from then onwards the chief difference between the 
German ships and our own was that, whilst our vessels 
had a higher speed and heavier guns, the German ships 
had thicker protection, smaller guns and less . 
It should be remembered, however, that after the Tiger 
no British battle cruisers were built for some time on 
account of the fast 25-knot battleships of the Queen 
Elizabeth class, which were much more heavily protected 
and gunned, whilst having nearly the speed of the Ger- 
man battle cruisers; the Germans continuing on their 
art with the construction of the Hindenburg class. 
epulse and Renown were built by us for a special 
purpose, with hea. y guns, g-eat s;eed and light protec- 
tion, and should be regarded as a special type for a 


i 08e. 

In reviewing the whole history of battle cruiser design 
I cannot help thinking that it was unfortunate that it 
was decided virtually to repeat the Invincibles—a 
design already becoming obsolescent—when the Inde- 
fatigable class were ordered, instead of developing an 
wy design with protection which should have been 
at least equal to that of the Moltke and Goeben of about 
the same date. It will be observed, however, from the 
dates quoted that German battle cruisers have been 
often compared with much earlier British cruisers and 
referred to as serps, see when the German ships 
were designed after the British, with increased protection. 

The outstanding impression conveyed by a comparison 
of British and German designs is that the former 
were built for attack, as they are superior in calibre of 
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heavy guns, in speed and ahead fire, while the latter 
were built for defence and a retiring action, as relatively 
more weight has been given to protection than armament, 
and up to the Derfflinger the heavy guns develop a 
maximum fire aft. It is interesting to record this, as 
it shows that the naval strategists of both nations 
correctly foresaw the part which these ships were likely 
to play. In comparing the battle cruisers of the two 
fleets the heavier armament of the British ships is very 
noticeable, and even at the close of the war the Germans 
had no battle cruisers with a heavier main armament 
than the first British cruisers of the Invincible class, 
designed 10 years earlier. 

Making a comparison of the battleship designs, it is 
shown in the particulars of the German ships that they 
generally followed in our wake ; but the same remarks as 
regards heavier armament apply to the battleships as to 
the battle cruisers, we being generally far ahead of them 
in the calibre of the big gun armament, so that, regarded 
as a whole, although the protection may have been 
somewhat less than the corresponding German ships, 
their ships had to meet the fire of heavier guns than ours, 
so that relatively the protection was approximately 
equal. In the arrangement of the armament they also 
generally followed our lead, and in the main features it 
is difficult to discover any point of superiority in the 
German designs, In under-water protection the German 
ships provided a more continuous protective bulkhead 
than we generally fitted, whilst our protective bulkhead 
was thicker than theirs in most cases in way of the 
magazines. With the exception perhaps of the Liitzow, 
which was first disabled by pom a no modern capital 
ship of either side of date later than Dreadnought was 
sunk in the whole war by torpedo—a fact which should 
be kept in mind by those who talk about the vulnerability 
of modern capital ships to under-water attack. The 
Marlborough, as has been previously stated, was tor- 
pedoed, but remained in the line and finally returned to 
port. 

As regards seaworthiness, the German capital ships do 
not appear to differ very much from our own. They 
had generally a somewhat greater metacentric height, 
which, whilst a ogee their initial stability, would 
tend to increase the rolling in a seaway with waves of 
a certain period ; but this feature does not seem to have 
affected them regarded as gun-platforms in the North 
Sea. As regards the strength of German ships, careful 
calculatiéns have been made, and these show that the 
German vessels generally of all classes were somewhat 
more lightly constructed than our own, and, taking 
bending moments on the same basis, I find that the 
German ships generally accepted stresses from 10 per 
cent. to 20 per cent. greater than have been allowed in 
British ships. For local strength some of their plating 
seems extraordinarily light. For instance, in the Baden 
the outer bottom plating is only § in. thick, whereas our 
corresponding plating is 1 in. It appears to me that 
their scantlings are in many cases hardly sufficient to 
stand local strains and ordinary wear and tear. 

Light Cruisers.—To the light cruiser class I do not 
think it is necessary to refer at great length. For pur- 
poses of comparison I give in tabular form (see Table IT) 
the particulars of the German cruiser Kéln with one of 
our later “D” class cruisers. None of the German 
cruisers had adopted all-oil firing for the boilers, as we 
did in all vessels after and including the Arethusa class. 
This feature gave us a great advantage, resulting in 
our generally having a speed of about 2 knots more 
than the corresponding German ships. We also adopted 
in most of our later ships the a: ment of having 
all the main armament on the centre line. This was a 
very convenient arrangement for director firing, and also 
gave us the advantage of having all the guns able to 
fire on either broadside, and, in fact, for the same broad- 
side fire, a saving in number and weight of guns is thus 
effected compared to any arrangement in which the guns 
are placed on each side of the ship. The chief difference 
between the two types was that the Germans generally 
provided a light protective deck over the machinery 
and thickened the side plating to a total of about 2 in., 
whilst we had thicker side plating up to 3 in. and had 
no protective deck immediately over the machinery, 
although the upper deck being in any case pretty thick 
for strength purposes, gave a considerable protection 
to the engines and boilers. Our oil-fired boilers were 
much larger than the German coal or coal and oil-fired 
ones, and, being fewer in number, required less floor 
space but more head room. 

As in their larger classes, the Germans arm: ee higher 
stresses on the material, which was of reduced scantlings 
compared to ours; but, in spite of this, their ships were 
generally larger and of greater displacement than ours 
and of less speed. The accommodation in the light 
cruisers, and, indeed, in their ships of all classes, was 
undoubtedly inferior to our own, the spaces allowed 
for the crew being considerably less than ours and their 
ventilation and general arrangements for comfort being 
inferior. The efficiency of their watertight subdivision 
also in the light cruisers was to a large extent spoiled by 
perforation of the bulkheads by ventilation trunks, &c. 
The fuel endurance was about equal to our own, generally 
speaking; but some of their coal was in many ships 
stowed in very inaccessible positions. In aor of 
construction the information we have shows t both 
in capital ships and smaller vessels the Germans were 
not able to compete with our rate of building. They 
generally took from three to four years to build a capital 
ship, against our two to three, and about the same relative 
time for light cruisers. They never accomplished any- 
thing like our building of Renown and Repulse in 20 
— from the date of order of commencement of the 

esign. 

Torpedo Craft.—As regards pre-war desi of torpedo 
craft, the most notable difference is that the British 
designs have greater displacement and dimensions than 





their German see ape oe This is due to the British 
demand for boats able to keep the sea, which results in 
the provision of ample freeboard and a long forecastle. 
The German craft generaliy have about 2 ft. less free- 
board and quite a short forecastle, leaving in most 
cases an ——— length of open deck between the 
after end of forecastle and bridge front liable to be 
swept by seas when steaming at any speed. As regards 

there seems to be not very much to choose between 
the earlier German and the British classes, until we come 
down to the later vessels, when the Germans fell some- 
what behind in the matter of speed, largely due to the 
fact that they did not adopt mechanical gearing, as we 
did, thus losing the advantage that we derived from 
more efficient propellers. 

As regards armament, the German boats generally 
had fewer guns, and those of smaller calibre than the 
poner gree British boats, and the German vessels 
carried, generally speaking, more torpedoes, though up 
to recently their torpedo tubes were as a rule of less 
diameter than our own. The German boats may generally 
be described as more purely torpedo boats and less 
purely destroyers and not so seaworthy as the British 
craft. As regards accommodation, spaces seem limited, 
and an appreciable number of ratings as well as officers 
are berthed aft in the German boats. 

The fitting of the main machinery in two compart- 
ments and each boiler in a separate compartment, also 
the oil fuel, where carried, in tanks amidships, are features 
of all the German boats which lead to uced space at 
the ends of the boat for accommodation and stores. 
The British arrangement has the advantage of providing 
more space at the ends, and a long forecastle, in addition 
to giving more accommodation space, protects all the 
entrances to the living quarters below the upper deck 
forward. As regards strength, as in other classes, the 
German designs have accepted greater stresses than the 
British, and the ratio of length to depth of girder in the 
German torpedo-boats is greater than ours. As regards 
machinery and fuel, the Germans retained coal as the 
main fuel up to and including the 1912-13 class. From 
1914 onwards they used of alone, so that, generally 
speaking, the German boats have less endurance and 
larger crews than the British, and in many of their boats 
the stowage of coal abreast the engine-room must have 
been very difficult to work in a seaway. In some cases 
they increased their fuel stowage by carrying a consider- 
able quantity of coal in pe on the upper deck. 

In their newer designs belonging to the 1913-14 class, 
the displacement was a little less than 1,100 tons. They 
still retained the low freeboard and short forecastle 
of the earlier classes. These vessels had twin-screw 
direct drive, and in some boats Féttinger transformers 
were introduced, but it is understood that this was given 
up in the latest classes of all. The German designers 
and builders do not seem to have paid much attention 
to mass production and standardisation, each builder 
apparently being permitted to follow his own particular 
form and practice. Following on our introduction of 


the larger class of vessel, viz., the flotilla leaders, the | Spee 


Germans designed and built 12 leaders during the war 
as against our 28, and in August, 1916, the Germans 
ordered the ““S 113” class of large leaders, mounting 
four 5-9 in. guns and carrying six 23-6 in. to 0€8 ; 
but none of these vessels were in commission at the time 
of the Armistice. A class of large T.B.D.’s, of about 
1,500 tons, also appears to have been due for launching 
in 1918-19, but no particulars of these are available. 
These vessels probab y corresponded to our own larger 
“V” or “ W ” classes. 

To sum up, a careful investigation of all the particulars 
we have shows that the Germans generally followed the 
British practice in size, increased s and heavier 
armament. They paid great attention to reductions 
in weight, but there is no question that their boats had 
not the sea-keeping qualities of the British contemporary 
craft. 

Submarines.—Last year Mr. Johns read a very illumi- 
nating paper on the subject of “ German Submarines,’’* 
and those interested in the subject were, therefore, able 
to compare the particulars of the German vessels with 
our own, which latter were given in my paper of the 
preceding year.t It should be borne in mind that it 
was in the construction of submarines that German 
shipbuilding was principally engaged during the later 
stages of the war, and we know what extravagant 
hopes were placed upon this hitherto little-tried type of 
warship. At the Armistice 14 shipbuilding yards were 
engaged upon this work, one yard having 40 craft under 
construction. Forty-six submarines had been ordered 
when war broke out, and these, with 764 placed during 
the war, made a total of 810 boats. Of these about 
half the number, viz., 380, were completed, of which 
203 were lost. During the last ten months of the war 
the numbers of submarines completed by the Germans 
only slightly exceeded the number lost, viz., 80. In 
fact, the rate of their destruction was steadily and rapidly 
increasing compared to the rate of nee ne This 
fact should be considered carefully by those who advocate 
the adoption of submarines to the exclusion of other 
t of warships. 

he German submarines can be divided into 
main groups, viz., (a) the smaller sub ines int 
for coastal work and based on the Belgian coast, i.¢., 
“UB” and “UC” boats, many of which were mine- 
layers; (b) the medium-size or patrol boat used for 
meral service, or onge | “UU” boats; and (c) the 

r or cruiser type, with large endurance for ocean 
work, and probably particularly intended for use against 
the American coast and transports. Each of these 
three groups can be divided into two types, viz., (1) 
minelayers and (2) torpedo craft. Guns were latterly 


* See Ewncineertnc, Vol. CIX, pages 419-428 
t loc. cit. 
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mounted in all boats. As experience was obtained on 
service, the boats of each group increased in size, until 
in the later the latest of one group was nearly as 
large as the jest of the next group. 
he earliest boats of the coastal group were built in 
sections, t: rted by rail, and erected on the Belgian 
coast and at Pola and Constantinople. Later boats of 
the same group were too large for railway transportation 
and proceeded to their destination by sea. Extraordinary 
reports as to the short time taken to build German sub- 
marines appeared in the Allied Press during the war, 
and were used by high authorities for unfavourable 
comparison with out own times. The large number of 
submarines ordered permitted of more being delivered 
in a given time, but information published in Germany 
clearly shows that the time of construction required 
w ey greater than for a British boat of the 
same displacement, In the case of the smaller types the 
time of assembling the already completed parts was often 
short. The cost was also greater and increased rapidly. 
As the war proceeded, both the torpedo and arma- 
ments of the submarines were increased. In the earliest 
boats the 450 mm. (17-72 in.) torpedo was carried, 
but in later boats the 500 mm. (19-68 in.) weapon was 
substituted. Four bow and two stern tubes was the 
usual arrangement in all boats. As with the torpedo, 
so with the gun, size increased. Before the war no guns 
were fitted in an submarines, but, as the war 
developed, first 34 in., then 4-1 in., and finally 5-9 in. 
guns were fitted. The advan of the gun over the 
torpedo for the attack of merchant ships are obvious, 
especially where the gun of the submarine outranges 
that on the merchant ship. Similar increases in size 
of torpedoes and guns took place in British submarines, 
although 21 in. to joes were included in designs of 
submarines p’ before the war. 
Taste Il.—Comparison of “ Kéln” and Latest ~p™ 
Class Light Cruiser. 











60-cm. 


German. British. 
“ Koln.” Latest “ D ” Class. 
Length on water-line 489 ft 465} ft. 
Beam ge ee 47 ft 46; ft. 
Draught .. pe 16-55 ft 14} ft. 
Displacement, about 5,600 tons 4,750 tons 
Hull and protection .. 2,777 tons. 2,940 tons 
Machinery and engineer's 1,332 tons 945 tons 
stores 
Fuel capacity Coal, 1,118 tons Oil, 1,050 tons 
Oil, 682 tons 
(1,800 tons) ' 
Boilers 14 in 5 boiler- | 6 (in 2 boiler- 
rooms (8 burn rooms) 
coal and oll; 6 
burn oil) 
Shaft horse-power 29,000 40,000 
= sé se ee 27} knots 29 to 20 knots 
Armament oe --| 8-5-9-in. guns 6—6-in. guns 
f Broadside fire { 5—5-9-in. guns f 6—6-in. guns 
Ahead fire .. 4-5-9-in. guns 2-6-in. guns 
| Astern fire |. | 45-9-in. guns | | 2-6-in. guns 
3-8 -8-cm. H.A. 2-4-in. HA. 
(3-in. in earlier 
vessels) 
Torpedo tubes .. .| 4 single revolving | 4 “ee pas 
1-in. 
Complement, about 500 450 
Free : 
At bow, about 26 ft. 6 in. 


29 ft. 3 in. 
(22 ft. 3 in. in 
earlier vessels) 
At stern, about ie 
Depth, amidships at side, 


about 

Outer bottom plating 
amidships : 
Between keel - plate 
and side protection 


18 ft. 3 in. J 
29 ft. 2 in. 


20-5 Ib. 3 strakes 
19 lb. 1 strake 
17} Ib. 1 strake 
22 Ib. 1 strake 
22 Ib. 1 strake 
15} Ib. 1 strake 


40 lb. 2 strakes 
35 Ib. 1 strake 
30 Ib. 2 strakes 


Above side protection 


sheer 
Upper deck plating 
amidships : 
Outside casings “it Ib. 35 Ib. 
Between casings 94 Ib. 10 to 12 Ib. 
Protection : 
Amidships at side 944 Ib. from 3 ft. | 120 Ib. from 2 ft. 
1 in. below 6 in. below W.L. 
W.L. to 6 ft. to 12 ft. 3 in. 
10 in. above above. 
Protective deck 314 Ib. 1 in. over steering 


gear 
Protection to maga- | Formed by pro- | 1 in. on crown, 
zines 





tective deck, the } in. on sides 
magazines being or 3 ft. below 
immediately be- crown. Crown of 
low this deck magaz! . 
and _— therefore 10 in. below W.L. 


coming above 
W.L. 


| 








The most interesting submarine built by the Germans 
was that of the cruiser type. The lar completed 
was “ U 139-41” class, with a length of 303 ft., beam 
294 ft., and draught 15 ft., and of 1,950 tons’ surface 
displacement. These were fitted with two main enginos, 
ob of six cylinders and developing 1,750 brake horse- 
power each, and one auxiliary engine of 450 brake horse- 
power, making nearly 4,000 total horse-power. The 
auxiliary engine drove a generator, which could be used 
for c ing the batteries or for surface ss at 
low through the main motors. The ace speed 
was 16 knots and endurance 18,000 miles at 8 knots. 
The fuel normally allowed for was 100 tons, but by 
utilising ballast tanks for fuel stowage this could be 
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CONSTRUCTED 


CAPSTAN DIAL GAUGE. 























Fig. 4. 


InprcaTor dial gauges have now come into fairly 
general use in the machine shop as well as in the tool 
room and inspection departments, as they possess a 
handiness and adaptability which can hardly be 
claimed for any other measuring device of equal 
accuracy. One finds them attached to the arm of a 
scribing block for measuring articles on a surface plate, 
fastened to the leg of @ pair of callipers for measuring 
thicknesses, and used in various ways in connection 
with many machining operations. Until recently the 
only instruments of this type were of foreign manu- 
facture and hardly possessed the strength and re- 
liability which are essential for ordinary workshop 
use. The manufacture of indicator gauges has, how- 
ever, now been taken up in ‘his country, and we illus- 
trate on this page the Capstan dial gauge, made by 
the Coventry Gauge and Tool Company, Limited, 
and put on the market by Messrs. Alfred Herbert, 
Limited, Coventry, who also supply fittings which 
enable the gauges to be used for a great variety of 
purposes. 

This gauge, shown in Figs. 1 and 2, is calibrated in 
thousandths of an inch, the readings being clear and 
easily capable of subdivision by the eye. There 
are only .50 divisions to the revolution, instead of 
100 as in the usual dia] gange, and the needle, more- 
over, ia limited to a complete revolution. This range 
is ample for all ordinary purposes, while it permits of 
an extremely simple and accurate mechanism. .To 
use the gauge for checking the limits of repetition 








work, it is mounted on a suitable stand, such as that 
shown in Fig. 4, and applied to a gauge or to a piece 
of work of standard size. The needle is then adjusted 
to zero by means of the capstan-headed screw A, Fig. 3, 
on the stem. This screw! has 100 threads per inch 
and cannot be inadvertently altered by the operator, 
as a small tommy bar is necessary to turn it. The 
dial face does not rotate for setting to zero, as in the 
ordinary instruments, but is fixed so that the zero 
mark is always in the same place. This is a great 
convenience for the unskilled gaugers often employed 
on the inspection of repetition work. 

The plunger A actuates a quadrant B through a 
pin working in a slot. It will be noted that this 
quadrant is split. This is to permit of the adjust- 
ment of the leverage of this pin over the quadrant. 
By actuating the small set screw shown, the two arms 
of the quadrant are slightly opened or closed ;_ this is 
merely a manufacturing adjustment. 

The quadrant engages with a small pinion on the 
arbour of the pointer. There is a light hair spring 
on the pointer arbour, to take up the backlash in the 
gearing. This spring is not shown in the illustration. 
By the combination of this quadrant and pinion there 
is a magnification of motion whereby a movement 
of 25 thousandths of an inch of the plunger represents 
half a revolution of the pointer. 

The spring C is tu keep the plunger in its extended 
position, The push-pin D is used for lifting the 
spindle or plunger above the height of the work to 





BY THE COVENTRY GAUGE AND TOOL COMPANY, LIMITED, ENGINEERS, COVENTRY. 
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be tested, and to allow it to descend on the work at 
one constant pressure, thus eliminating the difference 
in the personal touch. It is placed in such a position 
that it is easily reached, and also that no downward 
pressure can be given by the operator. 

The adjustment screw E is used for setting the 
tolerance to be allowed on the piece being tested. 
It allows the gauge to be set for any determined 
tolerance by rotating the milled head. Suppose the 
gauge is set to zero, and suppose the limit of the work 
to be plus or minus 0-005 in., it is obvious that every 
time the work is pushed underneath the gauge it is 
not necessary for the needle or pointer to fly back from 
approximately the zero mark to the 25 mark—the limit 
of its travel. On adjusting the screw E so that the 
pointer comes to rest at the minus 0-005 reading, any 
work pushed under the plunger anvil which does not 
move the pointer will obviously be too small, and 
similarly, any work which moves the pointer past the 
plus 0-005 reading will be too large. The operator 
has not to make a mental calculation of the limits 
each time he gauges an article, as will be the case if 
the needle made its full travel; there is no undue 
amount of wear due to the superfluous travel; this 
would appear to be negligible, but it all counts in 
maintaining the general accuracy of the internal 
mechanism of a gauge. On repetition work the 
articles can be gauged as quickly as the operator can 
insert them under the-anvil. The clarity of the 
readings and the dexterity of the operator in feeding 
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ELECTRICALLY-WELDED FOUNDRY. BUILDING. 


CONSTRUCTED BY MESSRS. WELDED CONSTRUCTION, LIMITED, ENGINEERS, LONDON. 
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enable extraordinarily quick gauging to be accom. 
plished, 

_ Fig. 4 shows the capstan dial gauge arranged for 
simultaneously gauging the overall length of a piece 
of work, and the distance of a flange from the back 
end, Another field of usefulness is indicated in 
Fig. 5, in which the gauge is fixed to the arm of a scribing 
block resting on a lathe bed, and used to indicate the 
truth of a piece of work held in the chuck. 





Tractor Triats.—Mr, H. Scott-Hall, Tractor Trial 
Organiser to the Society of Motor Manufacturers and 
Traders, Limited, is seca 0 compiling a list of 

T ‘al mach y and implement ts, princi} 
with a view to keeping ete, advised of oe 
connection with this year’s tractor trials and similar 
events. He would, therefore, be glad if all implement 
agents who read this aph would send him a 
postcard to 83, Pall M 8.W. 1, so that he may take 


@ note of their names in connection with this matter. 











ELECTRICALLY-WELDED STRUCTURAL 
STEELWORK. 


Durino the past twelve months very considerable 
pro has ‘been made in the use of electric arc 
welding in the construction of steel frame buildings. 
The first description of this application of electric 
welding, in our columns, was given in our issue of 
May 14 last ( 654) when we described briefly a 
building erected by this means at Brixton, y, te sonar 
Welded Construction, Limited, of 14/16, kspur- 
street, S.W. 1. Floor area alone is, of course, not 
an altogether satisfactory criterion of this class of 
work, but when it is stated that welded roof trusses of 
over 40-ft, span are now being used, it will give some 
oe ee ere nen See O ous mora 

A interesting piece wor! an un 
dnsuatter bein pow vem te our notice, and is illustrated 
in Figs. 1, 2 and 3 herewith. This consists of an 
extension of a foundry, the work being done by Messrs. 








Welded Construction, Limited, The foundry belongs 
to Messrs. Cowlishaw, Walker and Co. (1920), Limited, 
énd is situated at Stoke-on-Trent, and the contract 
includes the supply and erection of a runway for a 
20-ton electric overhead crane. The plan, Fig. 1, 
shows the extension in question. It is approximately 
100 ft. long by 54 ft. wide, and there were connections 
and alterations to be made to surrounding existing 
shops, The heavy stanchions, of which there are six, 
are, shown in elevation in Fig. 2, Each is made up of 
one 12-in. by 5-in, rolled steel joist, one 8-in, by 5-in. 
joist, and one 12-in. by 34-in. channel, connected 
together by plates and welded at intervals, In the case 
of the four stanchions marked A, B, C and D, in 
Fig. 1, the 12-in. by 5-in. joist has a length of 20 ft., 
and each supports a 24-in. by.7}-in. rolled steel joist 
stiffened by a 15-in, by 4-in. channel which takes the 
crane runway rail. The 8-in. by 5-in, joist has a 
length of 29 ft. 6 in., and carries the 12-in, by 5-in. 
horizontal joist which support the ends of the trusses, 
The 12-in. by 3}-in. channel is 23 ft. in length and acts 
as a stiffener. A section of these stancl.ions is shown 
in Fig. 4. 

The stanchion marked E is similar to the others, 
but the 12-in, by 3}-in, channel is extended to a length 
of 24 ft. 9 in., and at the top carries.a bracket for the 
crane rail for a lighter traveller spanning the existing 
bay marked H (Fig. 1). The stanchion F is also 
slightly different. fn this the 12-in by 5-in. joist 
serves to support one end of a long 50-ft, lattice girder 
which forms the most interesting feature of the job. 

On the east side the existing wall of the foundry 
was extended some distance and made to, carry the 
crane rail, which rests on a 15-in. by 6-in. joist laid on 
the top of the wall. . From the end. of this wall to 
stanchion F is a gap of about 50 ft., which is spanned 
by the lattice girder shown in Figs. 3 and 5 This 
Carries the crane runway over the railway siding 
which runs into the shop. This girder is 4 ft, |} in, 
pry pray and consists of two 9-in. by 3}-in. channels 
at the top and bottom, stiffened with 12-in, by 34-in. 
channels placed about 3 ft. 4 in. apart. The cross- 
bracing consists of 3-in. by 3-in. by 4-in., 4-in. by 3-in. 
by 4-in., and. 5-in. by 3-in. by 4-in. angles. Above 
this lattice girder a smaller girder is placed to carry 
the roof trusses. 

The latter are shown in Fig. 2 and have a span of 
about 34 ft. They are made up of angle sections 
varying from 2} in. by 2 in. by } in. to Ngo " 3 in. 
by § in., joined by gusset plates. The jack roof venti- 
lator is similarly framed of angles welded to the main 
trusses, The lean-to on the west side of the building 
is carried by 12-in. by 5-in. joists, one end of which 
rests on the retaining wall, the other being welded 
to the 12-in, by 5-in. horizontal joist supported by the 
stanchions A, B, C, D and E, 


THE ITALIAN LINER “GIULIO CESARE.” 


THE sea trials of a large passenger liner, the Giulio 
Cesare, built for the Navigazione Generale Italiana 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
at their Wallsend Shipyard, have just been satisfactorily 
concluded, The vessel, an excellent photograph of 
which is reproduced in Fig. 1, on page 326, is of 22,500 
oe tons, and is intended to run between Genoa and 

uenos Aires, Her overall dimensions are: 633 ft, 
in length, and 76 ft. 3 in. in breadth, with a moulded 
depth of 50 ft. 3.in, to the awning deck. She is built 
to the highest class of the Registro Nazionale Italiano, 
the British Corporation and Lloyd’s Register, and also 
complies with the merchant shipping laws of Italy, 
the United States and Great Britain. Particular care 
has been taken in designing the vessel to provide every 
possible life-saving precaution, both in the matter of 
watertight subdivision and also in the provision of 
life boats, fire alarms and fire-extinguishing appliances. 
The ship has eight decks and there are 16 watertight 
doors giving access to various compartments, the 
doors being operated hydraulically from the navigating 
bridge as well as by hand gear on the doors themselves, 
The bulkheads between each boiler room and the 
engine-room are watertight and have no communicating 
doors, Two sets. of anti-rolling tanks have been 
incorporated in the ship’s structure. 

Provision has been made for 243 passengers in 
de luxe staterooms, 306 second-class passengers, 1,8( 0 
emigrants and about 520 other persons comprisin 
the captain, officers, engineers, engine-room staff, 
seamen, stewards and attendants. For the de luze 
passengers there are remarkably lofty suites, consisting 
of one double berth and one single-berth stateroom 
with a bathroom and closet between them, tho 
the doors are arranged so that each room can 
used independently. The staterooms are very well 
furnished and have oak parquet floors, and each has 
a marble topped washstand with hot and cold water 
taps. Above the de luxe staterooms are various large 
public rooms, comprising a fine entrance hall, gal- 
leries, a library and lounge, a smoke room, a writing 
room and a children’s room, The dining saloon is a well- 
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whole space being vatshtuntel by an ornamental 

dome. Apart from the iousness of the public 
rooms their i height (15 ft.) is especially noticeable, 
though this height is increased to 20 ft. in way of the 
domes, The promenade decks for the rs are 
particularly spacious, the forward portion of that 
allotted to the de luxe passengers being enclosed by 
large plate- windows which can be lowered or 
raised at will. The second-class gers are accom- 
modated in the after part the vessel in large 
cabins and public rooms of a style and design superior 
to that ded for first-class passengers. 
There are two ng rooms on the weather deck, 
and above them a comfortably furnished smoke room. 
Well-equipped separate galleys are included for each class 


of passengers, and pantries, bakeries, butchers’ shop, , 


laundry, photographic dark rooms, barbers’ shops and 
hospitals are provided in accordance with modern 
requirements, 

e vessel is propelled by four screws driven by single- 
reduction geared turbines which were constructed by the 
Wallsend Slipway and ineering Company, Limited, 
and develop 21,900 shaft horse-power in the aggregate. 
The turbines are of the’ impulse type throughout, and 
are arranged with the high and low-pressure units in 
series, ey are designed so that either unit can be 
worked independently if necessary. We illustrate a 
set of high-pressure and low-pressure turbines with 
their ve reduction gears in Fig. 2 on page 326, 
and from this the general arrangement of the installa- 
tion can be followed, but as we propose to give a more 
detailed description of the machinery in a subsequent 
issue we need not refer further to them here. The 
boilers are of the ordinary marine type, six being double- 
ended and four single-ended, and the working pressure 
is 220 lb. per square inch, They are fitted for coal- 
firing and work under forced draught. Superheaters 
are fitted, and these are designed to give a maximum 
os of 200 deg. F. at the turbine manceuvring 
valves. 

The auxiliary machinery includes four electric generat- 


ing sets placed in the engine-room and these supply d 


current for o i lifts, boat winches and other appli- 
ances, as well as for lighting the ship. Hydraulic cranes 
and derricks are siovded: on the decks for handling 
stores, baggage and a certain amount of cargo, and the 
hydraulic power plant is placed on the tank top just 
abaft of the engine-room on the starboard side. Alérast 
of this, on the port side, is the refrigerating plant for 
cooling the insulated food stores. Marconi wireless- 
telegraphic apparatus is carried as well as submarine- 
signalling apparatus, There is also a very complete 
telegraph system connecting the navigating bridge 
to the engine-room and mooring bridge, as well as a 
set of telephones and voice pipes giving communication’ 
between the bridge and the working of the ship. 

The trials just completed included a 6-hour speed 
test, a continuous run of 24 hours at 19} knots with 
the ship in a loaded condition, and a further 24-hour 
run at 18} knots to test the coal consumption. We 
understand that the guaranteed results, in all respects, 
were easily attained with a comfortable margin, and 
that a noticeable feature of the trials was the almost 
complete absence of vibration. This was just per- 
ceptible at the after end of the ship, but could not be 
detected in the public rooms and cabins amidships. 
It may be mentioned, in conclusion, that the Giulio 
Cesare is the largest vessel built at the Wallsend 
Shipyard since the Mauretania was completed in 1907. 





SHIPBUILDING IN DEenMARK.—The Burmeister and 
Wain Shipyard in Copenhagen has had a satisfactory 
= the us for last vear amounting to 10,260,125 

ronen, which enables the board to dec a dividend 
of 12 per cent. The reserve fund having been duly 
provided for and 2,000,000 kronen reserved for taxes, 
390,000 kronen are added to the pension fund, 100,000 
kronen to the men’s aid fund, the bulk of the ce, 
3,678,280 kronen, being set aside for extensions now going 
on, Otherwise the Danish shipbuilding imdustry is 
pe ce | serious difficulties. Nearly all frase have 
reduced the number of their hands, some very materially, 
and some are unfortunately in difficulties which it may 
be difficult for them to weather. 





Tae Marrerson Bevet Gear GENERATING ATracu- 
MENT..—The Alfred Herbert organisations in India, 
Australia and Japan were recently appointed sole 


SHEFFIELD, Wednesday. 

Proposed Wage Cut.—Employers in the heavy trades 
of Sheffield are proposing a reduction in wages of 17} per 
eent., which they ant will enable joyment to 
be given to a considerable number of those now out of 
w The reduction, which will affect chiefly employ- 
ment in the rolling mills and forges, the majority of 
which are practically closed down, will be st 
resisted by the unions, but in view of the fact that 
Sheffield unemployed now number some 22,000, a large 
pesgertion: tee Sameen Je the ineering 

, it is fully antici 


ted that some actory 
compromise will be arrived at between the parties. 


Metallurgical Appoi .—Doctor F. C. Thompson, 
Sorby Research Fellow in the University of Sheffield, 
has been inted Professor of Metallurgy in the 
University Manchester. Dr. Thompson received his 
education and training entirely in 8 . He worked 
miontiio’ pepers’on' Setaiiaagieal soblirte, 2x" 1000 
scienti on subjects. In 
a appointed Carnegie scholar of the Iron and Steel 

itute. 


Iron and Steel.—Industry in Sheffield shows no si 

of improvement. Prices are still on the down jes 
but are considerably above those of imported material 
Competition in the iron market is ——— very keen. 
Not only have British makers to meet the low prices of 
their lgian competitors, but from Lorraine and 
Luxem ies are coming to hand at rates well 
under what can be offered on the home market. . French 
basic pig-iron, it is stated, is being delivered in this 
country at little more than 6/., with forge and foundry 
at from 7l. to 7l. 58., a very substantial cut on the home 
produced article. A large number of our blast furnaces 
are idle, and there is every prospect of still further 
closing down. A certain amount of Lincolnshire iron 
continues to be offered, but most of this comes from 
stock, there being little production in the district. 
The steel production of the Sheffield area is the least 
it has been for many years. Few branches have enough 
work to justify eyen the short time they are at present 
running. 
a week, largely on steel required in the saw and hand- 
tool departments. F are idle. A further reduction 
of 2i. in acid steel bi has had little effect on the 
demand, makers still having considerable stocks to 
i of. In basic steel the home market is dead, 
most of the present production of bars, strip, hoops, 

and 


wire rods finished goods being from imported 
material. The —-. in ary a steel is lected 
in the cessation of the demand for ferro alloys. These 


are now being offered at exceptionally low prices, and 
the report that the unprofitable character of the tungsten 
industry is causing a stop at the mines, is viewed 
with serious alarm by steelmakers. The export trade is 
unsatisfactory and shows a serious A certain 
amount of railway material is still going to India and 
overseas, but this also is much less than was exported 
in January. 


South Yorkshire Coal Trade.—The continued depression 
in the export trade and the heavy stocks of slacks at the 

its and in wagons has compe! a resort to short time. 

his is resulting in shortage of the best fuels so much 
in request. The demand for the higher qualities of large 
steam coal, cobbles and nuts is considerably in excess 
of the supply. The bulk of the best hards is still taken 
hy the railway companies, who are maintaining their 
stock at the maximum possible. Gas coal is in active 
request, but the available is limited, and com- 
panies are finding considerable difficulty in building up 
reserves. Hovise fuel, especially) best qualities, are in 
short supply, amd. merchants, finding their books over- 
loaded, are bringing. pressure to bear on the collieries, 
In coke there ig no imprevement. Blast furnace qualities 
are quoted at 45s. per ten at the ovens. Current 
quotations at the pits are as follows :—Best branch 
handpicked, 37s. 2d. to 38s, 2d. ; Barnsley best silkstone, 

7s. 2d. to 378. 8d.; Derbyshire best brights, 35s. 2d. to 
36s. 2d.; Derbyshire house coal, 328. 8d. to 33s. 2d. ; 
Derbyshire best large nuts, 328. 8d. to 33s. 8d. ; Derby- 
shire small nuts, 3le. 8d. to 328. 8d.; Yorkshire hards, 
32s. 8d. to 338. 8d.; Derbyshire hards, 32s. 8d. to 
33s. 8d.; ro slacks, 28%, 2d. to 29s, 2d.; nutty, 
27s. 2d. to 288, 2d.; smalls, 238. 2d. to 248. 2d. 





Swepisa-GerMan [ron TRADE ALLIANCE.—A syndi- 
cate of Swedish ore companies and Scandinavian iron 
consumers contemplate establishing a sales bureau for 
ores and a purchase bureau for iron and steel at Berlin, 
according to the Jron Age, New York. The Skandinaviska 
Jaern Company, at Stockholm, and a number of other 
firms, including some in the Danish iron trade, are par- 
ticipating in the new enterprise, which will be represented 
in Germany by the iron export firm of Behrens and 
Barmwater. The new company represents an attempt 
on the part of Swedish ore ies—which are 
anxiously looking for an outlet for their stocks—and 


distributors for the Matterson bevel gear ting | Co; buyers of bar iron and sheet metal, to facili- 
attachment. This attachment, which is in two } tate for an irouworks the import of ores by a: i 
sizés, namely, 6 in. and 9 in., is for fixing to a shaper, }some sort of com: ion se for the suppl of 


and will enable both straight and spira to be 
quickly and efficiently cut up to 6 in. and 9 in, diameter 
4D.P. It is believed that there is a wide field for such 
an attachment in the automobile, repair and 

engineering shops. The manufacturers are Messrs. 
Matterson, Limited, Shawclough, near Rochdale, who 
have prepared a com i folder givi the 
necessary working instructions and useful data which is 
sent out with 





ores, which are to be paid for in foreign currency. 
the German works heey hithertofore generally followed 


the practice of selling in marks, they ow apparentl 
to iivcice tn kronen, their obligations being, 80 to poerf 
automatically an internal compensation 


Thanish steel i For the Skee dhe cottnter 
importers. For the time bei activit: 
of the German concern will apparently be mainly pres 
administrative lines. 


Rolling mills are working three to four days | 





NORTHERN COUNTIES. 
MippLesBroucH, Wednesday. 
The Cleveland Iron Trade.—Extreme quietness charac- 
terises the Cleveland pig-iron trade. It is fully recognised 
that another cut in prices will have to be made if orders 
are to be secured, but ironmasters are already ucing 
at a substantial loss, and they are not di to make 
further sacrifice until carts Soe c~ bree: pen 8 ewesed. 
consumption No. 1 Clev ig-iron an 

ili fron are each 155e.; No. 3 GMB. is 150s. ; 
No. 4 foundry, 149s.; No. 4 forge and mottled are 
each 147s. 6d.; and white iron is 145s. For despatch to 
foreign destinations all descriptions of Cleveland pig-iron 

are put at 5s. above home rates. 


Hematite. Iron.—Nothing new of moment is noticeable 
in the East Coast hematite branch. Sales are few and 
small, customers strictly restricting purchases to small 

to meet early essential uirements. Both 
or home use and for export No. 1 is 1828, 6d.;, and 
mixed Nos. 1808. 


. are 

Foreign Ore.—A state of complete stagnation exists 
in the foreign ore trade. Consumers are all hugely 
overstocked and are off the market altogether, so that 
with an entire absence of business values cannot be 
fixed. Sellers would certainly entertain offers at a good 
deal below contracts lately made. Imports are small 
and dwindling but are still too large to suit consumers, 
several of whom are at their wits’ end to find storage 
room for cargoes coming forward. 


Manufactured Iron and Steel.—Transactions in manu- 
factured iron and steel are few and small. Occasional 
small orders are reported, but bookings of any conse- 
quence are not saad ¢ of. Many works are only partially 
employed. Hard steel billets have fallen from 18I. to 


18l.; and soft billets from 17]. to 141. 10s, Other 
rincipal quotations are unaltered at: Common iron 
231. ; iron rivets, 3ll.: steel ship, bri and tank 


tes, 21l.; steel angles, 197. 10s.; steel joists, 19/. ; 
vy sections of steel rails, 18/.; fish plates, 23/.; and 
corrugated galvanised sheets, 24/. 10s. 





AviaTION IN DenMaARK.—The Royal Dockyard, 
Copenhagen, is constructing a number of new motors for 
aviation work, of 175 h.p. capacity, somewhat on the 
lines of the 160 h.p. Benz motor, which did so well during 
the war, but with several new features. Thus the cylin- 
ders are made of forged steel, whilst those of the other 
motors are of cast-iron. es are also introduced 
into the motor base, through which air is led to the 
carburettor, by which means the air is heated and the 
motor base cooled. Much experimental work has been 
carried on so as to ensure the different materials used 


possessing the uisite qualities. The new motor has 
passed the official tests which comprise a 50 hours’ non- 
stop test at 80 cent. of its maximum power, and after- 


wards a 2 hours’ test attfull power, with minor tests in 
order to demonstrate its range and the quickness of con- 
trol, &c., whether it will work satisfactorily in a slanting 
position and so on. The new 175-h.p. motors showed a 
consumption of benzine of 0-217 kg. per horse-power hour, 
The motor a 275 kg., or 1-57 kg. per developed 
horse-power. ith ard to Danish aviation during 
the present year, the Danish Aviation Company hopes 
to keep open the routes of last year, that is Copenhagen- 
Warnemiinde, and Copenhagen-Hamburg-Amsterdam- 
London. The time will be shortened, and there will 
robably be two departures daily in each direction. The 

anish Aeroplane Traffic Company (Dansk Luftrederi) 
intend ipally to go in for passenger traffic. A route 
to is also under contemplation, but nothing has 
been definitely settled yet. 

THe PENNSYLVANIA Rar_troap System.——Few people 
in this country realise the enormous size of such railway 
systems as the Pennsylvania. This company has now no 
less than 28,032 miles of track and siding, and traverses 
1,196 miles of United States territory in 14 States. 
It serves approximately 52,000,000 people, or something 
like 48 per cent. of the population of the United States, 
and employs in its service no less than 250,000 men. 
The stock comprises 8,000 locomotives and 300,000 cars. 
A great effort has been made on this system lately to 
raise the service to the public to the same high standard 
for which it was noted before the war, and with very 
considerable effect. In October the number of trains 
operated was 129,866, of which 92-8 r cent. made 
schedule time, and 83 per cent. arrived actually on time. 
The Eastern ion averaged 2,663 trains a day, 88-3 
per cent. being on time. In September last 53,183 
minutes were lost by locomotive and car delays on a 
total of 129,745 passenger trains, whereas 60,792 minutes 
had been lost in the previous April when only 106,508 
such trains were run. When Government contro] ended 
in February, 1920, the bad order freight cars numbered 
23,444, or 8 per cent. of the total owned. This had been 
reduced to less than 4 per cent. towards the close of the 
year. In April last year the average freight car move- 
ment per day was only 14-48 miles. In May efforts 
had resulted in this being raised to 18-77, and in June to 
19-52. Every mary care month noticed some improve- 
ment, till it rose to 23-4 miles in October. At the same 
time improved Joading was attained. The Association 
of Railway Executives named 30 tons per loaded car 
as & kp ye es Pred cee ggd were 
after mtrol. In June the Pennsylvania system 
avernged 41-7 for cat load ny ge this being raised 
to 43-4 tons for some 16,000,000 tons of freight in 
pa while for over 10,000,000 tons of coal, coke 
ore the average car load was 53 tons. 
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NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

Scottish Steel Trade.—The prevailing conditions in 
the Scottish steel trade are practically unaltered and 
the mills left working are moving very slowly. Makers 
in general are faced with the prospect of closing down 
in the near future unless there is a decided improvement 
in demand. Endeavours are being made to reduce 
costs and to obtain reductions in prices of raw materials, 
but although the latter are very difficult to secure, they 
are absolutely necessary if a further cut is to be made in 
steel, Inquiries of all kinds are very limited, largely 
owing to the keen quotations on offer from the Continent, 
and quite a lot of business is going over that way without 
local producers being asked to quote. One order, 
however, for 10,000 tons of steel rails has gone to 
Belgium as the buyers—a Glasgow firm—received a 
quotation of nearly 7/. per ton lower than the best home 
offer, The sectional mills here are very badly off for 
work and ship plates are also in very poor request, while 
boiler plates are likewise. Black sheet makers have not 
a great volume of work on hand and the recent reduction 
in prices has not been responsible for much, if any, 
influx of new business, and the number of shifts being 
worked has not increased. Galvanised sheets which 
have been out of demand for some time are still extremely 
quiet, and there is very little business going through. 
The current quotation is round 26. per ton, f.o.b. 
Glasgow. The fuel position is one of outstanding import- 
ance to the industry and much interest is being taken in 
the negotiations now going on, as lower prices would 
greatly assist in cheapening both iron and steel, and 
thus pave the way for an all-round reduction in general 
prices. 

Malleable Iron Trade.—The state of the West of 
Scotland malleable iron trade has not improved, and 
even the easing of prices has failed to attract buyers. 
With “crown” bars reduced to 231. per ton it was 
anticipated that there might have been a respectable 
addition made to order Sesh, but very few fresh 
contracts have been fixed up, so far. If a really decent 
parcel were being inquired for, it is considered probable 
that producers would offer some inducement to get the 
business, but the very uncertain conditions in the 
world’s markets is preventing buyers coming forward 
for anything beyond their most immediate needs, and the 
competition from Belgium is being keenly felt. 


Scottish Pig-iron Trade.—The pig-iron makers in 
Scotland are not working on a very profitable basis at 
the present time as oncost charges continue so high, and, 
unless some improvement comes along very soon, the 
output will be further curtailed. Prices have fallen 
steadily recently in the + of new business resulting, 
but there has been much disappointment over the poor 
response on the part of buyers. Scotch hematite iron 
is now ealled 9, ton, ivered at the steel works, 
which marks a fall of over 41. since the beginning 
of this year, and yet there is a very small demand. 
Foundry iron is also down again this week and No. 1 is 
named at 81, 17s. 6d. per ton, and No. 3 at 8l. 128. 6d. per 
ton, both loaded into trucks at makers’ works. These 
quotations show a decline of 41. 12s. 6d. per ton over the 
year to date, but even that is insufficient to induce fresh 
business. The export trade is of very little account 
at the present time. 





THE NATIONALISATION OF WaTER PoweR IN PERU.— 
The Commercial Secretary to H.M. Legation at Lima has 
forwarded to the Department of Overseas Trade a trans- 
lation of @ projected Bill recently presented by the 
Finanee Minister to the Peruvian Congress, concerning 
the nationalisation of water power in the Republic of 
Peru, Under this Bill all water power concessions will 
be gramted under the provisions of the Mining Code by 
the authorities therein appointed. The translation 
inay be seen by United Kingdom firms interested, at 
the enquiry room of the Department of Overseas 
Trade, 35, ‘Ola Queen.-street, London, 8.W. 1. 


STATE-OWNED ARSENIC IN QUEENSLAND.—Am the 
trading enterprises of the Queensland Government is an 
arsenie mine, from which about 3,000 tons of ore have so 
Tar been obtained at a gross iture of some 17,0001. 
The ore is on to arsenic treatment works, also 
ownel by State, ~— —- to afford relief from 
the very ‘high prices i or arsenical products. 
During Fy ol financial r= 
on the works was 14,040l., bringing 
the commencement to 23,3111. 
is distributed among the farmers of the State at 10/. a 
ton for the destruction of prickly pear, and at 23/. a ton 
for cattle dips and other farm requirements. 





CANCELLED OrprerRs For Moror Sures.—In 1915, 
the East Asiatic Company contracted with the Bur- 
meister and Wain Shipbuilding Company for the con- 
struction of 22 motor vessels. The chipyerd, however, 
ise in prices, could not carry out the 

Asiatic Company, on the other 
bearing xtra cost. 


5 


ES 


our 
and smtertirels. Vv 
‘Atrike Soil delivered shorty ooh 
well in hand. We understand that the 


Company does not intend to order any further motor 
vessels at the present time. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The outlook is gloomy. All the 
colliery workers in the coalfield, in view of the end of 
financial guarantees from the Government in respect to 
profits have pece. given a fortnight’s notice, which 
terminates at the of the month. Up to the présent 
the owners and the men ae = unable to — to 
any agreement in to the future of wages and it is 
cwesiealy certain that no settlement will be reached 
os the time the notices expire. The demand for coal 
both from abroad and at home is practically negligible, 
and, in consequence of the high cost of production, every 
a sold .. og ye represents a loss of Py 
shillings. ‘orm the test proportion of the 
oath at apuiestion and a conalhagahie 4, me be made if 
South Wales is to compete, not only with other districts 
in the United Kingdom, but also with America, which, it 
is stated, is offering terms to Italy and France which 
will enable importers in those countries to obtain 
American coal at less than half the present price of 
Welsh coal. It is impossible for the coalowners of 
this country to carry on under such conditions, and 
until the men realise that trade will not improve until 
the selling —_— of Welsh coal is considerably reduced, 
there is no likelihood of an improvement in the position. 
Many collieries have already been stopped and the 
majority, if not all, are working irregularly. What will 
happen at the end of the month remains to be seen. 
Already exporters and colliery salesmen are discounting 
the minimum export prices, which are operative only 
till the end of the month, for shipment next month by 
Sut even this reduced 


the men were given another opportunity to consider the 
situation, it being pointed out by the employers that 
the conditions which rendered the prosperity bonus 
feasible no longer existed, and that it was imperative 
for the ing on of the industry that the bonus should 
be coheanee The majority of South Wales Works are 
idle, and though inquiries are circulating a little more 
freely business remains very restricted. 





Wiser Wrieart Lecrure.—We understand that the 
Wilbur Wright lecture, which is delivered annually under 
the ices of the Royal Aeronautical Society, will be 

iven this year 2 G. I. Taylor, at the Royal 
iety of Arts, John-street, Adelphi, W.C. 2, on Tuesday, 
April 12, at 8 p.m. The subject of the lecture will be 
announced later. 





Tue InstTiruTion or Mrsine anp METALLURGY.—’ 
This Institution states that their —— 8 
group is approaching completion, and, wi a view to 
making the roll as complete as members are 
requested to communicate to the secretary at once the 
names and as exact particulars as possible, of an 
members whose names are omitted from the list, whic 
has been issued by the Institution. The Council trust 
this request careful attention 
or corrections as promptly as 


owing to various causes. Large 
supplied, and there was repeated 
t the losses of air through unsuitable 
one of the main factors in the diminished 
, Was more suspected than 
(Glick Auf, December 4 last) conducted some 
in a i in which the network of 120- 


could ni 
with the men. 
packings was 


E 


ic | pressure loss in the pipe system seemed to be due to bad 
Pp 


acking, and that loss of 11-3 per cent. was reduced 
to 2-6 per cent. by the use of suitable rubber packing. 


. 


NOTICES OF MEETINGS. 





Tue Norra or ENGianp Instrrure oF MINING AND 
MECHANICAL EnGineers.—Saturday, March 19, at 
2 — Meeting in = Wood Memorial Hall, Newcastle- 
upon-Tyne, T owing will be for 
discussion: ‘Connection of Burface and Underground 
Surveys,” by Mr. J h Eltringham ; ‘‘ Working the 


Low Main Seam of Coal tg ge ag = 
Colliery in 1878 to 1885,” by Mr. John Southern. 
Mr. J. R. R. Wilson, H.M. Divisional Inspector of Mines 
for the Northern Division, has kindly promised to attend 
and give an > 





Tae Srarrorpsatre [ron anp Sree. [netrrure.— 
Saturday, March 19, at 6.50 p.m., at the Education 
Offices, St. James’-road, Dudley. Pa by Dr. L. 
Aitchison, on the ‘‘ Use of Alloy Steel for Medium and 
Heavy Forgings.” 


THe Braprorp Encivesrinc Socrery.—Monday, 
March 21, at 7.30 p.m., Meeting in the Hall of the Tech- 
nical College, Bradford. Mr. E. Gregory, A.M.I.Mech.E. 
(Huddersfield) on ‘‘ Gear Tooth Forms, their Production 
and Measurement.” 


THe MANCHESTER ASSOCIATION OF 


ENGINEERS. — 
Monday eveni 


. March 21, the Annual Meeting of the 
Association will be held at the Memorial Hall, Man- 
chester. The chair will be taken at 7 p.m. 


Tae Farapay Socrery.—Tuesday, March 22, at 
8 p.m., Meeting in the Rooms of the Chemical Society, 
Burlington House, Piccadilly, London, W.1. The 
following 7 will be : Professor Alfred W. 
Porter, F.R.S., Presidential Address, “‘Some Ai ts 
of ‘the Scientific Work of the late Lord Rayleigh”’ ; 
Mr. W. E. Hughes, B.A., “The Forms of Electro- 
Deposited Irah’ and the Effect of Acid upon its Struc- 
ture,” Part I, “Deposits from the Chloride Bath” ; 
Mr. 8. Field, A.R.C.Sc., “The Electrolytic Recovery of 
Zine” ; r Alex. Findlay, M.A., D.S8e., and 
Mr. Vernon H. Williams, “ Notes on the Electrolytic 
Reduction of Glucose.” 


Inetrrvtion or Crvm Enorvesrs.—Tuesday, 
22, ‘at 5.30 p.m. The following papers will be 
id for discussion: ‘The Southern and Western 
Ocean Outfall Sewer, Sydney, New South 
a Mr. Algernon Peake, Mtnst.0.B. ; and 
“The Drainage of Auckland,” by Mr. Walter Ernest 
Bush, M.Inst.C.E. 


Tue Instrrvrion or Locomorive ENGtInrrrs 
Lonpow).—Tuesday, March 22, at 7.15 p.m., at the 
heaton 91, Wardour-street, London, W. 1, ordinary 
general business of the Institution ; followed by a we 
on “ Review of Main Line Electri jon in the U.S.A’,” 
by Mr. Sanderson, 1 nage semanas boolbergt eg = cesta 
illustrating the building of locomotives at th ldwin 
Locomotive Works. 


Tue 
March 





Farapay Soorery.—The joint discussion on “ The 
Failure of Metals under Internal or Prolonged Stress ’’ 
will be held during the afternoon and evening of Wednes- 
day, April 6, as already mentioned in our columns, at 
the Institution of Mechanical ineers, An exhibition 
will be held in connection with this meeting. Members 
desirous of exhibiting imens which will suitably 
illustrate the subject vu discussion are requested to 
communicate at once with the secretary. 


Brrrisu [ron anv Steet Propvotion.—The 
‘tion of iron in February tons, 
‘a h, if we except the months affected by the 
railway ‘strike in 1919 and ‘the coal strike in 1920, is 
lower than that of any month since monthly have 
been recorded. Of the total 


were hematite pig iron, 97,800 tons basic iron; 127,000 
tons, foundry; 41,200, forge; 9,300, tons ferro-alloys, 
and 16,500 tons “ other qualities.” . The uction of 
steel ingots and casting ted to 483, tons. 





Teonnica, Epucation ty Russ1a,—Russia, as can 
easily be ined, is in great need of. the services of 
engineers, the Soviet Government has i 
expedient to adopt a remarkable method of producing 

The U ational Economic Council has come 
i of 4,500 
from 


: any me 
involving 16 hours’ work a day (including home work) 
for six days a week would meet with strong disapproval 





among British technical students. 
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THE QUADRUPLE GEARED-TURBINE STEAMER “GIULIO CESARE.” 


(For Description, see Page 323.) 
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THE EX-GERMAN BATT 


(For Description, see F 
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ELECTRICITY SUPPLY IN LONDON. 


CoNSULTING engineers must really be a little 
tired of working out schemes for the unification of 
electricity supply in London. The trouble is not 
that the subject is lacking in interest. Technically 
it is a most fascinating problem, but the most 
enthusiastic cannot but cool a little when year after 
year the subject has to be re-examined and careful 
estimates prepared to no ultimate end. Were the 
problem purely an engineering one there is little 
doubt but that some one or other of the dead 
schemes of the past would ’ere now have come to a 
fruition of great value both to the general public 
and the electrical industry. All the technical 
schemes which have been put forward have not been 
of equal merit, some have been too largely tinctured 
with the political considerations which were their 
inspirers, but many there have been which would 
have worked a beneficial revolution in London 
electricity supply. 

The present year has seen the production of yet 
another scheme for bringing some order into the 
fantasia of our supply methods, and it is matter of 
somewhat painful interest to speculate on the possi- 
bility of the politician and local-interest monger 
again overruling the engineer and adding another 
to the list of still-born. If the Electricity Supply 
Act of 1919 is to prove other than a legislative 
misprint something must now be done in the direc- 
tion of unification, but past experience throws 
doubt on the possibility of the admirable technical 
proposals put forward by the Engineering Com- 
mittee ever being translated into deeds. This 
committee, which has reported in connection with 
the London and Home Counties Electricity District 
as provisionally determined by the Electricity 
Commissioners, was appointed by the London 


__| County Council, the Conference of Local Authority 


Undertakers and nine electric supply companies in 
the area, and the fact that these various bodies have 
«| united in appointing such a technical commission 
might by the simple-minded be held to indicate 
that unity in reference to administrative proposals 


- 329 will be found to exist. 


The history of the new Electricity Bill in action 


3, | bas so far been none too encouraging, and the chief 


fact which has emerged is that municipal “ enter- 
prise” is still prepared to sacrifice techriical 


334 | efficiency to political considerations. The technical 


scheme which has been put forward by the Engineer- 
ing Committee if put into operation and carried out 
in a businesslike way would do much to improve 
the electricity supply of London even if it would 


335 not lead to quite the Utopian glories to which we 
337 | were treated by political speakers when the present 


Electricity Supply Bill was introduced, but if it is 
to be made a mere bargaining ground between the 
various interests concerned, it is very possible that 
the engineering considerations underlying it may 
be jettisoned to make way for considerations based 





on the parochial interests of purely artificial areas. 
That such an outcome is possible unfortunately 
hardly requires demonstration, but if an instance 
is necessary one need only turn to the local authori- 
ties’ report in connection with the West Riding 
(Aire and Calder) Electricity District. In this it is 
admitted thac it would be “from an engineering 
point of view . . . a most satisfactory arrange- 
ment ”’ to let the Yorkshire Electric Power Company 
control the generation and main transmission of 
- | electricity in the district, and for the Joint Elec- 
tricity Authority (when formed) to act as an 
advisory body only. This scheme is, however, 
rejected because “the principle of the control of 
public utility undertakings by local authorities has 
obtained firm root in Yorkshire.” 

The Engineering Committee which prepared the 
proposed technical scheme consisted of Sir Alexander 
Kennedy and Mr. G. W. Partridge, appointed by 
the nine supply companies; Mr. J. H. Rider, 
appointed by the London County Council; and 
Mr. C. H. Wordingham, appointed by the con- 
ference of local authorities. During the later 
period of its inquiry the committee had the co- 
operation of Sir Philip Dawson. The scheme 
proposes the standardisation of three-phase 50 
periods on the north side of the Thames, and both 
25 and 50 periods on the south side, with primary 
transmission pressure of 33,000 volts and secondary 
transmission pressures of 11,000 volts and 6,600 
volts. The reason for retaining 25 periods south 
of the Thames is that at the present time a much 
greater proportion of the power and traction supply 
in that area is given at 25 periods than at 50 periods. 
The Brighton Railway is committed to 25 periods 
and the South Western Railway uses the same 
frequency. High-tension distribution would in 
general be carried ovt by three-core paper insulated, 
lead covered, armoured cables laid direct in the 
ground. 

The generating arrangements proposed by the 
scheme are divided into two stages. During the 
first it is proposed progressively to shut down 
34 existing stations and by means of interconnecting 
cables supply them in bulk from the remaining 
stations. While this was being done certain 
capital stations would be erected, and as these 
became ready for work the second stage would be 
reached, when 26 of the remaining existing generat- 
ing stations would be progressively shut down. 
After the carrying out of these measures there would 
remain 17 generating stations which are in operation 
at the present time. Of these two would be re- 
constructed and considerably enlarged to act as 
capital stations and seven would be permanently 
retained to act as auxiliary generating stations in 
conjunction with the capital stations. The remain- 
ing eight stations are on the outskirts of the. area 
and would have to remain at work pending the 
arrival of conditions which would justify the 
carrying of transmission lines to their neighbourhood. 

When the scheme had reached its final form the 
supply would in the main be obtained from six 
capital stations, Two of these, as already mentioned 
would be existing stations reconstructed. Four 
would be new, three being on the north side of the 
Thames and one on the south. The installed 
capacity of the capital stations would vary in the 
first instance between 70,000 kw. and 200,000 kw., 
mostly in units of 25,000 kw. The positions of the 
proposed capital stations are not indicated in the 
report, but three of the new stations would be east 
of Blackwall Tunnel and one up-river. It is not 
proposed to interfere in any way with the various 
railway generating stations nor with the London 
County Council tramway station. These would 
be retained each for its present purpose, These 
latter recommendations redirect attention to a 
matter of great importance. It will be remembered 
that. railway generating stations are expressly 
excluded from the scope of the existing Electricity 
Act. This feature of the Bill was from the first 
technically indefensible and its malfeasance in 
connection with the matter of load factor is 
excellently brought out in the report. The com- 
mittee considers that “the acquisition (of the 
railway load) by the undertaking of the Joint 
Electricity Authority is of paramount importance.” 

As already mentioned this technical scheme is 
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associated with the London County Council, the 
Conference of Local Authority Undertakers and 
nine electric supply companies, which is well, but 
unfortunately these various bodies are not also 
associated in an administrative scheme to carry out 
the technical one. The final constitution of the 
Joint Authority can only be determined when ‘the 
inquiry by the Electricity Commissioners takes 
place, and one can but hope that some agreed 
scheme may ultimately emerge. The present state 
of affairs is that different proposals are put forward 
by the London County Council and the local authori- 
ties. The suggestions of the nine companies we 
are not acquainted with, but the County of London 
Company, which is not associated with the scheme, 
is putting forward proposals of its own. The con- 
stitution for the Joint Authority put forward by 
the London County Council is a reasonable one 
and includes 8 county council members, 6 municipal 
members and 6 company members, with 8 further 
members divided between extra-county muni- 
cipalities, railway companies or large consumers 
and labour. ‘The local authorities’ proposal shows 
less sense of proportion and out of a total of 24 
members postulates in all 17 municipal members 
and 8 representing the county council. This sort 
of proposition does not carry much hope for a 
scheme for an efficient and representative board 
being reached by general agreement. 





ORGANISATION OF SHIPYARDS. 

So much has been said and written within recent 
years on the subjects of Scientific Management and 
Industrial Efficiency that many of those responsible 
for the operation of our industries are inclined to 
regard with suspicion, if not indeed with contempt, 
any paper which appears to deal with either subject. 
Particularly is this the case with the older generation 
of managers, and in no industry is this conservatism 
more noticeable than in shipbuilding, where many 
of the managers are men who have risen from the 
ranks of the workers and to whom the word 
“scientific” in connection with shipyard manage- 
ment appears to be not only ridiculous but a positive 
insult to their lifelong practical experience. For- 
tunately this type is passing and the methods of 
“ rule-of-thumb” are now giving place to more 
enlightened methods in the shipyards where the 
establishment and maintenance of a definite rela- 
tionship between effort and production is being 
sought by increasing numbers of employers and 
managers. In this connection no more interesting 
or suggestive paper has been read than that on 
“Organisation for Ship Production,” which Mr. 
Wilfrid Ayre read on the 11th inst. to the North- 
Kast Coast Institution of Engineers and Shipbuilders. 

Of prime importance at all times, the organisation 
for ship production to achieve, measure and main- 
tain a high degree of efficiency in the shipyard is now 
of vital importance not only to individual firms 
but to the industry as a national asset, and in calling 
attention to this fact and in pointing out the broad 
basis of such organisation, as well as indicating 
definite means by which results may be gained, 
Mr. Ayre has made a notable contribution toward 
establishing the practical work of shipbuilding upon 
a logical and scientific besis. The broad basis of 
organisation suggested comprises: (1) Method of 
measuring shipbuilding output ; (2) examination of 
available plant, machinery, facilities and labour to 
produce the required output; (3) setting up a 
schedule or programme of determined metbods and 
operations for performing the necessary work to 
produce output; (4) organising the co-ordination of 
methods, materials, men, machinery and manage- 
ment for output. 

An indication of mean tonnage output per week 
is obtained by the addition of (a) tonnage output 
of punching machines, (b) tonnage output of erected 
material, (c) tonnage output of riveted material, 
and dividing the result by 3. In estimating (a) 
the weight of punchings is taken as 2 per cent. of 
the weight of plates punched, (6) is estimated and 
(¢) is taken on the basis of 220 rivets driven in per 
ton of steel. 

Examination of the output capacity of the plant 
is carefully gone into on the basis of performance 
of individual machines; capacity of auxiliary 
machines such as scarphers, countersinkers, &e. ; 


general lay-out of plant; routing of material and 


handling facilities. From a careful examination of 


plant entry capacity, as indicated above, the 
schedule (3) is prepared. This takes the form of a 

graphic representation of the estimated, and actual 
times taken to. complete the principal jobs in the 
vessel under construction. 

An extension of the graph as indicated above to 
cover the operations on all the vessels building in 
the yard, though not indicated by Mr. Ayre, will 
be found of very great use in determining the 
employment of such squads as frame squad, shell 
squad, &c,, for many months ahead and is most 
useful in indicating the possibilities as to framing, 
&c., of projected vessels. 

Co-ordination of all the elements to ensure output 
covers a large field ranging from the preparation 
from the master schedule described above of job 
schedules for each job to the elimination of losses 
in hydraulie and compressed air plant and the 
keeping of weekly steel cost charts, afid is treated 
in an able and convincing manner. Exact agree- 
ment as to methods of measuring output is not 
likely to be found among shipbuilders, but the 
necessity for such measurement by some fixed 
standard cannot be disputed, and if the interest 
of shipbuilders and managers is quickened by the 
able presentation of his case Mr. Ayre will have 
done an excellent service to the industry. 





THE NAVY ESTIMATES. 

THE complete change in the naval situation 
as compared with that existing prior to the war is 
very clearly reflected in the Navy Estimates for 
the next financial year presented to Parliament 
this week. The removal of our chief enemy 
from a position of menace to one of more or less 
complete impotence has enabled a reduction in 
naval strength to be made that could not have 
been contemplated in pre-war times, but it will 
be obvious that the maintenance merely of a 
** One-Power Standard ”’ renders it of vital import- 
ance that the efficiency of the smaller navy should 
be kept at the highest possible limit. This is 
acknowledged by Lord Lee of Fareham, who became 
First Lord of the Admiralty on the retirement 
through ill-health of Mr. Walter Long, in his 
explanatory statement accompanying the estimates. 

The estimated gross expenditure on the Navy 
for the year 1921-22 is 91,186,8691., of which 
8,707,8691. is met by appropriations in aid, 
leaving the net estimate at 82,479,000/. The 
latter figure is less by 8,393,300/. than that 
incurred in the current year, the reduction being 
mainly due to decreased expenditure on contract 
work, wages, armaments, miscellaneous effective 
services and the non-effective services. A rather 
better idea of the economies effected can, however, 
be obtained by comparing the figures with those for 
the year 1914-15. In that year the actual gross 
expenditure was 53,573,2611., instead of 91,186,869/., 
but after making the necessary deductions for 
non-recurrent war liabilities, and allowing for 
increases in prices, wages, pensions, &c., the latter 
figure would be reduced to about 34,500,000/., 
which would be some 19,000,000/. less than the 
expenditure for 1914-15. 

The personnel of the Navy will be reduced from 
136,000 to a maximum of 123,700, which will be the 
strength on April 1 next, and during the year it is 
expected that the latter figure will be further 
reduced to 121,700. The corresponding reduction in 
the vote for wages, &c., amounts to 2,850,0001., the 
figures for 1921-22 and 1920-21 being 18,314,000). 
and 21,164,000/. respectively. The cost of victualling 
and clothing is, of course, correspondingly reduced 
from 8,734,500. to 7,821,000/. These economies 
have been rendered possible by considerable, if not 
drastic, reductions in the number of ships in com- 
mission. It is proposed to reduce the number of 
capital ships in full commission from 20 to 16, the 
latter number being essential to enable the seagoing 
and technical training of officers and men to be 
continued. For purposes of comparison, it may be 
mentioned here that in March, 1914, 38 capital ships 
were in full commission, and this fact may be used 
to illustrate the need for efficiency referred to above. 
To this end it is proposed to dispose of eight of the 





older battleships armed with 12-in. guns and now in 





reserve, aa these vessels, viz., Hercules, Colossus, 
Neptune,’ St. Vincent, Collingwood, Temeraire, 
Bellerophon. and Superb, have. accordingly been 
placed on the disposat list. This will reduce the 
total number of capital ships to 30 (including 
H.M.A.S. Australia) of which 16 will be in com- 
mission, as above mentioned, and the remainder 
will be in reserve.’ It is further proposed to place 
one of the four destroyer flotillas of the Atlantic 
Fieet in reserve, and to reduce the North-American 
and South-African squadrons by one light cruiser 
in each case. The South American squadron will 
be completely withdrawn temporarily. 

By far the most important item of naval expendi- 
ture is, of course, required to cover the cost of ship- 
building, repairs, maintenance, &c., the total vote 
under this heading being for 29,785,3001., as com- 
pared with 31,173,500/., voted for 1920-21l—a 
reduction of 1,388,200/. Most of the vote is required 
for dockyard work, 11,618,600 being needed for 
salaries, allowances, wages, &c., while a similar 
sum (11,896,500/. to be exact) will be spent on 
matériel—mainly fuel for the fleet. Only 6,270,200/. 
is required for contract work, as compared with 
11,788,600/. spent in the current year. The total 
expenditure proposed for new construction amounts 
to 3,543,1471., mainly required for the completion 
of a number of light cruisers, aircraft carriers, 
torpedo craft and submarines commenced during the 
war. The light cruisers in question are Effingham, 
Frobisher, Cape Town, Despatch, Diomede, Durban, 
Emerald, Enterprise and Raleigh, while the aircraft 
carriers are Eagle and Hermes. On the two last- 
mentioned vessels the expenditure during the year 
will be 374,8817. and 592,040/. respectively. Work 
is proceeding on two flotilla leaders and six 
destroyers, while 13 submarines are also under 
construction; 10 of the latter are of the “L” 
class. 

Of the sum above-mentioned as required for 
cor-tract work, the largest and most interesting item 
is one of 2,500,0001. allotted for the replacement of 
obsolescent ships. It will be remembered that in 
introducing the estimates last year: Mr. Long 
announced that the Admiralty still regarded the 
capital ship-as the main arm of ‘naval defence, and 
that they have since seen no reason to modify that 
opinion is clear from the fact that it is now proposed 
to start the construction of new capital ships. When 
it is remembered that no ship of this character has 
been added to the fleet since the completion of the 
Hood and that this vessel was originally designed 
before the battle of Jutland had taken place 
(although it was subsequently modified as a result 
of the lessons learnt from that engagement), it 
will be obvious that the high efficiency demanded by 
a numerically small fleet can hardly be obtained 
from the 30 capital ships of which it is now composed. 
The early replacement of many of these vessels is 
therefore essential, and the fact that it is proposed 
to commence this work will be welcomed even by 
the most ardent economists. How the sum to be 
provided for this purpose will be expended will be 
explained in a white paper to be circulated later, 
but the first Lord states most emphatically that 
the Government does not contemplate any building 
programme in answer to those of any other Powers. 
Tt is hoped, in fact, ‘by frank and friendly dis- 
cussion with the principal naval Powers, to avoid 
anything approaching to competitive building 
either now or in the future.’ At the same time it is 
necessary to provide the Navy with the best possible 
matériel in order to maintain its efficiency and 
morale, and, furthermore, to refrain from warship 
construction for an indefinite period would render 
it impossible to resume the work should the necessity 
for it arise in the future, since the facilities now 
existing would have disappeared. On the other 
hand an extensive building programme, which in 
any case is impossible owing to financial stringency, 
seems hardly necessary in view of the present naval 
situation, Moreover, developments in aircraft and 
under-water craft, in the not far distant future, may 
necessitate considerable modifications in the design 
of surface ships, although we are in entire agree- 
ment. with the official view that the complete 
abolition of the latter by either of the former is 
a very. remote contingency. 

Other items ineluded under the heading of con- 
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tract work are 609,500l. for propelling machinery, 
342,000/. for auxiliary machinery, 195,000l. for hull 
construction, 184,000/. for armour, 978,500l.. for 
repairs and alterations, -175,0001. for inspection, 
384,4101. for gun mountings and air-compressing 
plant, and 622,365/. for machinery for shore estab- 
lishments. Most of these items show considerable 
reductions in comparison with those for the current 
year, owing to the fact that the new construction 
in hand is now approaching completion, as also 
is the work of re-conditioning ships employed on 
naval service during the war. The item for repair 
work, above mentioned, is less by 3,521,500/. than 
that expended during the current year. _ A separate 
vote of 6,726,0001. is required for naval armaments, 
which is less by 1,182,400/. than the sum expended 
during the financial year 1920-21. This vote is 
divided into two main parts, the first of which 
amounts to 2,024,628/., and is required to cover 
the cost of administration and maintenance of 
naval armament establishments at home and abroad, 


while the remaining sum of 4,744,689/. is needed | 


for the purchase and repair of guns, projectiles, 
ammunition, torpedoes, mines, small arms, &c., as 
well as for inspection work, proof, experiments, &c. 
The only other votes exceeding 1,000,000/. are 
required for works, buildings and repairs (5,836,6001.) 
miscellaneous effective services (2,725,0001.) Ad- 
miralty office (1,752,800/.) and three votes for non- 
effective services, such as half-pay, pensions and 
civil superannuation, which together amount to 
6,913,7001. There are, however, five other votes for 
medical establishments, civilians employed on fleet 
services, the educational and scientific services and 
the Royal Naval Reserves; these amount to 
2,604,600/. in the aggregate. , 

Another matter of interest in connection with the 
estimates is referred to in the Memorandum accom- 
panying them, and that is the decision to suspend the 
naval airship service. This was mentioned in 
Mr. Churchill's statement explanatory of the Air 
Estimates recently submitted to the House, but 
it is rather surprising to learn that the decision is 
due to the Air Ministry and is acceded to by the 
Admiralty with reluctance. The naval authorities 
were, it seems, informed by the Air Ministry that 
motives of economy would compel the latter materi- 
ally to reduce the provision for heavier-than-air 
craft unless the airship service were suspended. 
The Admiralty felt that they could not accept the 
former alternative since aircraft of the heavier- 
than-air type were essential to naval efficiency and, 
moreover, the naval votes were heavily committed 
to that class of aircraft in the provision of aeroplane- 
carrying ships. In view of the very useful work 
performed by airships during the war, the decision 
to abandon their use appears to us to be highly 
regrettable, and although we fully realise the pressing 


need for national economy, there are other directions | 


in which it might be practised to better advantage. 

Considerable economies are also to be effected 
at the Royal Dockyards, where 56,000 men are 
employed at. present. In the new financial year 
it will only be possible to find continuous employ- 
ment on full time for 43,000 men, and the gradual 
discharge of the surplus cannot be avoided. It is 
also proposed e¥entually to close down Haulbowline 
and Pembroke Dockyards, since the total number of 
seven home dockyards will exceed the reduced 
requirements of the fleet. No more naval work will 
therefore be put in hand at either of the above- 
mentioned yards, and it is expected that the first- 
mentioned will be closed down during the next 
financial year. Repayment work in hand at Pem- 
broke will, however, be completed there, and the 
closing of that yard will, therefore, not be com- 
pleted until the following year, 1922-23. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE spring meeting of the Institution of Naval 
Architects commenced on Tuesday last with a 
reception by the president, the Right Hon. the 
Earl of Durham, K.G., G.C.V.O., and Council at the 
Royal United Service Institution, Whitehall. This 
function was held at 9 p.m., and was well attended 
by members and friends. As already announced 
in our columns a change has been introduced in the 
meetings this year. Instead of these being held 


at the house of the Royal Society of Arts as in 
previous years, this year the lecture theatre at the 
Royal United Service Institution has been utilised 
for the purpose, by the permission of the council 
of that body. Although the former venue was 
convenient, and the accommodation large enough 
for many of the audiences, it must be admitted 
that sometimes the Royal Society of Arts hall was 
inconveniently crowded, and the change will un- 
doubtedly be appreciated at the times of important 
papers. 
REPORT OF THE COUNCIL. 

The proceedings on Wednesday opened at 11 a.m. 
with the presentation of the Report of the Council, 
the Earl of Durham being in the chair. The report 
stated that there had been a net increase in the 
number of names on the roll, of 300. The finances 
were satisfactory, though the balance of revenue 
over expenditure was less than in preceding years. 
The Institution had held, in 1920, a summer meeting 
in Liverpool, which was well attended. (This was 
recorded in our columns at the time.*) The Council 
were bringing forward proposals with regard to the 
modification of the present rules of admission to 
membership, in the direction of requiring, after 
1926, proof of certain educational qualifications, or 
alternatively seven years in a responsible position. 
The following scholarship awards had been made 
in 1920: Naval architecture—Martell scholarship, 
Mr. H. K. Rodgers; Vickers’ scholarship, Mr. E. 
Smith ;. J. 8. White scholarship, Mr. C. A. Oakley ; 
Hawthorne Leslie scholarship, Mr. E. F. Craggs ; 
Denny scholarship, Mr. J. A. Bennett. Marine 
engineering—R. L. Scott scholarship, Mr. A. 
Cameron; Denny scholarship, Mr. F. R. Topping. 
Post. Graduate Research—Royal Commissioners for 
1851 Exhibition, Mr. E. V. Telfer; Sir William 
White, Mr. A. Fletcher. The latter was awarded 
for the first time. Sir Alfred Yarrow had con- 
| tributed 5201. to make up to 100/. the annual value 
| of the scholarship endowed by him in 1905. Lord 
Weir had offered a scholarship in marine engineering’ 
|(value 1507. per annum) tenable for three years. 
This will be competed for this year. 

The British Marine Engineering Design and 
Construction Committee had issued recommenda- 
tions for the rules relating to cylindrical boilers and 
shafting, and was at present engaged in considering 
the question of water-tube boilers. The Froude 
Tank work had been supported by a number of 
firms. Over 1,200 volumes on shipbuilding, the 
property of the late Mr. C. 8. Scott, had been loaned 
by his trustees to the Institution, and had been 
temporarily added to the library. This loan 
formed part of the library of the late Colonel John 
Scott, C.B., Vice-President of the Institution. 

The annual gold medal had been awarded for 
1920 to Engineer-Commander H. B. Tostevin, 
D.8.0., R.N., for his paper on “* Experience and 
Practice in Mechanical Reduction Gears in War- 
ships.” The annual premium had been awarded to 
Mr. ©. Frodsham Holt, M.Eng., for his paper on 
“The Efficiency of Propulsion of Full-Sized Ships.” 

PRESENTATION TO THE Eart or DurRHaAM. 

After the adoption of the report, Sir Archibald 
Denny presented, on behalf of the Council, the 
original sketch by Mr. Bernard Gribble of the 
Sinking of the German Fleet at Scapa Flow. 
Sir Archibald stated that the Institution differed 
from others in not having a professional president. 
Theirs were usually drawn from the Upper House, 
and often from the Senior Service, the Earl of 
Durham having been connected with the latter. 
Their president had dealt with ease with the highly 
technical problems coming before him. The Ear! of 
Durham had been elected president at the beginning 
of the war, and his work had not been made easier 
by the developments which followed. He asked 
him to accept the above named picture as a token 
of appreciation on the part of the Council. 

In reply, the Right Hon. the Earl of Durham 
expressed his thanks for the gift, which he thought 
recorded a most appropriate subject, which would 
always remind him of the period of his presidency, 
when so much depended upon the Royal Navy and 
mercantile marine. The studies of their naval 
architects and marine engineers had been put to the 











* See ENGINEERING, Vol. cx., pages 53,85 and 101, 





test during that time. His labours had not been 
onerous owing to the Institution’s excellent council 
and secretary. The Liverpool meeting he thought 
characteristic of the cheerful tone existing inside 
the Institution as a body. He had not attempted 
te pose as an expert, but had endeavoured to enter 
into the harmonious life of the Institution, and was 
glad to think he had made many friends in it. 
His final duty was to the election of 
His Grace the Duke of Northumberland as president. 


PRESIDENTIAL ADDRESS. 

This having been agreed, the Earl of Durham 
relinquished the chair in favour of the Duke of 
Northumberland, who in acknowledging the honour 
made a brief address, which we summarise as 
follows: He appreciated, he said, the honour of 
representing the Institution, and being asked to 
follow so distinguished a line of past-presidents ; 
he also realised the responsibilities involved in his 
acceptance of the position. The institution was 
in a flourishing condition, but in the industry .it 
represented, the prospects of a year ago had not been 
fulfilled. Most people expected a period of 
depression after the war, but the suddenness with 
which it had come was a surprise to many. It had 
been hastened by a number of factors which were 
really not connected with the war. The dislocation 
of Central Europe and.other factors were, of course, 
directly attributable to the war, but he did not 
believe that the present ferment in the ranks of 
labour was really due to the war. The post war 
optimism took many forms, but in the ranks of 
labour it took the shape of the idea that economic 
laws could be swept away. It would not be long 
before the last vestige of Government control 
vanished. Labour was also beginning to realise 
that nationalisation as acce before the war, 
was not likely to be successful. The unrest in. the 
mining industry was at the root of much of the 
trouble, and it was satisfactory to know that efforts 
were being made in the direction of giving labour 
a share of the profits. He thought the care of 
those engaged in that industry, should be made a 
charge upon the industry, As regards naval policy, 
we had not always been first in inventive science, 
but we had been always pre-eminent in the higher 
wisdom which enabled us to adopt the means. to the 
end. 

ELECTION OF OFFICERS. 


As a result of the ballot, it was announced that 
the following had been elected Members of Council 
of the Institution: Sir Westcott 8. Abell, K.B.E., 
Mr. C. E. Allan, Mr. G. 8. Baker, O.B.E., Sir G. J. 
Carter, K.B.E., Mr. A. Cleghorn, Mr. W. H. Dugdale, 
Sir J. McKechnie, K.B.E., Professor J. J. Welch, 
Engineer-Commander W. N. Winsom, R.N.(ret.). 
As Associate Members of Council: Rear Admiral 
Sir D. Brownrigg, Bart., the Most Hon. the Marquis 
of Graham, C.B., C.V.0., Sir Robert A. Hadfield, 
Bart, F.R.S. 


PRESENTATION OF MEDALS. 

After other business the annual gold medal and 
the premium were presented respectively to 
Engineer-Commander H. B. Tostevin and Mr. G. 
Frodsham Holt, in accordance with the announce- 
ment in the report. 


German Warsuip Desien. 


The first two papers to be presented to the 
meeting both related to German warship design, 
one entitled ‘‘ Notes on Some Features of German 
Warship Construction,” by Sir Eustace T. d’Eyn- 
court, K.C.B., F.R.S., Vice-President of the Institu- 
tion, and the other, on “ The Ex-German Battleship 
Baden,” by 8. V. Goodall, M.B.E., R.C.N.C. These 
papers will be found elsewhere in this issue. In 
view of their kindred nature the president announced 
that they would be discussed together, and they 
were then read by their respective authors in the 
order mentioned. 

The president then called upon Admiral Sir 
Frederic Tudor to open the discussion. After 
expressing his appreciation of the papers themselves 
Admiral Tudor said that Sir Eustace d’Eyncourt had 
done a great service in throwing light upon the vexed 
question of the comparative merits of German and 
British design. During the last few years there 
had been a great deal of ill-informed and unjust 
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criticism of British naval ships. The speaker was 
entirely unprejudiced in the matter because all 
battleships previous to H.M.S. Hood had been 


designed and put into commission before he was 
called to the Admiralty at the beginning of the 
war. It was instructive to note that there had 
been considerable criticism of their own ships by 
German Admirals, so that there was evidently a 
certain amount of dissatisfaction on both sides. 
Probably there was, on the whole, little superiority 
on either side, but it seemed that what there was, 
existed on our own side. It had to be remembered 
that the rival ships were designed from different 
points of view. British vessels were built so as to be 
able to keep the seas in all weathers and to be a real 
floating home for their personnel. The German 
vessels were constructed with the object of being 
able to make short “ tip and run ” excursions in the 
North Sea, remaining in port the rest of the time. 
When in port the crews did not remain on the ships, 
but lived in barracks and used the vessels merely 
for drilling purposes. The result was that the men 
declined in morale, with the result which we all 
know. 

Admiral Tudor wished to accentuate Sir Eustace 
d’Eyncourt’s remark about the hiatus in the design 
of British battle cruisers which followed the develop- 
ment of the fast battleships of the Queen Elizabeth 
class. This made it appear that we were at a 
disadvantage. Another very significant statement, 
in view of modern controversy, was that with the 
exception of the Lutzow, which was first disabled 
by gunfire, no modern capital ship of either side 
was destroyed by torpedo. This fact must have 
ite bearing on our future naval policy. The speaker 
would also remind the meeting that with the 
exception of a small piece of 6-in. shell which pierced 
the Barham, no German shell had ever succeeded in 
penetrating our magazines. 

With regard to destroyers, one of the troubles 
was the continued demands which were made 
involving an increase of weight. This went on until 
the limit appeared to be reached. The speaker 
suggested redesigning the “C” class, adding 
another 6-in. gun and getting the best speed possible 
under the circumstances. Then the “D” class 
were evolved, and he had not heard much criticism 
of them. An interesting story might be told of the 
inception of the Courageous, Glorious and Furious. 
The late Admiral Sir John Fisher had come into 
the speaker’s room at the Admiralty one day 
early in the war, when hostilities were not expected 
to last more than about six months, and had said 
that the Exchequer had agreed to sanction the 
construction of two light cruisers. Lord Fisher 
had said that the Exchequer had not made any 
stipulations about the size of the cruisers, so ‘“‘ We 
will build whoppers, with 15-in. guns, and blow 
the Germans right off the sea.” The armament 
of our torpedo-boat destroyers had always been 
ahead of the Germans, and the same was true as 
regards speed. One of our difficulties had been the 
variety of characteristics demanded of these boats. 
During the war, the Dover fleet had asked for 
destroyers of the fastest possible type, suitable 
for “ tip-and-run ” work. Scapa Flow had insisted 
that a necessary qualification was that the boats 
should be able to stand heavy weather in the North 
Sea, while Harwich had wanted something between 
these two extremes. Moreover the continual 
addition of new devices to the vessels made it very 
difficult for them to maintain their designed speed. 

In the matter of submarines we had a good deal 
to learn at the beginning of the war. We depended 
on one firm for engines, and we only developed 
100 brake horse-power per cylinder as against the 
300 brake horse-power per cylinder of the German 
engines. When Lord Jellicoe asked Lord Fisher 
to.give him submarines able to accompany the 
Grand Fleet, he set a very difficult problem, but 
we eventually produced submarines capable of 
a surface speed of 19 knots. The “J” class was 
obtained by adding four more cylinders to the 
original eight, and the crankshaft thus had to carry 
50 per cent. more stress, but the design was satis- 
factory. With three sets of engines we attained 
1,600 brake horse-power and a speed of 19 knots. 
The “K” class, which relied on steam for surface 


nearly the practical limit of useful submarine 


vessels. During the first three years of the war 


~we had practically built another Navy and the 


country should be proud of the technical officers 
who so ably responded to the demands made upon 
them. 

Sir Philip Watts was the next contributor to the 


‘discussion, his remarks being read to the meeting 


by Sir William Smith. He considered that the 
papers formed a great addition to our knowledge 
of German and British ships. A large part of 
Sir Philip’s remarks were devoted to the question 
of protecting ships against torpedo attack by means 
of bulges. A bulge only afforded protection, in 
his opinion, by increasing the beam of the vessel, 
it however had the advantage that it was always in 
place and ready, and gave no trouble to anybody. 
A removable shield might be used for protection 
when at anchor or moving at a slow speed. Sir 
Philip advocated vertical sides to a ship, and thought 
that a bulge was not essential if vessels had sufficient 
beam and side protection. He did not concur in 
the view expressed by Sir Eustace d’Eyncourt 
that the “Invincible” class was becoming obso- 
Jescent when the ‘ Indefatigables’’ were ordered. 
The addition of the three ‘“‘ Indefatigables ’”’ made 
a homogeneous fleet of six vessels, which was a very 
useful unit. 

Admiral Chatfield, who spoke next, said that 
German matériel had often been held up to praise 
as an example of what matériel should be, but the 
post mortem on German battleships carried out by 
Admiralty experts showed that we had had very 
little to learn from our late enemies. Sir Eustace 
d’Eyncourt had said that the modern battleships 
represented the outcome of half a century’s efforts 
in naval design, and he stood there to defend the 
work of his predecessors and of his own department. 
It was gratifying that he could have come to the 
conclusions which he had expressed to them. 
When we consider that two opposing nations had 
been making such efforts for many years to conceal 
details of design from each other, it would be sur- 
prising if all the good points had been found on one 
side. 

However, it was pretty clear that Great 
Britain had always led the way in naval design, and 
it was far more difficult to initiate new ideas than 
to improve upon other people’s. Critics of naval 
design and policy were, unfortunately, not required 
to produce their credentials, and it was quite easy 
for an “ancient mariner” to pose as up-to-date 
in all modern questions. We had recently seen 
violent and irresponsible attacks on Admiralty 
policy, to which the well-informed person knew 
there was a complete answer. The Admiralty was 
held up to ridicule as peopled with old men sitting 
in moth-eaten armchairs in an atmosphere of dust 
and cobwebs and holding tenaciously to archaic 
principles. Yet from that building we had had 
our Dreadnoughts, fast battle cruisers, “‘K”’ type 
submarines, torpedo-protection devices, &c. We 
led in the armament of capital ships. All this was 
due to the initiative, resource, and even audacity 
of the Admiralty, and this Department of State 
deserved the full confidence of the country. It 
gave us the battleship with 15-in. guns two years 
before the Germans had the Baden. New ships 
were about to be laid down, and the country should 
understand that the money it was asked to spend in 
these days of financial stringency, was not to be 
spent uselessly but was required adequately to meet 
the requirements of the day in the light of the lessons 
of the war. 

Commander E. 8S. Land, of the United States 
Navy, expressed his pleasure at hearing the papers 
and hoped that the facts contained in them would 
be of some use in contradicting the fiction respecting 
German warship design which was served out to the 
British and American non-technical public. He 
remarked humorously that the first paragraph in 
Sir Eustace d’Eyncourt’s paper hardly seemed to be 
in accordance with the traditional modesty of 
Englishmen, but he was very glad to believe that 
it was really true. It was a great defect of both 


branches of the Anglo-Saxon race that they always 
were too prone to believe in the superiority of 
foreigners, possibly because many things looked 





travelling, far surpassed anything the Germans 
had produced, and they were-likely to prove pretty 


more attractive when seen from a distance. The 


superiority, and they would be hardly palatable 
for German consumption. It was possible that 
some attempted answer would be forthcoming in 
the German press. 

Commander Land doubted very seriously whether 
the German ships would make at all good gun 
platforms, if they had to go into action in the North 
Atlantic. British and American knowledge of open 
sea conditions made one very doubtful of the 
behaviour of the German ships under such circum- 
stances. With regard to the lighter scantlings 
generally adopted by the Germans, was it possible 
that the quality of the German steel had anything 
to do with this? In Mr. Goodall’s paper the 
analyses given showed exceptionally low contents 
of sulphur and phosphorus and an absence of other 
injurious constituents. Steel makers both in Great 
Britain and in the United States should try to equal 
or surpass anything that the Germans could do. 
The speaker thought that the Germans had gone in 
for mass production and standardisation of sub- 
marines to a greater extent than would be gathered 
from Sir Eustace d’Eyncourt’s paper. It was 
pretty hard to force builders to conform to standards 
which were contrary to their own practice, but the 
Germans had brought great pressure on the 
Austrians with regard to standardised construction 
at Pola, and had even sent their own officers to 
enforce it. 

The speaker did not think that submarines would 
displace battleships, but their depredations kept 
the Allies well occupied during the war, and this 
point needed emphasis “lest we forget.” When 
discussing the Hood a year ago he had been puzzled 
whether to regard that vessel as a battleship or a 
cruiser. A eertain “ theoretical midshipman ” had 
said that a “battleship was no damned use,” so 
he now knew that the Hood was not a battleship, 
as she certainly was one of the most useful ships 
afloat. 

Sir John Biles valued the papers as giving a 
summary of the views of the British Admiralty on 
the relative merits of British and German ships. 
Sir Eustace d’Eyncourt had no doubt tried to be 
impartial, but it was quite possible that the Germans 
might attempt to make out a better case for them- 
selves. Some of the differences between the 
practice of the two countries was perhaps not 
sufficiently appreciated. There was a very great 
difference between the 300 brake horse-power per 
cylinder of the German Diesel engines and the 
100 brake horse-power per cylinder of our own. 
It would be interesting if we could be enlightened 
as to the cause of our limitations in this respect. 
Could we not build engines to develop 300 brake 
horse-power per cylinder. As to the speed-power 
curves given in the paper on the Baden, he would 
like to know whether the curve for the Royal 
Sovereign included the effect of the bulges. Sir 
Eustace d’Eyncourt said that the reason for the 
difference between the vessels lay in the form of 
their ends. To make a fair comparison the resist- 
ance due to the bulges should be added to the 
resistance without bulges. 

The stresses the Germans had allowed in their 
ships were of interest to all engineers, and also to 
classification societies. There had been for some 
years a standard of stress established both by the 
Admiralty and in the merchant marine. In some 
cases it was not strictly obeyed, nevertheless the 
ships proved successful in practice. Such experi- 
mental determination of permissible stress was very 
valuable. If there had been no trouble with the 
German ships, then we could no doubt adopt higher 
stresses. As to the question of mounting the guns, 
it was interesting to note that the first Royal 
Sovereign of all, a wooden cut-down ship, had 
four or five turrets on the centre line, so that all 
could be fired on either broadside. The speaker had 
been instrumental in preventing a light cruiser of that 
type being built in the ‘eighties. This was designed 
by M. Bertrand for the Japanese Navy, and tenders 
were asked for its construction in this country. 
Sir John Biles had succeeded in persuading the 
Japanese that the type was unsuitable, and as a 
consequence he had secured the contract for an 
alternative design for his own firm. He now thought 
that the central turret system was the best for 
light cruisers. 





papers had punctured the bubble of German 


The present method of determining the type of 
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ships for the British Navy was for the Board of 
Admiralty to submit its proposals to the Imperial 
Defence Committee who decided on the type to be 
provided to meet the case. In the past it was 
found difficult to keep naval architects up to pitch 
in matters of design. The Admiralty are fully 
informed as to requirements and have all the 
pertinent facts before them, so that they are able 
to come to wiser conclusions. It was to be hoped 
that Sir Eustace d’Eyncourt’s work would bring the 
Institution up to the required pitch of knowledge, 
so that they might give a valuable and matured 
opinion as to what should be done. Referring to 
the uninformed criticism of the Admiralty policy, and 
more particularly to the “‘ theoretical midshipman ”’ 
who spoke contemptuously of battleships, Sir John 
Biles said that the remark certainly appeared 
worthy of the mind of a midshipman, although this 
might be associated with the body of an admiral. 

Commander Bassett said he had officially visited 
all main German shipyards and had inspected most 
of the German ships at the time of the armistice. 
He had travelled in company with various officers, 
and their views were often at variance. As regards 
the docking facilities possessed by Germany, it was 
almost necessary to have seen them to believe in 
them. At Kiel alone he had seen 20 floating docks, 
not counting graving docks, and similar equipment 
could be found at other ports. An interesting side- 
light on the moral of the German Navy was that at 
Wilhelmshaven photographs of the Seydlitz steam- 
ing away from the British with her decks on fire were 
on sale, as were other photographs showing detailed 
damage done to their vessels. He had discussed 
the question of the subdivision of the German ships 
with their naval officers. In the Lutzow, which was 
sunk by gunfire, this subdivision was carried to 
such an extent that men had to be abandoned to 
their fate when the vessel went down. Men were 
left, for example, in the dynamo room, and they 
were merely wished goodbye through a speaking 
tube and informed that the ship was sinking. 

The adherence of the Germans to the use of coal 
as fuel might be thought surprising. The reason, 
however, was due to necessity rather than choice. 
The oil shortage was extremely acute, and the 
thorough destruction of the Roumanian wells by 
the British just before the Germans obtained 
possession of them was a bitter disappointment. 
Even for lubrication, oil was practically unobtain- 
able. The only oil that could be got had to be 
distilled from coal, and in one works lubrication of 
the machinery was effected by means of an emul- 
sion of such oil with 95 per cent. of water. Too 
much importance must not be placed on the fact 
that Germans worked to higher stresses than British 
engineers. There had been numerous cases of col- 
lapse of the highly-stressed German structures. In 
the case of the Berlin overhead railway, the. first 
train had shown up the weakness of the structure 
and now the line was propped up with timber 
struts for a length of 3 miles. 

The Germans did not appear to have initiated 
anything useful in design, but took a vast amount 
of trouble, often useless and costly, over details. 
Some of their torpedo bulkheads work was pheno- 
menally expensive, and it was a source of wonder 
how it could ever be fitted up. The armour belt of 
the Baden was thicker than ours and a plate struc- 
ture had been built up, as illustrated in the paper, 
to carry it. The Germans considered that cutting 
the main structure made the stresses too high. 
They also did more armour-plate machining than 
we did, thus facilitating erection. As regards 
subdivision, in some,of their later ships some of the 
openings in the bulkheads had been done away 
with. 

The German views of the function of their torpedo 
boats changed during the war, and they concentrated 
on the production of boats with large guns and large 
torpedo tubes, suitable for enterprises of the “ tip- 
and-run” nature. This led to the evolution of the 
S 113, but the officer of that boat had told the 
speaker that she was really a light cruiser and that 
he preferred the B 9 which he had previously com- 
manded. Fottinger transformers had both their 
advocates and their detractors. The Germans were 
now firm believers in mechanical reduction gear a6 
used in the British Navy, and were putting it in all 
their ships. Krupp’s had put down a large new 





plant for gear cutting along English lines. At the 

inning of the war the Germans had 28 submarines 

of which 21 were in commission. By the end of 

the war they had constructed 340, and their pro- 
was to have built 810 by June, 1920. 

It was partly due to the submarine that the 

German High Sea Fleet had come to such a miserable 


.and shows that it has no tendency to distort since 
the bending moments vanish at all points of the 
cireumference. An analysis of the loading is also 
given and the limiting depths calculated for circular 
forms. The bending moments in non-uniform 
circular sections and in non-uniform, non-circular 
sections are calculated, as aJso are those in elliptical 


end. The construction of submarines got ahead of 
the provision of personnel and the best officers were 
withdrawn from the High Sea Fleet to man the 
submarines. This denuded the fleet of its best men 
and its morale rapidly sank to zero. The decision 
to take up unrestricted submarine warfare was come 
to during the winter of 1916-17, when the food 
situation in Germany was at its worst and the people 
were desperate. The great thing was to hold out 
some hopes of finishing the war quickly and the 
nation clutched at a straw. Commander Bassett 
had been much impressed by the evidence he had 
seen that as regards productive capacity, audacity 
and initiative we were ahead the whole time. The 
war was a contest between individual merit and 
organised system. The former stood the test and 
the latter did not. 

In reply to:the discussion Sir Eustace d’Eyncourt 
thanked the members for the reception accorded to 
the paper by Mr. Goodall and by himself. He 
appreciated the remarks of Admiral Tudor, having 
had the honour of working under five different 
controllers and always without friction. Sir Philip 
Watts had raised the question of bulges, which, 
however, hardly arose out of the paper. It might 
be useful to remark that we had five vessels all of 
the same design, namely that of the Hawke. When 
the Hawke was torpedoed in 1914 she went down 
with great loss of life. The other four vessels then 
had bulges fitted to them. Three were subse- 
quently torpedoed, but all got home safely. “‘ The 
proof of the pudding was in the eating.” It was no 
new thing to make ships with that form, but it 
enabled gases from an explosion to be dispersed 
on the outside of the ship and no loss of life or serious 
damage would occur. Commander Land, U.S.N., 
had jokingly referred to a certain want of modesty 
in making comparison between British and German 
ships, but he was glad that the conclusions had not 
been the other way. As regards the question of 
stresses, they had been computed on the same basis, 
i.e., regarding the ship as a girder resting on waves 
of the length of the ship from crest to crest. He 
always kept the maximum stress, on this assump- 
tion, below 10 tons, which is about that allowed for 
an Atlantic liner. He did not think the factor of" 
safety too high ; a margin was necessary as one did 
not want a ship to break her back in battle on 
account of some minor damage. As regards the 
power of our Diesel engines, this was 100 brake 
horse-power per cylinder at the beginning of the war, 
and it seemed wiser to stay with what we were sure 
of rather than run any risks. The quality of 
German steel did not differ materially from our own 
at the beginning of the war, but possibly on account 
of the difficulty latterly of obtaining nickel and other 
alloys, their quality had greatly fallen off. The 
German armour was certainly not up to our standard. 
Firing trials had been carried out with the Baden as 
a target, and she would not stand up to our own tests. 
We used to use Krupp steel, but had now improved 
on the original. 

After a few appreciative remarks by Mr. Goodall, 
the meeting adjourned till the afternoon. 


forms. . 


Professor J. J. Welch, the first speaker in the 
discussion which followed, said the paper represented 
an immense amount of thought and investigation, 
but did not lend itself well to discussion. He 
greatly appreciated the way in which the author 
had tackled the problem of calculating the stress 
in the awash condition. The solution, he said, 
was very elegant, and was much more i 
obtained by the author’s method than by the 
method of least work. Referring to some results 
tabulated in the paper for two typical cases, the 
speaker pointed out that these showed that the 
author’s contention was correct, since for small 
immersion the percentage error was very con- 
siderable, but diminished at greater depths. For 
these cases the ordinary assumptions gave a 
sufficiently good approximation. 

Mr. W. E. Noble, who followed, said he wished 
to refer to a statement in the paper to the effect 
that “for equal depths, the weight of structure 
varies as the submerged displacement.” This, he 
said, had an important bearing on the question 
of the limitation of the size of submarines. As the 
size of submarines was increased, it became necessary 
for them to be able to descend to greater depths 
with safety, but the above statement showed that 
the ratio of the weight of structure to the total 
weight was constant. From this it followed that 
for a larger boat at a greater depth the ratio 
increased. The rate of increase, he added, varied 
with the increased depth. Considering questions 
of longitudinal stability and control in the vertical 
plane, the speaker said it seemed ‘fair to assume 
that the safe diving depth should vary directly as 
the linear dimensions of the submarine, and this he 
demonstrated mathematically on the blackboard. 
He also demonstrated that the ratio of the weight 
of structure of a large submarine to its displacement 


was equal to ./n times the same ratio for a.small 
submarine, where » equals the ratio of the linear 
dimensions. This he illustrated by a practical 
example using the particulars of a German sub- 
marine published in Schiffbau.. The results showed 
that, in the case of a large submarine, a large increase 
in the proportion of the displacement was required 
for the hull, and consequently there was a con- 
siderable diminution of the weight available for 
machinery and armament. This, he said, pointed 
to a limitation in the size of submarines, apart from 
the question of the difficulty of handling the larger 
boats. The speaker also referred to the formula 
for collapsing pressure given in the paper, and 
mentioned that he had worked out a case for a 
German submarine by this formula and found the 
maximum depth to be 92 ft. The Germans stated, 
however, that the actual maximum depth obtained 
was 246 ft., which indicated that the bulkheads 
must modify the conditions considerably and that 
the theoretical formula could not be applied directly 
to determine the safe depth. 

Mr. H. G. Williams, who spoke next, complimented 
the author on his paper and expressed regret that 
he, the speaker, had not had time to study it in 
detail. He was familiar with Professor Marbec’s 
paper referred to by the author, but had heen unable 
to verify one of the fundamental propositions it 
contained. He agreed that the author’s method 
of calculation had the advantages over Dr. Bruhn’s 
more general method, based on the principle of Jeast 
work, that the processes were visible, and the 
calculations less intricate and more accurate. 
Calculations by the method of least work, he found, 
usually gave different results when made by 
different persons, which was due to the fact that 
the results depended on the difference between two 
large quantities. The author’s method, the speaker 
pointed out, depended on the proposition proved 
in an appendix to the paper that the variable head 
did not produce bending moments on a circular 
section provided that the section was waterborne 


Tue StreNoTH oF SUBMARINES. 


On resuming in the afternoon the chairman 
called upon Mr. W. R. G. Whiting to read his paper 
on “The Strength of Submarine Vessels.” This 
paper, which can hardly be abstracted, will be 
reproduced in full in a later issue, but we may 
explain that its object is to trace the broad effect 
of variations both in shape and in disposition of 
structure of submarine vessels, and in order to 
obtain the quantitative data indispensable in the 
early stages of a design, a fairly complete analysis 
of elliptical forms has been worked out. The 
author's methods are, in part, an application of 
the principles enunciated in Professor Marbec’s 
contribution to the Transactions of the Institution 
in 1911, but several of the results he believes to be 
original. He first takes the case of a circular 








section of uniform scantling just floating in water,’ and that the weight was uniformly distributed. 
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It was, however, only true in these circumstances, 
and it was important to keep this in mind. 

Mr. P, A. Hillhouse also expressed appreciation of 
the paper; and mentioned that during the war he had 
served on a committee appointed to consider the 
question of the construction of some large sub- 
marines. The difficulty they had experienced in 
getting satisfactory results from the strength point 
of view, he said, would have been greatly lessened 
by the author’s method of calculation. There was, 
he pointed out, a great difficulty in handling large 
submarines, but he was glad to say that British 
officers had, in all cases, expressed their willingness 
to try. In conclusion the speaker explained, with 
the aid of a diagram which he drew on the black- 
board, the effect on the problem of the variation 
of the water pressure with the depth of immersion, 
but we regret that we are unable to reproduce this 
diagram. 

The last speaker, Mr. E, V. Telfer, who was heard 
with difficulty, referred to some later papers by 
Professor Marbec which, we understood him to say, 
covered some of the points claimed by Mr. Whiting 
to be original. Mr. Telfer also criticised a number 
of points in the paper and called attention to some 
printer’s errors. 

In replying to the discussion the author thanked 
the various speakers and said he proposed to refer 
to one or two matters only, leaving the others to be 
replied to later in writing as the points raised were 
difficult to grasp. With regard to collapsing 
pressures, he thought valuable information might 
be obtained experimentally by making depth trials 
on hulls, as this would show what actually happened 
as the depth was increased. The proposition in 
Professor Marbec’s paper referred to by Mr. 
Williams, he thought might be proved by assuming 
it to be true and showing that the resulting equations 
were similar to those obtained by the principle of 
least work, Further proof could be obtained from 
cross curves and by graphical methods. In answer 
to Mr. Hillhouse’s remarks on the depth required for 
handling large submarines, he said experiments 
were very desirable. The depth of water for which 
such boats had to be designed, was much greater 
than appeared at first sight to be the case, since 
they were very difficult to control. To Mr. Telfer’s 
remarks he regretted that he was unable to reply 
until he had seen them in writing. 

After passing a vote of thanks to the author the 
meeting adjourned. 


Tae ANNUAL DINNER. 


The annual dinner, which was held on the evening 
of the 16th inst. at the Connaught Rooms, Great 
Queen-street, was a very successful function, some 
600 members and guests assembling. The chair was 
taken by the President, the Duke of Northumberland, 
who, after the loyal toasts, proposed the ‘‘ Royal 
Navy.” This toast was responded to by the First 
Lord, the Right Hon. Lord Lee, who made it quite 
clear that the Government had no idea of abandoning 
the capital ship. The toast of “His Majesty's 
Ministers’ was proposed by the Right Hon. Sir 
Henry Duke, and responded to by the Right Hon. 
H, A. L. Fisher, President of the Board of Educa- 
tion. Other toasts followed, the final speech being 
made by Sir Owen Philipps, who responded for 
“The Mercantile Marine.” 


(To be continued.) 





NOTES. 
PRESENTATION OF THE ALBERT MEDAL TO 
Proressor A. A. MICHELSON. 

Ix the absence of the Duke of Connaught, 
President of the Royal Soc'ety of Arts, Mr. 
Allan A. Campbell Swinton, F.R.S., Chairman of 
the Councilfof the Society, last Monday presented 
the Albert medal of the Society to Professor Albert 
Abraham Michelson, Professor of Physics at the 
University of Chicago since 1892. As recipient of 
this—the highest distinction which the Society of 
Arts can bestow—a distinction which Prince Albert 
instituted in 1862—Professor Michelson becomes 
the successor of Faraday, Kelvin, Crookes, J. J. 
Thomson, Pasteur, Metchinkoff, Lord Armstrong, 
Sir Charles Parsons, James Buchanan Eads, Alex- 
ander Graham Bell, and Orville Wright, as well as 
of many highly distinguished men of all classes. 





For the medal is conferred, as Mr. Swinton ex-' 
plained, for “distinguished merit in promoting 
Arts, Manufactures or Science.”’ The selection of 
Professor Michelson for this honour was particularly 
appropriate. As early.as 1774 the Society, anxious’ 
to secure the permanency of standard measures, | 
offered a gold medal for an invariable standard of 

That medal was never conferred, but in’ 
1893 Professor Michelson suggested that the length. 
of the standard metre should be stated in terms of 
wave-lengths of light, so that it could be re.’ 
established even if all specimens were destroyed | 
The particular unit adopted was the wave length 
of the red line of cadmium. Professor Michelson 
is already possessor of the Copley medal of the 
Royal Society, of the Rumford medal and of the 
Nobel prize. The Michelson-Morley experiment has, 
moreover, been much discussed of late in connec- 
tion with Einstein’s theory of relativity. We under- 
stand that Professor Michelson is about to repeat 
that fundamental experiment, and those who were 
able to hear his Guthrie lecture at the Physical 
Society last week, will understand how he can 
manage to make the apparently impossible possible. 
Professor Michelson was born at Strelno, in the then 


Prussian (now Polish) district of Bromberg, on 


December 19, 1852; he was taken when quite 
young to America, and was educated at the United 
States Naval College, and at the Universities of 
Berlin, Heidelberg and Paris. 
Tse InstiruTiIon oF Eneinzers (INprA). 

The Institution of Engineers (India), the in- 
auguration of which was recently recorded in these 
columns, is intended to embrace engineers following 
the civil, mechanical and electrical branches of the 
profession. It has been found that in a country 
so large as India, with its relatively small European 
population, it is very difficult to work successfully 
local branches of the home institutions so to make 
them influential bodies. It is considered that a 
combined body covering all branches will in this way 
be much more effective than several disconnected 
sections, and it is partly the hope that the forma- 
tion of the new Institution will assist in raising 
the status of the profession in India, that 
has led to its coming into being. The new body is 
the outcome of a widespread movement. It is 
no secret that members of many of our institutions 
have complained that little is done for members 
abroad. At the same time the institutions at home 
have realised how very difficult it is to run branches 
in such a country as India, and we believe as a 
consequence, the new body has been formally 
welcomed into existence by the older societies. 
The new organisation will have its own local associa- 
tions, consisting in some cases of local centres of 
existing bodies, and provision will be made so that 
it will be possible for men without sufficient quali- 
fications to rank with members of the older British 
institutions, being able to join a local associa- 
tion at a reduced subscription, not benefiting, of 
course, under these conditions to the same extent 
as a fully-qualified member. Associates will be 
admitted from allied industries. A certain number 
of associates, and also associate members, will find 
seats on the council. The new body is already 
getting to work in forming an employment bureau, 
which in a country like India should prove of con- 
siderable service, while we understand, in co- 
operation with the Engineering Standards Associa- 
tion, the work of standardisation is being taken up. 
The attitude of the Home institutions towards the 
new isation is indicated by the fact that the 
Institution of Electrical Engineers has offered. it 
an annual premium for the best paper read before 
it on an electrical subject. While European and 
many Indian engineers will be glad to retain their 
membership of the Home institutions, there is no 
doubt that they will derive many advantages of 
intercommunication among themselves in the 
recently-formed body, which would be otherwise 
impracticable, and providing a redlly'good status is 
maintained there is every reason why this new 
Institution should be heartily supported, 


Tue Crupe Or. or Borneo. 


Though Borneo, one of the three largest islands 
of the globe, may long yet remain a favourite 
ground for explorers, it is producing nearly 4,000 





tons of oil daily, and the fishing village of Balik- 
Papan, near which Menten, the pioneer of the 
Borneo oil industry, obtained concessions in 1891, 
has grown into a thriving refinery centre. Most 
of the island, more than twice the size of the 
United Kingdom, has for three centuries been 
claimed by the Netherlands; the British pro- 
tectorate in the North of the island, covering nearly 
a third of the total area, dates back to the last 
century. _ From a paper read by Mr. James Kewley, 
M.A., F.LC., before the Institution of Petroleum 
Technologists on March 15, we learn that there are 
three important oil areas: the Koetei field on the 
east, coast, north of Balik Papan and cut by the 
Equator; the Tarakan field, further north on the 
same coast; and the Miri area in Sarawak, on the 
north-west coast, 150 miles south of Brunei. The 
oils from the three-fields differ considerably in type, 
and the Koetei oils in particular, themselves. of three 
classes, are characterised by peculiarities which 
impaired their appreciation in the early days, 
but which became most valuable in the war, during 
which: large stores of toluene were sent by Mr. 
Kewley from Balik Papan over to the Bristol 
Channel.. The three classes of Koetei crude oils 
are (a) a heavy oil of asphaltic base, (b) a light oil 
also of that type, and (c) a light paraffin-base oil, 
The first oil struck, at depths of 58 m., is the heavy 
oil (a); it contains neither benzene fractions nor 
kerosenes of commercial value, and is utilised as fuel. 
At greater depth the (b) oil is found; still further 
down (c) oils rich in paraffin wax occur. A similar 
change in the character of the oil with depth— 
the greatest well depth mentioned was 512 m,— 
is observed in Alsace, but in specific gravity the 
Koetei distillates are exceptionally high and they 
are very rich in aromatic hydrocarbons. There is 
always some doubt whether the distillation products 
isolated are the original constituents of the oil, 
even when the distillation is conducted at low 
temperature in a vacuum. Anyhow, Tizard 
recently found by a solubility method about 20 per 
cent. of paraffin; 35 per cent. of naphthenes, and 
39 per cent. of aromatic hydrocarbons in the Koetei 
crude oil; the last figure far exceeds the usual high 
average of 15 per cent. The Borneo benzine sent 
to England during the war had a density of 0-83 
and contained about 7 per cent. of benzene, 14 per 
cent. of toluene, 15 per cent. of xylenes and 4 per 
cent. of higher homologues. The toluene was 
isolated in 30-ton stills, each provided with a 
Heckmann column, 18 ft. high, 5 ft. diameter, and 
a dephlegmator; the finished product, named 
toluene-benzine, contained about 50 per cent. of 
toluene, suitable for T.N.T. manufacture. This 
toluene manufacture was discontinued after the war, 
and by the addition of an Edeleanu plant a kerosene 
is produced which will burn in ordinary lamps. 
The other chief products are motor spirit and paraffin 
wax. The Tarakan crudes, of density 0-955, 
contain no benzine fraction, have a low viscosity 
and give good fuels also for Diesel engines ; lubri- 
cants are also made. The Miri oil, light, mobile, 
is again different. Mr. Kewley suggested that the 
Koetei oil in rising through the coal and lignite 
fields of the district had been deprived of the 
paraffins which were thus found only in the lower 
strata. The suggestion was critically discussed, 
but it was admitted that the recent work of Mabery 
and others make a connection between coal and oil 
more probable again than was previously assumed. 








Tue Instrrution or Execrrican ENGINEERS.—At 
the invitation of the Committee of the Scottish Centre, 
a@ summer meeting of the Institution will be held at the 
Scottish Centre, Glasgow, from June 7 to June 10. 
The provisional programme is as follows :—Tuesday, 
June 7: Visit to Dalmarnock Generating Station, 

receded by a Paper (at the Royal Technical College) 
by Mr. R. B. Mitchell on the Dalmarnock Generating 
Station ; visits to John Brown and Co., Limited, Ship- 
yard, Clydebank, the Clydes Mill Power Station of the 
Clyde Valley Electrical Power Company, and to other 
works, and a circular excursion by road to some of the 
Glasgow Corporation Reservoirs. Wednesday, June 8: 
Paper at lasgow University by Professor Magnus 
Maclean on “The Hydro-Electric Resources of the 
Scottish Highlands”; visit to Messrs. Baheock and 
Wilcox’s Works, Renfrew; steamer excursion on the 
Firth of Clyde by invitation of Messrs. Babcock and 
Wilcox. Thursday and Friday, June 9 and June 10: 
West Highland excursion.. Further particulars can be 
obtained from the secretary of the Institution, 1, Albe- 
marle-street, London, W. 1. 
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INDUSTRIAL NOTES. 
Tue Coal Mines (Decontrol) Bill which has been 


introduced in Parliament, states that since the approxi-. 


mation of the price of export coal to the price of coal 
sold for home consumption, together with decreased 
demand, has made it possible to free home prices and 
remove the restrictions on export, there is no lon 
any reason for the continuance of control over the 
finances of the industry. To remove financial control 
before Au 31 legislation is necessary, and the Bill 
provides the following :— 

(a) To limit the duration of the Coal Mines (Emer- 
gency) Act, 1920, to the 24 months ending March 31, 
1921, and thus to put an end to financial control over 
the coal-mining industry at that date. 

(6) For the purpose of the pooling of the profits set 
up by the Coal Mines (Hmergency) Act, 1920, to divide 
the period of operation of that Act into two periods, 
namely, from April 1, 1919, to December 31, 1920, 
and from January 1, 1921, to March 31, 1921. 

(c) As regards the first pooling period, to limit the 
profits which the owners may keep to the amount 
of their pre-war profits standards. Any surplus profits 
which are earned in this period above the standards 
will be available to make good the deficit which. is 
anticipated in the second pooling. period. 

(d) As regards the second pooling period, to revise 
the method of calculating coal levy and coal award in 
such a way that the owners pay the surplus above, or 
receive the deficit below, nine-tenths of their pre-war 
standards instead of the whole. In the unlikely 
event of profits being earned in the aggregate in excess 
of nine-tenths of the standards, owners will be entitled 
to retain them up to a maximum of the whole of the 
standards. 

(e) To repeal as from April 1, 1921, Section 3 of the 
Mining Industry Act, 1920, which gives the State power 
to control prices, export and wages, 

The Bill has been considered in Committee, and last 
Tuesday lt was ordered, by 26 votes to 12, that it be 
reported to the House without amendment. 





The miners’ scheme for regulating wages and profits 
provides in its main outlines for the following con- 
ditions which were approved at a conference of the 
Miners’ Federation held last week :— 

A National Wages Board of employers and workers’ 
representatives to regulate the wages and profits of the 
industry. 

The industry to be treated as a single unit. 

The wage to each grade of workmen employed to be 
of uniform amount in whatever district a man may 
working, and independently of the economic position 
of the colliery at which he is employed. 

The financial assistance of the older and weaker 
collieries from a pool in the national interest. 

The present wage to be the future standard wage of 
the industry, all the present percentages to be merged 
into the standard, and the war and Sankey wages of 
5s. per day to be added to the standard wage. 

The standard wage to be counted as the first charge 
upon production, and be paid before any profit is 
allowed to the owners. 

The owners’ minimum profit to be one-tenth of the 
amount paid in wages, which is about equal to 
12,000,000. The remaining income to be divided in 
the proportions of nine-tenths in wages to the workmen 
and one-tenth in profits to the owners. 

On the other hand, the coalowners conditions are :— 

The -appointment of District Wages Boards to 
regulate the wages of the workers employed within 
the area on the economic position of the collieries. 

A standard minimum wage based on the 1914 rates. 

A minimum rate of profits. 

The division of the remaining income in fixed pro- 
portions between wages and profits. 





A conference was held last Friday between repre- 
sentatives of the coalowners and miners, when the two 
above sets of conditions were discussed, no agreement 
being arrived at. At the close, it was stated that a 
further conference was to be held on the following 
Thursday (yesterday). At the time of writing opti- 
mistic views seem to prevail that a basis of settlement 
will be found by the owners and the miners’ repre- 
sentatives for the wages problem, the intervention 
of Sir Robert Horne, it is reported, having eased the 
situation. 





The question of the railway shopmen’s wages was 
considered last week at a delegate conference of the 
National Union’ of Railwaymen, following which 
Mr. C. T. Cramp announced that the whole position 
had been looked into, and while there was a disposition 
on the part of the conference to call for an immediate 
stoppage of work, it. was ultimately decided to agree 
to the proposals for arbitration ; the Executive would, 
therefore, formulate terms of reference to go before 
the Industrial Court: 


With further reference to our statement on page 
224 ante in regard to the wages and conditions of service 
of the railway signalmen, we may add that the signal- 
men held a meeting in London, also last week, when a 
resolution was passed urging the necessity for the 
maintenance of unity within the National Union of 
Railwaymen, and, as an earnest expression of the 


’s desire not to nullify the efforts now being | dan 


made in this direction, the meeting endorsed the 
decision of the Signalmen’s National Council not to 
enforce strike action. 





The National Union of Railwaymen has asked for 
an interview with the Minister of Transport, and the 
following is the line which the deputation will follow 
at the proposed interview with the Minister :— 

The proposal of the Government is that the railways 
of Great Britain should be formed (if possible by the 
voluntary amalgamation of the existing companies) 
into six or seven groups. The proposal of the N.U.R. 
is that the whole of the railway system of Great Britain 
should be State-owned, and should be under a single 
national control of a Minister of Transport responsible 
to Parliament. 

The Government proposal on management is that a 
Board of about 21 members should manage each of the 
grow railways; that a majority on the Board 
should represent the shareholders (a proportion of the 
members holding large trading interests) ; and that the 
remaining members should represent the employees 
(two-thirds elected by and from the workers on the rail- 
way, and one-third being leading administrative officials 
co-opted by the rest of the Board). The N.U.R. 
proposal is that the State-owned railways shouldebe 
managed by a national board, composed of an equal 
number of representatives nominated (a) by Parliament, 
and (6) by the railway workers acting through their 
trade union. 


In addition to the permanent yrcomy he 
and 


by the Government on the lines of the 
National W: Boards, the N.U.R. pro: that 
district should be established, that the 


functions should embrace all questions arising out of 
the men’s employment, including questions of discipline 
and management. (The constitution of the proposed 
district boards was discussed with 
meeting held on October 21 last.) 

Complete civic freedom must be retained by railway 
workers under any form of ownership and control of 
railways. 

Adequate compensation should be paid to any 
employee discharged as a result of a reduction in the 
permanent staff. 


the Minister at a 


The Government's offer to the building trade 
employers in connection with the admission and 
training of 50,000 ex-service men was discussed at a 
meeting of the Midland Federation of Building Trade 
Employers in Birmingham on the 10th inst., says The 
Birmingham Post, which adds that the meeting unani- 
mously approved the scheme as set out in the mani- 
festo issued by the National Federation of Employers, 
and urged members to vote in favour of it in the ballot 
to be taken this week. The manifesto says :— 

“* In view of the Government’s ap to the National 
Federation of Building Trade Employers in the above 
matter, we feel we must wholeheartedly respond. 
The Premier has publicly declared that it is the inten- 
tion of the Government to render full support to the 
building trade employers. He further that in 
all cases where building work is carried on by any 
Government department, directly or indirectly, or 
where the Government has or shall have control over 
the financing of any building work, any measures 
decided upon by the National Federation for enforcing 
the admission of 50,000 ex-service men into the industry 
shall be made likewise to apply. 

The Government's Offer—The ex-service men will 
be paid at the following rates being the percentage of 
skilled men’s rates :—For the first six months, 60; 
for the next six months, 70; for the next six months, 
80; for the next six months, 90; thereafter, 100; 
and towards these rates the Government will con- 
tribute in respect of the cost of the training: 10 per 
cent of the standard rate of the district for the first six 
months ; 5 per cent. of the standard rate of the district 
for the next six months. The men to be engaged on a 
two years’ agreement. 

“ Tt is to be understood that these proposals, made 
by the Government, will also apply in the case of any 
ex-service men now engaged in the trade as builders’ 
labourers who desire to come under the scheme, and 
that-so soon as a trainee secures a proficiency certificate, 
entitling him to receive a proportion greater than 70 per 
cent, of the standard skilled men’s rate, within the 
twelve months of his training, the Government con- 
tribution in respect of that man will cease.” 








One might | reasonably expect that the general 


seeretary’s remarks in the monthly report of ‘a trade: 








union would give information on the particular trade 


covered by that union. Such is not the case in the 
report for March of the United Society of Boilermakers 
and Iron and Steel Shipbuilders, in which the following 


remarks, addressed to the “ Worthy Brothers ” occur : 
“*. . . Employers are now paying trade union traitors 
to lecture working men at clubs and work’s gates on the 
gerous teaching of their own trusted leaders, These 
traitors say it is your extreme leaders and the Labour 
Party that is (sic.) responsible for the present unemploy- 
ment and other economic troubles. ... God knows 
our Government and France have made a mighty 
effort to drive all trade away from Russia. For two 
years we have bottled them up in a pit like rate, We 
then have gathered up gangs of brutal dogs—Dennikin, 
Koltchack, &c.—and let them loose on them from time 
to time. But even the poor starved rats have beat 
the dogs, and these defeats are covered up with lies, 
Lies for which every simple workman will yet burn with 
shame.... Russia is not allowed to trade with anyone 
if we and France can stop them, Yet there is no unem- 
ployment in Russia. . . .”. We need not waste time in 
refuting the above ; we only wish to call the attention 
of “ every simple workman ” who reads these remarks 
to the fact that, in the general secretary's own words, 
the Russian population are “ poor starved rats” and 
“yet there ‘is no unemployment in Russia.” The 
concluding remark of the general secretary is to the 
following effect: “If the settlement of this question 
(unemployment in the United Kingdom) is of sufficient 
interest to our members to press to an issue, I shall try 
to point the road. Meanwhile, I welcome su ions.” 
Does this imply that the general secretary will be in a 
position to point the only after he has received 
the welcome suggestions ? 


Speaking in Parliament, last Monday, Sir Eric 
Geddes, the Minister of Transport, said there was a 
sliding scale on the railways which was affected by the 
rise and fall in the cost of living, and this, within the 
next few days, should have the effect of reducing the 
pay-bill by either 3s. or 4s., which would mean a 
reduction of the pay-bill by £5,400,000, or £7,200,000 
a year. 

*Judgment was delivered on Wednesday in the 
Chancery action in which members of es unions 
in the employ of Messrs. Lever Brothers, Limited, 
sought an injunction to prevent their expulsion from 
their unions due to participation in the firm’s co-part- 
nership scheme, The Court found for the defendant 
unions, on the technical grounds that under Section 4 
of the Trades Union Act of 1871 the unions were illegal 
combinations at common law and could not be sued in 
such a case, The plaintiffs were members tively 
of the Amalgamated Society of Carpenters, Cabinet 
Makers and Joiners, and of the General Union of 
Operative Carpenters and Joiners. The defence was 
that participation in the co-partnership scheme 
tended to make the men selfish and to consider their 
private interests instead of that of all the members’; 
that it undermined the spirit of solidarity of the 
Union ; that by speeding up it overtaxed the average 
workman, promoted ill-will and weakened discipline 
in the union, Of 30 unions represented among Messrs. 
Levers’ employees, these two have alone objected to 
the co-partnership scheme, and that only in 1919, 
though the scheme was introduced in 1909. 





Wrinetess TELeGRaAPHY AND TeLePHony.-—Professor 
A. J. Fleming, F.R.S., will deliver at University College. 
London, a series of six lectures on the above subject, 
at 5 p.m., on Wednesdays commencing April 27 next, 
The course is open to non-members of the University, 
and the fee is two guineas. Tickets can be obtained 
from Dr. Walter W. Seton, University College, W.C. 1. 


Tue “ Practica, Encivesr”’ Exzorrmican Pooxrer 
Book anp Diary, 1921.—This little handbook has now 
made its twenty-second annual appearance, and is so 
well known that little comment is necessary upon the 
present edition. It contains all the tabulated data 
usually to be found in books of its kind in addition to 
tables of more particular interest to electrical engineers. 
The bulk of the 610 pages which constitute the book 
is devoted to such subjects as instruments, lamps, 
accumulators, furnaces, switchboard apparatus and o 
appurtenances of electrical engin . The mechanical 
aspects of power generation and utilisation are hardly 
touched upon, but we cannot compliment the publishers 
on the character of the short appendix on steam pro- 
duction. —T'wo makes only of boilers are mentioned, 
neither of them at all typical of power station practice, 
while the Babcock and Wilcox, the Stirling, and the 
Lancashire t are not even referred to. Simi 
only two of less well known makes of water so 
are mentioned, no mention at all 
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by the Technical Publishing Company, 
the price of 2s. 6d. net. 
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THE LATE SIR ARTHUR LEWIS WEBB. 


WE regret to have to announce the death, after an 
illness of some four months’ duration, of Sir Arthur 
Lewis Webb, on Tuesday last. Sir Arthur, as is well- 
known, was an irrigation engineer who spent most of 
his life in the Egyptian service. 

Born in 1860, he was educated at the Royal Engineer- 
ing College, Cooper’s Hill, from which he entered the 
Public Works Department in India, being connected 
with the Irrigation Branch from 1881 until 1894. 
In the latter year he was appointed to the Irrigation 
Service of the Egyptian Government, and in 1899 
became Inspector-General of Irrigation in that country. 
He also became Director-General of Reservoirs in 
Egypt, and in 1906 was appointed Under-Secretary for 
Irrigation, In 1908 he became Adviser to the Public 
Works Ministry of the Egyptian Government. Since 
leaving that country he has acted as Inspecting Engineer 
for the Egyptian Government in this country. Sir 
Arthur was prominently connected with many of the 
modern engineering works which have done so much to 
bring prosperity again to Egypt, and was decorated on 
several occasions for his services, In connection with 
the Nile Reservoir at Assouan, he held the lst Class 
Medjedieh (Grand Cordon) and 2nd Class Osmanieh 
decorations. He was made C.M.G. in 1902 and 
K.C.M.G, in 1912. He joined the Institution of Civil 
Engineers as an associate member in 1895, and was 
transferred to the class of Member in 1901. 





BALANCING TURBINE ROTORS. 
To THe Eprror oF ENGINEERING. 

Srr,—In reply to Mr. Cox’s letter in your issue of 
March 4, it is evident Mr. Cox does not appreciate that 
the difficulty of bringing the two knife-edges into correct 
alignment in a machine of the type he refers to, does 
not exist in our machine. 

No displacing of “‘ known weights” on the frame of 
his double-knife-edge machines can ever give this 
alignment; neither can the axis of revolution of a 
“dummy rotor, known to be in balance symmetrically,” 
be brought into complete coincidence, or even parallel, 
with this ‘* imaginary line ’’ through the knife- . 

It cannot even be done near enough to allow obser- 
vations of unbalance errors to be made within one 
twenty-fifth of the accuracy obtainable when using a 
single knife-edge as fulcrum with a beam at right anglés 
to the axis of revolution of the rotor, as can be seen 
from the results given in my first letter (in your issue of 
December 31) and from comparing the small moments 
observable on Mr. Cox’s and our machine referred to in 
my letter in your issue of 18 February. Not until 
Mr. Cox eliminates these errors can he start testing for 
unbalance errors in a rotor. In our machine having only 
one knife-edge we need not worry about the rotor axis 
having to coincide with a line through knife-edges. 

Any other lateral error is eliminated as soon as our 
initial equilibrium is obtained, as it is then taken up in 
this moment, and it can thus have no further disturbing 
influence on the readings for the unbalance errors present 
in the rotor, 

As to greater sensitiveness Mr. Cox must, of necessity 
have a very rigid and heavy frame to take the rotor’s, 
and its own weight on the knives without bending 
which is practically impossible, while we have a simple 
beam which, being much lighter should give more 
sensitiveness. This fact and the elimination of the errors 
referred to are more reasons for the accurate results 
obtainable by our method. We have found in practice 
that one knife-edge and a ball-bearing are far more accu- 
rate than two knife edges ; Mr. Cox seems to be prejudiced 
against this ball-bearing. I might say to him, we chose 
the lesser of two evils. If he could show us how to do 
without the ball-bearing, without aoinging in a second 
knife-edge instead, however, and give us at least as great 
an accuracy as we get with it, we would welcome the 
idea, as it would further simplify an already simple 
arrangement. As to ball-pivots in our small gyro- 
balance, these in fact, are so small that they are prac- 
tically point contacts which ought to be better than knife- 
edges ior light eights, as they are perforce always in 
perfect alignment. 

Yours truly, 
W. H. Marri. 

Empire Works, 58, Harleyford-road, Vauxhall, 

8.E. 11, March 16, 1921. 





THE USE OF LIMITS ON DRAWING 
DIMENSIONS. 
To Tue Eprror oF ENCINEERING. . 

Srr,—My experience in a large works when drawi 
with limits were introduced rather amused me due to t 
fact that limits were considered a hardship and an 
imposition. I will cite a little incident when the lack 
of limits was a real problem. 

A simple drill jig made to drill a series of clearing 
holes on the top of an aero cylinder block with drill bush- 


i 23 mm. apart and no its specified for the size, 
oy was an “ Absolute” one. The result was not a 
single hole was t and an “ Official” report insisted 


the jig was not right. This meant drawing the bush- 


re-spacing the holes and new bushings. Another 
+ Deeoctien ” revealed no improvement. ult, more 
changes and new ings. I to the manager 
the whole trouble was of limits. ‘‘ This series of 


‘ clearing’ holes to pass 


studs ,, in. less did not need 
limits ; too many limits was the cause.” 


The fallacy 





of this view is too obvious to require even an explanation. 
Sup) we take it that a limit is used, or, in other 
w , & size with several dimensions, ranging 
the high to the low limit, is O.K., then a limit is a thing 
not to be dreaded, but a reasonable “ concession.” 
Assume a row of holes in a drill jig spaced 23 mm. 
apart and 10 equal the dist between the 
centres, the centres of the two outside holes will be 
230 mm., and assume the holes are ,, in. than the 
stud diameter. This means ,, in. = -03125 or jo, = 
-80 mm., the limits + or — assuming all are one way 
(either + or —) then the total + or — must be 
less than -80 mm. to allow the studs to pass through 
the holes, a limit of -035 mm. + would be a safe and 
reasonable one, and assuming a few holes to be plus, 
others minus, and perhaps a few dead on centre, the 
average tool maker could locate the bushing holes 
without serious trouble. As against 10 spaces 23 mm. 
+ +0000 or absolute size, any limit + is a concession, 
not a hardship. To avoid the multiplication of limits, 
either plus or minus, there is a method sometimes used 








10 Spaces 232-035 "m 
- 
WH 23 23H 23 $23 HB 29 2B TD-H LB 4-28 4k: 
ba EX SE i ME EE 

















° examen © que « ad 
































mu 
amt — 
| i. * LS .gip rm : 
~ UG ~--~—=~ === === mS M15 -§00) 
(6785) 


in which each hole has to carry a separate limit from a 
centre line and each hole is — from a centre line 
and all holes c a limit + of that line and this takes 
the place of sizes between holes or pitch of holes covered 
by a note 11 holes and 10 equal spaces, of 23 mm. each. 
See sketch A, representing the former method and B the 
latter suggestion as to fixed limits for each hole from a 
common centre. It is obvious that the degree of accuracy 
required in using method B and limits may be five times 
greater due to the fact that the limits do not pile up either 
+ or — as is evident using method A. 

There is still another value due to the use of general 
limits, this saves figures on drawings and time in deter- 
mining what is “near” enough. ‘This is covered by a 
sn note on the title of all drawings. Thus, Decimal 

imensions with limits as indicated + Decimal 
dimensions without limits to be assumed to be + -0015 in. 
this to include standard drawn bar stock sizes and dimen- 
sions other than fits. 

Fractional dimensions to be +-015 in. Usually they 
apply to the diameter or width of a flywheel, rim and 
apply to all patterns to limit the tendency to variation 
in rough castings and drop forgings, &c. No attention 
is paid to fractional limits except when castings are passed 
for rough inspection. 

Absolute sizes are a hardship while the sane use of 
limits are reasonable concessions; they also avoid 
questions of doubt as to what is near enough. 

I am, yours truly, 
James McIntosu. 





REINFORCED CONCRETE BEAMS 
To THe Eprror oF ENGINEERING. 
Srr,—Might I be allowed to remark with reference to 
the diagram for the calculation of reinforced concrete 
T-beams published in your issue of February 25 by Mr. 
G. Ivan Cope, that it seems surprising that the advan- 
tages of the nomographic over the Cartesian method of 


Pit 


a\ 


g 








representing these results should not be more generally 
realised. “The accom i nom ene: (to a 
smaller scale than would be emplo: in practice) these 
results ing to the former method. The very 
obvious advantages of it are the ease of interpolation 
along a scale instead of between lines and the ease of 
reading due to the fact that the quantities are represented 
by separate scales instead of by four or five sets of inter- 
secting lines. The diagram is used as follows: M is 
the bending moment (inch-tons) ; 6 and ¢ are the breadth 
and thickness of the slab (inches); d is the depth of the 


from | d 


beam (inches); ¢ the stress in the concrete (pounds per 
square inch); and As the area of the steel. We put 


y baie and 4* = p. The three right-hand scales form 


@ nomogram for finding the relation between c, nm and oe 
and the three left-hand scales form one for n, p and c. 
As an example, suppose M = 2,000,000 in.-lb., b = 40 in., 
t= 4in., ¢ = 550 Ib.-in.2 Then wa = 3,120. If this 
point is joined to the point c = 550 this line cuts the n, 
scale at 7-5. .-.d= 7:5 X 4= 30 in, This value of 
n on the n? scale is then joined to the point c = 550, this 
line cutting the p scale at 0-0275. .-. As = 0-0275 x 
40 x 4 = 4-4 sq. in. These lines are shown on the 
diagram, but of course need not be actually drawn in 
practice. The stress in the steel is assumed to be 
16,000 lb. per square inch and the ratio of the moduli 
of elasticity to be 15. 


Yours 7 a 
A. J. V. Umanskxt, M.Sc. 
71, Staverton-road, N.W. 2, March 11, 1921. 





THE ROYAL METEOROLOGICAL SOCIETY. 

THE usual March lecture of this Society was delivered 
on Wednesday, the 16th instant, at the rooms of the 
Royal Astronomical Society, Burlington House, by 
Dr. G. C. Simpson, F.R.S., Director of the Meteorological 
Office, the subject being “ The South West Monsoon.”’ 
The President of the Society, Mr. R. H. Hooker, M.A., 
was in the chair. 

Dr. Simpson pointed out that it has generally been held 
that the South-west monsoon owes its origin to the great 
difference of temperature which exists during the 
summer months between the heated land surface of 
India and the surrounding oceans, the general idea being 
that the warm air over the land rises, and damp air 
from the sea flows into India to take its place, thus 

iving rise to the strong south-west winds, the rainfall 
itself being due to the cooling of the air as it rises over 
India. This theory has to face the difficulties that the 
temperature over India is much higher in May before 
the monsoon sets in than it is during the monsoon 
itself; that the temperature is higher in years of bad 
monsoon than in years of good monsoon, and that the 
of India which has the highest temperature and the 
owest pressure, and where ascending currents should be 
the greatest, is a region of practically no rainfall through- 
out the monsoon. 

The true explanation of the south-west monsoon can 
only be obtained by taking a wide view of the weather 
conditions over large parts of the earth’s surface during 
the summer months in the northern hemisphere. It is 
then seen that the south-west winds are not due to the 
temperature in India, but are a relatively small part of a 
general circulation of the atmosphere caused by a region 
of high pressure over the South Indian Ocean and a 
region of low-pressure which extends over the whole of 
Central Asia. Air passes northwards from the region 
of high pressure as the south-west trade winds as far as 
the equator, where it gets caught up in the circulation 
around the low pressure over Asia. On account of 
the particular arrangement of sea and land, combined 
with deflection of wind currents due to the earth’s 
rotation, this air travels for 4,000 miles over the sea 
before it reaches India, where it arrives very warm and 
exceedingly humid.” This air, however, would probably 
sweep right across India to its goal in Central Asia 
without producing much rainfall if it were not for the 
unique distribution of mountains around India. From 
the north of the Mekran coast, right round India, 
following the line of Afghanistan, the Himalayas and the 
mountains of Burma, there extends an unbroken wall of 
mountains, nowhere lower than 5,000 ft., directly athwart 
the air currents already discussed. These mountains 
catch the air, which is being driven by a pressure distri- 
bution extending from the Southern Indian Ocean to the 
centre of Asia, in a kind of trap, out of which there is no 
escape, except by ascension. The damp huniid air, 
which begins to rain as soon as it rises 500 ft., is forced to 
rise between 10,000 ft. and 20,000 ft. In consequence, 
large masses of water are precipitated over the greater 
part of the Indian area. 





MANGANESE IN WaTER.—The presence of ese 
in potable water rarely causes direct trouble, as 5 milli- 
grammes of m ese litre, which would make the 
water distasteful, would be very exceptional. For 
paper-makers, dyers, laundries and the a 
and brewing industries manganese is very troublesome, 
however, and the accumulation of manganese hydrate 
deposits in water pipes is in any case objectionable. 
Some bacteria favour this deposition, whilst some alge 
store the ese without forming local rust spots. 
In Dresden, -where there was considerable trouble with 
manganese in the water mains, the growth of alge is 
hence fostered by providing filter beds of a fine porous 
gravel or sand, and sinceythe adoption of these beds 
seven years ago, the formerly frequent complaints that 


the linen turned yellow have altogether cea: (Journal 
fiir gas mg, December 25, last). The vel 
itself does not retain the » nor could 1-5 
milli of be removed from Berlin 
water by the aid eight cellulose-asbestos filter 
chambers. But when oe. ge of 73 cm, (3 in.) of 
manganese dioxide ( usite) is su over 
40 cm. of wel, the manganese is retained; the sand 
grains should have diameters of 1-5 mm., the pyrolusite 


of about 2-5 mm. In t way @ 





diameters 
Pechovr beer brewery has been able to cure the water 
which was believed to spoil the yeast. t 
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SOME PRACTICAL POINTS IN THE 
STRUCTURAL DESIGN OF AIRCRAFT.* 


By A. P. Tuursron, D.Sc., M.I.A.E., M.I.Ae.E. (Hons.). 


I. Principles of Design.—An aeroplane structure is 
the summus mons of engineering construction, and its 
efficient design requires the most perfect application 
of ineering principles and calculations. These 
princi include :— 

(a) A correct knowledge of the stre: and properties 
of the various materials of construction under all the 
conditions of use and constructior. 

(6) A correct estimation of the maximum loads which 
can come upon the structure in various positions. 

(c) A correct selection of these positions of loading to 
cover all the conditions of loading in flight. 

(d) A “‘complete”’ and efficient type of structure 
so that the maximum advantage is taken of the different 
properties of the various materials of construction. 

(e) A sound method of calculation approximating to 
the properties of the materials of construction. 

With regard to (e) it may be mentioned that the 
properties of wood are such that the actual breaking 
stre and the calculated stre can never be 
reli — to be within 30 per cent. of each other. It is 
obviously unsound to expend great labours upon the 
elaboration of mathematical methods which in no case 


maximum stress in a turn carried out the most 
violent series of turns possible, over a camera obscura, 
The turns were so violent that he became unconscious 
and lost control of the machine. He recovered con- 
sciousness before striking the ground, flattened out, and 
landed. According to calculations from the charts 
the maximum load was 4-5 times gravity. The accuracy 
of this figure was questioned by someone, B. there- 
upon took up the machine again, performed another 
series of violent turns, again unconscious and 
lost control, and, fortunately for the R.F.C., recovered 
before striking the ground. The load according to the 
charts was in 4-5 times gravity. 

Another officer of the R.F.C., in discussion with a 
designer pointed out that the elevator was weak and could 
be broken in a tail slide. This was denied. Whereupon 
the officer took the machine up, made a violent tail slide, 
broke the elevators and land wee The designer was 
still unconvinced, whereupon he took up another machine 
and again broke the elevators. I e my hat off to 
these fellows, the real designers of our war machines, 
and consider myself privileged to record their exploits 
so that the results of these most practical of all experi- 
ments shall not be lost. 

(0) Evolutions carried out with a recording or other 

on board. The successful and ingenious 
instrument used on aircraft 
is due to Major Wimperis. 
















3. BREAKING LOAD FACTORS IN UP LOAD 4 LIFTIN 


forward, of machines of various sizes and speeds, plotted 
ngnianns Shp S5e 6S: HP most satisfactory basis 

comparison for machines of varied size. A line has 
been drawn approximately indicating the minimum safe 
load factor for the various sizes. From this line it would 
appear that the smaller the machine the greater ithe 
required factor of safety. This agrees with expectation, 
since small machines may be manwuvred more quickly 
than large machines. 


Fig. 3 shows a similar chart to Fig. 2, in which all the 
readings have been given a speed correction derived from 
Fig. 1. This is a rough way of fixing the required load 
factor, and may be fairly critici on this ground, 
Nevertheless, it is more satisfactory than the erroneous 
theoretical methods which it replaced and it has this 
advantage, that it was used for fixing the required factors 
of many of the most successful machines designed during 
the war. The load factors of various German machines 
were examined by the writer as soon as the machines were 
captured, If the load factor given by the previous curves 
was not more than 1-5 times the normal load above the 
load factor of the corresponding German machine, the 
upper figure was taken, that is, if the German load factor 
was 4°5 the author made the British load factor 6, and so 
on, This ruling ensured that type for type our machines 
were always stronger than the German machines. After 






















































































v more than 3 per cent. in their results. The most | According to the record loads 
ect solution of the problem is by means of tical| up to times gravity SURFACE CURVE. CORRECTED TO A COMMON 
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of the tests of previous machines, structures, or specimens. 
Theoretical methods consist in designing the parts by 
calculation from first principles according to conceived 
notions. Practical methods therefore incorporate with 
the best mathematical methods the pooled experience of 
previous designers, whereas theoretical methods suffer 
from the risk of the omission of some important principle 
owing to the limitations of the designer’s own experience 
or the limitations of mathematical expression. Highly 
efficient machines can be evolved by practical methods 
of design but they cannot be evolved with safety by 
theoretical methods. Hence engineers of mature 
experience invariably adopt practical methods of design, 
whereas mathematical students invariably have a bias 
for theoretical methods, until matured by practical 
experience, 

III. Positions of Loading.—Before proceeding with 
the structural design it is necessary to decide upon a 
number of standard positions of loading. These standard 
positions are as follows :— 

(a) Upload on wings with C. of P. in advanced position 
(0-28 width from front edge). 

(6) Up load on wings with C, of P. in rearward position 
(0-5 width from front edge). 

(c) Down load on wings with C. of P. in advanced 
position (0°25 width from front edge). 

(d) End load on wings in diving. 

(e) Load on leading edge, tending to collapse nose 
and twist front spar. 

(f) Vertical load on body at tail. 

(g) Vertical load on body at engine bearers. 

(h) Horizontal load on tail. 

(¢) Twist on tail. 

(j) Vertical load on tail plane and elevators. 

(k) Horizontal load on rudder and fin. 

(1) Load on control and control levers. 

(m) Load on ribs with C. of P. in advanced position. 

(n) Load on ribs with C. of P. in rearward position. 

The crux of efficient and safe structural design con- 
sists in securing ample but not excessive load factors 
on each of the above systems of loading. 

IV. The Maximum Loads under the above conditions 
of loading may be determined in the following 
methods :— 

(a) Evolutions carried out over a camera obscura. 
From the chart obtained by marking the position of the 
machine at given small intervals of time the apparent 
load on the machine in terms of vity at any instant 
of time may be calculated. By this method it has been 
found that looping may cause loads equal to 3-5 times 
the normal load and steep vertical turns and rolls may 
produce loads of 4-5 times the normal. 

One cannot but admire the pluck of the officers who 
carried out these evolutions during the war. An old 
friend of mine, Major V. B., in order to find the 





*Lecture delivered before the Institution of Aero- 
nautical Engineers, March 15th, 1921. 
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rolls. The ingenuity of officers such as Major Wimperis 
compels one’s admiration no less than the pluck of the 
previous officers. 

(c) The maximum loads in flight and the shocks on 
landing may also be obtained by maximum recording 
extensometers attached to certain members. This 
method was used by the writer in 1916 with promising 
results, but time did not permit its full exploration. 
A modification of this method consists in recording the 
maximum deflections of the axles and springs on landing 
and when running over ground. This method was 
found effective and provided the data which was used 
in Gosigning under-carriages. 

V. The Load Factors for each of the positions set forth 
in ITI may be obtained by the comparison the 
maximum loads obtained in IV wed ‘the breaking loads 
of successful machines when sand-tested in the standard 
machines. A load factor of 2 under the above con- 
ditions of loading is desirable, but most machines during 
the war had a load factor of less than 1-5. 

A more usual and simpler method of expressin 
required load factor is in terms of the normal load, 
é.e., the maximum flying weight of the machine. These 
load factors will of course differ for each of the standard 
positions of loading, and they will vary with the ype 

y 


the 


of machine. Thus high-speed machines will obvi 
require a hi load factor than slow speed machines. 
Fig. 1 sets forth the failing strength in up load with the 
C.P. forward, of a ber of i of a ximately 
the same size, i.e., about 400 sq. ft. a otted against 
the maximum speed on official test at 10,000 ft. The 
minimum safe load factor may approximately be repre- 
sented by a line having the equation : 


Load factor — 6-3 = 0°03 (speed — 100). 
Fig. 2 shows the failing strength in up load with C.P, 























this ruling had been in action a year, General Brooke- 
ee mes wrote one day stating that eight enemy machines 

gone to pieces in the air that day simply by being 
chased by our fellows. The moral effect of knowing that our 
machines were always stronger than the enemy’s must 
have been enormous, and amply justified the slight 
increase in weight. 

VI. First Army Looping.—In the early part of the war 
the load factors requi for various evolutions were 
determined by theoretical investigations. According to 
one estimation the load factor in coming out of a nose dive 
was 12. Later this was reduced to 8, ‘This also assumed 
that the load factor was the same for machines of all 
sizes. The calculated load factor of the B.E.20 being 
only 4 to 4-5, and its strength on sand-test less than 5-5, 
looping was forbidden. It happened, however, that 
they were accidentally looped several times when fighting, 
and the tice became common in the fighting squad- 
rons, This was the state of affairs at the C.F.5, in the 
autumn of 1915, when the commandant announced his 
intention of a week-end leave for a shooting excursion. 
The squadron decided to practise looping while the 
commandant was away. Unfortunately, the com- 
mandant’s shooting affair fell through, but he took 
the gun out over Gladiators-walk, the rendezvous of 
the would-be loopers. History does not relate what 
kind of sport the commandant got, but it does relate 
that he turned up unexpectedly in the mess that night and 
complimented the squadron on the number of machines out 
of control over Gladiators-walk. From that day looping 
on B.E.’s became a standard evolution, This experiment 
made it clear on a large scale that machines having a load 
factor of not more than 5 can be safely looped, 

VII. Down Load on Machines,—On first consideration 
the effect of down load does not appear of great import- 
ance. Actually it is of primary importance and it is 
necessary to provide ample strength to meet the down 
load which is of considerable magnitude on the front 
spars and leading edges in fast-flying and nose diving. 

i phenomenon was explained by the writer in a 
paper read before the British Association in 1912, and it 
was shown to be due to the variation of the distribution 
of pressure at small angles, Under this distribution of 
genni the front portion of the top surface of a wing 
s under compression while the rear portion is under 
suction, and the front portion of the lower surface is under 
suction while the rear portion is under compression. 
Thus at small angles a wing has a heavy torque placed 
upon it. The necessity for making adequate provision 
for this load is supplied by the following accidents :— 

(a) Fatal accident. Machine failed in air by top front 
spar twisting downwards after a nose dive of over 
500 ft. with engine full on. The leading edge was 10 in. 
from the centre of spar. The spar was found to be of 
cross-grained wood. According to calculation the 
strength of this machine was considerably above the 
average. The failure was undoubtedly due to the cross- 

ined spar, but it was nevertheless a + shat the 
istance of 10 in. was too great and that the distance 
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from the leading edge to the centre of the spar should 
not exceed 6 in. in scouting machines. 

(b) In another machine the front portion of the tail 
plane collapsed downwards during a loop while fighting 
the enemy. Machine landed safely. 

(c) Fatal accident. From the fractures and evidence 
of eye witnesses it was clear that the front spars twisted 
downwards, These spars were of ample strength. The 
disaster was obviously due to the fact that the com- 
pression struts between the front and rear spars were 
not adapted to take this twist. 

(d) Not less than half a dozen cases were met with in 
which the front struts between the body and top centre 
plane were bent in the air. 

(e) Two fatal accidents were investigated which were 
apparently caused, according to the evidence of the 
fractures and eye witnesses, by the collapse downwards of 
the top outer extensions of training machines during a 
nose dive by the failure of the outer inclined front struts. 

(f) The top extensions of a foreign-built twin machine 
came off in the air. Investigation revealed absence of 
provision for down load. This was provided and no 
further trouble in this direction was experienced. 


The cumulative effect of the above evidence is 


conclusive, and secured permission to have all machines 

















tested in down load. 


Sand tests of machines of type 
(b) and (d) revealed the fact that the front portions 
of the wing collapsed with a down load of about 2. 
This factor was increased by 1, and all trouble ceased. 
It may be given as a rule that the down load factor 
should not be less than half that of the up load factor. 


The centre of pressure in down load shoul 
about 0-25 width from front edge. 

VIII. Complete Structure with Vital Members Dupli- 
cated.—It is essential that the structure should be 
complete and that every vital member should have a 
complementary member which in effect duplicates it, so 
that if any vital member is destroyed the structure is 
still complete. Many lives have undoubtedly been saved 
during the war by attention to this point. 

IX, Induced Stresses.—It is still more essential that 
care should be taken to ensure that the structure is 
complete and that load on one member does not add an 
extra and uncalculated load upon a member already 
stressed, Examples illustrating this point taken from 
actual experience are as follows :— 

(a) The loads from the lift and anti-lift wires should 
be taken straight across the body from one wing plate 
to the other. Many examples haye been met with in 
which the full strength of the wir gs could not be developed 
without tearing them off the body, 

(6) The points of attachment cf the control mechanism 
should not be in the centre of the bays, but over the 
supports. 

(c) The body and wing structures should be complete 
in both up load and down load, One disaster to a foreign- 
built machine was found to be due to the fact that the 
wing structure was not complete on the down load. 
Several machines have been d db they 
were not complete on down load. 

(d) In the case of pusher machines care should be 
taken to see that the wing structure, particularly the 
interplanoe struts, are strong eno’ to take the ordinary 
loads, —_ the load due to the tail plane or skid, 

(e) The effect of tail bracing on columns or points 
supporting the bracing should ‘be carefully considered. 
One disaster to an experimental machine in which the tail 


be taken at 











twisted off was found to be caused by the bracing, which 
introduced a toggle action in the centre of the cross-tube. 

X. Strength of Materials.—It is n to have 
informed and accurate ideas as to the properties, strength, 
methods of failure, and the like, of the various materials 
of construction before proceeding to apply any s m 
of calculation, Average figures are useless, Calcu- 
lations of such a vital structure as an aeroplane should 
be based on the strengths of the weakest specimens 
which are likely to be by the examiner. The 
result of this policy is that the calculated strength is 
invariably below the sand test figures as it is unlikely 
that any one machine would be built of parts of minimum 
strength. Nevertheless safety demands that calculation 
should provide for that contingency. 

Sand tests are as arbitrary as methods of calculation 
because of the conditions under which they are carried 
out, They are carried out in a dry, cool shop on a machine 
which has been built under the most favourable con- 
ditions of temperature and dryness. ‘The strength of the 
machine in this condition will obviously be higher than 





end load exerts a bending moment which increases the 
primary bending moment. The result is that the spars 
fail at an apparent stress much below the apparent 
failing stress in pure bending. A safe figure for grade A 
spruce in bending and compression is 5,500 lb. per 
square inch, 

The importance of these points may be gathered from 
the fact that all machines calculated by the R.N.A.S. 
for the first two and a half years of the war were based 
on the assumption that the strength of spruce in com- 
bined bending and compression is 8,500 Ib. per square 
inch, whereas during the same period all machines 
calculated by the Military Aeronautics Directorate and 
the Royal Aircraft Factory used the figure 5,500 Ib. per 
square inch. In other words all naval machines were 
35 per cent. below calculated strength. As no system 
of mathematical calculation gives results varying more 
than 3 per cent., the futility of striving for mathematical 
perfection is apparent. 

No blame should be attached to the R.N.A.S. calcu- 
lators for this and other similar practical points which 
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after being sodden with moisture in service, since the 
strength of spruce decreases at the rate of 300 lb. per 
square inch for each 1 per cent. of moisture absorbed ; 
9 per cent. to 10 per cent. of moisture halves the strength 
of a machine. Tests of materials of construction 
should be made under as nearly as possible the same 
conditions as in practice. Thus :— 

(a) Parts subjected to vibration should be tested 
under vibration. This principle was adopted in the 
later sand tests to the extent of mounting vibrating 
apparatus on machines while being tested. Vibration 
often leads to unexpected results and is beyond the 
scope of calculation. In one machine brought to the 
writer's notice the drag wires continually broke, although 
strengthened by three to four times the calculated 
strength, After putting rubber blocks under the 
engine no further trouble was experienced and the 
original wires were returned. 

(b) Parts under combined stresses in practice should 
be tested under similar combination of stresses. This 
point is of the greatest importance. For instance, the 
principal wood used in the construction of aeroplanes is 
about twice as strong in tension as in compression, 
i.e., 5,000 lb, per square inch and 12,000 lb. per square 
inch respectively. When a spruce specimen is tested 
in pure bending it begins to fail on the compression 
side and as the load increases the compression failure 
travels inwards causing a displacement of the neutral 
axis, until the failure is nearly two-thirds across the 
spar. Typical failures are shown in Figs, 4 and 5, 
This results in a stress diagram similar to that shown 
in Fig. 6. 

Since all systems of engineering calculation are based 
on the theory that the material is elastic and bends in 
the arc of a circle, the neutral axis remaining unchanged, 
it necessarily follows that the apparent maximum skin 
stress is considerably greater than the actual skin stress 
at failure. The apparent skin stress in spruce in bending 
is about 8,500, whereas the actual stress is only 5,000 lb. 
per square inch. No serious error is likely to arise from 
this misapplication of theory if the figure 8,500 is used in 
spars under pure bending. When, however, the spars 
are under combined bending and compression, as in all 
wing spars, the discrepancy is serious. Then if the spars 
begin to fail on the compression side it deflects and the 





Fig.8. FRACTURES OF YELLOW PINE 
BEAMS. 2°WIDEX 3 DEEPx 2-0" SPAN, 
LOADED AT CENTRE. 
Tension Side. 














6742.4) Compression Side. 


only college engineers of wide experience and intuition 
could be aware of. As, however, certain of the R.N.A.S. 
calculators reported that the military and factory methods 
were wrong, this fact should be mentioned in fairness to 
these departments. 

XI. Method of Testing Materials—One of several 
suitable methods for testing wood is shown in Fig. 7. 
In this case the bending moment is applied by two loads 
at a distance from the supports and the end load is 
applied in a known relation to the bending moment. 
The bending moment diagram which is shown sectioned 
approximates to the bending moment diagram of a uni- 
versally loaded beam. 

When wooden beams are tested by the usual laboratory 
machines, they invariably fail on the tension side as 
shown in Fig. 8. Hence they give entirely misleading 
results. 

XII. Distribution of Pressure, Travel of Centre of 
Pressure, and End Effect.—Before proceeding with any 
method of calculation the distribution of pressure over 
the whole wing, the end effect, and the travel of the 
centre of pressure on wings of the section to be used 
should be ascertained from the very valuable data 
provided by the National Physical Laboratory. For 
the purpose of sand test and calculation it is usual to 
assume that the forward position of the centre of pressure 
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is at 0-28 width from the front edge and that the rear 
position is 0-5 width. Sand tests under these conditions 
of loading were also carried out at the writer's request 
on the ribs, The distribution of the pressure over the 
wing surface from back to front is met by the above tests, 
but special consideration should be given to the end 
effect produced by the leakage of air from the sides. 
Curves showing the variation of pressure over the ex- 
tensions may be considered, but according to fair average 
practice the pressure over the extension may be assumed 
to be parabolic up to a distance not exceeding 4/5 


chord. According to good practice the overhang of the 
extension should not exceed 4/5 chord. Pre- 
ferably it should not exceed 2/3 chord. In 


calculating for down load the distribution cannot be 
assumed parabolic as above. Research is still required 
to determine the shape of the curve of end loading 
under down load. 

XIII. Methods of caiculation.—Any sound method of 
calculation will give equally satisfactory results if based 
on the correct foundation. A reliable and simple method 
used in calculating all British machines on active service 
at the armistice is set forth in outline in Chapter LX of 
the writer’s book on ‘‘ Elementary Aeronautics.’’ 
A more highly mathematical method evolved by Mr. 
Berry can be recommended. The difference in the results 
obtained by the two methods does not exceed 3 per cent., 
which is negligible in comparison with the variation of 
the factors upon which they are based, An engineer's 
insight and judgment is of more importance than any 
mere method of calculation provided the method is sound 
and in this opinion I am supported by the Americans, 

XIV. Sources of Errors in Methods of Calculation.— 
All systems of calculation are based on the assumption 
that wood, steel, and other materials of construction 
are perfectly elastic up to the point of failure, and that 
the neutral line does not change its position relative 
to the section, They are also based on the further 
assumption that the points of support of the spars at the 
junction with the interplane struts remain in the same 
straight line independent of the joints in the spars, 
incidence bracing, &c. 

These assumptions differ so far from fact that any 
system of calculation based upon them is vitiated unless 
supported by factors derived from practical experience, 

Another fact of great importance which has been 
neglected hitherto in all systems of calculation is the 
change of angle of incidence of the wings under load, 
‘The nearer the front and rear spars are together and the 
greater the length of the bays the greater is the difference 
between the angles of inclination at the interplane struts 
and in the middle of the bay. The effect of this variation 
is that the load in the centre of the bay is more intense 
than under the struts. In one machine tested by the 
writer the inclination of the wings under load increased 
1 deg. under the struts and 24 deg.,in the middle of the 
bay with the C.P, in the forward position. Thus in 
normal flight the wings in the middle of the bay would 
be loaded twice as much as under the struts. 

Additional sources of error may be introduced by the 
type of wiring plates at the junction of the spars, struts, 
lift wires and incidence wires. The writer has seen the 
following instances in which the structure failed before 
its full strength was developed owing to the wiring plate. 

(a) Bolts connecting wiring plate to spar pan! 8 
to split longitudinally, and the whole fitting travelled 
sideways. The diameter of the bolts was obviously too 
small, 

(6) Lugs for the lift wires being offset from the centre 
of connecting bolts caused the spar to split and the 
interplane struts to rotate through 20 deg. 

(c) Pull of lift wire caused rotation of wiring plate, 
which broke off end of interplane strut. 

XV. The question of aeroplane bodies must be post- 
poned till a later occasion owing to lack of space. The 
writer hopes, however, that he has produced enough 
evidence to lead to a good discussion and to draw public 
attention to the necessity of entrusting the important 
problem of aircraft design to practical college engineers, 
The writer wishes further to record his admiration and 
esteem to the work done during the war by such practical 
engineers as Captain Barnwell, Captain de Haviland, 
Mr. Pierson of Vickers, Messrs. Martin and Hansaa, 
Mr. A V. Roe, Mr. Chadwick, Mr. Walker, Mr. Smith of 
Sopwiths, Mr. Tilghman Richards of Beardmore’s, 
Mr. J. D. North, Mr. H. P. Folland, Major Gooden, 
and Lieut. Alexander Clark, of the Argentine. These 
gentlemen were the principal agents in giving us 
our premier position in the air and as one who was brought 
most intimately in contact with their work it is a pleasure 
and a duty to pay them a tribute of admiration and 
esteem, 

The question of methods of calculation and the 
assumptions upon which these methods are based is of 
such importance that I venture to suggest that the 
Institution of Aeronautical Engineers appoint a com- 
mittee with a view to securing the assistance of the 
authorities in developing the science. 





ComMiTTeE, on Crvm AviaTion.—In our article on 
the Air Estimates on page 263 ante we mentioned that 
the Secretary of State i Air proposed to set up @ com- 
mittee to consider what could be done for the mainten- 
ance of air transport on the cross-Channel service. We 
have since been informed that Mr. Churchill has appointed 
Lord Londonderry as chairman of this Committee and 
Sir Frederick Sykes and Sir James Stevenson as members. 
Several meetings have already been held with lea ling 
members of the industry, and we understand that a 
special conference was held at the Air Ministry on the 10th 
inst. between the members of the Committee and all 
parties interested. The results of these deliberations are 
awaited with interest. 





THE EX-GERMAN BATTLESHIP “ BADEN.’* 
By Mr. 8. V. Goopatt, M.B.E., R.C.N.C. (Member). 
Te ex-German battleship Baden was provided for in 

the 1913-14 programme. er keel was laid on December 
20, 1913, at the yard of F. Schichau, Danzig; she was 
1 hed on October 30, 1915, commissioned on October 
19, 1916, and commenced her trials on November 5, 
1916. The ship is, therefore, particularly interesting for 
several reasons. The main features indicate the latest 
German ideas on battleship design, for the vessels building 
when the Armistice was signed are almost identical. 
Moreover, since the Battle of Jutland was fought; before 
the ship was completed, the lessons learned from real 
fighting should be apparent in details, any weak features 
revealed by this experience should be indicated by altera- 
tions and additions of a somewhat patchwork nature, 
while the entire absence of- such changes leads to the 
conclusion that the German Admiralty contemplated 
no more fleet actions. The leading particulars of the 
vessel are as follow :— 





Length between perpendiculars ... 560 ft. 4 in. 
Length on LW. aes eee 588 ft. 7 in. 
Length overall... 589 ft. 10 in. 
Breadth, extreme ... 98 ft, 5 in, 
Draught to L.W.L.— 

Forward che 27 ft. 8 in, 
ASB. s icon bes gee 27 ft. 8 in. 
Displacement to L.W.L. ... oe 28,074 tons. 
Fighting draught, mean ... oes 29 ft. 10 in. 

Freeboard to top of deck at side— 
Forward ae ods wed 23 ft. 8 in. 
Amidship 13 ft. 6 in, 
Aft ot bse osb ées 15 ft. 1 in, 
Depth from outside flat keel plate 
to upper face of upper deck plat- . 
ing amidships ... oad se 42 ft. 
Tons per inch immersion at L.W.L. 98 
Moment to change trim lin. ... 3,000 ft.-tons 


Stability at 28,074 tons displacement— 
Metacentric height bed _ 8-4 ft. 
Maximum righting lever at 31 deg. 


It has not been possible to measure the stability aceu- 
rately nor to ascertain exactly the :oad carriéd when the 


juke wones eApen's ” “lndbes mitwarvenone 

OAL S IGN; BOTH AT “BADEN & ROYAL SOVEREIGN, 
BOTH AT DISPLACEMENT 

28.0% TONS. + 


Ov, 
DISPLACEMENT 27.350 T0NS® 


eS 






ee 


768.4) Knots Knots 

* This displacement corresponds to draught 27 ft. 8 in. 
for Baden. 

+ This displacement corresponds to draught 27 ft: 8 in. 
for Baden. The E.H.P. due to appen has been 
calculated by applying suitable correcting factors to the 
resistance éheateed trees model experiments. The same 
factors have been applied for both ships. 


ship is floating at L.W.L. German practice is to assume 
that in this legend condition all ammunition, an average 
quantity of stores and a fraction of the total weight of 
fuel (usually about 900 tons) are on board. If this be 
correct of Baden it is estimated that the ship exceeded 
her desi draught by more than a foot. 
Shaft-horse-power and Speed.—Three statements were 
found on board regarding the maximum speed | shaft- 


horse-power and revolutions per minute, viz. :-— 

(1) Shaft-horse-power, 54,800 ; revolutions per minute. 
259; ert. 22-3 knots. 

(2) Greatest mean speed obtained, 22-301 knots at 


52,815 shaft-horse-power and 27 ft. 8 in, mean draught, 
(3) Greatest mean speed obtained, 21-803 knots at 
54,746 shaft-horse-power and 29 ft. 5 in. mean draught. 
The two last statements indicate an appreciable loss 
of propulsive efficiency at deep draught, and show that 
the maximum speed the ship could attain at her fighting 
draught did not exceed 21} knots. 

Form and Resistance.—When the vessel was docked at 
Invergordon the form was carefully measured and 
particulars of the appendages and propellers recorded, 
A body plan was (reproduced in Figs. 6 to 8 on 
Plate XIV), a model was made and resistance éxperiments 
carried out, including a very exhaustive series of obser- 
vations to ascertain the effect of appendages on resistance 
and propeller performances. The E.H.P, curves obtained 
are given in Pi . 1 and 2, together with those for the 
contengeary "British battleship Royal Sovereign, in 
order that the standard attained by Baden may be 
appreciated. The relative resistance effect of the various 
items comprising the appendages is given in the next 
table, in which the resistance is expressed as a percentage 





* Paper read at the Institution of Naval Architects, 
March 16, 1921. 





of the resistance of the naked ship at a speed of 20 
knots :-— 




















” ” “ Royal 
- Baden. So gn.” 

Naked hull 100-0 100-0 
Bilge keel é '. 2-9 7-6 
Docking keels ws aid 2-2 5-6 
Rudders ae os os ¥ 3-5 1-5 
Shaft bossing and brackets .. Ss 7-2 2-9 
Bow torpedo tube and discharges aft 1-9 _ 

117-7 117-5 


These figures requiro some explanation. The bi 
keels of Baden have about 2,500 square feet of eel 
wetted surface, while those of Royal Sovereign have 
5,370 sq. ft. On account of her finer form the docking 
keels Royal Sovereign are of considerably greater 
longieesinat extent than those of 1 In the latter 

ip y form no appendage at in the fore body, 
The twin rudders, shaft bossing and struts of Baden 
necessarily involve greater resistance than the single 
rudder and shaft brackets of Royal Soverei 


Propellers and Hull Efficien-y lementa.__‘The following 
are particulars of the propellers ;— 
Diameter ... dda Jie 12 ft. 9 in. 
Pitch— 

Wing screws 12 ft. 

Centre screw 11 ft. 6 in. 
Developed area... 75-4 aq. ft. 
Blade thickness— 

Root mes o9e 5} in. 

Ti ase nol nee yx in. 
Maximum diameter of boss owe 427, in. 
Clearance between blade tip and 

hull— 

Wing screws ... 4 ft. 6 in, 
Centre screw ... 3 ft. 6 in. 


The wing screws are outward turning; the centre 
screw is left-handed. Each propeller has three detach- 
able blades, and the: pitch can be adjusted within certain 
limits. The propeller boss terminates in a short snubbed 
cap, which was found to involve an addition of about 
1 per cent. to 1} per cent. to the resistance of the ship 
as compared with a boss and cone of the form customary 
in the British Service. The usual screw experiments 
have been carried out with naked model and also with 
the model fitted with appendages. The results for a ship 
a 22}knots are shown on the table overleaf. From 
the screw dimension curves, based in the usual way on 
the model experiment results, it appears that the area 
of the screws is such as to give a pressure coefficient 
fairly in accord with British practice. The pitch of the 
screws is, however, somewhat in excess of that indicated 
by the curves, but if some allowance is made for the 
effect of yer ors this pitch difference is materially 
reduced. efficiency of the wing screws is about 
0-60 and of the centre screw about 0 - 56. 

If a mean si of 22-301 knots were obtained with 
52,815 shaft horse-power, a propulsive coefficieny of 
0-424 was realised. This is most probable, as a calou- 
lation given in Appendix I shows that the propulsive 
coefficient should lie between 0-42 and 0-44. 

General Arrangements.—Figs. 3 to 5 on Plate XIII show 
the general features of the ship. Attention is directed to 
the four continuous longitudinal bulkheads, These, in 
conjunction with the numerous transverse bu! give 
a first impression that watertight subdivision is very 
complete, but further consideration should lead to a 
modification of this opinion. The submerged torpedo 
room is a very large compartment and is adjacent to 
another, the after 15 in. shell room. When the ship 
was completed there was a similar torpedo room imme- 
diately forward of the foremost 15 in. shell room, A 
drawing was found on board showing damage to this 
portion of the ship, evidently caused by a mine. It is 
significant that when the ship was repaired this en 
was not fitted up as a torpedo room, but was divided w 
into several compartments. The thick longitudin 
bulkheads forming the outer boundaries of the boiler 
rooms are nécessariiy provided with doors for transport 
of coal. For the same reason all the transverse bunker 
bulkheads but one are fitted with doors. Of the 17 
transverse bulkheads in the watertight compartments 
next to the ship’s side, 10 are provided with doors for 
access. Further, there is a door between the two forward 
15 in. shell rooms and similarly aft. Each of the three 
forward engine rooms is in communication with the 
engine room immediately abaft through doors in the 
transverse bulkhead, and the longitudinal bulkheads 
between boiler rooms are similarly pierced. Moreover, 
voice pipes are largely used for communication between 
compartments. These have been led through decks 
and. bulkheads without much regard to watertight 
integrity and although those below the L.W.L. are fitted 
with valves experience in salving showed to what an 
extent they impair watertightness. Numerous sluice 
valves, suction pipes and ventilation trunks also reduce 
the efficiency of the watertight bulkheads. ‘To supple- 
ment the iafeemstion on Figs. 3 to 5 a brief description of 
the general arrangements is given in i , 

ive plating 


The disposition of the armour and 
is shown in Figs. 3 and 4 on Plate XII. 

Protection Against Gunfire.—The main belt is 13} in. 
thick, tapering to 6}} in. at the lower edge; above this 
is a 9% in. belt extending to the upper deck. This 

itadel is losed by athwartship armour bulkheads ; 
beyond them thinner side armour is fitted, which ter- 
minates at armour bulkheads. Above the upper deck 
and set in about 5 ft. from the deck edge is the 6}4 in. 
armour of the secondary battery. The gap so formed is 





























338 ENGINEERING. [Marcw 18, rg2t. 

erg lf, in. deck . The deck above this Wei of charge— Anti-aircraft Armament.—Originally the ship was 

ttery is from 1 aay Bow thick. bpm ; (a) Forward— pont i to eight 3-5 in. oe guns on the 
protective deck ( mi amidships an t Propellant... 12 Ib. superstructure deck, of which the following are par- 
14; in. thick ; abaft the eeat an deck ee Silk case aes “= 6-6 lb. ticulars :— 
in thickness up to a maximum of 4} in. over the steering b) Rear, with pri sek - i 
gear. Forward of the citadel the protective deck (the . ene “bey ororege er ~ 192 Ib. naam Seeen: ne bs 4 
ower deck) is generally 2} in. thick. Barbette protection Brass case... ie sie 131 Ib. + sm pressy be 12.150" at 43 
varies from 13} in. armour above the top d to 1 in. Rounds per gun carried (normal BOAEP :0-- oe - wean, 96. 6 
plating at the bases of A and B turrets, and 4} in. armour condition )— ae ang 
at the bases of X and Y turrets. Gunhouse armour is APC 60 Weight of sheil 22 1h. 
13} in. thick at the front, 9} in. at the sides, horizontal HE... id 30 Woieht am es Wale 344 ib 
roof 3} in. thick, and sloping roof 4 in. The 5-9 in. Length of shell— Weieht - ge sk 
casemates are formed by transverse and longitudinal - APC 3-5 calibres _ ~~. harge ... ube — 
bulkheads of { in. piatinn, The fore conning tower has HE... oa 6 +3 walibbes was per: gun 
@ maximum thickness of st in., with a 5§ in. roof. The Weight of burster__ Magazines and ammunition supply arrangements 
co onding thicknesses for the after conning tower ALP.Oj hei T: 51-9 Ib possess no special features. 
are 74 in. and 5} in. respectively, Above the protective OB ak gbieriniiye, «1,8 148 Ib. Torpedo Armament.—Three submerged torpedo tubes 
deck the coal bunkers extend practically from A to ¥ Length of range finder in each are fitted, with the following characteristics :— 
barbettes, and, when filled with coal, reinforce the pro- turres =: di 4x ey 26-9 ft The middle line bow tube is horizontal, with its centre 
tection afforded by belt and decks. A further addition Estimated interval between rounds, 19 ft. below the L.W.L. The broadside tubes are set at 
to this protection is provided by the 1,; in. splinter rapid firi seo eee wan 11GB eB mee] Bdge ion and at an angle of 20 deg. before the 
pn » which Slaekt Wann the br fi ke of Angle of heel at which turret could beam. The centres of the tubes eee the ship’s ate 

© torpedo protection . Arm i } .W.L. tubes provi 

P in the forecastio ‘and peotestive no longer be worked ... As 12 deg. at points 13 ft. below the L.W.L ese tu provide 


rotecting the openi 

Heoks ae of the built-up type, formed by } in. bars, 
upper and lower edges rounded, arranged generally 
athwartships, about 54 in. deep, spaced 3} in. apart, 
centre to centre. In some of the protective deck Hoy 
ings a second tier of gratings with bars fore and aft is 





A brief description of the mounting, which possesses 
several in ing features, is given in Appendix IV. 
Whereas in some places there is extreme congestion, in 
others there is a marked waste of . 
and hydraulic power are used. The mounting is not 














Resistance Augment Relative Rotative 
Wake Percentage. Percentage. Hull Efficiency. Efficiency. 
Condition. 
Centre. Wing. Centre. Wing. Centre. Wing. Centre. Wing. 
Naked - 24-0 8-0 18-7 9-9 1-045 0-983 0-969 0-987 
With appendages 20-6 13-5 25-3 20-2 1-034 0-044 1-030 0-986 














fitted immediately below the upper tier. Apparently 
no have been made in poviection against gunfire 
as the result of war experience. 

Protection Against T .—A longitudinal bulk- 
head, 2 in. thick, terminating on 1,y in. transverse 
bulkheads, is fitted throughout the greater part of the 
length of the ship. Outside this are coal bunkers about 
6 ft. wide, and Sand these an air space, 7 ft. wide 
amidships and slightly less priate Satine ty 
under-water damage a very o i 
pumping and flooding arrangements existed. This is 
described later. Some reference was found on board to 
double torpedo nets, but no fittings nor traces of them 
were discovered. 

Protection Against Mines,—Fittings on the stem point 
to the use of something of the nature of paravanes. 

The following matters concerning protection are of 
interest :— 

The weights, as percentages of displacement, allotted 
to protection in this ship and Royal Sovereign are :— 

















oo * Baden.” * Royal 
Sovereign.” 
per cent. per cent, 
Vertical armour (excluding gun- 
houses and conning-towers 21-8 19-8 
Horizontal protection 7-2 9-6 
Under-water protection 2°6 2-3 
Armour 


pooom are generally large in area, e.g., the 9} in. 
plates of the upper belt are 7 ft. deep and exceed 26 ft. 
in length. A great deal of intricate machining has been 
done on the plates, and the resulting joints fit admirably. 
The butts and edges of the barbette and conning tower 
plates are rabbeted and the butts generally supported by 
straps behind, about 2 in. thick. The barbette armour 
is not secured to a framed plated structure. The weight 
of the belt plates is taken entirely by bolts, s about 
24 in. apart longitudinally and 30 in. vertically. The 
ae belt extends below the lower edge of the protective 

eck, 

An analysis of the protective plating is given in 


——— Ii 

eavy Guns.—The arrangement of the four turrets, 
which carry eight 15 in. 45-calibre guns, is shown in 
Figs. 3and4. The following are the leading particulars 
of these guns and mountings :— 


Height of turret guns above L.W.L.— 


A turret ... 28 ft. 6 in. 
oe |i 008 eee ese éxe 38 ft. 11 in. 

Bi cart seabiest, aatsil’ tank vanct'T Seine 

We see 0) veh dee wee 21 ft. 1 in, 
Dimensions of gun shield— 

Length ... ads ond 45 ft. 2 in. 

Maximum width 29 ft. 4 in. 

Dew asi) Co easirnga Did est (OR Bits 
Internal diameter of barbette ar- 

mour ves owe dae see 32 ft. 10 in. 
Diameter of roller path 29 ft. 2 in, 
Distance between guns ... ods 12 ft. 4 in. 
Approximate estimated revolving 

weight ... web asa oa 1,020 tons. 
Weight of gun bee sé 76-2 tons. 
Maximum angle of elevation ° 16 deg. 
Muzzle velocity... ws dic 2,625 ft.-sec. 
- € i range os oe sg 6 

aximum depression ... 4 
Fixed loading at elevation % 24 deg. 
Weight of shell... is oes 1,653 Ib, 


completely flashtight. Ammunition is hoisted direct 

from the magazine and shell room to the gun house. The 

turret is sup on a ring bulkhead not truly circular, 

built up of two thicknesses of 1 in. plating, with stiffeners 

of the form illustrated, 8 in. deep and ¥; in. thick, spaced 
is 


38} in. apart. The upper deck 

worked inside the armour of A, x 
barbettes and connected to the ring bulk- | 
heads. In the case of Y turret the roller 


TT 
path plating is extended outwards and 
connected to the barbette armour. These ring bulkheads 
stand on the middle deck and are well supported below 
by transverse and longitudinal bulkheads extending down 
to the bottom framing of the ship. : 

15 in. Magazines.—There is no handing room round 
the trunk. C are stowed in this central " 
which is open to from above when the flash doors 
in the trunk (through which the charges are loaded) are 
open. The side magazines, when in use, are also open 
to this central space. Careful search was made for any 
special safety arrangements, but without success ; 
neither were there signs that they had been removed. 
Wood lining is fitted only round the outer boundary of 
& group of magazines. Cooling is by means of brine 
pipes. Electric leads encased in non-fireproof conduits 
are led through the magazines. Safety candle lamps 
are fitted on the bulkheads. Flooding is effected by 
pumps through sprinkler pipes, and a trial carried out 
showed that one side compartment could be filled in 
12 minutes. The charges, though heavy, are lifted and 
traversed by hand, a fitting being used which is very 
efficient an | easily worked. 

15 in. Shell Rooms.—See Appendix IV. 

8 dary Ar t.—Sixteen 5-9 in. 45-calibre 
guns form the secondary battery. Leading particulars 
are as follow :— 





Height of guns above L.W.L. 18 ft. 
Maximum elevation os 19 deg. 
Co ding range 16,350 yards. 
Maximum depression eve 8 deg. 
Thickness of gun shield 3} in. 
Weight of projectile 99} Ib. 
Length of projectile 4-1 calibres. 
Weight of charge— 
Propellant ove ove ow 30-2 Ib. 
Brass case bee see 19-4 Ib. 
Rounds per gun carried ... bss 160 


It will be seen from Fig. 4 that good arcs of training 
and angles of elevation and depression are obtained with- 
out extensive wings to the openings in armour nor con- 
siderable deck height. These qualities are provided 
by accepting early wooding of the sights with provision 
for training and elevation from either side of the gun, 
and by setting the Er of the armour back and 
cutting indy the gun shield roof. Each gun has its own 
combined ine and shell room, from which shell 
and cartridge, in a horizontal position, are transported 
by a flashtight dredger hoist worked by an electric motor, 
shunt wound, of 6-5 horse-power, giving a speed of lift 
of about 60 ft. per minute. Certain hoists have consider- 
able slope. Magazine flooding and cooling ments 
are similar to eh pede wy Aen ye e guns 
are supported by circular trunks of 15 Ib. plating, stiffened 
by vertical angles. These ring supports stand on the 
main deck plating, which is locally increased to }} in. 
in thickness. In several cases the trunks are secured to 
the longitudinal splinter bulkhead. 


* The lower limit is the time taken when shell and 
charge are waiting at the top of the hoist in the 
house. The upper limit is time taken when they 
have to be transported from remote positions in the she 








room and magazine. 





for torpedoes 23-6 in. in say ore 8 Pompe et one 
carrying a charge of 551 lb., weighing complete 2- 
tons, and i G'rahge at @ epesd of 38 haste of 
about 14, yards. Ap tiy four torpedoes per 
tube are allowed, but uctaniiy ite could be carried for the 
bow tube and ten for the broadside tubes. 
Further particulars are given in Appendix V. 
Machinery. — The main propelling machinery consists 
of three similar independent sets of Parsons turbines, 
directly connected to the propeller shafts. Each of 
the three forward ine rooms contains a high-pressure 
turbine, each of the three after engine rooms a low- 
pressure and astern turbine in a common casing. Each 
astern turbine develops about 6,000 shaft horse-power. 
The main condenser is arranged at the side of the low- 
pressure turbine, with main circulating and air pumps 
adjacent. For cruising steam is delivered to the centre 
high-pressure turbine, from whence it exhausts into the 
ak high-pressure and low-pressure turbines at a stage 
of the expansion abaft the impulse wheels. Arrange- 
ments are Pye - for cutting out the high-pressure 
turbines and admitting steam direct to the !ow-pressure 
turbines. The boiler installation comprises 14 small-tube 
Thornycroft-Schulz boilers, with a working pressure of 
228 Ib. per sq. in. The three foremost boilers burn 
oil fuel only ; each has only one large furnace. The 
remaining 11 burn coal and oil, each of the furnaces being 
provided with one sprayer. The machinery spaces 
would be described by a naval architect as ‘‘ compactly 
” and by a marine engineer as “very con- 


Further particulars of the main and auxiliary machinery 
are given in A dix VI. 

Electrical achinery and Equipment.—Four 400- 
kilowatt turbo-generators and two oil-driven 300- 
kilowatt generators are fitted in the positions shown in 
Fig. 5. They supply direct current at 220 volts. All 
dynamos are compound wound, with interpoles and 
compensation windi . The oil-driven dynamo, with 
its six-cylinder Diesel engine, occupies a compartment 
which is only 22 ft. long by 15 ft. wide by 8 ft. high. 
The searchlight equipment consists of eight 43 in. pro- 
jectors, in two groups of four each. The positions are 
shown in Fig. 3. Each searchlight is fed from a special 
motor generator and requires 150 amperes. Arrange- 
ments are provided for striking the searchlights down 
and stowing them on the main deck. Two spare search- 
lights and two 13} in. portable signalling searchlights 
are carried. In addition to lighting, electric power is 
used for the following purposes :—Working main turrets 
(partly direct and partly by electro-hydraulic pumps), 
air compressors, two after capstan motors, two boat 
hoists, 16 deck winchés, ammunition hoists for 5-9 in. 
guns, ventilating fans, workshop motors, turbine turning 
and lifting, six salvage pumps, sanitary, washing water 
and fresh water pumps, refrigerating and magazine 
cooling, culinary plant, a few radiators, motor generators 
for low-pressure circuits. 

Particulars of the circuits and some of the machines 
are given in Appendix Vit. 

Fuel and Puelling 





ts.—The ship is designed 


~ ore about 3,560 tons of coal and 600 tons of oil 
uel. 
Tons. 
The coal is disposed as follows :— 
In side bunkers below protective deck 1,740 
In upper bunkers outside the splinter 
b eads li... bec wee bes 1,020 
In upper inner bunkers 800 


Many of the side bunkers below the protective deck 
are very difficult to empty. Probably the contained 
coal is carried mainly for protection. The coaling 
am are call for no remarks except that by! are 
complicated by the existence of the longitudinal bulk- 
heads separating the boiler rooms. Oil fuel tanks are 
provided with heating coils, using steam at about 28 lb. 
per square inch pressure. There are two fuelling posi- 
tions, one on each side on the upper deck, and two 
emergency connections on the main deck. Near the 
former are steam fittings for héating the tanks of a lighter. 

Structure.—The eral construction and scantlings 
of the vessel are indicated in Fig. 3, on Plate XIII, and 
Fig. 14, on Plate XIV. 

Attention is directed to the four docking keels, the 
number of longitudinals, the closer transverse frame 
spacing outside the longitudinal bulkheads, the main- 
tenance of wide spacing inside these bulkheads beyond 
the citadel, the light yee a of the bottom framing, 
the considerable use of double connecting angles, the 
absence of beams under the protective deck, the stiffening 
of the fore and aft bulkheads, the form of brackets to 
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beams, the amount of joggling and difficult smithed 
work, icularly in wake of the shaft bossing. 

{i IniFig. 17 is shown a transverse watertight bulkhead, 
which is fairly typical. This bulkhead is about 25 per 
cent. below the usual British standard of strength. The 
following are points of interest which do not appear in 
these drawi al 


The to © protection bulkhead plating is worked 
vertically ; the plates are machined at the butts to a 
scarph about 20 in. wide; a 1 in. butt strap about 38 in. 


wide is fitted on one side; there are five rows of rivets 
through the Ih and strap and two rows on each 
side of the onan. The P tes for this bulkhead are 
generally about 104 ft. wide. Butts of bottom plating 
are es and the outer edges chamfered. Protective 
deck plating is fitted, with treble-riveted butt straps 
and strips } in. thick. A shift of butts is not 
. The two thicknesses of plating of the fore- 
castle deck are worked so that each thickness forms a treble 
riveted butt strap and edge — * to the other, in addition 
at both butts ae edges a } in. plate is worked underneath 
of sufficient width to take the nine rows of rivets con- 
necting it to the deck plating. Unnecessary joggling of 
connecting angles of non-watertight bulkheads is fre- 
uent. Countersunk-headed rivets are generally used. 
fight bulkheads are constructed to 2} fb. steel. sheets 
without stiffeners. At the joints of plates a half-round 
section of 5 lb. plating is worked as a stiffener. This 
sheet steel work is excellent throughout the vessel. 

Structural Fittings.—The good quality of the castings 
and the care with which they have been designed to 
economise work without sacrificing strength are very 
noticeable. Double-hinged watertight doors are fitted 
to casemates and suchlike positions where they are 
likely to be subjected to blast. watertight doors 
are generally narrow. Those above the L.W.L. are 
provided with six clips, three on each side, so connected 
that all three can be worked by one handle. The bulk- 
heads at the doorways are fitted with elaborate compen- 
sation. Sliding sheet steel doors are generally fitted to 
cabins. They work very easily. Armoured hatch 
covers are fitted with a crude spring balance ment 
to assist in opening. Such fittings as watertight doors, 
guard rail stanchions, side lights, hatch covers and cabin 
doors are lighter than in the British service. 

Hull Equipment.—The most interesting of the various 
items of hull equipment are the arrangements for pump- 
ing, flooding and draining compartments, aed the 
organisation in connection therewith for dealing with 
under-water damage. These are described in detail. 
Particulars of the remaining items are given in Appendix 
Vill. 

Pumping and Draining.—For these purposes the ship 
is divided into five sections. Pumps are fitted in hold 
com: ents, which have suctions to these sections, 
as shown in the table below. According to drawings 
found in the ship, these sections were originally separated. 
The two foremost and the two aftermost ap to have 
been connected as indicated above after the ship was 
first commissioned, The main circulating pumps have 
bilge sections as well as connections to their suction 
pipes. The various compartments in each group are 
drained through sluice valves to pumping positions or 
pumped out direct through suction pipes. The main 
suction pipes are 13} in. indiameter. A separate auxiliary 
suction pipe 5} in. in diameter is fitted for pumping out 
double-bottom compartments (except water and oil 
tanks), certain hold compartments forward and aft, and 
spaces on the protective deck at the ends of the ship. 
This pipe runs right fore and aft and is connected to the 
fire and bilge pumps. An engineer’s suction pipe, 4} in. 
in diameter, is also fitted, connected to the fire and bilge 
pumps, for pumping out engine-rooms, shaft alleys, and 
some auxiliary machinery spaces aft. The ash ejectors 
can be used for pumping out the coal-fired boiler-rooms, 
Four portable electric and three portable hand pumps 
are also provided for pumping out difficult spaces, such 
as those formed by the desing protective deck. 

Flooding Arrangements.—Fifteen 21 in. seacocks are 
fitted, ten amidships for flooding wing compartments 
and coal bunkers, one forward and one aft for floodin 
shell rooms and adjacent compartments in hold an 
platform deck, and one forward and two aft for trimming 
purposes. A statement was found in the ship that with 
these arrangements the vessel can be heeled 5 deg. in 
15 minutes. The electric turbo pumps have sea con- 
nections for flooding. The magazines on the lower deck 
and the 5-9 in. magazines are flooded by pumping from 
the neighbouring electric turbo pumps into the sprinkling 
pipes. For flooding magazines when in dry dock arrange- 
ments are provided whereby adjacent wing compartments 
are filled before docking with about 400 tons of water, 
which can be pumped into the endangered compartments. 
The usual sounding and air escape pipes are provided. 
Organisation for dealing with Under-water Damage.— 
In action it is the commander’s duty to keep the ship 
safe and reasonably upright. For this purpose a central 
control ition is arranged in the lower conning tower, 
from which the officer-in-charge can communicate by 
voice pipe or telephone with the pumps, working positions 





of certain seacocks, and auxili control stations. 
In this central position are fitted a dulum to indicate 
actual heel and trim and a board ing the weight of 


water which each. compartment can contain, and the 
effect of this contained water on the t, heel and 
trim of the ship. The board is provided with coloured 
pegs to mark the actual state of the vessel. The com- 
mander has full authority to take action and is only 
required to consult the captain if the fighting value or 


buoyancy of the ship is considerably myers The | F 


whole of the ship’s company is thoroughly drilled in this 
work and carefully instructed ing the watertight 
subdivision and the pumping, ory and draining 
arrangements. A model evidently used for this purpose 


was found on board. Extracts from instructions found tudinal bulkhead and the ship’s side is used for accom. 


in the 
given in Appendix IX. 


ship for dealing with under-water damage are | modation. In these mess spaces there are 5-9 in. gun 








. rts and ing shoots, also two urinals, 
In conclusion, I desire to state that my thanks are with other and w.c.’s on the port side at¥the 
due to Mr, M. P. Payne, superintendent, Admiralty | after end of the messes. Amidships on the inboard side 
Capacity 
Section. Pump. in Tons Position. 
per Hour. 
Fr absith ns Sines Mate cneaintes ty ” 1.390 ion one 
om e ° pum oe centre é -room. 
room puitheet =” (On Section Il also.) ' 
s II. Main circulating pump 1,200 | Port after engine-room. 
From I to forward engine-room | Main circulating pump 1,200 Starboard after engine-room. 
bulkhead Electric turbo pump .. oe 900 Forward centre engine-room. 
Sanitary (electric turbo) pump 60 Forward centre engine-room. 
Fire and bilge pump .. ne 36 After centre engine-room. 
Til. Auxiliary circulating pump .. 900 Under midship 5-9-in. magazine port. 
From II to bulkhead abaft three | Auxiliary circulating —_ oe 900 Ditto stesboata. 
foremost boiler-rooms Fire and bilge pump .. 75 After centre boiler 
Fire and bilge pump .. 75 | Middle centre boiler-room 
Iv. Electric turbo pump .. be 900 | Compartment before port forward boiler-room. 
From III to bulkhead forward | Electric turbo aa “Hf be 900 Ditts, starboard. en 
of centre of B turret (Both on Section V also.) 
Fire and bilge pump .. os 75 Port forward boiler-room. 
Vv. Electric turbo pu: oe 900 Below oil dynamo-room port. 
From IV to stem Electric turbo sees ee 900 Ditto, peck Anon 
(Both on Section TV also.) 














Experiment Works, Haslar, who kindly corrected the 
sections on form and propellers, which are summaries of 
various reports made by him. I am also indebted for 
advice in the DS ago of this paper to Sir Eustace 
d’Eyncourt, K.C.B., Director of Naval Construction, 
who inspired me to write it. 





APPENDIX I.—Estmare or Propvutsive ComFFIcIENT. 
(Extract from a Report of the Superintendent, Admiralty 
Experiment Works.) 

An investigation has been made into the propulsive 
coefficient which Baden might be expected to obtain at 
top rage The various steps of the calculation can be 
readily followed in the table below with the subsequent 
descriptive remarks :— 





of these bulkheads are some more messes, wash-places, 
workshops, wireless offices, drying room and coal bunkers. 
The whole of this deck amidships is very much cut up by 
uptakes and air supply ream to machinery spaces. 
Abaft Y turret are offices, cabins and officers’ recreation 

officers’ mess, 


tear Deck Bighs formed 
pper .—Right fo: is a pett; 
¢ abalt. pe A seamen’s and 
, the entrances to which 


then the sick bay, immediatel 
petty officers’ w.c.’s and uri 

are direct from a mess space. Each 5-9 in, gun is enclosed 
by transverse and longitudinal bulkheads, the spaces 
so formed-being used for messing, The seamen’s and 
junior officers’ galleys are situated amidships forward of 


turret. 
Forecastle Deck.—The admiral’s cabins, the ward room, 
the offices and cabins of the staff officers and senior ship’s 





Hull Relative Screw Appendage Quasi Quasi —) 

wu ppe \- le 

Speed. Screw. Efficiency. Rotative | Efficiency. Coefficient. Propulsive. ive . 
Efficiency. Coefficient. Cootchent, Gootholens, 








1. Using Naked Model Hull Efficiency Elements. 


Centre | 


Wing 


1-045 
22-3 knots { onans 


0-969 
0-987 


0°57 0-508 
} 1-138 { 0-514 0-44 
0:61 0-518 


2. Using Hull Efficiency Elements derived from Model with A ppendages. 


Centre 
Wing 


1-034 1-030 


0-986 


4. 


22-3 knots 
0-044 











0-59 


Sy) oo [C3 





0-499 | 0-42 





The “appendage coefficient ’’ is the ratio— 


E.H.P. (naked ship + appendages) 
E.H.P. (naked ship) 
The “ 


uasi-propulsive coefficient " is the combined 
product hull diem, screw efficiency and relative 
rotative efficiency divided by the “ appen coeffi- 
cient,” The ‘‘ quasi-propulsive coefficient ” been 
multiplied by 0-85 to give the estimated real propulsive 
coefficient. This factor (0-85) is intended to cover in a 
general way the combined effect of bearing friction of 
shafts, wind resistance, &c., possible over-rating of ship 
hull efficiency by model experiments and other factors 
of uncertainty in proceeding from model results to the 
ship. Its use is justified by experience. 





APPENDIX II.—Generat ARRANGEMENTS. 

The following description supplements Figs. 3, 4. and 5, 
etc. :— 

Double Bottom.—These compartments are ly 
appropriated for oil fuel tanks under the 
engine rooms, reserve feed water (215 tons), and washing 
water (30 tons). 

Hold.—Spaces not occupied by machinery and the bow 

tube are ted as store room; fresh water 

(35 tons) are immediately forward of A barbette ; 

right aft are some ey compartments fitted for 

correcting trim; some of these extend up to the lower 

deck, the similar tanks forward extend from the platform 
to the lower deck. 

Platform Deck.—See Figs. 9, 10 and 13. 

Lower Deck.—From the foremost turret aft this deck is 
given up to :—Store rooms, 15 in. magesine®, with two 
switchboard rooms between A and turrets, motor 
generator rooms, lower conning tower, turbo-dynamos, 
machinery spaces, ——— after torpedo room, steer- 
i ine rooms i compartments. 

rotedtive Deck.-—On the lower deck from the stem to A 
— and on the middle deck abaft there - — poner 
capstan engine room, mess spaces, batt i 
stations and coal bunkers. Abaft the aftermost turret 
are some junior officers’ messes, cabins and store rooms. 
orward there are some bow compartments formed by 
portions of middle deck, which are allocated to stores 
and prisons. 
Main Deck.—Petty officers’ messes occupy the forward 





end, The narrow space on this deck between the longi- 





officers, with the admiral’s and ward-room galleys, 
occupy this deck. 

Forecastle Deck and Superstructure Deck.—Fig. 3, etc. 

Watch cabins and some ready-use stores are provided 
in the lower part of the enclosure round the fore conning 
tower and mast. 

Conning Tower Platform.—This platform was r- 
ently intended at one time to be fitted as a Lewes It 
is referred to in the ship drawings as the peace navigating 
position. It has two light, narrow gangs. * at the 
wings, which can be turned back against the platform or 
out at right angles to the middle line. In the latter 
eeree command an excellent view of the ship. 

e enclosure abaft the conning tower contains watch 
cabins and a chart house. 

Admiral’s Bridge.—This is above the conning tower 

latform. On the same level are a chart house, signal 

"Caplan ridge oh bridge above th 

aptain’s idge.—The captain's above the 
admiral’s bridge is quite small. A chart house and 
watch cabin are fitted at this level. 





APPENDIX III.—Composrrion or ProrgctTive 
PLaTING, 
An analysis of the thick longitudinal bulkhead and 
protective deck plating gave the following results :— 








Deck Bulkhead 

- Plating. Plating. 

Carbon “200 0-275 
Silicon 0-014 0-007 
es: Satake eels 
- ok 0-100 | 9-058 
Nickel, 1-560 1-640 
Chromium 0-070 0-180 














APPENDIX IV.—Matw ARMAMENT. 

Gun Phovntiogs, The mounting consists of a shield, : 
turntable, t structure containing machi » a 
@ rec trunk extendi from the moot of the 
shield to the floor of the shell room. The whole is 
supported on a ball race consisting of about 150 balls, 
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6} in. in diameter. Each is mounted in a cast steel 
cradle, to the forward end of which is secured the 
port protection plate, about 4 in. thick. This p' 
closely roaches the front shield and side splinter 
plates affords protection, though i ient 
to withstand a direct hit. The gun is elevated by 
hydraulic power. Hydraulic recoil cylinders and pneu- 
matic run-out are provided. The floor of the shield is 
5} in. thick at the front to 2} in. at the rear. On the 
lower side of the 5} in. plate are secured a main and an 
auxiliary electric training motor. The former is of 
60 horse-power, supplied by a 90-kilowatt motor generator 
on the Ward-Leonard system. Each turret can be 
worked from either of two generators in different com- 
partments. The auxili training motor is of 8-4 horse- 
power, shunt wound, and can be worked from the main 
or auxiliary electric leads into the turret. The training 
rack, of forged steel, is bolted to the ring bulkhead near 
the top. Only electric power is led into the turret. 
Hydraulic power is © pare mm by two three-plunger 
pumps, with air-loaded accumulators, each driven by a 
direct-coupled shunt-wound motor of 150 horse-power. 
The power so generated is used for elevating the guns, 
raising the main ammunition hoists, transporting the 
charges in the gun house, ramming, and working the 
breech. All these operations can pv be performed by 
hand. There is an auxiliary electric drive for the main 
ammunition hoists (a series motor which runs during the 
lowering of the lift as a generator). An electricaily- 
driven hoist is fitted for working auxiliary ammunition. 
The trunk is divided into two compartments, one for 
each gun. The shell and charge ascend direct from the 
shell room and magazine to the gun house, where they 
arrive between the guns. They are rgmmed back by 
chain rammers into a wagon in rear which, when traversed 
across the gun house, brings the shell opposite the breech. 
The shell is rammed into the gun by a telescopic rammer ; 
the cordite container descends into the position vacated 
by the shell, and the charges are rammed together into 
the gun, The wagon is traversed back, the breech closed, 
and the gun is ready. After firing, and the breech is 
opened, a thick leather cover is placed over the ejected 
cartridge case to keep in the fumes, the case is moved 
to a hole in the house floor and passed out of the 
turret. The gun is cleared of powder gases, by an elec- 
trically-driven exhaust fan. 

15 in, Shell Roome.—These ry are spacious 
and the bins very accessible, Shells are stowed with 
axes athwartships. The compartment round the trunk, 
which is here not flashtight, is almost entirely occupied 
by a circular loading platform. Electric power, with 
alternative hand , is used for lifting and traversing 


shells, Decks acent to hot spaces and bulkheads 
common to coal ers are lined with wood. Brine 
pipes for cooling are led round the compartment, which 
can be 


flooded from the sea through, sprinkler pipes 
over the bins and dumping trays, Special ts 
are provided in the shell room for embarking. Shells 
are struck down vertically in an clesteleally-datepla 
carrier. On reaching the shell room this carrier is 
rotated until it comes to rest in a horizontal ition. 
The fitting is ingenious and works well, but it is elaborate 
and occupies much space. 
APPENDIX V.—TorpPepo ARMAMENT. 

The forward tube is of the barless type, with rear 
door. The torpedo is loaded by hand into the tube 
from a carrier immediately abaft the door. The broad- 
side tubes are provided with guide bars and have side 
doors 23 ft. 4} in. long and a rear door. For loading, a 
carrier is provided just aft of the side door. 
up and down, taking the torpedo with it, and either at 
the top or bottom position can, by means of two arms, 
transport the a transversely. To oes are 
stowed on top of the tubes, so that the loading carrier 
can pull a torpedo towards itself, lower it to the tube 
level, and push it into the tube. As the carrier rises 
the tube doors are closed. The loading operation is rapid 
and precise. Runways are fitted for transport of tor- 

oes in the flat. Electric power is provided for pagone. § 
he traveller can be traversed by electric motor or hand. 
Compressed air for the to © installation is supplied 
by four electrically-driven air pumps, each worked by an 
80 horse-power compound motor. Special fittings are 
rigged on the upper deck when a to’ o has to be struck 
down into the Hat. The trotley to which the torpedo is 
secured is wheeled from horizontal rails on the deck 
along rails curved in fore and aft planes, to vertical rails 
extending down through a trunk to the torpedo level. 
The torpedo is this “Eowesed vertically. On a 
the bottom of the trunk the reverse operation is i 
out and the to 0 is into the torpedo room 
with its axis horizontal through a door in the after 
bulkhead. 





APPENDIX VI.—Macurnery. 

Main Engines.—In the after centre engine-room 
there is a distilling plant, comprsing two evaporators, 
two pumps, a distilling condenser, and two dri 
water filters. A similar distilling plant is fitted in a 
separate compartment between the middle and. after 
boiler-rooms. The two plants can produce about 300 
tons in 24 hours. A forced lubrication system is pro- 
vided for each set of turbines, consisting of two pumps, 
one in the forward and one in the after engine-room, a 
cooler, a drain tank and two filters. These systems can 
be cross-connected. The main turbine rotors can be 
turned and the casings and drums lifted by hand or by 
electric motor. 

Boiler Arrangements.—For the supply. of air to the 
boiler-rooms there are 14 steam turbo-driven fans, each 
with two impellers. Only six of these, two for each 
transverse set of boi are below the protective deck. 
The fans for the oil-fired boilers are about 40 per cent. 





more powerful than those of a corresponding number of 
coal-fired boiiers. The uptakes and air supply trunks 
are extremely complicated. Each transverse set of 
boilers is provided with two feed pumps. Auxiliary 
exhaust steam is used for heating feed water. Heaters 
are fitted in all boiler-rooms. Three oil-fuel pumps are 
provided two for the oil-fuel boilers and one in the 
central boiler-room for the oil supply to the coal boilers. 

Steering: Engines.—Two similar two-cylinder _hori- 
zontal engines are installed in separate compartment 
abaft the to o-room. Each engine has a worm and 
worm wheel for each steering gear shaft, so that it can 
operate either rudder or both rudders at the same time. 

Fire and Bilge Pumps.—Three steam pumps, each 
75 tons per hour capacity, are fitted, one in the port 
forward, one in the midd'e centre, and one in the after 
centre boiler-room. The two latter also work the ash 
ejectors and can be used for cooling fire-bars. A fourth 


ELEVATION 





forming almost a ring. Internal lighting is by two main 
ircuits A and B, each of which is divided up as follows :— 
A. 
(1) Above protective degk. Forward and one-half 
amidships. 
(2) Below protective deck. One-half forward. 
(6) Below protective deck. One-half aft. 
B. 
(3) Below protective deck. Other half forward. 
(4) Above protective deck. Aft, and other half 
amidships. 
(5) Below protective deck. Other half aft. 


Change-over switches are provided whereby the main 
branches of either of the three sections can supplied 
from the other main circuit. 

Motor Generaturs for Turrets, &c.—Four double-ended 
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Fie. 17. TRANSVERSE WATER-TIGHT 


pump of 36 tons per hour capacity is fitted in the after 
centre engine-room. 
sh Ejectors.—Each coal-fired boiler-room is fitted 
with an ash ejector, which can also be used for clearing 
the stokehoid of water. 
Oil Fuel Gransferring pump.—For transferring oil 
fuel and discharging to the ship’s side connection or 
overboard a pump is provided in the forward centre 


sy ane ee 

‘orward Capstan Engine.—This is:a vertical twin 
engine of ordinary type, with shaft athwartships, driving 
the cable holders and middle line capstan through worms 
and worm wheels. The engine can be operated and 


‘reversed locally or from the forecastle deck. 


Ausiliary Condensing Plant.—Two installations are 
provided in two separate compartments between the 
middle and after boiler-rooms for dealing with the 
exhaust steam from the auxiliary machinery. Each 
consists of a condenser with 16,200 sq. ft. cooling surface, 
circulating and air pumps. 





APPENDIX VII.—Etecrricat MACHINERY AND 
EQuiIrMENT. 

System of Wiring.—There are four main controlling 
switch’ , one adjacent to each dynamo-room, 
which can be fed from any generator. They comprise 
four stations, designated :—(a) Port forward; (b) star- 
board forward ; (c) w aft; (d) lower aft. 

Any circuit can be fed either from (b) and (c) or from 
(a) and (d), the wiring being led passages on the 
inboard sides of the central longitudinal bulkheads, 


BULKHEAD BETWEEN ENGINE Rooms. 


motor generators are provided which supply the 15 in. 
turret-training motors, and alternatively the two after 
capstan motors and the two boat hoists on the Ward- 
Leonard system. Each double set can deal with two 
turrets, and, in an emergency, one set can be connected 
so as to supply all four turrets. 

After Capstan Motors.—These are on the protective 
deck, one on each side of the ship. They drive the capstan 
spindle through worm Foeting: The capstan can deal 
with steel wire rope and lift a load of 17-8 tons at a speed 
of 85 ft. per minute. 

Boat Hoists.—There are two motors, one for each 
boat crane, situated on the main deck. Each can hoist 
a weight of 12-8 tons at a speed of 65 ft. per minute. 

Deck Winches.—These are portable and very neatly- 
designed machines used for coaling and general pur 
Each has two drums and can lift a load of about 
ton at a speed of 200 ft. per minute. F 

Ventilating Fans.—The main engine-rooms are venti- 
lated by artificial supply and natural exhaust. Each 
of the three forward engine-rooms is supplied by a fan 
driven by a 23 horse-power shunt-wound motor. Each 
of the three after engine-rooms by two similar fans, each 
driven by a 15 horse-power shunt-wound motor. The 
speeds of these fans can be regulated. The r ning 
fans throughout the ships are of the Sirocco type, driven 
by constant-speed shunt-wound motors. Bo 

Refrigerating and Magazine Cooling Plant.—Two similar 
installations are fitted in the hold, one forward and one 
aft. The eee sam and ice store are forward, 
and the forw plant has an ice producer. Each in- 
stallation consists of a single-cylinder compressor, 4 
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centrifugal pump and a brine pump (all driven by shunt- 
wound t1notors), two condensers and two brine coolers. 
Each can dise’ into a brine ene The following 
is claimed for the plant when the main machinery is 
running at full power, the temperature of the sea water 
is 86 deg. F., ang that of the outer air 95 deg. F. Each 
installation can :—(a) Maintain the magazines (except 
torpedo war-head and saluting ammunition magazines) 
at a temperature not exceeding 86 deg. F.; (b) produce 
15 Ib. of ice per hour from water at 86 deg. F. ; (c) main- 
tain the refrigerating chambers at 41 deg. F. 

Motor Alternators.—Four motor alternators, generating 
50-volt current, are provided for working certain instru- 
ments, such as helm indicator, engine-room telegraphs, 
— telegraphs, &c. Two motor alternators are 
fitted for wireless telgraphy. 

Low-voltage Circuits.—Two motor generators are 
installed for charging accumulators, from which a 12-volt 
circuit is run for working telephones, buzzers, alarm gongs, 
&e. 





APPENDIX VIII.—Hovti Equiemenrt. 

Rudders and Steering Gear.—Each rudder, of area 
206 sq. ft., diameter of head 27} in., is driven by its own 
steering r of ordinary screw type. At a of 
21 knots both rudders can be put from amidships to 
hard over in 15 seconds by one steering engine. Hand 
steering wheels are provided in compartments between 
the steering engines and steering gear. There are 
steering positions at the bridge, forward and lower 
conning towers, and each steering engine. Mechanical 
means of transmission are employed. 

Anchors and Capstan Gear.—Anchors, 158 cwt.; stern 
anchor, 79 cwt.; cable, 2-95 in. ; hawsers, 6} in., 5} in. 
and 34 in. The cable holders are of the friction-plate 
type. 

poate and Boat-hoisting Gear.—The boats carried are 
shown in Fig. 4. Two stump masts with derricks are 
provided, one on each side of the ship. The jib is stepped 
in a fixed pin bearing on the outboard side of the mast. 
It is supported by wire rope guys and is turned by hand 
power by means of guys. The life cutter davits are of 
steel lattice-work, stepped on the forecastle deck. The 
boats can be swung in above this deck, an arrangement 
necessitated by their position relative to the 5-9 in. 
guns, 

Masts and Rig.—The tripod mast stands on the fore- 
castle deck and is secured to the superstructure deck. 
It supports the standard compass platform, searchlight 
and look-out platforms, and spotting and control tops. 
The two sides of the latter are of 40 Ib. plating. The 
centre leg is 3 ft. in diameter, built of 15 lb. plating 
suitably stiffened. The middle legs are each 2 ft. 7} in. 
in diameter and are built of 20 Ib. plating. A topmast, 
flagstaff, sloping pole for wireléss aerial, and signal yards 
are fitted :—Height of top of tripod above L.W.L., 
115 ft.; height of top of aerial above L.W.L., 197 ft. ; 
height of top of flagstaff above L.W.L., 214 ft. A light 
mainmast abaft the after searchlights, with a small 
topmast and sloping pole for wireless aerial, are fitted :— 
Height above L.W.L., 132 ft. 

Wireless Telegraphy Equipment.—The main wireless, 
office, with separate receiving and transmitting rooms 
is fitted on the main deck amidships. An auxiliary 
is provided on the main deck by X turret. A third office 
is installed in the forward conning tower. 

Compass Equipment.—The compasses been 
removed, but the foilowing arrangements are apparently 
provided :—Magnetic compasses, one on foremast, one 
in each hand-steering compartment; gyro compasses, 
two separate installations are fitted (one master gyro 
is in the lower conning tower, the other in the port steering 
engine-room. The following are the positions of the 


4} in. and 2} in. diameter at the ends of the ship, is run 
under the protective deck. It is divided into four 
sections by cut-off valves; each section is connected to 
a steam fire and bilge pump. The working is 
85 Ib. per square inch. Rising mains are connected to 
this pipe with a stop valve to each below the protective 
deck. Patent fire extinguishers are fitted in the maga- 
zines ‘ 


Draught Measuring Apparatue.—A small seacock 
forward and one aft are fitted for this a 

Label Plates and Indicators.—The chip is thoroughly 
labelled with direction arrows and instructions to facili- 
tate access to compartments. At each ladderway a 
little plate is fixed on the bulkhead giving a diagram of 
the ship in the immediate vicinity. 

Workshops.—An engineer’s workshop is provided on 
the main deck with the following equipment :—Two 
lathes, planing machine, drilling Ceding two grind- 
stones, two benches and two vices. The machine tools 
are driven by independent electric motors. A black- 
smith’s shop is fitted on the main deck, containing two 
forges, two anvils, a bench and vice. An electrician’s 
workshop me ee on the main deck, equipped with 
an electrically-driven drilling machine, a bench and 
vices. An armourer’s workshop is fitted on the upper 
deck amidships, provided with a lathe and drilling 
machines, both motor-driven, vices and a bench. A 
torpedo workshop is fitted on the middle deck. 





APPENDIX IX.—Exrracts rrom German ReGuia- 
TIONS FOR DEALING WITH UNDER-WATER DAMAGE, 
If a leak occurs the following measures in general are 

to be taken :— 

(a) Close watertight openings, including those for 
ventilation, in the leaky and adjacent compartments. 

(b) Examine openings already closed. 

(c) Locate the leak and determine its extent. 

(d) Shore up bulkheads, doors, &c., as necessary. 

(e) Confine the incoming water by observing and 
keeping empty adjacent compartments. 

) Safeguard the endangered fighting value. 

(g) Counter flood. 

(hk) Check the inrush of water and empty the leaky 
compartment. 

As the entry of more water increases the Snge of 
sinking or capsizing, the admission of water for ucing 
heel should be done with t caution. Instruction in 
dealing with under-water damage is to be carried out by 
the commander, with the assistance of the executive 
officers, engineer and warrant officers specially detailed. 
Not only these, but everybody is to be trained who during 
action has a station on or below the protective deck. 
Instruction is to be such that the | service works 
under such circumstances as failure of ordinary lighting, 
failure of means of communication with the } con- 
trols, destruction of pumping arrangements, flow of 
water through pipes, &c., from compartment to compart- 
ment. Exercises both without and with actual flooding 
are to be carried out. After a change in personnel the 
latter are especially necessary. Should large compart- 
ments be filled the control officer must carefully consider 
that the entry of further quantities of water diminishes 
buoyancy and in certain cases stability. 





ELECTROCHEMISTRY AND ELECTROMETALLURGY IN 
SwITZERLAND, 1919.—The Swiss reports on Trade and 
Industry in 1919 show how much the aftermath of the 
war was felt even in neutral countries. Rise in prices, 
dearth of coal, instability of the rates of exchange, 
labour troubles, transport difficulties and altered de- 
mands have brought hard times to many electro- 
a 





‘© receivers :—Admiral’s bridge, bridge, ing-tower 
HS heihewsg conning tower, lower Oey tte admiral’s 
chart-house, B turret, and each steering engine-room. 

Rangefinders.—In addition to the 26-9 ft. range- 
finders in the turrets, rangefinders of about 10 ft. base 
are fitted over the spotting top on the foremast and the 
forward and aft conning towers. Two are arranged just 
above the forecastle deck over the 5-9 in. battery, one 
port and one starborard. One is placed on the roof of 
B and one on X turret. 

Accommodation.—According to a statement found on 
board, the peace complement of the ship is 34 officers 
and 1,153 men, presumably without counting admiral’s 
staff. The accommodation is extremely poor both for 
officers and men. Mess spaces, washing and sanitary 
arrangements would not be tolerated for a moment in 
the British service. A dining cabin about 28 ft. wide 
and 23 ft. long, just abaft B turret, is the only large cabin 
provided for the admiral. The ward-room is about 
32 ft. square on the forecastle deck between the funnels. 
Cabins are lagged and lined. Steel furniture of excellent 


1 concerns. The exports of calcium carbide, 
which had risen to 75,840 tons in 1918 (from 31,790 
in 1913) again went down to 38,980 tons in 1919, of which 
Germany received two-thirds and France one-third ; 
Switzerland herself consumed 7,000 tons. Of calcium 
cyanamide the production went down from 40,000 tons 
to 10,000 tons ; a good deal of the war cyanamide had 
been wanted for the explosive industry rather than for 
agriculture. The aluminium production went down from 
11,370 tons in 1918 to 6,120 tons in 1919, which is below 
the figure for 1913, 7,490 tons. Ferro-alloys shared the 
fate of calcium carbide; of ferro-silicon in particular 
there seem to be ample supplies everywhere. Electric 
steel castings continued to advance, and the electrolytic 
caustic soda, bleach and chlorate works remained busy, 
but the demand for nitric acid diminished strongly. 





TrRovBte From Russer InsvuLaTION IN VacuUM 
SrecTroscopy.—When studying the ultraviolet spark 
spectrum of zinc in a high vacuum with the aid of a 





quality and workmanship is fitted throughout the ship. 
kers are provided for the men’s pergonal effects. 

Ventilation and Heating.—Artificial supply and natural 
exhaust are employed for ventilating living spaces, com- 
partments on the protective deck, magazines, shell-rooms, 
torpedo-rooms, centre shaft alley and pipe passages. 
Natural supply and artificial exhaust are employed 
for ventilating wash-places, w.c.’s, galleys, drying-rooms, 
coal bunkers, 5-9 in. casemates, wing shaft alleys, and 
hemp and cordage stores. Both fan supply and exhaust 
are employed for ventilating auxiliary machinery spaces, 
lower conning tower, transmitting station, sick bay and 
living spaces on the middle and main decks. Forward 
of A turret ventilating trunks are watertight up to the 
forecastle deck. Abaft A turret they are watertight 
up to the up deck. Portable fans are provided for 
ventilating double bottom and wing compartments. 
The ship is heated by steam radiators of very crude 
construction. 

Fire Service.—A fire main, 5} in. diameter amidships, 





e grating, R. A. Sawyer (Astrophysical Journal, 
December, 1920) was disturbed by the rapid corrosion or 
rather tarnishing of the ting. It was first thought 
that zinc particles shot off by the zinc electrodes when 
the sparks passed were responsible for the trouble, 
becayse the film settling on the grating, made of speculum 
metal, could be wiped off. Some polished copper 
mounted on the apparatus, but without the path of the 
light beam, were even more rapidly spoiled than the 
grating, however, and a quantity of the tarnishing film, 
sufficient for chemical analysis, was collected. This 
film contained some sulphide and was due to the sulphur 
in the ebonite insulation of the electrodes and in the 
rubber gaskets. After the ebonite had been replaced by 
the synthetic amber of the Redmanol Company and the 
ordinary rubber gaskets by gaskets of antimony-cured 
rubber, likewise free of culpioas; no further trouble was 

ienced from this source. The zinc spectrum was 
obtained down to wave-length 316-4 Angstrém units, 
where it seemed to end suddenly ; the iron lines were 
traceable further down. 





PLASTIC DEFORMATION OF SOME COPPER 
ALLOYS AT ELEVATED TEMPERATURES.* 


By Professor C, A. Epwarps, D.Se., Member of Council 
(Swansea), and A. M. Herserr, B.A. (Manchester), 
Ir is perhaps not going too far to say that most of 

the metals and metallic alloys used in the industries 

are subjected to some kind of mechanical deformation 
during the of their manufacture. This may take 
the form of hammering, rolling, extruding, or drawing, 
either at the ordinary temperature of the atmosphere, 
or it may be more satisfactorily accomplished at con- 
siderably higher temperatures. With cold work most 
metals acquire an increased resistance to flow which is 
almost proportional to the amount of deformation they 
undergo, and finally a stage is reached when the material 
will not submit to further flow and fracture takes place. 

With hot-work, however, the temperature is usually well 

above that at which spontaneous annealing occurs, and 

consequently the material under these. conditions 
possesses a much greater capacity for deformation when 
subjected to prolonged or repeated applications of stress. 

It is well known that the resistance to flow or the viscosity 

of a metal under stress changes with temperature. This 

change which may be quite appreciable is usually, 
though not invariably, in the direction of an increase in 
the plasticity with rise of temperature. In view of this 
the amount of deformation produced with the absorption 
of a certain amount of energy, or, conversely, the amount 
of energy required to produce a given amount of deforma- 
tion, may vary within very considerable limits if there 
is much difference between the temperature at which 

a icular metal or alloy is worked. 

ven in the case of metals the quantitative 
influence of temperature is not known with any see 
of certainty, and the state of knowledge for many alloys 
is perhaps in a less satisfactory position. In considering 
this matter on a previous occasion, one of the present 
authorst tentatively put torward the view that the 
henge of a metal varied in proportion to the distance 
rom the absolute ra and inversely pro- 
portional as the product of the atomic volume and 
coefficient of expansion, ¢.g. 
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in Table I, alo: 
mentally obtained by means of Brinell’s method. 
Taste I, 
Atomic Brinell Tm—t. 
Element. Volume. Number. vx G 
Sodium 23-7 0:07 0:29 
Magnesium 14°3 38-30 10-3 
Aluminium 10-5 24:7 15-1 
nm 11-4 240-0 89-3 
172 0-63 0-12 
Potassium 47-0 0-04 0-09 
Tron .. 71 97-0 97-0 
Nickel 6:7 144-0 85-0 
Case ot 83-0 rs 
Zine 95 45-5 &-4 
Arsenic 13°3 147-0 62-4 
im 8-5 156-0 148°0 
Palladium 9-3 61-0 71-6 
Silver 10:3 87-0 26-8 
Cadmium 13-0 29-0 5-49 
Indium 1671 1-0 1-28 
on 16°2 9-0 8-5 
Antimony 17-9 68-0 17-4 
Iridium 8-6 217-0 177°4 
Platinum 9-1 “4-0 116-0 
Gold .. 10:2 33-0 39-7 
Thallium 17-2 7-3 8-2 
Lead .. 18-2 6-9 3:2 
Bismuth + on 21:2 14-0 5:3 
It will be observed that there are marked irregularities, 
but these can scarcely be regarded as very serious, as 


a first approximation, when it is remembered, first, 
that the tests have been made at the same and not at 
corresponding temperatures ; second, it was necessary 
to assume that the coefficient of expansion was a linear 
function of temperature; and third, it has not 

possible to take account of internal molecular transforma- 
tions occurring between 0 deg. C. and the melting-point. 

In view of the large quantity of metal which is com- 
mercially worked at elevated temperatures, the amount 
of quantitative data that is available is a 
meagre. Very useful results have been published by 
Ludwik, Bengough, Huntington, Rosenhain and Humfrey 
Robin, Tarrant and Guillet; but with the exception 
of the first-named worker the experiments have consisted 
of tensile tests, or normal hardness tests of the Brinell 
type. Results obtained in this way are certainly of great 
value, but when viewed in the light of many commercial 
operations they may prove rather misleading. 

With the view obtaining more information on the 
question of the plastic deformation of metals at hi 
temperatures the instrument, described by Mr. Willis 
and one of the present authors,t was designed for the 


* Paper read at a meeting of the Institute of Metals, 
on Wednesday, March 9. 

+ Edwards, ©. A., “Hardness and other Physical 
Properties of Metals,” Proceedings of the Manc 
Association of Engineers, February, 1919, page 225, — 

t Edwards, C. A., and F. W. is, “ A Law Governing 
the Resistance to Penetration of Metals when Tested by 
Impact,” Journal of the Institution of Mechanical 

ineers, May, 1918, page 335; Edwards, C. A., 
“The Resistance of Metals to Penetration under Impact,”’ 
Journal of the Institute of Metals, No. 2, 1918, vol, xx, 
page 61. 
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purpose of making indentation tests under dynamic 
stresses. The advantages of using this machine, and 
dynamic instead of static stresses, are: (a) It was 
possible to make a considerable number of tests on the 
same speci with ris or falling temperatures, 
without otherwise altering the conditions of the test ; 
(b) the time factor, if not entirely eliminated, is reduced 
to a minimum ; and (c) the conditions of the indenting 
tool’ are kept constant. There was, er, one 
uncertainty which became manifest during the earlier 
work when calibrating the dynamic test against the well- 
known static method devised by Brinell. It was found 
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that certain metals offered a greater relative resistance 
to deformation by dynamic stress than they did under 
static load. Whilst this peculiarity was found to be 
associated with what appeared to be a special kind of 
deformation, there was no means of predicting whether 
this would or would not, take place in considering an 
unknown alloy. Indeed, an alloy which did not show 
this feature at the ordinary temperature might develop 
it at some unknown higher temperature. 

One of the most serious obstacl 
conducting any kind of test on metals at high tempera- 
tures is the prevention of oxidation, This might directly 
lead to unreliable data by the composition of the alloy 
changing during the experiment, and if a surface scale 
were formed this also might lead to inconvenience and 
uncertainty. 

The only satisfactory means of overcoming this would 
be to conduct the experiments in vacuo, or in a perfectly 
neutral atmosphere. Before attempting either of these 
methods, it was thought desirable to obtain some data 
with alloys that would present little or no inconvenience 
as @ result of oxidation. The alloys selected with this 
in view were those of copper-aluminium and copper-zinc 
containing the 8 constituent. With alloys of the 
former class no serious trouble was anticipated, and 
indeed the surfaces of the specimens, after having been 
heated to the hi temperatures used in the experi- 
ments, were perfectly smooth and showed no trace of 
sealing. The work with the copper-zinc series was 
commenced with very much less confidence in this 
respect, but the results were far more satisfactory than 
the authors expected ; only the merest trace of oxidation 
could be detected, and no perceptible scaling was formed. 

All the alloys were made from pure electrolytic copper 
and the highest e aluminium on the one hand, and 
the same kind of copper and Mond zine on the other. 
They were cast in a cast-iron mould 2} in. internal 
diameter, and subsequently hot-forged down to 1} in. 
diameter under a drop-hammer. All test pieces were 
cut from these forgings in such a way that the top 
ends of the original ingots were discarded. The object 
of using forged instead of cast bars was to minimise the 

ibility of errors arising as a result of such casting 
ects as blowholes, and excessively large crystals. 

The compositions of the alloys are given in 
Tables IT and ITf. 


Tasie Il.—Copper Zine Alloys. 











PST 


(6747 4) 











+ 


ed in 











No. Copper Zine 
per cent. per cens 
1 70-63 20-37 
2 65-10 34-90 
3 69-88 39-12 
4 56-84 43-16 
5 52-25 47°75 
6 48-03 51-97 





Taste IIIl.—Copper-Aluminium Alloys. 








No. Copper Aluminium. 
per cent. r cent 
1 91-11 ” 8-89 
2 89-89 10:11 
3 89-08 10-92 
4 88-28 11-72 
5 87-05 12-95 
6 86-11 13-89 











In the first series of e iments the 
cut as indicated,by the full lines of sketch 


specimens of this kind the maximum tem 
could be obtained was something below 600 


Cc 
After bori 


the upper end of the imen was 730 deg. C. 
this was a substantial im 
siderably lower than the aut: 
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specimens were 
(Fig. 1), which 
represents a vertical section of the test-piece. With 
perature that 


out the centre, and turning down the lower 
section, as indicated by the dotted lines, to reduce the 
mass of metal at the base and diminish the surface area 
in contact with the cast-iron table, the temperature of 
Whilst 
vement, it was still con- 
rs desired. In some earlier 
experiments with steel samples it had been found that 


would seriously interfere with the value of the results. 
In many cases there can be no doubt that this method 
would be untrustworthy, but the authors feel satisfied 
that it had extremely little if any influence upon the 
-| data described in the present paper. Before sliding 

the furnace into position over the specimen, the latter 
was carefully hammered on the dummy, and in all 
experiments one blow was given after the maximum 
temperature had been reached, for the purpose of con- 
solidating the samples in position. The real difficulties 
that were experienced were not in getting a firm bedding 
down of the samples, but in detaching them from their 
position, either when hot or cold, once they had been 
given the initial blow at the high temperature. The 
furnace used was of the platinum-wound electrical- 
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“nrc inell Numbers 
TABLE IV.—Coprer-Zinc Attoys. 
No. 1 Alloy. | No. 2 Alloy. | No. 3 Alloy. | No. 4 Alloy. | No. 5 Alloy. | No. 6 Alloy. 
Tem- 29-37 per Cent. 34-90 per Cent. 39-12 per Cent. 43-16 et Cent. 47-75 per Cent. 51-97 jo Cent. 
pera- Zinc. Zinc. Zine. Zinc. Zinc. Zinc. 
ture. 
Deg. C. 
Brinell Brinell Brinell Brinell Brinell Brinell 
Indent. No. Indent No. No. Indent. No. Indent. No. Indent. No. 
850 5°54 44 5-59 43 6°44 28 — — -—— = — = 
820 _ _ — - -- — 6-66 25 7-12 21 7-01 22 
800 5-37 48 5-37 48 6-10 32 — — =— soe = a 
760 _ _ _ — —_— — 6°32 30 6-64 25 6-62 26 
750 5-22 52 5-24 52 5:74 40 _ —_— — = van pares 
700 5-15 55 5-14 55 5°45 46 6-02 34 6-20 31 5. 38 
650 5-08 57 5-10 56 os _— _— _ ~ ont om oop 
600 5-04 58 5-03 58 5-03 58 5-52 44 5°50 45 4-93 62 
500 _ — _ _ 4°72 71 4-49 82 4°11 107 3-84 132 
450 _ —_ _ _ 4-62 76 4-18 102 3-90 125 3-53 169 
300 5-00 60 4-97 61 4°59 77 4-16 103 3°90 125 3°50 174 
16 4-93 62 4-92 63 4°55 79 4°21 100 3-99 117 3-55 166 
TABLE V.—Coprer Atuminium ALLoys. 
No. 1 Alloy. | No. 2 Alloy. | No. 8 Alloy. | No. 4 Alloy. | No. 5 Alloy. | No. 6 Alloy. 
Tem- 8-89 per Cent. 10-11 per Cent. 10-92 per Cent. 11-72 per Cent. 12-95 per Cent, 13-89 per Cent. 
pera- Aluminium. Aluminium. Aluminium. Aluminium. Aluminium. Aluminium. 
ture 
» ¢c 
Brinell Brinell Brinell Brinell Brinell Brinell 
Indent. No. Indent, No. Indent No. Indent No. Indent. No. Indent. No. 
900 *4-92 63 5-89 37 *6-02 34 *6-54 27 5-78 40 4°75 70 
850 4°85 65 5°21 53 5°85 37 6°28 30 5-03 58 4°53 80 
800 4°74 70 4°89 64 5-61 42 5°80 38 4°49 R2 3-90 126 
750 4°67 73 4°67 73 5-05 5-12 56 3°87 128 3-31 205 
730 _ - 4-57 73 — = — —_ = aa a ies 
700 4°56 79 _— _— 4-49 82 4-17 103 3-11 248 2-95 290 
680 -- oo 4-26 96 : — — = — a — — 
650 4°50 82 _— —_ 4-01 115 3-47 178 2-96 287 2-85 322 
630 — — 4-12 107 = und ~- ~ — ~ — —_ 
625 4-43 386 a _— 3-80 136 3-39 191 — —_ ‘e960 = 
600 4-40 87 -—- — 3°74 143 3-32 204 2-90 305 2-81 336 
580 “= — 4-02 115 = -- — — = — = _- 
550 4°36 90 _— _ 3-62 157 3-25 217 —_— ad ate —_ 
530 — _ 3-94 122 — — — en a hie ak. ne 
350 4°29 94 8-85 1380 3-53 169 3-19 230 2-83 329 2-76 855 
16 4-13 106 3-58 162 3-35 199 3-04 264 2-74 362 2-67 392 
* 888 C. 
much higher temperatures could be reached, and it was | resistance type, which was started with a current of 
concluded that difference was due to the fiigher| 3 amperes, but as the temperature rose the external 


thermal conductivity of the copper alloys. Since it was 
quite out of the question to put an insulating substance 
between the test-pieces and the table to which they 
were at because of the unknown amount of 


that would thereby be lost, the authors were alone the 


—_—_- to adopt a method which, at first, they did 
not feel would lead to really satisfactory results. This 
consisted of using a steel dummy with a truncated cone at 
the top, as shown in Fig. 2, and the test sample turned 
to fit on this, as illustrated. With this arrangement 
temperatures of 875 7 * 900 deg. C. could be attained 
without very great difficulty. It was feared, however, 








that the absence of any definite vision for rigidly 
ttachi the sample to the steel dummy, or anvil, 


resistance was reduced. At the maximum temperature, 
and with no external resistance, the current was 3-2 
amperes. The top of the furnace was closed by means 
of pieces of thick asbestos sheet meeting half-way across 
furnace. The thermocouple wires were inse 

between these two sheets, and the junction itself was 
placed in direct contact with the centre of the ares 
surface of the specimen by resting it in a small hole 
provided for the . After reaching the maximum 
temperature a full 15 minutes were permitted to elapse 
before the first blow was given. e removal of the 
cover and thermocouple and the dropping of the striker 
was effected in about 2 seconds to 3 seconds. After each 
experiment the specimen was rotated sufficient to allow 
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of a further test being made without the indent inter- 
fering with the one previously produced. The junction 
and cover were then replaced and‘ the temperature allowed 
to fall, by raising the external resistance, to that desired 
for the next test. All the tests required for each sample 
were made in this way and the indents were then measured 
in the usual way, at the ordinary ees. Obviously 
there must be a slight difference in the size of the indent 
at the temperature it was made and that at which it was 
measured, but this must be ee ory small, The 
energy of the blow was usually 48 in.-Ib., but this was 
varied by about 1 in.-lb. or 2 in.-Tb. in some tests, owin; 
to the slight variation in the length of the specimens used. 
*o avoid confusion, however, all the observed diameters 
of indents have been calculated to terms of diameters, 
for an energy of blow, of 63 in.-Ib., which was the figure 
so much used in the previous papers. 

The results obtained for the copper-zinc series of 
alloys are given in Table IV, and those for the copper- 
aluminium alloys in Table V. 

The Brinell numbers recorded in these tables have 
been calculated from the indents by means of the rela- 
tionship which was found to exist between the dynamic 
and static tests, viz. : 

7582 
a H 
where d is the diameter of indent pny tw Sartor with a 
dynamic stress of 63 in.-Ib., and H is the Brinell number. 
The Brinell numbers obtained in this way have been 
plotted against the temperatures at which the tests were 
made (see Figs. 3 and 4). With the exception of one set 
of tests all determinations were made on]falling tempera- 
tures, i.e., after the specimens had_beent heated to the 
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maximum temperature. It will be seen that in the 
case of the copper zinc alloys the two first samples, which 
contain respectively 29-37 per cent. and 34-90 per cent. 
of zine, the Brinell numbers remain almost unchanged 
between 0 deg. and 600 deg. C., and from 600 deg, to 
850 deg. C. there is a fairly steady decrease from about 
58 to 43. At the ordinary temperature both these 
consist only of the a constituent, and with the exception 
of the highest pcre ponerse for alloy No. 2, which would 
then contain small quantities of the 8 constituent, the 
same constitution would be maintained over the whole 
range of temperature at which the present experiments 
were made. In the case of alloy No. 3, which contains 
both the a and 8 constituents at ‘the ordinary tempera- 
ture, there is a slight increase in the plasticity up to 
temperatures Ny! “rr say, 450 deg. C.; but imme- 
diately above this the softening is much more pro- 
nounced, and the Brinell number steadily falls from 
76 at 450 deg. C. to below 30 at 850 deg. C. 

Alloys Nos. 4, 5 and 6 all give the same general 
character of curve, the plasticity being very much the 
same for all temperatures down to 600 deg. C., but below 
600 deg. C. there appears to be an abrupt change in the 
curves corresponding with a decrease in the plasticity 
down to 450 deg. C. The slope of the curves between 
these temperatures varies with the composition of the 
alloy, beimg less the greater the zinc content. It is 
necessary to note that whilst the lines are drawn perfectly 
straight between 600 deg. and 450 deg. C., additional 
determinations at more frequent tritelvals of temperature 
might prove this to be incorrect for certain compositions. 
From 450 deg. to 0 deg. C. there appears to be a tendenc 
for the plasticity to increase again. Although this 
latter change is rather small it was repeatedly verified. 
It is interesting to observe that whilst alloys Nos, 
3, 4, 5 and 6 are considerable harder than alloys 
1 and 2, at the ordinary temperatures, and up to 450 
deg. C., the position is completely reversed at and above 
600 deg. C. This fact is brought out still more clearly in 
Fig. 5, where the data are plotted in another form. In 
this instance the Brinell numbers at the various tempera- 
tures are plotted against the respective compositions 
of the alloys. 

As previously indicated, the above experiments were 
made on @ falling temperature, but in the case of alloy 
No. 4 it was thought desirable to make coi nding 
tests with a rising temperature. Accordingly this was 
done, and the data obtained are recorded in Table VI 
and plotted in Fig. 6. It will be noticed that there is 
quite a remarkable divergence between the plasticity 


750 deg. C. when tested under these conditions as com- 
pared with the corresponding values obtained whilst 
the metal cools from 875 deg. C. There-can be no doubt 
that further experiments at more frequent intervals 
of temperature, especially between the range of 450 deg. 
to 600 deg. C., should lead to interesting data, but even 
as they stand the results have an interesting and practical 
significance. For example, it is quite evident that this 
alloy has a much greater degree of plasticity at 600 deg. C. 
if it has been cooled to that temperature from, say, 
850 deg. C., than it has if heated to 600 deg. C. from 
below 450 deg. C. The difference in this connection 
is not very surprising when the constitution of the alloy 
and the equilibrium diagram of the system are taken 


Taste VI.—AUoy No 4.—Indentations Made during 
Rising Temperature. 








Temperature. Indent. Brinell Number. 
deg. C 

8 6-60 26 
7 6-28 30 
7 5°12 56 
600 4-20 101 
500 3-99 117 
450 4-08 110 
300 4-14 105 

16 4-20 101 











into account. An alloy of the composition under con- 
sideration consists of the two metallographical consti- 
tuents known as aand§. The § constituent undergoes 
a transformation at 470 deg. C., and this change occurs 
at the same temperature on cooling as it does on heatin 








of the metal at temperatures between 450 deg.- and 


(see Carpenter and Edwards,* and also Carpenterf an 
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Hudson{). The well-defined change of plasticity which 
is evident on the curves Figs. 3 and 6 is unquestionably 
due to this 8 inversion. The excess of the constituent 
present in the alloy under discussion does not commence 
to go into solution until the temperature exceeds the 
470 deg. critical point, and even then the amount which 
passes into the f§ solid ‘solution depends upon the 
temperature ; increasing as the temperature is raised. 
It is evident from the data for alloys 1 and 2 that the 
omy ger of the a constituent is not materially influenced 

y a rise of temperature. Hence so long as there is an 
m «.gretwramgr quantity of the a constituent in the alloy, 
the norma! curve of the 8 solid solution will not be 
reached, Once the whole of the a constituent has been 


dissolved on heating, it does not make its sanyo 
again on cooling until the temperature hes fa m con. 
siderably below that at which the last trace disappeared 
on heating. 

The results for the copper-aluminium series are plotted 
in Fig. 4. Alloy No, 1 gives a moderately smooth curve 
in which there is just a slight indication of a break at 
about 550 deg. C., above which the plasticity steadily 
decréases. The slope of the upper section of the curves 
for alloys 2, 3 and 4 becomes less inclined as the alu- 
minium content becomes greater. 

The same lies to alloys 5 and 6, with the possible 
addition that the change of direction is seen to occur at 
about 600 deg. C. instead of 550 deg. C. It is quite 
| possible that this distinction might be more apparent 
than real, because in the last two alloys no tests were 
made at 550 deg. C. The influence of composition at 
any particular temperature is more clearly depicted in 
the curves in Fig. 7. In this diagram the placticity 
of all the alloys at the various tem tures are plotted 
against their aluminium content. he top curve in the 
diagram representing the Brinell numbers at the ordinary 
temperature compares very well with that obtained 
by Greenwood* . (see also Carpenter,t Curryt and 
Andrews§). In the present instance the values are 
higher, particularly for those alloys with high aluminium 
content. Perfect ag t t be expected, how- 
ever, because the conditions of cooling were not identical 
in the two investigations, It will be noticed that the 
general character of the curves does not alter until the 
temperature of 650 deg. C. is reached, when there appears 
to be some indication of alloys 3 and 4 having softened 
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relatively a little more than the others. Perhaps this 


| would be overlooked if it were not for the fact that, the 
| indications in this direction are distinctly more manifest. 


at temperatures above 700 deg, C. ‘This becomes so 
pronounced at high temperatures that Nos, 3 and 4 are 
noticeably softer than any of the other alloys at all 
temperatures above 700 deg. C, This feature may be 
taken as additional proof, if that were necessary, that 
the base of the § solid solution constituent is an inter- 
metallic compound. Thus Kurnakow says that an 
intermetallic compound which is capable of forming 
solid solutions with both of its constituent elements is 
seen on the hardness composition curve as & minimum 
between two maxima, as in Fig. 8. The position of this 
minimum is not clearly indicated in Fig, 8, but this is 
no doubt due to the small number of alloys that have 
been examined. All the previous evidence bearing on 
this question indicates that the compound is Cuj3Al, 
Further, when the data are plotted in another way the 
present evidence certainly indicates the presence of the 
same ompotee, Thus from Fig. 9, where the differences 
between the Brinell numbers for the various alloys when 
at 550 deg. C. and a number of higher temperatures are 
plotted, it is quite evident that the only minimum that 
could be considered to fit in with the observations is at, 
or near, 12-4 per cent. of aluminium. The chief features 
of these curves are remarkably similar to that published 
by Greenwood for alloys that were quenched in such a 
way as to retain the 8 constituent at the ordinary 
temperature. 

General Discussion of Results.—Whilst the authors do 
not wish to go into an extended di ion of the ibl 
bearing of the results so far obtained, and would rather 
wait until more experimental data is available, there 
are a few features which may be profitably referred to in 
a general kind of way. 

he presence of the marked change in plasticity that 
occurs at about 450 deg. C, in all the copper-zine alloys 
containing more than 36 per cent, of zinc makes it quite 
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evident that this is directly associated with the 8 con- 
“10 aa ag the thermal critical point it possesses at 
470 » ©. 
In the case of alloy No, 5, the composition indicates 
that it falls in that ra which embraces the alloys 
that are supposed to consist of the 8 constituent at all 
tem: tures from the solidus down to that of the 
ordinary atmosphere. This is rather significant, 
especially in view of the discussions which have taken 
place as to the interpretation of the thermal critical 
point at 470 deg. C. It is certainly quite possible 
that a polymorphic change might be accompanied by a 
pronounced alteration in the Plasticity of the mass, but 
considering the many other striking analogies that exist 
between the copper-zinc and copper-aluminium alloys, 
it is certainly very tempting to suppose that the marked 
break in the plasticity curves is due to the same cause 
in both series of alloys. The characteristic features 
of the curves for both series of alloys are virtually the 
same, and in the copper-aluminium series the dis- 
continuity is certainly caused by the 8 pnd a+y 
transformation. 

more closely examining the results, the authors 
must admit that it would have been very useful if they 
had taken more numerous observations between 450 deg. 
and 600 deg. C., because they feel that in the case of at 
least one alloy the temperature plasticity diagram, as 
drawn, might not really represent the true shape of the 
curve. The alloy in question is No. 5. In this particular 
case there should be little or no tendency for either 
the a or the y constituent to be deposited from the 8 
solid solution at temperatures above 470 deg. C. In 
view of this it seems highly probable that the section of 
the plasticity curve, which undoubtedly corresponds 
with the 8 constituent A, B (Fig. 10), should be extended 
to lower temperatures than would appear from the 
full lines, and follow the direction of the dotted lines 
B, C, D. At present it is not possible to say whether 
this is the case or not, but it is hoped to test the point 
in the course of further experiments which are now on 
hand. The same ~s ( apply, though in a much smaller 
degree, to alloys 4 and 6 ; but the seeng one § deposition 
of the 8 constituent from the former, and of + from 
the latter, would certainly tend to produce a much 
less abrupt change in the curve. 

It may now be useful to turn to a more general con- 
sideration of the results obtained in the present investi- 
gation as compared with the tests that have previously 

m made at elevated temperatures. Reference to the 
experimental results published by MRosenhain and 
Huntington for copper-aluminium alloys, and the more 
detailed work of Bengough on copper-zinc alloys, will 
make it clear that the curves toy obtained appear 
to be vas ae from ?—~ given in the — 
paper. nera speaking, these investigators foun 
that there were ade indicstions of an alteration in the 
mechanical rties at tem tures that were sub- 
stantially w those at which there are known to be 
constitutional changes taking place. Thus a marked 
decrease in the ultimate stress in copper-zinc and copper- 
yo alloys occurs at temperatures as low as 200 


deg. C. 

ne fa this connection Bengough said: “A question 
arises as to the effect on the mechanical properties of 
the inversion at 475 deg. C., discovered by Carpenter 
and Edwards. The author now believes that, though 
this change is a very real one, it does not appreciably 
influence the shape of the curves here published. The 
reason for this is that the change is too slow to make 
any serious ay in the short time for which the 
bars are heated in the furnace.”’ Later in the same paper 
the following observations are made: ‘In conclusion, 
the author would like to draw attention again to the 
remarkable fact that the most abrupt changes in 
mechanical properties which have been found in the 
alloys examined do not occur at temperatures corre- 
sponding to phase cha: , either in the case of pure 
metals or in the case of complex two-phase systems.” 
In the discussion E, M. Sheppard refers to this, particu- 
larly in regard to the 470 deg. C. critical point in copper- 
zine alloys, and says that he “ . - would expect a very 
marked falling-of in the elongation at the temperature 
475° C., as in actual practice it was found that alloys of 
the Muntz metal t were extremely brittle at about 
that tem ure.’ In point of fact, it is quite clear that 
Bengough himself was surprised at not finding any indi- 
cations of this kind. The results obtained in the p t 
work give unmistakable evidence of a discontinuity in 
the p ty at about 470°C., in those alloys that 
contain the 8 constituent. In view of these apparent 
discrepancies, it may be useful briefly to contrast the 
two methods employed. It is true the nature of the 
test used by Bengough and that used in the present work 
was very different. In one it was merely an indentation 
test, whilst in the other it was the much more elaborate 
and in man ts more reliable tension test. In 
spite of the differences in this connection, the authors do 
not think they are alone sufficisnt to account for a 
fundamental variation in the character of the results. 
Other things being equal, the simple indentation test 
should be a reflex of the more important features of the 
tensile test. It may be difficult at present to state the 
exact relationship existing between the results obtained 
by one test and those obtained by the other, but there 
can be no doubt it is the plastic properties of the metal 
that are being examined by both methods. 

In one important respect, however, the method adopted 
in the present work was fundamentally different from that 
used by previous investigators. In the present instance 
deformation has been produced under dynamic stresses, 
whereas previous workers have used static stresses. With 
the former method the time factor is reduced to a mini- 
mum, whilst in the latter attempts have been made to 
standardise this variable. It has been recognised by all 





metallurgists that the time which a tensile specimen is 
kept load has an important influence upon the 
results. At ordinary or low temperatures compara- 
tively large variations in the time may have little or no 
apparent effect on the results, but at high temperature 

differences may become very considerable. Among 
others the data given by Bengough for a 70: 30 brass 
wire, when heated to 590° C., are of special interest 
in this connection, and the diagram he published is 
therefore reproduced here (Fig. 11). From this it will 
be seen that a difference in the time of loading of 10 min. 
to 60 min, causes the breaking load to vary from ahout 
217 Ib. to 180 Ib,, i.¢., 17 per cent. A difference of this 
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in a series of tests conducted over a of temperature, 


ing which may be selected will have the effect of introduc- 


the work hardening is removed varies with the 
ture at which deformation is proceeding, and in con- 

uence the gee obtained — ° neoownity, be 
influenced b varying amounts of hardening left in 
the metal ; Me in other words, the amount of recrystal- 
lisation that can take place within the period after the 
yield point has been passed and the ultimate stress 
Jeatliol. . Thaw remarks are merely intended to indicate 
that a static method of making tests can scarcely be 
expected to give really clear indications of a change 
of properties corresponding with a constitutional trans- 
formation in a metal, especially if the transformation is 
below that at which spontaneous recrystallisation takes 


tempera- 





magnitude cannot be overlooked, and whilst the method 
of adopting a standard time, or rate of loading, certainly 
minimizes the uncertainties that might be introduced 


for the purpose of-comparison, it still leaves much to be 
desired. For example, any particular standard rate of load- 


ing an additional variable when tests are made at different 
temperatures. It is known that the velocity at which 


place. Further, it would seem that the static method of 
testing can only give results that are of real practical 
value where the minerals are to be subjected to oomiy 
applied stresses. To a large extent it is what ug 
has called the recuperative powers of the metal, and not 
the intrinsic plasticity that are being observed. The 
significance of this will haps be more readily appre- 
ciated when it is remem that in by far the greater 
number of commercial operations, such as forging, 
hammering, rolling, and even extrusion, the stresses that - 
produce deformation are 

rate. Hence plasticity inations under dynamic 
stresses are much more likely to give data that are com- 
| parable with the above-mentioned practical operations 
than those from static tests. 

In all probability it is the annealing which takes place 
during the relatively long, period of testing by the static 
method which makes it so difficult, if not impossible, to 
detect any marked change of properties in co -zinc 
alloys at the 470°C. thermal critical point. Yet there 
can be no doubt that there is a marked change in the 
mechanical properties of such brasses at about 470° C.., 
when they are subjected to the operation of rolling and 
extrusion, &c. This critical point is also clearly defined 
in the curves that are given in the present paper, and 
the authors believe that this is because the stresses used 
were dynamic and not static ; in other words, it is a close 
appetite to the conditions under which these 
; alloys are worked commercially, Striking demonstra- 
| tions of the critical point are occasionally met with in 
the process of brass extrusion. If a billet is placed 
| in the extruding machine at a temperature which is too 
| near the critical point, the shell of metal in direct contact 
, with the die gets cooled below that of the critical tempera- 
; ture. Under these conditions the outer shell is in a much 
| less plastic state than the interior, which is still above the 
| transformation point. In consequence of this the two 
| portions undergo widely different degrees of deformation, 
| the interior flows at a much greater rate than the shell, 
|and the latter becomes stressed beyond its ultimate 
| stress. 

Many details raised in the above discussion need to be 
tested by extending the range of the present investiga- 
\tion, and it is therefore intended to make a series of 
| experiments by making tensile tests under dynamic 
| stresses. 


plied at a phenomenally rapid 








European Zinc IN 1920.—According to United 
States consular reports, the zinc works of Belgium and 
Upper Silesia were busy in 1920. In Belgium the 
monthly output of zinc increased considerably in the 
first months of the year, but slackened in the last months 
again, because stocks accumulated. The total Belgian 
output for the year was 90,000 short tons. Upper 
Silesia had produced 81,600 tons of spelter in 1919, 
equal to 60 per cent. of the output of 1918, and also 
increased this production in the first half of 1920. By 
the end of that year the total stock of zinc in Europe was 
estimated at 100,000 short tons. Other European 
countries and Japan were doing very little in zinc, but 
the Australian competition was beginning to make 
itself felt more strongly. The Electrolytic Zinc Com- 

any of Australia has acquired the rich mines of Mount 
Read and of Roseberry in Tasmania, and the electrolytic 
zine plant at Risden, Tasmania, is being extended; a 
rolling mill has been added to the plant. 





IsoToPEes AT THE Roya Society.—The discussion on 
Isotopes, which was opened on March 3 at the Royal 
Society by Sir J. J. Thomson, proceeded so far on the 
usual lines that the chemists—apart from Professor 
Soddy, the origi of the conception and of the term— 
kept silent leaving the discussion to the physicists. Sir 
J. J, Thomson made some novel suggestions. It was 
not n for the positive and negative charges, 
however closely packed, to be really neutralised in the 
|core; they might influence the distance of the outer 
|layers of valency electrons. ‘The chlorine of mass 
| 35-5 might be a mixture, and the chlorines 35 and 37 
| — be dissociation or decomposition products, existing 
| only in the discharge tube, but not outside it. In a 
mixture of light and heavy particles not all the particles 
would have the same velocity, and the lighter particles 
| of Cl or HCl would first hit a solution of i, to which 


+ 








they were carried, and might in this way be separated 
out. There might also occur in the disc e tubes so 
far unknown compounds like ClH» and h des of the 


inert gases. Sir Joseph further questioned the accuracy 
of 1;1,000 claimed by Aston for his measurements. 
He had himself found in his positive ray analysis that 
the lines broadened on _prolo exposure; that 
broadening would depend upon the reen of 
particles present and would be less marked with a few 
particles than with many particles of a certain mass ; 
thus the distances between consecutive lines would 
vary if measured from the edge, and not from the middle 
of a line. Dr. Aston replied that he did not always 
measure from the edge, and he gave as a reason for 
not accepting these objections, that his apparatus, 
if adjusted for bringing the particles of one mass 
to a focus, would not be focussed for other particles. 
He was, however, modifyi his apparatus. Quite 
recently, he added, he separated two isotopes of 
lithium of masses 7 and 6. Professor Soddy dwelt on 
the extreme accuracy of radioactive methods, by means 
of which Nernst, Paneth and others confirmed the 
theory of electromotive force and investigated solubility 
and diffusion problems. Dr. Merton stated that a 
special spectroscopic search for the two lithiums had 
failed, anu Professor Lindemann going into the mathe- 
matics of the problems, pointed out that not even the 
lines of the two chlorines had been found, though they 
should be one Angstrom unit apart in the spectrum. 
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ELECTRICITY AND MATTER. 

On Saturday, the 12th inat., at the Royal Institu- 
tion, Sir Ernest Rutherford, F.R.S., delivered the 
second lecture of his course on the above subject. 

In commencing his discourse, he recalled that on 
the last occasion he had discussed Townsend’s 
method of finding the charge on the cloud which, 
in saturated air, formed round the ions of electro- 
lytic oxygen. He had described this because it 
constituted the first attempt to measure the charge 
represented by an atom of electricity. The essential 
point in the experiment was that the size of the 
drops could be determined from the velocity with 
which the cloud settled through air. Knowing the 
size of the drops and the total weight of the cloud, 
the number in the cloud could be determined, and 
on dividing the total charge by this number we got 
the charge on each ion. There was, however, some 
uncertainty as to whether all the nuclei of con- 
densation carried a single charge, so further experi- 
ments were made to determine the charge on the 
ions produced when X-rays were passed through 
air. The method used was based on a discovery 
made many years ago by Mr. C. T. R. Wilson, who 
found that ions had the remarkable property of 
producing condensation in super-saturated but dust- 
free air. Normally, if a mass of saturated air were 
rapidly expanded (thus cooling it and rendering it 
super-saturated), a cloud was produced by the 
moisture condensing on the particles of dust sus- 
pended {in the air. If such a cloud were allowed 
to settle, and the experiment repeated several times, 
a stage was at last reached at which no condensa- 
tion whatever was produced, and a strong beam of 
light passed through the air remained perfectly 
clear. If, however, when this stage was reached, 
a beam of X-rays were sent through the super- 
saturated air, the ions produced by the rays acted 
as condensation nuclei, each becoming the centre 
of a sphere of water which, if numerous enough, 
formed a cloud. The weight of water forming this 
cloud could be calculated from the ratio of the 
expansion, and the size of the drops from their 
rate of fall. This method had been adopted by 
Sir J. J. Thomson. It was not, however, sus- 
ceptible of great accuracy, because some of 
the water drops tended to evaporate, whilst 
others grew larger, so that the experiment gave 
merely the average size of the drops. Another plan 
had, however, been devised by Professor Millikan 
of Chicago, by which he had determined with very 
considerable precision the charge which constituted 
the atom of electricity. The general principle of 
the experiment was as follows: Suppose that a drop 
of oil or mercury, say, positively charged was, as 
represented in Fig. 1, placed between two plates 
connected to opposite poles of a battery. Then 
if V denoted the battery voltage, and d the distance 
between the plates, the strength of the field X 


was equal to > , and the force impelling the drop 


towards the upper plate was then equal to Xe 
where e denoted the total charge on the drop. At 
the same time gravity pulled it downwards with 
a force equal to mg, and by altering the voltage 
between the plates, the droplet could be made to 
move either up or down, or be held stationary, sus- 
pended in space like Mahommed’s Coffin. Millikan, 
it would be seen, instead of a cloud used one single 
drop, which might be of any magnitude and be 
charged to any extent desired. This charge, 
moreover, he could alter at will by passing X-rays 
between the two plates. In that case the air in 
which the drop was suspended became ionised and 
the positive ions were pulled up towards the top 
plate, and the negative towards the lower. In this 
condition of things if (by altering the strength of 
the field) the drop were moved up towards the upper 
plate, it would pick up additional positive charges 
whilst, if moved towards the lower plate, and thus 
into the midst of the negative ions, some of its 
original positive charges would be neutralised by 
the picking up of negative charges. The complete 
apparatus is represented in Fig. 2, where M and N 
denote the two oppositely charged plates, which 
were connected to a battery giving 10,000 volts 
between its terminals. These plates were enclosed 
in a chamber immersed in an oil tank C, which kept 
the temperature constant. An atomiser A delivered 











into the chamber D a spray of oil, the constituent 
drops of which were electrified by the friction. 
Through a small hole, in the plate M, one of these 
charged drops occasionally wandered into the space 
between the plates, one such drop being represented 
at p. An X-ray bulb shown at y on the right was 
used to vary the charge on the particle as already 
explained. A beam of light from an arc lamp 
deprived of its heat rays by passage through the 
tank w on the left strongly illuminated the drop p, 
which was then visible as a point of light in a low- 
power microscope, fitted with cross wires, spaced at 
known distances apart. The times taken to pass 
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A, atomiser through which the oil spray is blown into the 
cylindrical vessel D; G, oil tank to And the tempera- 
ture constant; M and N, circular brass plates, elec- 
trical field produced by throwing on 10,000-volt battery 
B. Light from arc lamp a after heat rays are removed 
i eee, See ae d, enters chamber through 
g window g, and illuminates droplet p between 
plates M and N through the pinhole in M, Additional 
ions are produced about p by X-rays from the bulb X. 
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between the wires under different conditions, was 
noted, in the preliminary experiments, by a stop- 
watch and in the final set by means of a chronograph, 
and from these times the speed of motion could be 
deduced. 

Then if E denoted the charge on the sphere, m its 
mass, V, its velocity under gravity alone, and V, its 
velocity in the electric field of strength X, we had 
the relation 
Vi mg 

Ve XE-—mg 
so that 

E= bent (Vi; + Vo) (1) 

Next suppose the charge on the sphere to be reduced 
(by the method already described) to a value E, 
and let V; denote the corresponding velocity as 
observed in the microscope. Then from equation 
(1) we found that the loss of charge E — E, was 








equal to nd (V, — V;). Some results obtained by 


Millikan in his preliminary experiments were as 
follows :— 


Observed Velocities. Differences of Velocities. 
0.04196 
0.02390 0.01806 = 2 x 0.00903 
0.01505 0.00885 = 1 x 0.00885 
0.006144 0.00891 = 1 x 0.00891 
0.01505 0.00891 = 2 x 0.00880 
0.03264 0.01759 = 2 x 0.00880 
0.01505 0.01759 = 2 x 0.00880 
0.02390 0.00891 = 1 x 0.00891 


As already shown, the difference of the velocities 
was proportional to the difference in the charge, 
and it would be seen that even in these preliminary 
experiments it was proved to a first approximation 
that the difference in the charge was always an 
integral multiple of some unit. Much more regular 
results } obtained in the final experiments, in 
which Tarconogreph was used to determine the 
velocities. Starting with a drop carrying, say, 
100 charges, Millikan varied this charge down to 
say, 10, and found that every variation was an 
integral multiple of one unit, and finally, on 
reducing the charge still further he found that this 
also was two or three times the same unit thus 
showing that the charge originally given to the 
drop by friction as it passed through the sprayer, 
was built up of atoms of electricity. He concluded, 
accordingly, that every quantity of electricity from 
the smallest produced by friction up to the most 
powerful currents used in industry was built up of 
these atoms. Long before Millikan’s work, physi- 
cists were confident that this was the case, but 
it was very satisfactory to have had so complete 
a proof of the hypothesis, and by such simple 
means. Who would have thought it possible to 
devise a method so simple and direct that it could 
have been used a century ago, which proved the 
atomic nature of electricity within, perhaps, 1 part 
in 1,000 and certainly within 1: part in 100? 
Tbe value found by Millikan for e, the atom 
of electricity, was 4-774 + 0-005 x 10° elec- 
trostatic units, which was equivalent to 1-591 
x 10-°° electromagnetic units. As pointed out in 
the last lecture we knew from experiments on 
electrolysis that if M denoted the mass of the 
hydrogen atom and e the charge in electro- 
magnetic units carried by it in electrolysis, the 
ratio 88 $570. Hence from Millikan’s deter- 
mination of e, we got at once the mass of the hydro- 
gen atom which was (1-662 + 0-002) x 10-% 
grammes. Knowing M, we could next calculate 
the number of molecules in a gramme of hydrogen, 
and also the number in one c.c. at 0 deg. C. and 
760 mm. of mercury. This latter figure was 
(2-705 + 0-003) x 10°. There are a number 
of other physical constants, the value of which 
can be determined directly from e, in short this 
unit charge or atom of electricity, is probably 
the most fundamental constant in Nature. 

Having described the methods by which this 
had been measured, Sir Ernest said that he wished 
next to elucidate the extraordinary properties 
possessed by matter when carrying a charge and 
moving at a high speed. A charged particle could 
be detected very much more easily than an 
uncharged one. This was remarkably illustrated 
by an experiment of Geiger, whose apparatus is 
shown diagrammatically in Fig. 3. It consisted 
essentially of a needle having a very fine point, 
which was fixed in the axis of a cylinder, connected 
to the positive pole of a battery. The needle 
itself was coupled up to a “ tilted ”’ electrometer, 
and maintained at such a high negative potential 
that it was just on the point of discharging. 
The left hand end of the cylinder was exposed to 
bombardment by «a particles from radium, and 
had, at its centre, a very small opening. Through 
this opening an occasional a particle found its way 
inside the cylinder ionising the air there and causing 
the electrometer to be discharged. Each discharge 
of the electrometer was recorded photographically 
and one set of these photographs is reproduced 
in Fig. 4. Each of the kinks shown on the record 
was due to the action of an individual atom of 
matter. The spacing of these kinks, it would be 
seen, was irregular, which was due to the circum- 
stance that the emission of the a particles in any 
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fixed direction followed the laws of chance, anda 
study of the photographs showed that the distri- 
bution of the kinks was in exact accord with calcu- 
lations based on the mathematical theory of pro- 
bability. Ina similar way Geiger had also obtained 
records showing the action of the individual 8 
particles emitted by radium. 

In the case of radium the action of individual a 
particles could also be demonstrated by the 
luminosity they produced on striking a screén coated 
with zinc sulphide, an experiment due to Sir William 
Crookes. Each a particle striking such a screen 





Fia. 5. 
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showed up as a@ point of light, and the number 
visible in a given time could be counted under the 
microscope. This scintillation method was an 
exceedingly delicate one, and particularly so when 
photographic methods were used. This is illus- 
trated in Fig. 5, which represents a photograph 
obtained by putting, with a fine needle point, a 
minute speck of radium on a dry plate. Each 
streak shows the track traversed by an individual 
a particle. The original photograph had been 
magnified 400 to 500 times in the reproduction, 
and each dot visible represented a granule of silver 
in the plate. There were, Sir Ernest proceeded, 
a variety of other methods of detecting actions due 
to individual atoms or electrons. One of the most 
wonderful and surprising had been developed by 
Mr. C. T. R. Wilson from his earlier experiments, 
in which supersaturated air was found to condense 
as droplets round any ions produced in it. The 
apparatus used in the later experiments is illus- 
trated in Fig. 6 It consists of an expansion 
chamber filled with dust-free air kept saturated by 
the presence of water, The expansion was produced 
by suddenly pulling down the floor of the chamber. 
This expansion caused a momentary supersaturation 
of the air and simultaneously a or & particles were 
shot through the chamber, which was at the same 
instant brilliantly illumined by the discharge of a 
Leyden jar, thus making it possible to take an in- 
stantaneous photograph. These photographs were, 
the lecturer continued, of a most surprising 
character, a typical example of what was obtained 
with ¢ particles is represented in Fig. 7, where 
each streak represents the path of an a particle 
which ionised the air through which it passed and 
around these ions as centres the supersaturated 
moisture condensed in a multitude of droplets, 
which could be photographed and thus mapped out 


the trail of the particle. Note should be taken of 
the sudden changes in direction visible in several 
eases. A highly magnified view of an alpha particle 
trail is represented in Fig. 8, where many of the 
individual drops can be seen. In this case 
ionisation was also produced by 8 particles which 
were simply electrons. The effect of these 8 particles 
was much feebler, and note should be taken of the 
extraordinary curvature of the path of the electron 
shown in Fig. 8 and still better in Fig.9. Occasion- 
ally the a particle in its collision with a molecule 
of the air liberated an electron which travelled 
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time, he might say that the light and ‘mobile 
electron was a constituent of every atom. When 
such an electron moved, it was equivalent, as 
Rowland had shown, to a current of electricity, 
and in fact when a current was passed through a 
wire it was really constituted of a stream of elec- 
trons, the positive electricity remaining fixed and 
the current being wholly carried by the electrons. 
In electrolysis, however, we had positively charged 
carriers as well as negatively charged ones. One 











sufficiently fast to produce ionisation on its own 
account. Several instances of this can be seen 
in Fig. 10. 

When X-rays were passed through the expansion 
chamber they did not ionise the gas directly, but 
occasionally caused an atom to shoot out an electron 
at a high speed. This electron did ionise the gas 
and condensation occurred as before. A photograph 
obtained with X-rays is reproduced in Fig. 1], 
in which should again be noted the extraordinary 
curvature of the trajectories. 

A very important field of inquiry, Professor 
Rutherford proceeded, was the relationship between 
atoms of electricity and atoms of matter. This 
lay at the base of a great deal of scientific work 
to-day, and in his next lecture he intended to 
state the trend of modern ideas. In the mean- 








problem which arose was the number and arrange- 
ment of electrons in the atom, and what else was to 














Fie. 12. 
be found there besides the electrons. When the 
negative electron was first isolated it was natural 
to expect to find its counterpart or mirror image 
in a@ positive electron having the same small mass. 
Nature, however, did not work this way. A positive 
charge had never yet been detected associated with 
any mass smaller than that of the hydrogen atom, 
and the question arose whether this difference 
between positive and negative electricity involved 
other differences. The answer appeared to be that 
there were important distinctions on which depended 
the possibility of the universe as we had it to-day. 
Attention had already been called to the abrupt 
changes in direction often apparent in the trails 
of a particles. Occasionally, indeed, they were 
actually turned back on their course. Since they 
were moving at a speed of 10,000 miles a second or 
more, the collision which seriously deflected them 
must be gigantic. Consider, for example, the trail 
represented in Fig. 12, which had been photographed 
by Mr. Wilson. At some little distance from the 
end the track was bent through about 10 deg., whilst 
at the finish there was a deflection of about 45 deg., 
and on‘the opposite side at the bend could in this 
case be seena minute trail due to the atom which was 
the other partner in this collision. In other cases, 
and in particular when a film of gold was bombarded 
by a particles, some of these came back on their 
tracks, which was pretty much the same thing 
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as if a shell fired at a speed of 2,000 ft. a second 
returned amongst the firing party after striking 
the target, and with almost the same speed as it 
started with. It was from observations, on these 
deflections of a particle trajectories, that the 
conclusion was reached that the nucleus of an atom 
was of exceedingly small dimensions compared with 
the atom asa whole. Nevertheless most of the mass 
was concentrated in this nucleus, which had a 
positive charge associated with it. The structure 
of the oxygen atom, for example, is represented 
diagrammatically in Fig. 13. At the centre we have 
a minute nucleus associated with eight positive 
charges of electricity and surrounding it, at a rela- 
tively very great distance, an equal number of nega- 
tive electrons. These electrons are so light and 
easily displaced as to be almost incapable of defiect- 
ing an a particle at all, yet the latter did as stated 
undergo large deflections, which proved that it 
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managed to penetrate through the screen of electrons 
and get right inside the atom. We could therefore 
for all practical purposes consider the path of the 
a particle as controlled by the repulsion between 
the positive charges carried by itself and those 
associated with nucleus of any atom with which 
it collided. If we assumed the inverse square law, 
the path would be an hyperbola, and the more 
directly the original direction of the trajectory was 
in line with the nucleus the more closely would the 
a particle approach it, and the greater would be 
the deflection experienced. A set of such hyper- 
bolic orbits is represented in Fig. 14 and shows 
the changes in direction produced by closer and 
closer approaches of the a particle to an atomic 
nucleus. The matter has been investigated, experi- 
mentally using the apparatus represented in Fig. 15. 
A speck of radium serving as the source of the 
a particles was placed at 8. These particles fell 
on a strip of gold foil at F and, passing throvgh it, 
were more or less deflected and fell on a zinc sulphide 
screen at Z. The position of this screen could be 
varied and the number falling counted by aid of 





the microscope shown at M. In this way the number 
deflected through different angles could be counted, 
and it then appeared that if the number deflected 
through an angle of 5 deg. were represented by a 
line 16-6 km. long, a length of only 13-4 m. would 
represent the number deflected through 30 deg.. 
and a length of about 25 cm. the number turned 
through an angle of 90 deg. The experimental 
results were in exact accord with the theory that 
the deflections were due to the near approach of 
particles repelling each other according to the 
law of inverse squares. It was also, Sir Ernest 
Rutherford added, possible from such experiments 
to determine the charge on the nucleus. 

The final outcome of these experiments was the 
conclusion that the structure of the atom was 
asymmetric, the positive charge being concentrated 
on an exceedingly minute nucleus, whilst the nega- 
tive charges played the parts of satellites surround- 
ing the atom. As already stated, almost the 
whole of the mass was associated with the exceed- 
ingly minute nucleus, that of the surrounding 
electrons being very small. These electrons, how- 
ever, served to protect the interior of the atom 
from extraneous adventures, although they were 
unable to stop such swift and heavy projectiles 
as the a particles. This view as to atomic structure 
explained such a multitude of things, that if not 
right it certainly ought to be. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 332.) 

Tue second day’s proceedings of the Institution 
of Naval Architects opened with a paper and dis- 
cussion on mechanical gearing, the chair being 
taken by the Duke of Northumberland, at 11 a.m. 
on Thursday, the 17th inst. 


DovusLE RepvuctTion GEARING FOR MERCHANT 
Surps. 


The title of the first paper presented to the 


| Institution on the day in question was “‘ Mechanical 


Gears, of Double Reduction, for Merchant Ships,” 
the joint authors being Messrs. R. J. Walker, 
C.B.E., Member of Council, and 8. 8. Cook, B.A. 
This paper we reprint in full elsewhere in this issue. 

The discussion was opened by Admiral Sir George 


| Goodwin, who expressed the thanks of the Admiralty 
|\to the authors and to Sir Charles Parsons, with 


whose firm they were associated, for the very 
valuable assistance they had rendered to the 
Admiralty in connection ‘with turbine gearing. 
The speaker felt a certain difficulty in discussing 
the subject of double-reduction gearing as he had 
had no experience of gearing of this kind in the Navy. 
Engineer-Commander Tostevin in his paper before 
the Institution last year had dealt in considerable 
detail with the gearing adopted in British warships, 
and it was satisfactory to be able to inform the 
members that during the past year there had not 
been a single case of gearing failure in the British 
Navy. It must be remembered, however, that 
the conditions making for the life of gearing were 
much more favourable in the Navy than in the 
merchant service. Merchant ships were normally 
running at full speed and full power, a state of 
affairs rarély met with in naval ships. Nevertheless 
the speaker felt confident that if warships were 
called upon for similar service, there would be no 
trouble with the gearing. The Navy had no 
double-reduction gearing, no single-screw ships, 
and no short shafts, so that all the conditions were 
favourable. It was very difficult for naval officers 
to understand why trouble had arisen with merchant 
ships. The experience of all the leading engineers 
in the country had been brought to bear on the 
problem, and the Admiralty had come to the con- 
clusion that in many cases sufficient care had not 
been taken to obtain accuracy of manufacture and 
fitting up. Admiral Goodwin wished strongly to 
impress the members with the importance of these 
points. Accuracy had to be ensured in the gear- 
cutting machines themselves, if the work was to 
be satisfactory. Work could not be more accurate 
than the machine which did it, and the Admiralty 
required not only that the work should pass inspec- 
tion but that the accuracy of the machine should be 
continually checked. 





The great point of difference between single and 
double-reduction gearing was that the latter 
contained an intermediate member between the 
propeller shaft and the turbine, and this might be 
a matter of importance. This intermediate member 
was subject to conflicting radial and axial forces 
which might throw it out of alignment. The method 
of dealing with such forces was well known and had 
received a great dea] of attention in recent years. 
Another matter for consideration was the torsional 
oscillation of the shaft. This had often been taken 
up, but not pursued to a definite conclusion. When 
difficulties had arisen, means had been found for 
overcoming them, and perhaps in the past the 
solutions of these difficulties had not always been so 
scientific as one might wish. The subject of torsional 
oscillation required to be ventilated by discussion. 
In considering such questions a cardinal point was 
the question whether the gearing should be con- 
sidered as a nodal point of an oscillating system 
or as having freedom of movement in the direction 
of rotation. This question had been studied in 
connection with geared propellers for aircraft, and 
the results obtained appeared to throw doubt on 
some assumptions which had been made, There 
was no doubt that the failure of double-reduction 
gearing was much less frequent than it had been 
even only twelve months ago, and the improvement 
was due to greater accuracy of work and of align- 
ment and to greater care in ensuring suitability 
of material. It might be hoped that gearing 
troubles would soon be a thing of the past. 

Mr. E. L. Orde, who continued the discussion, 
considered that much of the interest of the paper 
lay in the experimental results it contained. He 
had been associated with the design of the San 
Fernando, to which reference had been made. 
This vessel was a large one, of 18,000 tons, and 
on account of her size and the length of the voyages 
she was to make, a very economical ship was wanted. 
The authors of the paper had expressed the opinion 
that a judicious fining of the lower part of the 
cross-sections at the after end of the vessel would 
have been an improvement. But it had to be 
remembered that the fining of the after sections 
involved many other things. The after section of 
such a vessel was largely governed by the width 
of her gear casing, and the problem of trimming was 
also involved, since the centre of buoyancy could 
not be altered. All things considered, it was 
held that the fullest possible form combined with 
the best sea speed was the thing to aim at. After 
the first trial of the ship the conditions mentioned 
in the paper had been noted. The gearing had 
shown signs of distress at four different points 
around the gear wheel. There was a great noise 
in the engine-room, which sounded as if the pro- 
peller blades were striking some foreign body as they 
rotated. The view of Sir Charles Parsons as to the 
cause of the trouble was triumphantly vindicated, 
and the indentations of the teeth vanished when the 


|pitch of the propeller was increased. The ship was 


now running perfectly satisfactorily, the speed was 
maintained on a moderate fuel consumption and the 
gearing gave no trouble. The propulsive co- 
efficient worked out at 49 per cent. for designed 
sea speed. 

As regards Fig. 1 of the paper (see page 369) the 
speaker said he would be glad to know if it was 
possible to obtain a continuous record of the torque 
variation. This had been plotted for three-quarters 
of a revolution and the results were most interesting, 
but one would like to know what happened in the 
remaining quarter revolution. Such a curve as 
shown, taken from a vessel running at constant 
speed in smooth water, might have been expected 
to show symmetry, for the wake conditions as 
illustrated in Fig. 2 of the paper would be constant 
so long as there was no outside cause interfering 
with them. A continuous record of the curve for 
the complete cycle might throw valuable light on 
the cause which produced the variation of torque. 

Engineer Captain W. Onyon wished to thank 
the authors for the information they had given, 
because however slight, it served'as a basis of 
discussion of a very important subject. The authors 
had given figures as to tooth pressure which they 
stated represented average practice and had 
suggested that higher tooth- loading wae quiet 
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practicable. He would be very glad to have them 
show that higher loading was safe. Could the 
authors give him the names of any vessels with a 
tooth pressure constant of 220, which had run 
20,000 miles at full power? Such ships would 
have to work with a constant of 250 on their trials. 
Engineers had “ got the wind up” very badly on 
the subject of highly-stressed gears, and the speaker 
was sure that the vessels having a very high constant 
were not operated normally at full power. As 
Engineer-Commander of the original Dreadnought, 
Captain Onyon had been brought into close relation- 
ship with Sir Charles Parsons and Messrs. Walker 
and Cook, and they had always been most helpful. 
Sir Charles Parsons was really the pioneer of marine 
turbine gearing, as he was of marine turbines. 
His firm had fitted the S.S. Vespasian with geared 
turbines and put that vessel to a trial which had 
convinced engineers that geared turbines were a 
reliable method of propulsion.. It would be a 
very god thing if they would take a ship and fit it 
with double-reduction gear, and run the gear to 
destruction, to prove actually what such gear would 
stand. ' 

Sir William Beardmore and Co. had recently been 
given the order to build two ships for the Cunard 
line, to be fitted with double-reduction gear. Then 
doubt arose as to the wisdom of employing this gear 
on account of the reports of trouble with double- 
reduction gearing. Sir Alfred Booth, like a sports- 
man, said that the Cunard Company would shoulder 
a certain amount of risk, and finally it was decided 
that Messrs. Beardmore and Vickers should build 
one ship each, fitted with this gearing, and that all 
the other ships should have single-reduction gear. 
The Cameronian left the Clyde last week for her 
trials and spent two days at sea. She had now 
gone to Cherbourg for her joinery work to be com- 
pleted on account of the joiners’ strike in this 
country. Oaptain Onyon hdd just heard that her 
gearing had been examined and found in perfect 
condition. The constant employed was 220 at 
service power. It would be 262 at full power, but 
the vessel had not been allowed to run at this power. 
The gearing had been absolutely noiseless and 
perfect in its behaviour, and he attributed this to 
the extreme care in manufacture, in quality of 
material, and in the nature of the lubrication. 
No chances whatever had been taken. The gearing 
had been driven by electric motor in the ship, 
and had absorbed 21 brake horse-power at starting, 
the power settling down to 5 brake horse-power 
when running steadily. Trials on the ship had 
shown about | h.p. less than in the shop. The gear- 
ing of the second ship had also been run in the shop 
with results very much like those of the first set. 

The speaker advocated shop measurements of 
the power consumed by the gearing, and he also 
recommended the use of a flow meter on the oil 
supply. Attention to these points would have 
avoided some troubles which had been experienced 
with gearing. As an Admiralty inspector, Captain 
Onyon had investigated many breakdowns, but had 
never found the fault to lie in the design. He often 
heard wild statements as to failures of double- 
reduction gear. Recently his neighbour at a 
lunch at Dalmuir, in ignorance of whom he was 
talking to, had told him that the only electrically- 
propelled ship in the country, the Wolseley Castle, 
had proved a complete failure and had not done 
a useful day’s work during the past year. The 
truth of the matter was that that particular ship 
had bean purchased by Messrs. Beardmore, who 
had fitted her with fresh gearing, and she had run 
for the past year without ever being either “ sick 
orsorry.”’ She was now lying up at Ghent awaiting 
a cargo. There were plenty cf rumours about of 
decisions to replace geared turbines by engines, 
but it was wise to verify them before believing 
them. 

What Captain Onyon wanted the authors to do 
was to give the names of ships which are actually 
running with a constant of 220, and with that in- 
formation the advocates of gearing would have an 
answer for the croakers. He would like to conclude 
with the remark that a man who deceived his 
neighbour was worthy of censure, but a man who 
deceived himself was a fool. 

Mr. McLeod, the next speaker, agreed with the 


authors that experience seemed to justify the use 
of higher tooth pressures, but it was preferable to 
err on the safe side until further data had been 
secured. The American General Electric Company 
had produced curves showing the variation of 
pressure on gearing caused by a ship pitching in a 
heavy sea. According to these the pressure ranged 
from 50 per cent. above normal to 60 per cent. 
below normal. Possibly the results noticed in the 
case of the San Fernando were due. partly to cavi- 
tation. He had been able to detect the presence 
of cavitation by the sucking noise which was audible 
at the stern tube of a vessel. The decision to 
increase the depth of the teeth in the case of the 
San Florentino seemed a strong vindication of the 
advantages of longer teeth. It would also appear 
that the use of a heavy propeller might be beneficial 
in reducing the effect of varying torque on the 
teeth of the gearing. 

Mr. Donaldson referred to alterations which 
had been found necessary in connection with a 
certain 4,000-ton boat. When this boat was altered 
from its original design to that of a tanker, a three- 
bladed propeller was fitted and 1} in. was added to 
the diameter of the shaft. His firm had had to 
carry out some repairs to a vessel under the control 
of the United States Shipping Board, who had 
kindly given him permission to refer to the case. 
On examination of the vessel it was found that the 
first reduction gear was entirely stripped and the 
second reduction gear was considerably worn. 
The pressure on the second gear teeth was 990 lb. 
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corresponding figures for the first gearing were 
470 lb. and 170. The speaker thought that the 
pressures on the teeth of the first reduction gear 
might be doubled. The gears were of the laminated 
sectional type. Possibly the failure of certain 
gears might have been due to the squeezing out of 
the oil. 

Sir Charles A. Parsons remarked that there had 
been great immunity from trouble in connection with 
marine turbine gearing in the Navy. Some vessels 
were transmitting 100,000 h.p. through gearing 
without trouble. One of the reasons for the absence 
of certain difficulties which had been experienced 
in the case of the merchant marine, was in the 
nature of the wakes in which the propellers worked. 
In the case of warships the lines were fine, with the 
result that the driving torque was uniform. The 
shafts were long, and synchronism therefore did not 
exist except at very low speeds of rotation. The 
wake of the San Fernando was peculiar, and he had 
felt that the difficulties experienced with her gearing 
had been due to the torsional oscillation of the shaft 
due to irregularities of torque. The momentum of 
a turbine rotor was so great that for practical 
purposes the shaft might be considered as anchored 
at the turbine. . 

The owners of the San Fernando had doubted 
Sir Charles’ theory of the cause of the gearing 
trouble and had pointed out that on her next voyage 
the gearing had been marked all round instead of 
only in spots. This trip, however, was run in heavy 
weather, which would result in the shocks to the 
gearing taking’ place at irregular times, so that 
the gears were marked at all angles. He thought 
that eventually the owners were convinced that he 
was right. The numerous failures of American 
double-reduction gears were due, the speaker 
thought, partly to the gears being too small, partly 
to the floating frame which had been advocated in 
the States, and partly to the laminated gears. His 
firm had tried laminated gears ten years ago, but 
had found that the elasticity of the solid metal and 
of the gear-casing was quite sufficient to ease off 
the effect of local stress. As regards propeller 
calculations, it should be noted that the angular 
momentum of a screw in water was greater than in 
air, because of the water it entrained with it. Sir 
William Froude had found that for a similar reason 
the momentum of a ship was 30 per cent. greater 
than that which was due to the weight of the ship 
alone. He would like to ask whether the effect 
of the water had been considered in the calculations 
made by the authors of the paper [Mr. Cook 





per lineal inch, giving a value of 





assented]. In his own works, Sir Charles stated that 





the stresses permitted in gear teeth were one-third 
the destructive pressure on the metal. 

Sir John Biles remarked, with reference to the 
last speaker’s remarks, concerning momentum, that 
Mr. Cook had just told him that he had added 
10 per cent. to the calculated momentum of the 
propeller to allow for the momentum of the water. 
The case was not exactly analogous to that of a 
ship, because the frictional resistance would not be 
affected. Sir John wished to endorse the appeal 
of Captain Onyon for further information with 
regard to actual experience of high tooth pressures. 
There must be much knowledge gained since a year 
ago when gears had been previously discussed at 
their meetings and he hoped it would be made 
available for all. 

In reply to the discussion, Mr. R. J. Walker said 
that he had only time to touch upon one or two 
of the points raised. Admiral Goodwin had referred 
to the difference in the conditions under which 
merchant ships and warships operated. The firm 
with which the speaker was connected recognised 
this fact and did not allow the pressures to be so 
high in merchant ships as in vessels:of the Royal 
Navy. The trouble with the gearing of merchant 
ships was almost always apparent after trials, if 
any was going to occur. Commander Tostevin, in 
his paper last year, had given a constant of 272, but 
with modifications of the tooth form there was 
nothing to show that this could not be increased. 
The shipowners were the people who eventually 
had to pay the piper, and as they have little to 
go on, they were somewhat reluctant to fall in with 
the views of those who advocated higher tooth 
pressures. Mr. Walker said, in conclusion, that he 
particularly wished to emphasise the fact that 
accuracy in cutting and aligning the gears was 
essential, and if this were attained all would be well. 

Mr. 8. 8. Cook in his reply, said that he had 
had experience of a pinion 5 in. in diameter, the 
teeth of which were found to fail at a pressure of 
1,100 Ib. to 1,200 Ib. per linearinch. In this case the 


ratio = was 240 as compared with the usual value 


of 60 or 70 allowed in actual practice. The speaker 
had hoped that more would have been said about 
vibration in the discussion. Vibrations were of two 
kinds, free and forced. If we imagined the pro- 
peller of a ship twisted round by a giant hand and 
then let go, it would oscillate about its mean position 
like the balance of a watch. But it would not 
continue to oscillate unless there was some force 
to maintain the motion. This was an example of 
free vibration, but free vibrations did not give 
trouble in practice, and therefore might be neglected. 
The character of a forced vibration was illustrated 
by the curve in the paper, Fig. 3. In this case the 
vibration was affected by any change in flexibility 
of shaft, speed of rotation, or inertia. He illus- 
trated the changing character of forced vibrations 
by means of a weight hung from a string held in the 
hand. When the length of the string was very 
short the weight, perforce, followed the motion of 
the hand as the latter was moved from side to side. 
With a longer string the motion of the weight 
exceeded that of the hand. At a critical length of 
the string, the motion of the weight was very large 
indeed as compared with that of the hand. With 
still greater length of string it was seen that the 
amplitude of the motion of the weight became 
smaller and that the movement was exactly out of 
phase with the hand. This really illustrated the 
kind of thing which the curve in Fig. 3 expressed. 


Lire-Savine APPLIANCES ON SHIPS. 


The next paper was one entitled “ Life-Saving 
Appliances on Cargo and Passenger Vessels.” It 
was read in abstract by the author, Mr. E. W. 
Blocksidge. The paper, which we hope to reproduce 
in full later, gave an account of the progress of 
legislation tending towards the safety of life at 
sea from 1846 onwards. The paper was more 
particularly concerned with the provision of life- 
boats and similar appliances and was to some extent 
critical of existing regulations. At the end it led 
up to certain proposals which the author thought 
might profitably be considered. 

These may briefly be summarised as follows : 
For foreign-going passenger steamers only such 
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lifeboats should be carried as could be attached to or 
stowed immediately under, davits at the ship’s side. 
If necessary further equipment should be provided 
in the form of buoyant apparatus, which could be 
launched without boat-lowering appliances. A 
revision should be made of the various classes of 
boats carried under davits, and the present Class 
Is open lifeboat fitted with outside buoyancy, and 
wooden pontoon lifeboats, unless fitted with internal 
buoyancy air cases, should be abolished. All 
lifeboats should be fitted with hand pumps and the 
use of motor lifeboats on passenger vessels of 
10,000 tons and over should be extended. Such 
boats should be fitted for wireless telegraphy. 
There were various other suggestions in reference 
to towing facilities, emergency lighting apparatus, 
&e. For foreign-going and home-trade passenger 
vessels the standard unit of capacity for open 
boats of Class I should be increased to 11 cub. ft. 
instead of 10 cub. ft. as at present, or a definite 
number of persons should be allocated to boats of 
standard dimensions. Masts and sails should be 
abolished except in emergency boats. For all 
passenger and cargo vessels, locker accommodation 
should be provided in all lifeboats and rafts, and 
bilge rails should be fitted on all boats to provide 
a hand-hold should the boat be capsized during 
launching. 

The discussion on the paper was opened by 
Mr. L. Peskett who said he could understand the 
way in which the author had looked at the matter, 
and appreciated the fact that it was possible to so 
over elaborate life-saving appliances that they might 
become too complicated to be of full effect in a 
disaster. The possibility of transferring all passen- 
gers to the boats depended upon the type of disaster. 
He had certainly been an advocate of “ boats for 
all,’ but could not but recognise that there might be 
practical objections which could be urged against 
it, and such a regulation might not really meet the 
practical requirements. In the case of inter- 
mediate liners for instance the derricks frequently 
could not accommodate the full boat equipment, 
and the fitting of such a full equipment might tend 
to the congestion of the whole of it. If it did the 
idea underlying the regulation calling for “‘ boats for 
all” would be defeated. 

The type of disaster to which ships might come 
had also to be considered in relation to the matter, 
and in the case of the Empress of Ireland, for 
instance, the boats on one side of the ship could 
not be used at all. The matter of drilling crews 
in the handling of the boats should also be kept in 
mind. The paper was of great value in opening 
the whole subject to discussion, and its point of 
view was perhaps even more valuable than its 
definite propositions. The whole question of safety 
of life at sea had been modified by such recent 
developments as that of wireless telegraphy, and all 
such matters should be taken into account in a 
consideration of the subject. Even the most pro- 
bable type of accident had a bearing. This was 
collision, and with modern subdivision life-saving 
was more likely with this type of accident than with 
others. It was most desirable that all legislation 
dealing with this subject should be considered and 
co-ordinated. At present there was much over- 
lapping. 

Captain A. H. F. Young, of the Board of Trade, 
was the next speaker. He referred to Mr. Block- 
sidges’ proposal in connection with all lifeboats 
being carried under davits at the ship’s side, any 
further accommodation being furnished by buoyant 
apparatus. He pointed out that this arrangement 
of boats was not always possible especially in old 
ships, and that while buoyant apparatus might 
be very useful in a sudden emergency and had 
saved many lives in the war, it had also been the 
cause of many people being drowned. Its proper 
purpose was to save people who were in the water, 
but people tended to climb on top of it, when it 
capsized and drowned people who might otherwise 
have been saved. Even if it were made stable it 
provided no shelter, and open boats were still 
necessary to transfer people from it. 

In connection with the form of lifeboats he would 
point out that the present design differed con- 
siderably from that used before the loss of the 
Titanic. The question of the alteration of the 





form of lifeboat had been before the Board of Trade 
for some months before that disaster. Many 
ships’ boats at that time were not seaworthy and 
were not capable of carrying their quota. Nothing 
of this kind applied to the new boat. In 1917, when 
the submarine peril was acute, he had acted as a 
Board of Trade representative on the Awards 
Committee, ships boats were constantly being 
referred to in the reports and not once was there 
adverse comment on their behaviour. The present 
boat was quite satisfactory. Captain Young then 
referred incidentally to the training of ships’ crews 
in the handling of boats and said that although the 
matter was one for the shipowner, the Board of 
Trade was always willing to co-operate in the matter 
and were constantly doing so. Finally, referring 
to boat lowering, Captain Young said that in the 
last month or so on the Arundel Castle, building at 
Belfast, he had seen six boats lowered in 84 minutes 
from Toplis davits. The Olympic, with boats on 
both sides, could lower boats for over, 3,000 people 
in 20 minutes, There were 48 boats under davits 
with a total capacity: of 3,400 people. 

Sir John Biles said that the paper certainly had 
the merit of having brought forward two valuable 
speakers on the subject, but for itself he was sur- 
prised that it should have been written. The 
reports of the International Conference on the Saving 





of Life at Sea were based on very extensive and 
careful investigation and experiment, and we now | 
had new proposals brought forward to supersede | 
all that had been done, and this new scheme was | 
brought forward without any evidence of its effect | 
on ship design and cognate matters. All the States | 
of the World had agreed together on what had been | 
done, and it was generally considered that a very | 
fair compromise had been arrived at. One had in| 
the end to balance the merits of safety and profit. | 
There was a limit to what could be done in the way | 
of safety appliances. In the matter of buoyant | 
apparatus he would say that many experiments 

were made in a bath with a number of sailors. | 
From these experiments new and better apparatus | 
was developed until we got the raft of to-day. He 

would not say something better might not ultimately 

be developed, but he personally would rather be 

on the sea in a boat than on any buoyant apparatus. 

Captain Veale said that he had spent many years 
at sea and thought that the steamship people 
recognised their responsibilities in connection with | 
this matter of life-saving appliances. He went on| 
to say that he did not think this question resolved 
itself into any matter of making a choice between 
boats and rafts. In many cases, in practice, say 
a collision in the dark, a combination would probably 
save most lives. During the war in the case of a 
ship forming part of a convoy which was torpedoed 
in the Mediterranean and sank in 6 minutes, out of 
four boats launched three met with disaster, but 
all their crews were finally got on to rafts. Out of 
a total of 71 hands only 2 lost their lives. The 
captain of this ship in a report stated that rafts 
were the most serviceable thing to have on board. 
They could be easily launched and even thrown 
overboard if necessary. Captain Veale went on to 
say that although a raft was not so comfortable as a 
boat, it was better then a damaged boat. He 
thought a combination the best arrangement and 
suggested two thirds boats and one-third rafts. 

Mr. J. R. Barnett thought that lifeboats had not 
yet received the attention they demanded and that 
there was a want of uniformity in their design, and 
he was glad to see Mr. Blocksidge’s suggestion for 
increasing the standard unit of capacity. The 
big-bodied boats which one saw nowadays were not 
easily navigable. The number of persons on each 
boat should be limited to the length of the boat and 
the freeboard should be marked in it. Mr. Block- 
sidge’s suggestions were none too drastic. A few 
good boats were better than a large number of 
indifferent ones, especially if buoyant apparatus of 
the right kind was carried in addition. He was not 
very clear about the reference to masts and sails 
in the paper. All boats under davits should have 
sails, even when a motor was fitted. They might at 
any time be necessary. Wireless telegraphy could 
not always be relied on: It might break down or 
a ship might be lost in a desolate place where 





wireless messages would not be picked up. 


This concluded the consideration of the paper, 
Mr. Blocksidge, in view of the short time available, 
reserving his reply for the transactions. 


BaLanceD RuppDERS. 


At this stage of the proceedings the president 
vacated the chair, which was taken by Sir Archibald 
Denny. The next paper to be considered was one 
entitled ‘“‘ The Design of Balanced Rudders of the 
Spade Type,” by Mr. M. E. Denny. The paper, 
which was read by the author, will be found re- 
printed on page 370 of this issue. In view of the 
short time available no very extended discussion 
took place on the paper. 

Mr, G. 8. Baker was the first speaker. He was 
pleased with the information given in reference to 
rudder design, on which there was remarkably little 
published information. In connection with the 
sharp edges which were used by Mr. Denny for his 
rudders he would say that the shape of the edge had 
been found to be very important. A .turned-up 
edge might cause a variation in pressure on the plate 
by as much as 400 per cent. In connection with 
the use of the “law of comparison” in the paper 
he would point out that this law did not apply 
except when the pressure varied as the square of the 
velocity. Although this condition did not appear to 
apply still Mr. Denny got agreement between his 
model and his full-scale experiments. It was 
difficult to say why this was so, but he suggested 
it might be merely by chance. 

Mr. J. Foster King said the few figures given on 
the paper represented much work and time and even 
money, and it was of great interest and value to 
find the tank experiments confirmed by the work on 
board ship. He thought the first attempt to carry 
out tank experiments on rudders was made by 
Sir Archibald Denny twenty years ago, since when 
he had met with no other published example before 
this paper. 

Mr. Watson said that the fact that the pressure 
did not increase with the square of the speed had 
been brought out in work on the tank at Haslar. 
The close agreement obtained between tank and 
ship experiments was very interesting. He had 
himself got good agreement in the case of a ‘‘ P” 
boat, but had found it difficult in the case of a 
destroyer. 

Mr. Robb referred to the bending moment in the 
rudder stock. Two things affected this (1) the 
wake, as the speed near the top was reduced as 
compared with the speed near the bottom and the 
centre of pressure was not at the geometrical centre, 
and (2) the freedom of the gland, which might permit 
some bending moment being transferred to the tiller 
head. He thought fuller information might be 
given in reference to these points. 

Professor J. J. Welch praised the paper and asked 
that the area of the rudder might be given. He 
also referred to the law of comparison, and said that 
if the pressure did not vary as the square of the 
speed the comparison could not be exact. 

Mr. M. E. Denny, replying to Mr. Robb, said that 
the clearance in the gland was made as small as 
possible, and he thought the bending moment 
probably did not extend beyond the gland. 


STANDARDISATION OF ArrsHIP Data. 

The afternoon of Thursday, the 17th inst., was 
devoted to the reading and discussion of a paper 
by Mr. H. B. Wyn-Evans, M.B.E., R.C.N.C., 
entitled “ The Standardisation of Data for Airship 
Calculations.” In it the author explains the reacons 
for arriving at the standards used in the Air Ministry 
Memorandum on Airship Calculations issued last 
May, illustrates their application, and refers to come 
formule for making direct comparisons between 
various classes of airships and with aircraft of the 
heavier-than-air type. He deals first with the 
lifting power of hydrogen, stating that no reason was 
apparent for departing from the long-standing 
figure of 68 Ib. per 1,000 cub. ft. used for the lifting 
power at sea level, but this standard is compared 
with those used in other countries. The allowance 
to be made for the bulging of the gas bags in rigid 
airships and the method used for calculating the 
volume of the envelopes of non-rigid airships to 
allow for the stretch of the fabric, are also explained. 
The terms gross lift, useful lift, standard flying 
height, fixed weights, disposable weights, static 
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ceiling and endurance, are clearly defined, and the 
question of speed, being regarded as a very con- 
tentious one, is treated fully. The author explains 
that it has been decided to record four distinct 
speeds for all airships, viz., maximum speed, 
normal full speed, cruising speed and comparison 
speed. The first of these is that speed attainable, 
under standard atmospheric conditions, with the 
engines developing their maximum power, while 
the normal full speed is defined as 90 per cent of 
the maximum and is regarded as the working 
maximum speed for flying. The cruising speed is 
defined as 80 per cent. of the maximum and is that 
attained with the engines working at approximately 
half-power. The comparison speed is taken as 
40 knots, and has been retained for comparison with 
the smaller airships, principally from considerations 
of endurance ; for Service ships it also forms a useful 
speed for patrol work. In an appendix to the 
paper the Air Ministry Memorandum, above referred 
to, is reprinted, and other appendices relate to the 
lift at various heights, lift and trim experiments 
with R. 33, gas purity in the nomenclature of various 
nations, and performances of rigid airships; a 
further appendix gives a proof of the formula used 
for calculating speeds from trial observations. 

Air Commander Maitland, called upon by the 
chairman to open the discussion, said he considered 
that airships should be compared with surface ships 
and not with aeroplanes, as the problems to be 
solved were identical to the two first-mentioned 
cases. The airship’s natural element wgs the air, 
and when not flying it should be moored out to a 
mast well away from the ground. From the results 
of experiments carried out at Pulham he was satisfied 
that this could be done safely in any weather con- 
ditions likely to be encountered in this country. 
An airship could be brought up to and got away 
from a mast in a high wind, which was an important 
feature in running a regular and reliable scheduled 
service. Another important point, from a com- 
mercial point of view, was that the operations could 
be carried out by 8 men instead of some 400, which 
was the number necessary for handling an airship 
in the ordinary way. The speaker thought that this 
country held the leading position in airship develop- 
ment at the moment, and he therefore hoped that 
full advantage would be taken of the Government’s 
offer to place their airships at the disposal of any 
private concern undertaking to operate them. 

Mr. C. I. R. Campbell, who followed, said he 
greatly regretted the present state of affairs with 
regard to airships, and the country he said, would be 
seriously handicapped in not taking them up, since 
other countries were doing so. He thought the 
previous speaker had put his finger on the real 
trouble, which was the fundamental difference 
between airships and aircraft of the heavier-than-air 
type. The great advantage of the former was that 
they could give good accommodation and reasonable 
comfort for a voyage of two or three days’ duration. 
An airship such as the R. 38, particulars of which 
were given in the paper, had a useful lift of 38} tons, 
and, if fitted for passengers, could take about 50, 
with 3 tons or 4 tons of cargo in addition. It could 
make a voyage of 2,500 miles at 60 m.p.h. The 
performance of an airship could be predicted with 
an accuracy of the same order as in the case of a 
surface ship, and, now that the problem of mooring 
out had been solved, the regularity of commercial 
services was assured. With regard to the Govern- 
ment’s offer he was surprised that there had been no 
rush to accept it, and he thought that, if the public 
discovered its real value, it would have to be with- 
drawn. 

Sir Napier Shaw, the next speaker, said his name 
had been associated with some figures given in the 
paper which were to be used in standardising air- 
ships and their performances. The observations, 
which gave the pressure, temperature and density 
of the atmosphere up to a height of 34,000 ft. were, 
however, really those of Mr. W. H. Dines, and they 
had been obtained by sending up small balloons 
carrying recording instruments. The ‘ speaker 
thought the figures might be trusted, although the 
quantities varied with the weather, the seasons and 
the locality, since the variations were, as a rule, 
not large compared with other quantities, such as 
hydrogen purity, &c., which had to be considered 





in airship work. He would, however, hesitate to 
assume that the tentative figures referred to repre- 
sented the condition of the atmosphere. He 
noticed that 1,000 ft. and 2,000 ft. had been chosen 
as the levels for testing non-rigid and rigid airships, 
respectively, and he inquired why much greater 
heights of, say, 20,000 ft. to 25,000 ft. could not 
be used. The reason for his question was that, at 
great heights, the state of the atmosphere was 
practically the same in summer and winter, and 
at all parts of the world. He also inquired what 
was the behaviour of an airship in a turbulent wind, 
as compared with the behaviour in a steady wind, 
and mentioned that some model experiments, 
made at the National Physical Laboratory, had 
given an increase of resistance of about 50 per cent. 
in a wind made turbulent by artificial means. 
The results, however, could not be applied to a 
full-size airship owing to uncertainty as to the 
allowance to be made for scale effect. 

Wing Commander Cave - Brown- Cave, who 
followed, said he wished to make it clear that the 
basis of the schedule of data given in an appendix 
to the paper was taken in order to allow pilots to 
reproduce in practice the results calculated by 
designers. He also expressed regret that the author 
had not gone more fully into the methods of calcu- 
lating hydrogen purity. With regard to the prac- 
tice referred to in the paper of putting gas into an 
airship and allowing it to remain undisturbed before 
taking a sample of the hydrogen, the speaker thought 
that this was wrong, since, in these circumstances, 
air would diffuse into the gas bags and collect at 
the bottom. The admission of fresh gas, he said, 
would tend to stir up the contents and render them 
more uniform, so that readings would be much more 
accurate and reliable if taken immediately after 
filling up. The speaker also referred to the reason 
for adopting the flying heights above mentioned 
as standards, explaining that the functions which 
varied most with height were endurance and range, 
and in order to make these a maximum it was 
necessary to specify a small height. He was not, 
he said, in complete agreement with the definitions 
of fixed, disposable and dischargeable weights used 
by the author. The disposable weight, the speaker 
defined as that part of the load which the pilot 
could take or leave at his discretion, and the dis- 
chargeable weight, he said, was that part of the 
disposable weight which could be got rid of while 
flying. The passengers, for instance, were not 
dischargeable, but were disposable. Continuing 
his remarks, the speaker said he thought that data 
relating to the latest German airships might well 
have been included in the table of performances 
given in the paper, and he also suggested that 
drawings of the latest type of flying head should 
be used to replace those of the earlier type repro- 
duced in the paper. He also criticised, at some 
length, the methods given by the author for deter- 
mining the speeds of airships, but these criticisms 
would be hardly intelligible without reference to 
the paper, and the demands upon our space 
unfortunately do not permit us to reprint this. 

The discussion was continued by Mr. H. G. 
Williams, who said he had, at first, regarded Mr. 
Wyn-Evans’ paper as only mildly controversial, 
but he had since been enlightened on this point. 
He referred to the variation in the standard lifting 
power of hydrogen used by various countries, and 
pointed out that the gross lift of R. 33 judged by 
British standards, was 59-5 tons, whereas by 
German and French standards it would be 63} tons 
and 56-7 tons, respectively. The useful lift on the 
British, French and German standards was 17-2 tons 
14 tons and 21 tons, respectively, so that the 
German standard gave a figure 50 per cent. greater 
than the French. The useful lift, as defined in the 
paper, the speaker considered gave a better idea 
of the commercial value of an airship than the gross 
lift. The disposable weight, which was analogous 
to the deadweight of an ordinary ship, was, however, 
really as useful if defined and generally accepted. 
One of the methods of computing speeds in the 
paper, the speaker continued, was similar to that 
used in the measured mile trials of a surface ship, 
but he noticed that only two runs were taken 
instead of several pairs. He thought the accuracy 
would be improved by taking the mean of means 





as in ship trials. With regard to the formule given 
in the paper to show the economical characteristics 
of commercial airships, he supposed the values 
of the coefficients would depend upon the tariffs 
charged for passengers and goods, and on the assump- 
tions made as to running expenses. He wished 
these could have been given in the paper. In 
conclusion the speaker referred to the announce- 
ment made to the effect that the construction of 
airships for the Navy had been stopped. He 
believed this would have to be taken up again as 
airships were indispensible for scouting purposes. 
The temporary stoppage he regarded as a very 
doubtful economy. 

Professor L. Bairstow, the last speaker, referred to 
a table giving the lift at various heights as compared 
with the lift at sea level. At 10,000 ft., he pointed 
out, the percentage lift was given in the paper as 
72-5 whereas in another table issued by the Air 
Ministry for aeroplane calculations, the relative 
density at that height was 74 per cent. Both 
figures had, he said, been calculated from the same 
data, but the conditions assumed at sea level were 
different. Those taken in the Air Ministry table 
had the advantage that they rendered all speeds 
directly comparable with that indicated by the 
pitot head. The difference, he said, was only about 
2 per cent., but he suggested that the Air Ministry 
figures would form the more useful standard. 
Referring to the Government’s policy with regard 
to airships, the speaker said he regarded the recent 
announcement as evidence of another mistake. 
One most important objection was that by dis- 
continuing the use of airships all full-scale experi- 
mental work would be stopped, and this would still 
be true if the airships were taken over by a com- 
mercial concern. 

Mr. Wyn-Evans, who then replied briefly to the 
discussion, said he first wished to emphasise the 
fact that the construction of rigid airships up to 
80 tons gross lift, the size of R. 38, was well past 
the experimental stage, and that airships up to 
120 tons lift could be built with complete confidence. 
With regard to Sir Napier Shaw’s remarks as to 
variations in hydrogen purity, he explained that the 
purity was usually taken by a combustion test and 
compared with that test as a standard by various 
meters such as the Wright or the Schilling. Sir 
Napier’s query as to flying heights had already heen 
replied to by Commander Cave-Brown-Cave. The 
latter’s remarks, Mr. Evans continued, showed the 
difference between the points of view of the designer 
and the flying officer. He, the speaker, did not 
regard the disposable lift as that left to the pilot 
to dispose of as he liked ; that quantity he regarded 
as the useful lift. Most speakers had drawn 
attention to the limitations of the paper and he 
regretted that he had not elaborated it more; 
this, however, be hoped to do in later sessions. 
It must, he said, be borne in mind that methods of 
recording airship results were young yet, and 
standardisation was necessarily open to criticism 
and modification. He would endeavour to get 
the correct drawings of the flying head included in 
the paper, and with regard to speed trials, he did not 
think sufficient of these had yet been run to say 
which method was best. He thanked the other 
speakers for their remarks and concluded by ex- 
pressing the hope that the paper would serve as a 
starting point in getting standard data together. 

After a vote of thanks to the author, proposed 
by the chairman, had been passed, the meeting 
adjourned. 

Sup FRramine. 


At the evening meeting, at which the Earl of 
Durham was in the chair, the paper down for 
reading and discussion was one entitled ‘“‘ A Study 
of the Framing of a Ship,” by Professor T. B. Abell. 
The paper, which is reprinted on page 376 of this 
issue, was read by its author. 

Sir John Biles opened the discussion. He said 
the subject of the paper must commend itself to 
all. Everyone was anxious to omit all material 
that safely could be omitted. The question of 
old-time keelsons took him back to his boyhood 
days. He admitted that in those times one probably 
never thought why certain lines of practice grew 
up. The general idea probably was that it was @ 
good thing to stiffen the outside plating. The 
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outside water pressure was not thought much about 
in those days, probably partly because the ships 
were of iron and the plates were thicker. Few 
calculations were made, but it was generally thought 
that the more strength the better. He took part 
in building some old wooden naval ships and was 
brought up on keelsons. The development of 
lighter structures in recent years had chiefly been 
in connection with the smaller type of ship, such 
as cross-Channel boats and steamers. Many efforts 
to leave out unnecessary parts and details had been 
frustrated by people whose courage was less than 
their knowledge. The leaving out of some parts 
such as knee beams in destroyers had been attempted 
but had not been allowed by the authorities. He 
had not read the paper before coming to the meeting, 
but as far as he had been able to follow it he agreed 
with its general trend. 

Mr. W. H. Whiting thought the paper challenging 
and stimulating, but it was not stated with the 
rigidity which in other cases might be necessa) 
He entirely agreed with Professor Abell that it 
was of value to try to fix on a simple idea and hold 
on to it as long as local circumstances would permit. 
If all ship designers worked with such a concept 
the progress towards efficiency and economy would 
be very rapid. He thought the matters dealt with 
in the paper formed the most fruitful field for 
investigation into possible weight-saving, but that 
Professor Abell had hardly taken all the general 
questions affecting ship design into account. In 
the matter of the necessity for a keel he thought the 
author had hardly attached sufficient weight to the 
matter of docking on blocks. No two blocks were 
of absolutely the same material, and when a heavy 
ship had settled down on the blocks an inspection 
would show that the main framing had been sub- 
jected to considerable stresses. In the old times 
also this question was affected by the fact that 
groundings were frequent. He sympathised with 
the objection to the idea that the keel was a back- 
bone. This was not correct and was false analogy. 
A ship did not have a backbone any more than did 
a crab. 

Sir Westcott Abell said that two points of view 
were possible in connection with the consideration 
of possible economies in ship design. It was useful 
to consider saving of material, but it was also 
useful to consider saving of labour. The study of 
the morbid anatomy of ships was a subject which 
had made marked progress in the last twenty years, 
and the paper was of value in giving a new view- 
point. 
in character, but it might be difficult to interpret 
them quantitatively. A series of questions bearing 
on the design of double bottoms was suggested by 
the paper and a sketch of historical development 
given. In connection with this latter aspect he 
was afraid it was an inherent frailty of human 
nature to try to put new wine into old bottles and 
to build up on the lines of earlier practice. He 
thought, however, that Professor Abell dismissed 
questions of loading and grounding somewhat too 
lightly. He knew of an oil ship launched in August, 
1918, which had already twice been aground, and 
in the matter of loading stevedores had a way of 
distributing cargo in the most haphazard fashion. 
A double bottom should be foolproof. He thought 
that on the whole the time was not ripe for the 
omission of longitudinal girders, which served an 
economic purpose in connection with water ballast, 
&c. Steps might perhaps be taken however to 
reduce their numbers. 

Mr. 8S. V. Goodall said that the paper had caused 
him to give some additional thought to the question 
of the framing of warships. The conditions were, 
however, much more complicated than those taken 
in the paper, owing to questions of concentrated load, 
and docking. Also the necessity for the ship to be 
fairly rigid and for the carrying of oil in the double 
bottom. The paper suggested the question whether 
one could increase the spacing of the transverse 
frames in warships. For many years this had been 
4 ft. both for battleships and cruisers, and in this 
country, the United States and Germany. This 
uniformity suggested that the spacing was correct, 
and as a matter of fact when attempts had been 
made to increase it trouble had followed. He had 
also considered the type of frame. Some time ago 


The inferences it drew were probably correct 





he had been a great advocate of bracket frames, 
and later had been surprised to find that American 
practice was tending to give up bracket frames. 
It was stated in America that they were weak as 
transverse frames, but he could not square this 
idea with his own experience with light cruisers. 
Apparently both types of frame were right. A third 
point had reference to the question of leaving out 
the backbone, but he thought the vertical keel of 
value in warships to take the transverse load in 
docking. In connection with the subject of the paper 
generally he would suggest that people responsible 
for important design must be excused if they worked 
a little warily. There were such things as Courts 
of Inquiry if alterations did not prove a success. 
Mr. Graham thought that the suggestions con- 
tained in the paper were of great value, expecially 
in relation to very large ships in which intercostals 
added little to the strength. In connection with 
the matter of groundings he would point out that 


ry.|the Aquitania did once go aground and that the 


intercostal structure did not prevent deformation, 
but actually considerably put up the cost of repairs. 
An interesting point was to consider how often 
strength calculations were translated into. terms 
of material. If such calculations could be passed 
on to the drawing office and the material ordered 
to correspond much saving might ensue. The 
registration societies might take account of this 
possible aspect of saving. He might say that 
Sir Westcott Abell had always shown himself most 
liberal towards new proposals and had always done 
his best to help. 

Mr. Robb said that if one considered side plating 
panels, the arguments put forward by Professor 
Abell were considerably reinforced. The 1b ratio 
was larger for the side plates than for the bottom 
plates. In a panel having an /b ratio of 3 only 
ay part of the load was carried by the longitudinal 
frames. If the ratio was 2 only yy part was so 
carried. With a ratio of 4 the figure was 5}, part, and 
cases could be found in ships in which ;,',5, or even 
less, was carried in the longitudinal direction, so 
that the side stringers took only ;5), of the stress. 
This, of course, was purely a structural t. 

Sir Archibald Denny agreed that there had been 
a great deal of conservatism in ship construction, 
but thought there was not so much now. The | ¥** 
British Corporation had tackled many superfluities 
in 1891, when it was young. He admitted that 
bottom stringers were quite superfluous, but had 
fitted them, presumably from habit. Against this, 
however, he would say that when his training began 
in 1876 he went to Liverpool and saw the Alaska and 
Parisian. They were weak in their top structure 
and invariably broke it, and from this he got the 
idea that you must make your superstructure strong 
enough. A few years after he had a case where 
he had not enough material and made an expansion 
joint. This, however, was only a makeshift, and 
now he made the top structure strong enough. 
There had been much progress in the last few years 
in the direction indicated in the paper, and the 
registration societies were always willing to assist 
naval architects. 

Mr. A. T. Wall said that in discussing matters of 
the type dealt with in the paper one had to keep 
in mind the people who ran ships and who always 
liked to have a big margin for wear and tear. It 
was very possible that we were apt to overdo 
scantling sizes, but the breaking of conventions 
was always a difficult matter. In connection with 
the application of strength calculations in the 
drawing office, as mentioned by Mr. Graham, it 
was necessary to remember that ship designers 
were largely in the hands of the registration societies 
and that strength calculations were not made for 
ordinary merchant ships. The rules of the societies 
were not, however, of cast-iron and the societies 
would always assist in the direction of progress. 

Professor T, B. Abell then replied to the dis- 
cussion. He said that in writing the paper he had 
had no wish to be dogmatic, but had attempted to 
put a point of view. In connection with Mr. Robb’s 
remarks concerning distribution of stresses he would 
say that he thought many naval architects were 
not too familiar with the considerations entering 
into the design of structures. They had not studied 
the matter in the way, for instance, the reinforced 


concrete people had. In writing the paper he had 
chiefly had cargo vessels in mind, and Mr. Whiting 
had well described his point of view in his reference 
to the value of having a simple plan in mind and 
following it out logically. Sir Westcott Abell had 
referred to the study of the morbid anatomy of a 
ship. Anatomy in a medical sense was a dead 
subject, everything was known about it, in ship- 
building it was very far from being a dead subject 
and offered much scope for study. Sir Westcott 
had also raised the questions of uneven loading of 
cargo and groundings, but he (Professor Abell) 
thought his design allowed sufficient stiffness to 
such events. After all, was the question of ground- 
ing a really important one ? Some damage usually 
ensued in any case. 

In connection with Mr. Goodall’s remarks he 
would say that the paper did not suggest that the 
backbone should be omitted. It a that 
the name was a misapplication. tally he 
did not necessarily rigidly stand by everything 
that he had put in the paper, w which os Be hed 
already said was intended to give a point of view. 
As Mr. Wall had said, it was difficult to break 
conventions, but the difficulty was greater when the 
conventions were based on practice than when they 
were based on judgment. These remarks con- 
cluded the evening meeting. 


(To be continued.) 





ROTARY ENGINES FOR COAL CUTTING. 

JupemENT has just been given in an action brought 
on Van Deventer’s patent No. 12623/11 relating 
to engines which are used in the trade for coal-cutting 
machinery, and although this is a to the Appeal 
to the Court santet and also to the House of Lords, 
some points made by the learned judge are of interest. 
The patented ingints are practically formed of two 
smooth surface or continuous helical gears receiving 
steam or compressed air in pockets formed by the inter- 
meshing of the gears, these pockets cut off from 
the supply of motive fluid after the rotors have travelled 
through a certain angle so that for the remainder of 
the rotation the steam or the like works eeeerey. 
Nee” action was brought against a company who m 

a rotary engine also having oom agp betore, 
but in addition they used central spur 

The judge gave his decision jeecdsetety the case 

was finished ind first dealt with the question of in- 

fringement. The plaintiffs’ expert witnesses were of 
the opinion that two claims were infringed, the first 
or broadest Lap and the nig ay Fo te 
certain specific an aoe ej wit 
this view, but in addition he decided that another claim 
was in because he found that the difference 
of the defendants’ engine over the claim was not one of 
substance. 

He then considered the question of validity of the 
patent, first dealing with the state of the art of helical 
gears. He showed that in the evidence it had been 
proved to him that helical gears were well known many 
years before Van Deventer's invention, and that it was 
well known that stepped helical gears were the equiva- 
lents of what we may call continuous helical gears or 
helical gears with smooth faces. He then pointed out 
that the defendants had produced to him certain prior 
engines. One was patented by Paine, but this he ruled 
out because the rotors were not provided with similar 
teeth to the Van Deventer rotors, but rather one had a 
web and the other a groove, the difference between the 
two being discussed at some length, In this connection 
itis worth noting that the patent specification contained 
an error in the position of the inlet port, but the experts 
on both sides agreed that this was not material and a 
skilled engineer would automatically correct it. Prior 
engines of Blazer were also morass | to by the judge, 
but he disregarded these because the helices were of so 
steep an angle that they were not adapted to transmit 
power as in the Van Deventer engine, but central spur 
gearing in addition was essenti f He then came to 
what was evidently the most important attack on the 
patent, namely, an engine patented by one Back- 
strom, This included two rotors with helically- 
arranged stepped teeth. The defendants had made an 
engine on this principle and compared it with an 
engine having continuous or not stepped teeth, and the 
evidence appeared to show that if anything, as the 
judge pointed out, the stepped tooth engine was better. 
After dealing with this from several aspects, including 
the cost of production, although it was admitted that 
no direct evidence was given on this point, he came 
to the conclusion that it would not be fair to third 
parties to allow a patent to stand for the small difference 
of substituting a continuous helix for the ped helix 
of Backstrom when there were little advantage, if any. 





The judge then volunteered the view that he believed 
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Tapret CoMPENSATING GEAR. 


the inventor of the Van Reventer engine considered 
he was the first to provide a rotary engine with rotors 
having helical teeth so arranged as to give continuous 
expansion, whereas after one had carefully looked 
into the prior Backstrom disclosure it was seen that 
the Backstrom engine also had continuous expansion, 
notwithstanding the stepped form of the teeth, and this 
error according to the judge appeared also to have 
been shared at first by the plaintiffs’ witnesses. It 
was therefore held that the patent was invalid and the 
action dismissed, 





Niout FLyInG ARRANGEMENTS.—In spite of the 
serious set-back from which civil aviation is at present 
suffering, there is no doubt that it must eventually 
develop, and a very important factor in that development 
will be the provision of facilities for night flying. In 
view of this, experiments have been carried out at the 
Croydon Aerodrome, and at various points along the 
route to the Channel Coast, w'th) aerial lighthouses, 
searchlights, pyrotechnic lights, and obstruction and 
landing lights, intended to assist eerial navigation after 
dark. To test these lights by actual observation from 
the air arrangements have been made for the civil 
airship Q.F.A.A.G. (formerly the R. 33) to carry out 
a fig’ t on the London-Folkestone route on the first 
suitable night, After noting the land lights, the ship 
will pass over the coast line for the purpose of observing 
the marine lighthouses and lightships visible from the 
air, and the occasion will also be utilised for practice 
in wireless direction finding and general communication 
by wireless telegraphy and telephony. The flight 
carried out by the above-mentioned airship on the night 
of the 15th inst. was, we understand, one of a series 
of routine flights in connection with the experiments on 
mast mooring now being varried out at Pulham. 





TAPPET CLEARANCE COMPENSATING 
GEAR. 


In the type of internal-combustion engine having 
overhead valves, operated by push rods and rockers 
from a camshaft as ordinarily arranged, the tempera- 
ture difference, and consequent difference in expansion, 
between cylinder and push rod, gives rise to an un- 
desirable increase in the tappet clearance when the 
engine reaches normal working temperature. 

This increased clearance, on certain engines, is 
sufficient to curtail considerably the duration of the 
valves’ opening. To overcome this trouble the effort 
has been made, by a Continental firm in the case of 
large gas engines, to jacket the tappet rods with the 
exhaust, so as to increase their temperature, but this 
system reduced accessibility and was not popular on 
account of the emission of exhaust gases into the power- 
house. The trouble as a rule has been overcome in a 
makeshift manner, in many installations, by the re- 
adjustment of the tappets after the engine has warmed 
up. In the case of low-speed engines this is possible 
without necessarily stopping them. Such an adjust- 
ment needs a certain amount of skill, and requires the 
use of two spanners on the lock nut and the recipro- 
cating tappet. In order to simplify this adjustment 
the National Gas Engine Company, Limited, has 
provided some of its engines with eccentric rocker 
pivots, which can be, of course, easily used to adjust 
the clearance with the engine running. 

The gear illustrated on this page, in Figs. 1 to 5, 
has been designed by Mr. H. Raymond Morgan of 1, 
Crown Office Row, .C., to overcome these difficulties. 
It is of interest in that it provides for an automutic 
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cancellation of the effects of the expansion differences ; 
a constant tappet clearance is maintained irrespective 
of the engine temperature. 

Fig. 1 shows a “ National” vertical tandem gas 
engine on which this gear has been in use for 
two years, while Figs. 2 and 3 show an elevation and 
plan of the mechanism. It will be seen that the 
usual rocker, instead of being pivoted on a fixed 
part, is carried by a second, compensating, lever, 
which is pivoted at one end to a lug on the valve cage 
and linked, from its other end, to a point near the 
camshaft housing. In order to obtain exact correction 
for error introduced in the difference in expansion of 
cylinder and push rod, the proportions of the rocker 
arms, a to 6, Figs. 4 and 5, should bear the same ratio as 
the arms of the compensating lever, c to d; but by 
slight deviation from this proportioning a further 
correction can be introduced to cancel the effect of 
expansion of the valve stem itself. 

The principle of the gear will be readily understood 
on a reference to Figs. 4 and 5. In Fig. 4, the system 
is shown in the position taken up when the engine is 
cold; in Fig. 5, the engine is hot and expansion has 
caused the pivot A and the valve stem B to rise a 
distance k. The link F and the tappet rod G remain 
unaffected by heat and do not expand. For simplicity 
the equal ratios of the rocker and compensating lever 
are taken as being 1 to 1. If the end of the small 
rocker be considered as maintaining contact with the 
push rod G, then a displacement of the pivot C, through 


a distance of ; would effect the necessary contact 


between the rocker and the valve stem B, by raising 
the rocker-end a distance k, the distance by which the 
valve stem is raised. The compensating lever provides 


for this displacement & of the pivot C. A is raised 


through a distance k; E remains unmoved as the 
link F does not expand, and C is thus raised the 
amount required to cancel out completely the disturbing 
effect upon the tappet clearance, introduced by the 
difference in expansion between cylinder and push 
rod, 

The inertia of the valve gear is not increased by the 
introduction of this device; in fact, a saving in tappet 
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SHEARING MACHINES FOR STRAIGHT AND CURVED CUTS. 


CONSTRUCTED BY THE TANGENT TOOL COMPANY, LTD., KEYNSHAM. SOMERSET. 

















(6759.8) 
absolutely straight. The 
cut can be stop at any 


point, so that the machine 
can be used for cutting 
out rectangular or other 
straight-sided pieces from 
the plate. 

The machine in question 
will shear steel plates up 
to } in. thick, and, of 
course, of any size, It 
takes a maximum of 4 
brake horse - power and 
weighs only 7 cwt. com- 
plete. Sheets up to 4 in. 
thick are cut at a speed 
of 40 ft. per minute, from 
4 in. to } in. thick the 








Fie. 1. 


weight results from the omission of the usual adjusting 
screw. The standing link F provides a ready and 
convenient means of adjustment. The device can 
be applied to air-cooled cycle engines, and to 
aluminium-jacketed water-cooled motor-car engines, 
in which a considerable reduction in the tappet weight 
ean be effected. On the score of silent running, 
quite apart from point of the length of the induction 
period, there is a likely field for this gear on all engines 
where the expansion differences are considerable. 

The “ National”’ engine, shown in Fig. 1, with this 
compensating gear fitted to the inlet valve system, has 
been in constant use for the last two years, duri 
which time the device has functioned perfectly. We 
are informed by the users that in that time the inlet 
tappets have not once needed adjustment. 








ROTARY SHEARING MACHINES. 

THE Tangent Tool Company, Limited, of Keynsham, 
Somerset, have devoted considerable attention to the 
design of appliances for cutting sheet metal, and their 
hand-operated rotary shears for dealing with corrugated 
iron have already been illustrated in our columns. 
The company has recently applied the rotary shear 
principle to larger power driven machines, one of which 
we illustrate in Figs. 1 to 3 above. This machine 
was mentioned in our recent description of the British 
Industries Fair at Birmingham. The shearing knives 
are formed by the sharp circumferential edges of 
hardened steel dises. One of these discs runs idly, 
while the other is slowly rotated by means of the 
gearing shown in Fig. 3. The circumference of both 
discs are knurled so as to present serrated surfaces 
which bite the metal and causes the latter to be drawn 
in between the discs. In the machine illustrated the 
upper disc is the idle one, and this can be adjusted 
vertically in relation to the other by means of the 
handwheel shown, in order to suit the different thick- 
nesses of metal which may be operated upon. A 
roller-rest in front of the machine steadies the plate 
as it approaches the cutters, and a pair of grooves 
formed in the sides of the framing afford clearance for 
the edges of the plate after shearing It is thus 
possible to shear a plate of any length from end to 
end, and the guidance afforded to the sheared 
by the grooves renders it certain that the cut will be 





speed is 18 ft. per minute, 
and from } in. to in. it is 
10 ft. per minute. The 
speed variations are ob- 
tained by a belt cone, which replaces the pulley shown 
in Fig. 1, this particular machine having only one 
speed, as it was supplied for a single p " 

Fig. 4 shows the front view of a small d machine 
which can be used for shearing thin plates into curves 
of almost any complexity. The cutters are hardened 
steel discs with bevelled edges, the edges being serrated 
for the purpose of biting and drawing in the plate, as 
already mentioned. The lower cutter is the idle one, 
the top cutter being rotated by means of a ratchet 
arrangement actuated by the hand lever. The machine 
will cut plates up to » in. thick and of any size, as the 
cut edges of the plate can pass away freely at the back 
of the machine. To permit of this, the centre of the 
framing is of wedge section which divides the cut 
plate, one side passing over the wedge and the other 
side passing under it. The cut may either be straight, 
curved or sinuous as desired, the cutters being able to 
follow any line whatever, so long as the curvature is 
not less than about 2} in. radius. 

The machines illustrated struck us very attractively 
both as regards design and workmanship, and they 
should be very useful in shops where work within their 
capacity has to be performed. 





INDUSTRIAL NOTES, 

Tue Report Stage of the Coal Mines (Decontrol) Bill, 
the chief object of which is to terminate Government 
control on March 31, was begun on Thursday, the 17th 
inst., as we went to press. Mr. Hartshorn moved an 
amendment postponing the date of decontrol till 
June 30. This was defeated. On the motion for the 
third reading the rejection of the Bill was moved b 
Mr. Cope (Labour), but the third reading was ied. 
We gave a summary of this Bill last week (p. 333 ante). 
This Bill was read a third time in the House of Lords 
on Tuesday, and passed. 

At the moment of going to press this week (Wednes- 
day) the t of a settlement in the coal mi 
industry is stilt unsettled. Last week we su i 
the conditions for a wage settlement as forward, 
respectively, by the Miners’ Federation and the owners. 
A conference was held on Thursday last (the 17th inst.), 
but without definite result, both sides wishing to refer 
points back to their main bodies. The adjow 
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delegate conference of the Miners’ Federation received 
on Friday last the executive's report on pro of the 
negotiations, and it was agreed to refer the matter to 
the district conferences to see whether the demand for 
a national pooling of the industry and national wa 
settlement should be temporarily dropped, in order 
to arrive at a temporary agreement to meet the present 
abnormal state of trade and prices. It is expected 
that this will make a settlement possible. The 
decisions of the district conferences will not all be 
taken before we go to press, and will be presented to the 
adjourned delegate conference to-day (Thursday). 

In the meantime the Durham Miners’ Council have 
decided to call meetings to consider whether the de- 
mand for a national pool had not better be dropped. 
They state that they are against a strike in view of the 
want of money in the industry, and the present lack of 
employment... Although parts of Wales and Scotland 

ve d against dropping the national policy, 
other districts appear to be in favour of negotiating 
on a district basis, and, on the whole, the impression 
holds that the pits will be working under the new 
terms on April 1, instead of a strike taking place. 





Mr. Macnamara (Minister of Labour) stated in the 
House of Commons on Tuesday last that the scheme 
put before the Federation of Building Employers for 
the absorption of 50,000 ex-service men was making 
satisfactory progress, the federation having agreed to 
provide for young ex-service men who, on account 
of the war, had not been able to acquire a trade, and 
also for ex-service men among the labourers in the 
trade being up-graded. Employers will pay standard 
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wages according to efficiency, the trainee receiving 
in addition 10s. weekly for the fitst six/months, and 
5s. weekly for the following six months, these amounts 
being recoverable from the State. The men_ will 
be taken on by the employer for two years. He hoped 
the Building Trades Union would ultimately come into 
the scheme. The 5l. per head premium has for- 
tunately been dropped. 





The Labour Gazette shows that the index figure for the 
cost of living has fallen to 141 per cent. above the 
standard of July, 1914, the ce! reached was 176 per 
cent, in November, 1920. e new figure is 10 points 
below the rate for February 1. In a written reply 
to a Parliamentary question, Dr. Macnamara, Minister 
of Labour, stated that as a result railwaymen’s wages 
would be reduced as from April 1.. The new revision, 
being due to a drop of 28 points in the quarter, is 
expected to mean reductions of 5s. a week for traffic 
grades and 10s, for others, It is stated that the 
National Union of Railwaymen, is contesting the 
figures. The Central Wages Board met on the 22nd 
inst., and the Union contended that over the period 
properly relating to the quarter in question the sna 
had not fallen to the extent indicated by the official 
returns. Although no official .statement has been 
madé regarding this conference, pending report to the 
Ministry ¢f Transport, it is believed that a reduction 
has been recommended of 4s. 





A Sub-Committee of the Triple Industrial Alliance 
met.on the 17th inst. and considered a request by the 
National Federation of Building Trades Operatives 
for the calling of a national conference to consider the 
policy to be ~~ in resisting threatened wage 
reductions. The Triple Alliance decided that it was 
not within its province to do this, A mass meeting of 
the London District Council of the National Federation 


of Building Trade Operatives met on the 20th, the 
recommendation being made to the meeting that the 
proposals submitted by the National Joint Wages and 


Conditions Council for the regulation of wages on the 
sliding scale system, should be accepted. It was 
considered, however, that a national conference on 
the subject was necessary, which, as stated above, the 
Triple Alliance have decided it is not competent to call. 


At a conference held on Friday last of trade unions 
representing transport workers, carters, &c., it was 
resolved that no union inside the National Transport 
Workers’ Federation should accept any wage reduction. 
A conference, however, will be convened for April 5 
and 6, at the Central Hall, Westminster, of all the 
unions affiliated to the Federation, to consider the 
question of wage reductions, 





The employers in the vehicle building trades for the 
London and Southern Coutities recently proposed a 
wage reduction of 4d. per hour, This was subsequently 
modified to 2d, per hour. The Union and Employers 
Association concerned met last week to r the 
situation, and the men’s representatives offered to 
accept the sliding scale system to operate as from 
May 21, based on an index figure of 160 above pre-war 
cost of living with a ld, per hour reduction for every 
13 points fall with three-monthly revision. The con- 
ference has been adjourned for a fortnight, and the 
present arrangement extended, by consent, to cover 
that time. 

The National Maritime Board considered on the 
17th inst., the proposals formulated by the Ship- 
owners for a reduction in wages and overtime charges 
in the merchant service. The meeting was without 
result, and was adjourned till April 22. The Joint 
Committee of Seamen and Shipowners on Working 
Hours of Seafarers, has had under consideration the 
question of a 48-hours week, and a plan for such a week 
was submitted to the shipowners. The suggested 
scheme is to be investigated in the light of working costs 
the figures for which will be supplied by the owners. 





On Saturday last a mee was held at Swansea of 
members of the South Wales Siemens Steel Association 
and the Iron and Steel Trades Confederation, to con- 
sider the adoption of the sliding scale system of pay- 
ment. The principle has been adopted in the tin-plate 
trade and some branches of the steel trade, and at the 
cunference above reterred to it was agreed that Siemens 
process men should come under a similar arrangement, 
with wages regulated on the basis of the price of steel 
bars, 





The wor ae fer returns bringing the figures down 
to March 10, showed that 1,315,200 persons were out 
of work at that date, a considerable portion of the 
60,000° ificrease in the week being due to the new Act 
céming ints force. The Labour Gazette states that the 
unemployment percentage among trades unions fose 





while the figure for those insured under the Un- 
pop pymett Herp Act was 9:5 at thecend off 
February. ; 

In a written reply to Sir W. de Freece, Dr. Mac- 
namara has stated recently that from January 1 to 
March 11, unemployment benefits to the extent of 
5,300,000 had been paid out, and out of work dona- 
tions to the amount of 2,900,000/., making 8,200,000. 
disbursed to that date this year. In addition, since 
November, road grants amounting to 3,000,0001. had 
been made, and loans to a similar extent. Work had 
been found for about 100,000 men, 





The total number of disputes commencing in 
February was 63. There were at the same time 49 
previous disputes still in p . The total number 
of persons involved in all disputes was 28,000, compared 
with 23,000 of the previous month, and 110,000 in 
February, 1920. The working days lost amounted 
to 378,000 in February against 408,000 in January, 
and 450,000 in February a year ago. 


The industries reporting to the Ministry of Labour} 


showed that wage changes affected 1,625,000 workers 
in February, of whom 70,000 received increases, while 
1,550,000 were affected by decreases. The former 
represented a sum of 8,700/. weekly, and the latter a 
reduction of 450,0001. 

The Labour Gazette states that 25,144 ex-service men 
were undergoing training in February, over 10,000 of 
these being in Government Instructional Factories. 
The trades in which most were being instructed were 
building (4,507 men) and furniture making (2,767 men). 
Mechanical engineering is far down the list with only 
1,109 learners. The number of disabled ex-service 
men registering with the Employment Exchanges 
was 23,918 in the middle of February, and of non- 
disabled ex-service men on the live register 355,257, 
compared with 332,393 a month previously. 





The report of the Ministry of Pensions shows that 
the number of beneficiaries at the end of March last 
year was 3,344,506, of whom about 35 per cent. were 
wives and children of disabled men. The actual pen- 
sions being paid at that date were 1,586,256, of which 
1,030,243 were to disabled men, and the balance of 
over 556,000 were to widows and dependents of the 
dead. 


The industrial situation in Italy is unfortunately far 
from settled. Continued disorders have so diminished 
the output of some of the works that they have been 
compelled to close down. Recent reports state that 
the Galileo Iron and Steel Foundries at Florence, 
employing about 1,100 men, have had to close for this 
reason. The French Michelin factories at Turin are 
also in trouble owing to discontent at short time being 
introduced. The firm reduced the hours to four days 
a week, but, when this did not meet with approval, 
they dismissed part of their employees and worked 
the remainder full time. Neither plan seems to have 
commended itself to the workmen, and the outlook is 
very unsatisfactory. 

A report on the light castings trade drawn up by a 
sectional committee of the Sub-Committee on Building 
Materials of the Standing Committee on Prices and 
Trusts, issued on Monday affords some interesting 
reading. The light castings trades supply grates, 
stoves, mantles, baths, and other requisites for the 
building trades, and the National Light Casting 
Association appears to contro] about 95 per cent. of the 
production of the country, the Builders Merchants 
Central Committee covering the whole of the distribut- 
ing side. According to this report, the association, 
by means of a pooling arrangement, “‘ penalises any 
member who increases his output, and rewards any 
member who reduces his output relative to the rest.” 
The report considers the arrangement as tending to 
restrict output and to be contrary to public interest. 
The profits of the trade are said to have been not 
unreasonable. 





NOTES ON NEW BOOKS. 

One cannot complain of the ground covered in the 
Practical Electrician's Pocket Book and Diary for 
1921. A start is made with a definition of an ampere, 
and after one has been introduced to various other 
fundamental electrical matters the book passes to a 
short treatise on steam boilers and from that to sections 
on the steam engine and turbine, gas engine, oil engine, 
and so on. Later most branches of electrical work 
are dealt with including, we are glad to see, electric 


furnaces: and electric welding, aspects of. electrical | tical 


practice that electrical pocket books are apt to ignore, 
It will be. very evident that with the we 
have. ontlined the treatment of. most of, subjects 





from 6-9 in January to 8-5 at the end of February, 





dealt with is very brief and generally elementary, .but 


the book should be of interest and value to many 
ant ay electrical men; and students. It is a con- 

ient size for the pocket, contains a diary, is pub- 
lished by Messrs. 8. Rentell and Co., Limited, of 
36, Maiden-lane, W.C0. 2, and costs 3s. 





Since the ultimate object of any engineering under- 
taking is to earn money it is obviously important that 
engineers should have a clear idea of the principles 
which the financial success of their work depends. 
These are really very simple and mean little more than 
that, from the financial point of view, no capital expendi- 
ture is justified unless it will result in earnings sufficient 
to pay a fair rate of interest after all proper main- 
tenance and depreciation have been met. 
The application of these principles is, however, 
somewhat difficult, as the earnings of a new 
asset are problematical, the maintenance costs 
are variable, while the useful life of any 
mechanical can hardly be measured. 
The want of a sufficient appreciation of these facts 

ies the treatise on Financial Engineering, 
Mr. O. B. Goldman (London: Chapman and Hall, 

1920, price 19s. net). The author makes 
calculations involving the efficiency of prime movers, 
their obsolescence other variable factors, as if they 
were constant and known with certainty. We also 
get highly questionable statements such as “ a uniflow 
engine will give as good efficiency as a triple-expansion 
engine, while costing only 40 per cent. as much.” 
The book is generally of an academic and unpractica! 
nature, and we think it will afford much useful 

i to those who have to make decisions involving 
the expenditure of money. 

Those who are interested in the evolution of engineer- 
ing and the oftentimes quaint devices which have 
developed into the tools of to-day will take much 
cag in reading Files and Filing (Sir Isaac 

tman and Sons, Limited, London, price 21s. net). 
This book is a translation of La Lime, by Ch. 
Fremont, and describes the development of the modern 
engineer's file from the rasps made from dog-fish skin, 
or from wooden slabs with inserted teeth of flint, of the 
primitive nations. It is copiously illustrated and one is 
compelled to admire the ingenuity and patience of the 
early artificers, ranging from the paleolithic man with 
his ‘‘ three-square ” flint to the craftsmen of the 
middle ages with their ea hand tools. The book 
is, however, by no means exclusively of archxological 
interest. The files of to-day are discussed, particu- 
larly with reference to their performances and to the 
proper way of using them. The efficiency of the 
removal of metal by filing and the effort involved in 
the work are also considered. The book is a thoroughly 
interesting one, even for the non-technical reader. 





During the war ‘‘ the man who wanted to know, you 
know,” as Dickens describes the engineer in Little 
Dorrit, received greater recognition from the nation 
than at any previous period of our history. Even then, 
however, it was necessity rather than choice that com- 
pelled our Departments to realise that a continuance 
of the policy of restricting administrative posts to men 
with the narrowly specialised education represented by 
the Oxford Greats, would spell disaster, and even in 
the Munitions Ministry the engineer ““ who knew’ was 
deliberately and of set purpose excluded from the 
conferences with the trade union representatives, a 
policy which resulted in large additions to our financial 
responsibilities without annulling industrial unrest. 
Nevertheless the nation did realise as never before the 
importance of the engineer, and as one result there have 
been an unprecedented rush of youths of all classes into 
the engineering profession or the engineering trades. 
For the assistance of parents whose sons have inclina- 


‘tion towards this career, Messrs. Percival Marshall and 


Co. have issued (at the price of 9d. net) a small pam- 
phlet entitled Engineering as a Career, containing 
much information which will be found useful both by 
those who intend to become craftsmen, and to aspirants 
to higher positions. The booklet contains an account 
of the various branches of engineering and a description 
of the principal crafts concerned. There is also a note 
on the pay and pr ts of the engineer, which are 
possibly too favourably appraised, at least so far as 
the average man is concerned. 





Very great attention is being directed in all English- 
speaking countries at any rate, to the relationships 
between employers and employed. It was, indeed, 
full time, as for years past the materialistic school of 
Karl Marx and his disciples have been spreading their 
superficial and plausible theories, with very little effec- 
tive criticism from those who really understood prac- 
ical economics, The problem of works m ment 
has thus become more difficult than ever, and the time 
now of necessity devoted to the considerations of ques- 


tions concerning the el employed would have 
been Pine. ye tees nalf a century ago. Even now, 
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however, some undertakings work much more smoothly 
than others. Some men, indeed, have a native inborn 
capacity for getting on with their employés, whilst 
others, equally well intentioned, fail. The principles 
of good management are discussed very fully in 
a volume on “Personal Administration, its 
Principles and Practice,” just issued by the McGraw- 
Hill Book Company, Inc., of New York and London. 
The authors are Messrs. Ordway Tead and H. C. 
Metcalf, Ph.D., members of the Bureau of Industrial 
Research, New York City, and the price of issue is 
30s. net. The keynote of the book is that no hard-and- 
fast line can be drawn between the administration of 
Production and the administration of Personnel. The 
human factor requires even more careful consideration 
than plant equipment and organisation, and the work 
contains many details of the arrangements made by 
progressive firms for the comfort and wellbeing of their 
employés. The chapter on “ National Industrial 
Councils” is one which will well repay study, the 
authors laying great stress on our failure to include on 
such councils’ as have been formed, representatives of 
the public at large, 





The intelligent and well-informed reader nowadays 
opens any new book dealing with politics and economics 
with every expectation of finding that the writer 
follows the Fabian lead and copies the procedure of 
the mediswval school man, who thought he could arrive 
at true notions as to the nature of natural phenomena 
by pure introspection, uncontrolled by any comparison 
of his predictions and conclusions with actual experi- 
ence. It is, therefore, an unexpected pleasure to come 
across a book dealing with “ Democracy and Capital” 
(London: John Murray, price 8s. net), in which 
a priort methods are abandoned and conclusions based 
upon economic history. The whole of this teaches us 
that, in economics, Napoleon’s dictum, that “‘ men 
are nothing, the man everything,” is largely sub- 
stantiated, or, as we have ourselves put in ENGINEERING, 
the main factor in the creation of wealth is Mind; to 
which Capital and Labour are entirely subsidiary. 
The author of the book under review (Mr. W. Barnard 
Faraday, LL.B.) brings this out very clearly, but he 
might well have emphasised it in his discussion of 
co-operative societies. As agents for creating wealth 
these societies have been extraordinarily ineffective. 
During the whole of their history they have not been 
responsible for the development of a single new industry 
or any improvement, of note in any field of industrial 
activity. So far as the exercise of any creative thought 
has been concerned, they have been throughout mere 
parasites on the minds of others. An interesting 
chapter in the book is that dealing with the coal 
enquiry, and the author draws attention to the very 
poor use made of the opportunities offered them by 
the representatives of the employing and owning 
classes. As a matter of fact, the decision that none 
of the parties were to be represented by counsel was 
of enormous advantage to the Socialists. They were 
accustomed to public speaking and had thoroughly 
studied the art of making superficial debating points. 
Their opponents were quite unskilled in wordy warfare 
of this character, and made accordingly the very worst 
of an inherently sound case. It is probably the realisa- 
tion of their ineptitude in this respect that emboldened 
Mr. Sidney Webb to tender himself as a witness. A 
competent cross-examiner would have had no difficulty 
in extracting from him admissions fatal to his case. 





Evecrric CaBLeE Sotperinc Socxets.—The British 
Engineering Standards’ Association have now issued a 
standard specification for electric cable soldering sockets 
in sizes suitable for cables ranging from 0-0018 up to 
1 square inch in sectional area. ‘The price of issue is 
ls. and copies can be purchased through any bookseller 
or obtained directly from the offices of the Association, 
28, Victoria-street, 8.W. 1. 





LAUNCH OF AN AMERICAN SUBMARINE.—The United 
States submarine 8. 48, which was authorised in the 
Navy programme of 1916, but not actually ordered until 
1919, was successfully launched from the Bridgeport 
yard of the Lake To o Boat Company on February 26 
last. As a result of the delay, a number of improvements 
in the design, as compared with the original ““S” type 
boats, have been made, especially in connection with 
protection against the effects of depth charges. The 
8. 48, which is the first of a group of 10, is double hulled 
and is designed to withstand the water pressure due to 
& submergence of 200 ft. The vessel has an overall 
length of 250 ft. with a beam of 22 ft. and a draught, 
in the normal condition for surface running, of 13 ft« 
6 in. Her displacement is given as 993 tons and she is 
propelled, on the surface, by two Diesel engines, each 
developing 950 horse-power. The armament comprises 
four 21-in. bow tubes and one stern tube of the same 
sizé, while a 4-in. 50-calibre gun will be carried on the 
deck forward of the conning tower. Wireless apparatus, 
capable of working when the boat is submerged as well 
as on the surface, is installed, and stowage space for a 
14-ft. lifeboat is also provided in the vessel’s super- 
structure. It is{said that the S. 48 will be the fastest 
Submarine in the United States Navy, but the speed 
anticipated is not stated. 





NOTE ON A HANDY FORM OF MEASURING 
MICROSCOPE.* 
By T. F. Connonty, M.Sc, 

Measurement of Exit Pupilto Determine Magni fication.— 
In connection with the task of finding the magnifying 
power of optical instruments a usual and adequate 
procedure is to measure the diameter of the circle of light 
at the eyepiece of an adjusted instrument. This circle 
is the exit pupil of the optical system often called the 

en disc. The ratio of the diameter of this disc 
to that of the entrance pupil, usually represented with 
sufficient accuracy by the aperture of the object glass 
gives the magnifying power. The powers for various 
zones can be obtained by using suitable cover stops for 
the object glass and making similar measurements of 
exit and entrance pupils. 

The Dynameter compared with the Present Instrument,— 
The usual workshop tool for taking such measurements 
is generally known as a dynameter. It consists usuall 
of a microscope optical m having a ruled qranioula 
or a line of serrations in the eyepiece. The measurement 
is made by counting the number of divisions or of teeth 
covered by the Ramsden disc as reviewed through the 


iis panied Aneiwemen) in'aflased on «. wiiiahinn Soul 
improved in several respects over the normal type of 
dynameter. The most important advantage is that the 
reading is directly made after a single contact 
The difficulty of holding an instrument steady, under 
the usual conditions of use, while a double reading or 
counting takes place is well known and is here practically 
eliminated. 

The optical elements used in the construction are 
highly corrected so that the optical results meet probable 


























uirements. The mechanical design and construction 
is intended to secure accuracy to a relatively high limit, 
together with convenience in use. 

Description of the Instrument.—The optical system of 
the instrument shown in the diagram consists of normal 
microscope components. The Object glass achromatic, 
has a numerical aperture (N.A.) of 0-08 and a focal 
length of 1-Ofin. (42 mm.). The eyepiece is of the 
Kellner type with a focal length of 18 mm. The objective 
is used at a “‘ working distance ” of about 3 in. and an 
“optical tube length” of about the same value. The 
initial magnification is therefore unity. The total 
magnification x 12 is due to the eyepiece which is fixed 
in position and not adjustable for focus. 

raversing the whole of the space between the object 
ing measured and the first lens is a biprism whose 
function it is to duplicate the image of the object with a 
variable separation depending on the ition of the 
biprism in the tube. The angles of this prism (about 
4 deg.) have been arranged so that contact setting 
on duplicated discs can be made for sizes varying from 
less 1 mm. up to 6 mm. The prism is screwed 
into a sliding cage which is controlled by a pin passing 
from it through a straight slot and then engaging with 
@ spiral slot, which latter turns solid with the uated 
knurled ring by which the setting is made. (Fig. 2). 
The overall length of the instrument is 8 in. 

Range and Reading of Scale.—The scale of the instru- 
ment is divided to read to 0-1 mm. with a range of 6 mm, 
The divisions are intended to be subdivided by estima- 
tion, giving as a unit reading 0-01 mm. (1/2,500 in.). 
It would be easy to supply a vernier, but its use for such 
subdivision is ponaidened cumbersome and needless. 
This fact was pointed out to me by Commander Baker, 
who exempli it by test readings of a sextant by estima- 





* Paper read before the Optical Society, March 10, 
1921. 





tion checked by a vernier dividing the interval into 
30 parts. After very little practi y in the 
estimation to one can be obtained with ease. The 
conditions in such estimations are that the division 
lines are fine and well seen and that the interval to be 
divided subtend at the eye a sufficient angle to secure 
comfortable work. It may be roughly taken that with 
@ visual acuity represented by one minute of are division 
into 30 parts demands a minimum le at the eye 
of half a degree. It adds to the ease of observation if 
this is increased to one or two degrees. A small reading 
lens has been added to the present instrument, so that 
ly fulfilled. Fig. 1. 

Brinell Impressions.—A further 
important use for the instrument is in the measure- 
ment of the diameters of Brinell impressions obtained 
during steel hardness tests. For this purpose its direct 
reading after a single contact setting is an advantage 
over a charmingly-designed instrument recently placed on 
the market for such measurements by Messrs. Taylor, 
Tog and Hobson. 





this condition is 
7 Measurement o 


ethod of Use.—With the object focussed or 
already in focus, the milled band is so that the 
i overlap. T the milled band in 
a clockwise ection will have effect of slowly 


separating the images. The ition of final contact 
is the setting requited. Settings should always be 
made in this way as it has been that setting from 
overlap to contact are more accurate than making contact 
from separation.* A direction of turning to the 
position of adjustment is also of value in tending to 
eliminate loss of time between the pin and slots, 

Conditions and Limits of Accuracy.—In connection with 
possible inaccuracies of focus it has been pointed out to 
me by Mr. J. Guild that the biprism co be replaced 
with advantage by two small prisms set side by side. 
Where the conditions in the object space are constant, 
such oye would be an improvement as the ap t 
size of the image or contacts in the estimated focal plane 
would not vary for small errors in focal setting. The 
paths of rays through an object glass for eae and 
side by side prisms are shown in Fig. 3 and Fig. 4. It 
will be seen that the mean rays of image forming bundles 
from the two halves of the object glass form an angle in 
a plane containing the line of measurement in one case, 
while in the other they are in a plane at right angles to 
it.¢ A Wollaston quartz prism advantages over 
either form and it is hoped to use it in a future instru- 
ment. . 

Measuring Images in Air.—When measuring exit 
pupils or other aerial images focussing is necessary and 
great attention should be given to it if considerable 
accuracy is required. A _ well-marked graticule is 
provided to indicate the correct a and to serve as a 
standard of quality of image in focus and as a parallax 
reference plane, Dependent on the closeness of focus 
the resulting measurement approach the accuracy set 
out below. 

Measuring Brinell Impressions.—When used with a 
fixed focus as for the measurement of Brinell im ions 
the instrument is in its most accurate and satisfactory 
form. Consistent and accurate readings on rulings or 
discs can be made to within +-02 mm. in the actual 
experimental instrument. It is ho) in the near future 
to make an instrument for Brinell impressions only, when 
the solidity and convenience of manipulation can be 
improved and the accuracy increased to within + -01 mm. 
throughout the range. This can be achieved by minor 
changes both optical and mechanical without increase 
of weight or size. 





PARAFFIN CARBURETTOR FoR Motor Cars.—In our 
issue of May 23, 1913, on page 713, we referred to a type 
of paraffin carburettor known as the “ Standard’ and 
introduced about that time, briefly explaining its con- 
struction and giving some iculars of the results 
obtained on a trial under the auspices of the Royal 
Automobile Club. The development of this appliance 
has been hampered by various circumstances in conne>- 
tion with the war, but its manufacture has now been 
taken up by the Standard Carburettor and Gaserator 
Company, Limited, 2 and 4, Tudor-street, London, 
E.C.4, who have put on the market two t —one 
suitable for Ford and other light cars, and the other 
for use on heavy motor lorries. In both types the 

raffin is supplied by a float controlled jet to a vaporiser 
feated by the engine exhaust, and the vapour passes 
through a three-way cock to the inlet manifold. The 
three-way cock is also connected to the petrol car- 
burettor, which is used in the ordinary way for starting 
up, and may be employed, in addition to the paraffin 
carburettor, at any time that extra power is required. 
For ordin running, however, paraffin only is used, 
and in the R.A.C. test above referred to the consump- 
tion obtained with a Darracq cab of 17-9 h.p., R.A.C. 
rating, was 1 gallon per 16-02 miles, which is equivalent 
to 26-12 ton-miles per gallon. These results were 
obtained on six consecutive runs between Russell- 
court (St. James’s) and Bow Bridge, the total distance 
covered being 69:7 miles and the average speed 9-61 
milés per hour. The journeys involved 108 traffic stops 
with an ate duration of 35 min. 42 sec., during 
which time the engino was kept running. Not onl 
does the low price of paraffin, in comparison with petrol, 
render the utilisation of the former an important de- 
sideratum at the present time, but the of the 
carburettor claim éhat the actual consumption of 
paraffin per mile is considerably less than that of petrol. 


* Baker and Bryan on Errors of observation. Proc. 
Optical Convention, Vol. II. 1912. 


+ Note on the use of auto re i qe * in the 
measurement of angles. J. Guild. N.P.L. lected 
Researches, Vol. xiv., 1916, pp. 229-236. 
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4-6-4-TYPE TANK. LOCOMOTIVE FOR THE FURNESS RAILWAY. 


CONSTRUCTED BY MESSRS. KITSON AND CO., LIMITED, ENGINEERS, LEEDS. 








A typx of large tank locomotive designed for 
handling heavy passenger traffic between Carnforth, 
Barrow and itehaven, has recently been con- 
structed by Messrs, Kitson and Co., Limited, Airedale 
Foundry, Leeds, for the Furness Railway, of which 
line Mr. D. L. Rutherford, M.Inst.C.E., is Locomotive 
Superintendent. This class of engine is of the 4-6-4 
type, and is illustrated above in Fig. 1, in Fig. 2 and 
Fig. 8 of Plate XVI with this week's issue of 
ENGINEERING, and in Figs, 4, 5 and 6, on page 357. 
These locomotives weigh over 92 tons in working 
order, and have over 2,000 sq. ft. of heating surface, 
with cylinders 19} in. by 26 in., so that they are power- 
ful machines, while they are capable of negotiating 
5-chain curves with ease. 

The cylinders are inside the frames, with piston 
valves, 8in. in diameter, on the top, with inside 
admission. The valve motion is of the Stephenson 
link type, with rocking levers working on brackets on 
the motion plate. The connecting rods drive on to the 
leading coupled axle, the coupled wheels being 5 ft. 8 in. 
in diameter. The bogie wheels are 3 ft. 2 in. in diameter, 
both for the leading and trailing bogie, which are 
identical and are of the three-point hanger type. 

The coupled wheel base is 13 ft. 3 in. and the weight 
available for adhesion is 55 tons 8 cwt. in working 
order, At 85 per cent. working pressure (170 lb. per 
square inch) the tractive force is 21,000 lb. 

The boiler is telescopic, the largest ring of the 
barrel being 5 ft. in diameter outside, the length of the 
barre! being 15 ft. The length between tube plates is 
15 ft. 4} in. The water spaces in the firebox are 
3in. wide. The side tanks have a capacity of 1,475 
gallons, and the end tank 725 gallons, together 2,200 
gallons. The springing is independent for each axle, 
and except for the leading and trailing coupled wheels, 
which have plate springs, the load is taken by helical 
springs. The brake rigging, which acts on one side of 
the coupled wheels only, is equalised. The engines are 
fitted with two No. 10, Gresham and Craven injectors, 
Gresham’s Dreadnought Vacuum Ejector, Lambert's 
vapor reins gear, Detroit sight-feed lubricator for 
cylinders and steam chest, Ross safety valves, and 
steam heating apparatus tor the train. 

The drawings are sufficiently complete to give all 
necessary information regarding these engines when 
taken in conjunction with the subjoined particulars :— 

Cylinders Arye ot 19} in. by 26 in. 
Wheels. coupled diameter 5 ft. 8 in. 


Wheels, bogie 3 ft. 2 in. 
Wheelbase, coupled onli 13 ft. 3 in. 
Wheelbase, bogie (each) a 7 ft. Oin. 
Centre of leading bogie to centre 10 ft. 3 in. 
of driving axle. 
Centre of trailing coupled axle 10 ft. 3 in. 
to centre of trailing bogie. 
Total wheelbase Pe ~ 40 ft. 9 in, 
Total length of frames... 45 ft. Din. , 
Total length over buffers 49 ft. Ll} in. 
Boiler barrel (largest ring) 5 ft. 0 in. 
Length of barrel oan 15 ft. 0 in. 
Tubes, number -y: 230 
Tubes, diameter 2 in. 
Firebox length ... esp oon 8 ft. 6 in. 
Firebox width on ru 4 ft. Of in. 
Heating surface tubes 1,850 sq. ft. 
Heating surface firebox, 153 sq. ft. 


2,003 sq. ft. 


Total 


Grate area 


26 sq. ft. 








Fic. 1. 


Working pressure 170 Ib. per sq. in, 


Height of centre of boiler from 8 ft. 9 in. 
rail. 

Height of top of chimney from 13 ft. 
rail. 

Width over tanks 8 ft. 2 in, 


Capacity of tanks ons sea 2,200 galls. 

Capacity of coal bunker 4 tons. 

Weight in working order 15 tons 17 ewts. 
leading bogie. 

Weight in working order 
driving axle 


on 


on 18 tons 17 ewts. 


Weight in working order on 18 tons 5 ewts. 
intermediate axle. 

Weight in working order on 18 tons 6 cwts. 
trailing coupled axle. 

Weight in working order on 22 tons. 


trailing bogie. 


Total 92 tons 15 cwts 








SOCIETY OF GLASS TECHNOLOGY. 

Tuer March meeting of the Society of Glass Technology 
was held in Newcastle-upon-Tyne on Wednesday, 
March 16, 1921. In the forenoon, by the courtesy of 
the directors, a visit was paid to the works of Messrs. 
Lemington Glassworks, Limited, Lemington-on-Tyne. 
The party was conveyed to and from Newcastle by 
char-a-bane, also kindly provided by the directors, 
At Lemington, members were met by Mr. C. Wilson 
(managing director) and Mr. W. W. Warren, A.M.I.C.E., 
A.M.I.E.E. (general manager). A most interesting time 
was spent watching the processes in the manufacture 
of electric lamp bulbs and of glass tubing. Of special 
interest were the Westlake machines. This is an 
American automatic bulb-blowing machine, capable of 
turning out 1,000 bulbs per hour. The workmen call 
it the “Iron Man.” As the hand process was also in 
operation close by, the contrast between the two methods 
was the more striking. Messrs. The General Electric 
Company, Limited, London, are the proprietors of the 
Lemington works, the bulbs being sent to London to be 
completed. 

Prior to the afternoon meeting members of the society 
were the guests at luncheon of the directors of Messrs. 
Lemington Glassworks, Limited. A most enjoyable time 
was spent. Mr. C. Wilson presided, supported by 
Professor W. E. 8. Turner, Dr. Travers, Mr. W. W. 
Warren and a number of local glass manufacturers. 
Replying to a vote of thanks proposed by Dr. M. W. 
Travers, Mr. C. Wilson observed that apart from Leming- 
ton the British glassmaker had hardly produced a bulb 
worth the name, He believed there was a fine future 
before the trade if only glass makers would realise that 
they could not continue to work by rule of thumb, bat 
must adopt the most scientific methods. The trade was 
bound up in science, and glass-making was becoming 
more oot more an engineering problem. It was also 
necessary that the workmen should realise that the 
success of the trade depended upon them as much as 
upon the employer. Mr. W. W. Warren also spoke, 
eulogising the Westlake machine. He said he and his 
staff were out to make their works as efficient as any on 
the Continent or in America, He claimed that they 
had already gone a long way towards attaining that 


aa 
first paper given at the afternoon meeting was 
“* Note on the Corrosion of Fireclay Refractory Materials 
by Glass-making Materials,” by Donald Turner 
B.Sec.Tech., and Professor W. E. 8. Turner, D.Sc. The 
research in question said Professor Turner, was an 
attempt to obtain information as to the relative attack 
of batch materials on fireclay refractories. 

The results were of much interest, and scarcely in 
keeping with some traditions. It was found that even 
at deg., soda ash attacked fully-burnt fireclay, and 








particles of a certain size lost between 11 per cent. and 
18 per cent. of their weight in the space of 3 hours. 
Again, whereas soda ash was so corrosive, saltcake was 
not nearly so active, and in comparative tests took up 
no more than 1 per cent. of the fireclay at 800 deg. The 
results indicated that the temperature of decomposition 
of the alkaline salts influenced their corrosiveness, those 
decomposing at lowest temperatures, such as the nitrates, 
being most corrosive. The need of thorough batch 
mixing was also emphasised as any segregation of the 
alkaline salt made it more likely that corrosion would 
occur. 

The second paper on the agenda was “‘ The Clouding 
of Glass,” by M. W. Travers, D.Sc., F.R.S. This research 
was intended to determine the causes of the clouding of 
soft soda glass during lamp-working operations a short 
distance from the hottest zone. He showed that when 
pure hydrogen and air were used there was no clouding 
effect and hence came to the conclusion that some 
impurity in the gas was an important factor in causing 
clouding. Further experiments showed that sulphur 
dioxide when present in the gas in more than a very 
small proportion was the chief factor in producing this 
effect. Theoretical considerations also pointed to the 
probability of sulphur compounds being the cause of 
clouding, and some figures obtained by using Nernst’s 
heat equation agried very closely with the results 
obtained experimentally. In one experiment pure 
sulphur dioxide was passed through a tube heated by a 
bunsen flame. No fogging occurred until the tube had 
cooled. 

The lecturer pointed out that the cure for the defect 
seemed to lie in the purification of the gas used. He 
referred to the work of Dr. C. Carpenter of the South 
Metropolitan Gas Company, who passed the gas through 
an iron tube containing clay balls soaked in nickel salts. 
The reaction that followed was represented by the 
equation : 

C823H2 = CH4H,8. 
In the course of the discussion that followed Mr. W. W. 
Warren remarked that one of the difficulties encountered 
in the use of the Westlake machine was the effect of 
sulphur in the working pot. A white splotch was pro- 
duced on the glass which made the bulb unusable. 

Mr. F. F. 8. Bryson, physicist to the Glass Researcl: 
Association, said that that association had also been 
considering the same problem, and had been in com- 
munication with Dr. Travers on the matter. He ex- 
hibited a number of lantern slides in which the effect 
in question was well shown. Mr. E. A. Coad-Pryor, 
Mr. Marden and Professor W. E. 8. Turner also took 
part in the discussion of the papers. 

Owing to lack of time, the last paper on the agenda 
was postponed to another meeting, namely, “ The 
Shrinkage, Porosity and Density of British Fireclays 
after Firing at 1,500 Deg.,” by Edith M. Firth, B.Sc., 
and Professor W. E. 8. Turner, D.Sc. 

Prior to the reading of the papers, the chairman, 
Dr. W. M. Travers, paid a tribute to the work of the 
late Lord Moulton. Just a few days before his death 
Lord Moulton had agreed to preside at the annual dinner 
of the society to be held at the Hotel Cecil, London, 
on the evening of Wednesday, April 20. It was resolved 
unanimously that the society record on its minutes its 
appreciation of the great services rendered to science 
by Lord Moulton, and a vote of condolence with his 
family was passed, the members standing to record their 
sympathy in silence. 








Tue Tiy-PLate MARKEt.—It is reported by the 
Incorporated Swansea Exchange that the condition of 
the tin-plate market is unchanged, although inquiry |= 
slightly better without much business being done. 
Stock plates are being cleared a little more rapidly. 
There is an improvement in the ingey for Galvanised 
sheets and it is hoped that orders will be forthcoming. 
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COASTING VESSEL WITH KITCHEN 
REVERSING RUDDER. 


Tue largest vessel fitted with a Kitchen reversing 
rudder which is actually at work at the present time 
is a Spanish coaster, the Alca. She is a steel vessel 


carrying capacity, and is engaged in carrying coal 
and general cargo along the Atlantic Coast of Spain. 
The boat has a length of 140 ft., a beam of 22 ft. 3 in., 
and a moulded depth of 10 ft. Her load draught is 
8 ft. 3in. The Alca was origi built as a sailing 
ship, but has been re-ri rom equipped with a 
150 brake horse-power Sulzer Diesel engine. This 
engine has no reversing or clutch devices of any 
kind and all speed control, running astern, and maneu- 
vring of the vessel is carried out solely with the Kitchen 
rudder. The boat and details of the rudder and 
steering gear are illustrated in the figures on page 360. 
The boat is shown in Fig. 1, while two views showing the 
arrangement of the rudder are given in Figs. 2 and 3. 
The dimensions of the rudder will be indicated from the 
proportions of these views, the propeller being 4 ft. 
in diameter. 

To install the Kitchen rudder, the original rudder 
post was cut through at the top and bottom of the 
propeller aperture and an extension to the stern-post 
was riv to the keel to take the bottom pintle. 
At the top of the rudder a strong gudgeon was riveted 
to the ship. The arrangements can be seen in Fig. 3. 
The rudder blades are of mild steel plate, 4 in. thick, the 
inside dimensions of the blades being 64 in. by 58 in., 
with the major axis horizontal, The speed and control 
wheel for operating the rudder is mounted in the wheel- 
house on the starboard side, slightly forward of the 
steering wheel, the drive from this wheel being carried 
to the rudder head gear by means of steel chains 
working over guide sheaves and rollers. The rudder 
head gear is illustrated in Fig. 4, in which both the 
steering and control chains leading to the wheel-house 
can be seen, while the relative positions of the steering 
and control wheels in the wheel-house are shown in 
Fig. 5. The control wheel is shown independently in 


Fig. 6. 

The opening and closing of the rudder blades, and 
consequently all speed variation and reversing, are 
regulated from the control hand wheel, and these 
operations are, of course, quite independent from 
the control of helm, which is, as with an ordinary 
rudder, maintained by the steering wheel. After the 
fitting of the Kitchen rudder the vessel on trial attained 
a sea 8 of 6} knots and an astern a of pb ope 
The time taken to bring her from full speed ahead to 
dead stop was 34 seconds, and the distance travelled 
was 200 The diameter of her turning circle at full 

ahead was 140 ft., and the time taken to spin 
about an axis amidships through a half circle was 
1 minute 25 seconds, The control proved very 
efficient and rapid in operation, and the boat per- 
formed complicated manceuvres with ease. Among 
those present on board during the trials was a repre- 
sentative of the Spanish Board of Trade, who expressed 
complete satisfaction with the results. The new 
rudder and gear were supplied by Messrs. Kitchen’s 
Reversing Rudder Co., Ted. of 711, Royal Liver 
Building, Liverpool. 





DRAINAGE WORKS AT SYDNEY AND 
AUCKLAND.* 


Tae SouTHERN AND WESTERN SuBURBS OcEAN OUTFALL 
Sewer, Sypney, New Sours WA LEs. 


By ALGEeRNOoN Peake, M.Inst.C.E. 


Tue author states that, owing to the growth of the 

pulation of Sydney, the filtration area at the Botany 
trom Farm became overloaded, and biological treat- 
ment of the sewage in tanks was considered. Opposition 
was raised, however, and it was decided to construct a 
sewer from the sewage farm to the ocean at Long Bay, 
this sewer to intercept the thern main sewer, and 
treatment at the farm to be discontinued on its com- 
pletion. The site chosen at a Bay was considered 
to be particularly suitable in the light of previous 
experience at Bondi, The total length of the sewer is 
6} miles, with a proposed gradient of 1 in 4,400. The 
sewer was to be taken under Cook’s River by tunnelling 
through a bar of sandstone. A considerable quantity 
of waste from wool-scouring works and tanneries was 
to be carried, the basis adoptei for the design being a 
capacity of 75 anger head per day, in addition to 
storm. water, chief feature of the work is the ocean 
outfall, and the author discusses the principles on which 


baer, aes based. 

Consi: ble discussion was involved in settling the 
scheme to a een but -— Deals tions had =_ 
undertaken a committee ish engineers, t 
work was ‘authorised. The gradient was fixed at 1 in 
3,650, the increase being obtained by lowering the outlet 
chamber to 2 ft. 6 in. below high water spring tides. 
The soffits of the outfall discharge pipes are 26 ft. below 
mean high water, spring tides. The method of driving 


* Abstracts of two read before the Institution 
of Civil on y, March 22, 1921. 











the tunnels from the outlet chamber to the ocean is 
given in detail; these are 100 ft. long and 92 ft. apart 
at the face of the cliff, and are lined with concrete. 
The chief engineering difficulties were e ienced in 
the section passing through water-ch sand. An 
open cutting was driven at a level of 30 ft. above the 


4 | invert of the sewer, of sufficient width to allow of a road- 
of 500 tons displacement, and of 300 tons deadweight | 


way on each side of the vertical-sided trench in which 
the sewer was constructed. The method of driving the 
sheet-steel piling used to line this trench is described. 
So much water was met with that in a section of trench 
900 ft. long, five pumps with a capacity of 8,000,000 
gallons day were run continuously. 

Details of the various forms used in the different 
sections of the sewer are given, and also particulars of 
a series of tests that were carried out to compare the 
velocity obtained from current-meter observations with 
those given by Kutter’s formula, n = 0-013. The 
estimated cost was 516,158/., whilst the expenditure 
has been 522,442/.; but a large omy of plant and 
surplus land has yet to be disposed of. Saving was 
effected by the introduction of improved methods of 
excavation, &c., but this was more than counterbalanced 
by re increase in rates of wages during the progress of the 
work, 4 





THe Marn DrarnaGE OF AUCKLAND. 
By Water Exnest Busu, M.Inst.C.E. 


The City of Auckland is situated on the lower reaches 
of the Waitemata Estuary, about 150 miles from the 
North Cape of the North Island of New Zealand. 

The sewe of the city resolved itself into a series 
of sewers laid in the natural water courses, and gradually 
extended to high, or in some cases low, water mark. 
The system naturally gave rise to complaints of nuisance, 
and following a report by the author in 1907, recom- 
mending the carrying out of a scheme of main drainage, 
a conference was held, at which instructions were given 
for the preparation of a comprehensive scheme for the 
drainage of the city and suburbs. Subsequently, 
Mr. G. Midgley Taylor, M.Inst.C.E., visited Auckland, 
and reported particularly on the question of direct 
discharge into the harbour. 

The Auckland and Suburban Drainage Act, 1908, 
authorised the carrying out of the scheme by the Auck- 
land and Suburban Drainage Board, by which, in 
November, 1908, the author was appointed drainage 

eer. 
@ works comprised the following main features :— 

(1) Direct discharge of the sewage, after screening, 
into the sea at stated periods of the tide. 

(2) The intercepting of the various gully sewers dis- 
charging into the Waitemata Harbour, by means of a 
gravitation sewer about 8} miles long. ° 

(3) The connection of the districts situated off the line 
of the main sewer by branch sewers. 

(4) Provision for the carriage of combined sewage and 
storm-water not exceeding six times the ultimate dry- 
weather flow. 

(5) Provision of pumping stations and drainage for 
such areas of the Board’s district as cannot be drained 
by gravitation into the Board’s main sewer. 

the original area of the drai district was 13,086 
acres ; it 1s now 15,326 acres; while the total area which 
can be drained into the outfall works is 19,000 acres ; 
and the estimated ultimate population 280,000. The 
configuration of the district is Lee ag both as re 
its boundaries and general levels, the highest point being 
644 ft. above sea-level. The whole district is more or 
less deeply indented, rendering tunnelling operations 
necessary on every portion of the main sewer and on many 
of the branches. The main outfall sewer is 1,213 ft. 
long, and for the greater part of its length consists of 
two 48-in. diameter cast-iron pipes with turned and bored 
ends, fixed on cast-iron cradles placed at 12-ft. centres. 
The storage tanks are in three sections, being 1,296 ft. 
long by 106 ft. wide overall. The average depth of 
contained liquid is 9 ft. 1 in, and the total storage capacity 
7,800,000 gallons. The tanks have been constructed of 
concrete throughout, the outer walls of mass concrete, the 
division walls, floor, columns and roof of reinforced 
concrete. At the south-eastern corner of the tanks 
are placed the detritus and valve chambers, surmounted 
by a brick building on a stone base in which is installed 
the screening and other machinery; and at the north- 
western corner of the tanks is placed a small valve 
chamber and house controlling the discharge of sewage 
into the outfall sewer. 

The main intercepting sewer is 8} miles in length, and 
the ruling gradient is 1 in 3,000. At its largest cross- 
section its internal dimensions are 8 ft. 6 in. by 5 ft. 8 in., 
with a discharging capacity of 2,500,000 gallons per hour. 
Five storm overflows have been provided on the main 
sewer, fitted with screens of }-in. mesh. Storm overflows 
are provided in the tanks on the two division and eastern 
and western walls. The cost of the various works is 
elgg in tables. The sewers are ventilated principally 

y ventilating manhole covers, only one shaft having 
been erected from a branch sewer on a high level. 

An appendix by Mr. H. H. Watkins, the present 

inage ineer, contains details of the construction and 
equipment of the four pumping stations. 





Tue INstirvtion or Navat ARCHITECTS—ERRATUM.— 
In our report of the discussion on Messrs. Walker and 
Cook’s paper on “‘ Double Reduction Gears for Merchant 
Ships,” on page 348 of this issue, the name of the 
electrically-propelled ship referred to should have read 
8.8. “Wulsty Castle,” instead of as printed. A full 
description of this vessel appeared in our issues of 
July 12, July 26 and August 9, 1918. The vessel referred 
to as the Cameronian should have been called the 
“ Cameronia.” 





LUBRICATION. 
To THe Eprror oF ENGINEERING. 

Sir,—From the articles and correspondence on 
Lubrication in your recent issues, it appears that there 
is much doubt as to what are the fundamental properties 
of a lubricant (other than oiliness). 

I should very much like to know, if you or your readers 
can inform me, whether I am correct in supposing that 
a most essential characteristic of a lubricant is its high 
electrical resistance ? Also is not its function to insulate, 
not merely to separate, the sliding surfaces ? 

igh resistance seems almost the only property which 
such diverse lubricants as oils, sulphur = graphite have 
in common, 

Would not an electrical theory of friction be strength- 
ened if room various antifriction metals were found to 
possess distinctive electrical pro jes in common, 
and surely this is the case ? ili 

Yours truly, 
R. W. Lanpon. 

110, Acomb-street, Moss Side, Manchester, 

March 17, 1921. 











.| USEFULNESS IN PEACE OF CORDITE AND 


WAR EXPLOSIVES. 
To THE Eprror oF ENGINEERING. 

Sm,—We hear that our own Government are burning 
or dumping into the sea the huge surplus stocks of 
cordite and other explosives, whereas in the United 
States of America and Canada these are being converted 
into excellent blasting powders, selling at a cost much 
lower than those manufactured in the ordinary way. 
This is the outcome of tests carried out and demonstrated 
by the United States Ordnance Department and by the 
Bureau of Mines. 

There is another method of using these powders 
(i.e., smokeless powders and cordite); they can very 
easily be de-nitrated and at the same time converted into 
paste for the manufacture of artificial leather, &. 

Yours obediently, 
- Martin Hate. 

Furzedene, Kinnaird-avenue, Bromley, Kent, 

March 21, 1921. 








CENTRIFUGAL PUMP TEST RESULTS. 
To THE Eptror or ENGINEERING. 

Srmr,—I have read with keen interest the letter from 
Mr. T. Henry Burn that appeared in your issue of 
February 18, and Professor Goodman’s reply which you 
published on the 4th inst. Mr. Burn called attention to 
the marked excess of head above that accounted for b 
the theory of centrifugal force during Professor Good. 
man’s tests of the Wilfley pump, and Professor Goodman 
says it is well-known that the head actually obtained 
from a pump is nearly always greater than satisfies the 


y2 
equation H = il when there is no flow, and he is not 


aware that the reason has ever been satisfactorily 
explained. 
ay I make a stion which may be helpful ? 

It appears obvious that centrifugal energy cannot be 
responsible for the difference and it becomes necessary 
to consider what other force is exerted by rotation of the 
impeller. Is it reasonable to assume that the vanes of 
the impeller tend to act as a series of inclined pianes 
which displace water as a cam lifts a tappet or tumbler ? 
On this assumption, the value of such a | mat will depend 
on the early filling from suction of the void created, and 
I submit that the high values referred to by Mr. Burn are 
due probably to the complete insulation of delivery from 
suction provided by the trunnion running in a packed 
gland which is the salient feature of the Wilfley pump. 

With the ordinary type of centrifugal pump there is 
always liability of leakage between the impeller and the 
case, and the value of what I will call “cam displace- 
ment”? must be minimised thereby. As there can be 
no leakage with the Wilfley pump the void must be 
“made up” from suction nt the pressure exerted by 
“‘cam displacement” is reflected more strongly in the 
“delivery.” 

Yours faithfully, 
(Tue WitrLtey Company, Liurrep), 
J. R. Broapigy, Engineer. 
nn | House, London Wall, London, E.C. 2, 
arch 22, 1921. 





MAGNETIC OBSERVATIONS DURING THE SOLAR EcLIPSE 
or May 29, 1919.—The three days, May 28 to May 30, 
including the eclipse day, being magnetically quiet, good 

etic observations could en, and their later 
analysis by Louis A. Bauer and others distinctly shows 
the expected ecli' effect. Considering that there are 
undoubted di and seasonal variations in the elements 
of terrestrial magnetism, it would be strange if the 
sudden cutting off of solar rays over the greater portion 
of the day over half of our globe were not to affect 
these elements. The maximum change in declination 
was observed at Sovral, in Brazil, where the compass 
needle moved three minutes of arc to the east during the 
eclipse; the declination at Sovral is easterly. The 
maximum change in inclination was recorded at Cape 
Palmas, West Africa, where the dipping needle was 
drawn 2} minutes of arc nearer to the vertical. Both 
these changes would arise if the interposition of the moon 
between earth and sun introduced a north pole into the 
shadow cone. In other words, the observations, taken 
all over the world for comparison sake, show that the 
terrestrial elements varied during the eclipse as they vary 
during the night. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Continental Competition.—Commenting on the state 
of trade, Sheffield Chamber of Commerce in its annual 
report points out that wide variations in international 
rates of exchange have robbed many of the most pro- 
gressive and far-seeing firms of the advantages which 
they had justly counted upon to result from the in- 
stallation of modern plant for producing commodities 
which before the war had become almost monopolies 
of Germany. The heavy depreciation of Eur epee 
currencies not only makes the cost of such commodities 
prohibitive, states the report, but enables foreign makers 
to undersell local manufacturers, even though the 
former’s goods cost more to roduce. ‘British firms 
would be undersold if their were marketed without 
profit.” Relief is from Parliamentary action 
to safeguard industries “from unnatural competition 
of this sort.” 


Rail Orders Held Up.—Manufacturers could quickly 
get orders for rails for home use if the Government would 
come to a set t with British railway openion: 
stated Mr. William Clark, director of Messrs. \ 
Limited, and Master Cutler of Hallamshire, 
Exchange luncheon this week. ae eer ge penies 
needed rails, but until knew what their prospects 
were likely to be, they not face fresh commitments,’ 


ickers, 
at a 


Russian Trade.—Steelmakers and erigineering masters rs 


in South Yorkshire have a big interest in trade with 
Russia, but doubt is cast on the practicability of the new 


a substantial scale cannot be —— unless the Govern- 
ment is willing to guarantee trade 
similar basis to the arrangement operating 

the Balkan States. Manufacturers here aa 2 un 
idea of receiv mo. in payment for new. 
supplied to Russie pare thal money probably belongs 
to other people for outstanding de’ 


Iron and Steel.—Conditions are extremely mixed, but 
optimistic onlookers ive si 
uniformly lower rates of all classes of basic materials 
poe with the widespread dissatisfaction as to the 
quality of the latest importations of so-called Belgian 
steel, much of which is useless for general manufacturing 
purposes. Many makers of implements who have been 


The view is widely held that business om 


debts in Russia on &}y 
in regard to] 


of revival in the | 


and are off the market altogether. Sellers, fully reco 
nising the, hopelessness of the position are making little e 
or no effort to put business ‘through, and consequently 
reliable quotations are not ascertainable, but no doubt 
sellers would readily listen-.to offers at. substantially 
below terms on which contracts were last made. 


Manufactured Iron and Steel.—No revival of interest 
is noticeable in the finished iron and steel industries. 
Transactions are on a very limited scale, and owing to 
lack of orders, several works are running short time. 
Another fall in prices is no more than was expected, 
and indeed further reduction in the near future is con- 
fidently expected. Until customers conclude that the 
downward movement is at an end, much business cannot 
be looked for. Steel plates and angles have been reduced 
2l., and joists MW. 108, The*following are among the 
principal market Co : 
iron rivets, 311, ; steel 


Sal: hell ee 4 heavy steel 
rails, 181. : plates, 23/. ; corrugated galvanised 
sheets, 24/. . 


ai 


; 





MANCHESTER Association oF ENGINEERS.—Under 
i Society, Air- 
Popham, chairman of the society, 


4 


: 
i 


ef 








Tue [Ron anv Steet [nstirute.—The annual meetin 
of this Institute will be held at the Institution of Civi 
Engineers, Great George-street, Westminster, on Thurs- 


day and ae! May 5 and 6 next, the peccosdings 


utilising Continental steel to enable them to keep plant | comme . at 10 a.m. 
will revert to British soft billets as soon as prices | ordinary “the meeting; 

become more settled. The restriction of local steel- | will be reathamdidiseussed :. ‘‘ The Prevention of ‘ 
making is indicated from the fact that the official return | ing Cracks the’ of the Recalescence 
ne ingot production in Sheffield during January was | of a T Steel,” by S/N. 7; “The 

2,000 tons, as compared with a monthly average of | Welding of Steel in Relation to the > ; Pipe 
154, 000 tons last year. Admiralty orders for castings, | Blowholes and in Ingute, by EL Bieatier 
armour plate and tools are expected in Sheffield from | ‘ Open-hearth Other ped 
the decision to build four capital this year. No| Graphic Me for their ‘3 
branch of local industry has suffe more than that| by J. = ati “ Notes on ; of 
dealing with high-grade qualities of i but reports | Furnace Gas,” by 8. ears “The of Iron 
of a constant influx of inquiries are taken to denote that | with Paint. heric Corrosion,” by J. Newton 
old customers are not placing orders elsewhere, are | Friend ; my eg the tonne “gory Quenching ” by 
only awaiting the return of stability in prices to » need K. Honda, T. Matsushita and 8. Idei; “ Sli and 
into contracts. The latest price cuts include 2/. per | Twinni ly tein ited Iron,” by W. E. Hughes ; 
ton in West Coast hematite delivered in Sheffield, and | “ Scientihe Com mbustion,” by H. T: Ringrose : 
7l. per ton in bright drawn steel. “Com f Diffecont Methods oe imating 

South Yorkshire Coal Trade—With the ‘approach of | Sulphur in Steel,” Rooney ; Solid Solution 
the works are anxious to increase stocks. of © : Bina” by TE Stead ; “* Ron! Westgrens 
sequently ees « is rege pressure for gas and graphic vestigations of Iron and Stoel,  Peuhared 
steam find the utmost difficulty in| Cupric Etching Effects Effects Produced b; 
meeting demands. "The glut of slacks thas ineressed | Oxygen in Iron,” by J. H. gay: ‘The annval dinner 
rather diminished, there is exceptional pressure of the Institute 1 be held in Grand Hall of the 
on empty wagons. Both collieries and merchants are | Connaught Rooms, Great, Queen-street, W.C., on Thurs. 
getting imto arrear with orders for best house coals. | day, May 5, at 7.30p.m. The Institute has been invited 
The is supported by the belief that prices of | by the ité des Forges de France to hold its autumn 
supedials saw eoen gbeahen.< Piet eeeat necting ene 


brought an rable relief to the . Quotations : 
Best branch handpicked, 378. 2d. to 388, 2d.; Barnsley 
best ieee 2 @. 2d. «Pas 8d. ; pest | w 
ri 35s. to 368. ; coa: 
326 Bd. to 338 Sess tee eke. 32s. 8d. 
to 338, 8d. ; Derbyshire small nuts, 31s. 8d. to 32s. 8d. ; 
Yorkshire hards, 328. 8d. to 33s. 8d.; Derbyshire hards, 


328. 8d. to 33s. 8d.; rough slacks, 286. 2d. to 298. 2d. ; 
nutty slacks, 27s. 2d. to 28s. 2d.; smalls, 23s. 2d. to 
248. 2d. 





NOTES FROM CLEVELAND. AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


2 
= 
d 


and 
March | 
a few 
Foreign Ore.—There is absolutely nothing passing in 
foreign ore. Consumers are overwhelmed with stocks, 


and |than 20 per cent. of oxygen. 
. | ducted on 
down | (Victoria), 


requirements, | special form of that 
already Bieeducte Ga basting the liguita, 
uc 
beginning temperature 


Brown Coau aNnD Relies hs tine meeting of the 
— Society held on etaey. the 10th inst., a 
read .by : Bone, F.R.S. 
> ‘Rescate! upon Brown Goal and Lignites. Part I: 
Heat Treatment at Temperatures below 400 deg. C. as a 
so Method for Enhancing their Fuel Voleee. 3 

ge od a classification of lignites is made according 
eir external appearance: (a) Woody or fibrous 
ae coals ; a Amorphous or earthy bros brown coals ; 


| Rape brown Pox ome gt (d) Black 


aa oo 
fatocraie ee Seeeebatbs horiae 
any coking sy tov Pari 


usually contain less than 70 


of li 
various ‘ 


(Tuscany and Umbria). The method was 


Q 


obtained by this “up-grading ”’ treatment; hence it 





greater calorific intensity than the original. 


|| March 30, at 8 p.m., — 





NOTICES OF MEETINGS. 


Tue InstrruTion or ENGINEERS AND SHIPBUILDERS 
In ScOTLAND.—Tuesday, March 29, at 7.30 p.m., Meeting 
in the Rankine Hall, at 39, Elmbank-crescent, Glasgow. 
Discussion on paper entitled “‘ Modern Refrigeration,” 
by Professor J. Wemyss Anderson, M.Eng. ; discussion 

Peper entitled ‘‘ Duplication or ioe ing of Water 

by Mr. William Blackadder, B discussion 

on apo entitled ‘The Ancient History of — Regu- 

lations,” by Sir Westcott S. Abell, K.B.E. ; aper 
entitled ‘“‘ The Dalmarnock Power Station,” by Mr. ir. RB 

Mitchell, will be read. An informal meeting will be held 

in the Smoking Room on Saturday, April 2, 1921, at 

7 p.m., for the discussion of papers at the general 





; meetings in January and February. 


Tae Liverpoo.t ENGINEERING Socrety.—Wednesday, 
> the Royal Institution, 
Colquitt-street, Live: r, “Some Considera- 
tions on the Choice of Serials be ‘or Pressure Aqueducts,”’ 
by Mr. F. W. Macaulay, M.Inst.C.E. 


Tae Junior Iwstirvtion or Enotneers.—Friday, 

April 1, at 7.30 p.m., at 39, Victoria-street. Lecturette, 

umatic Conveyors,” by Mr.. Mark Jennings 
or TRANSPORT.— 


(Mensch 
at the Royal Socket of Arts, 


Tue Iwstrrvre 
when a series of 10-minute 


im April 1, 
at 5 p.m., Special 
we 

read by Graduates and Students. 


J ohn-street, Aceon Ww 
papers will be 





National FEDERATION oF [RON AND Brass. MANv- 
FACTURERS.—At the annual meeting eet the National 
Federation 


paar pp ee oo snag bene I aan 2* the 
following were ap for the 
ensuing year: Sir Mills, Bart., 
chairman and Mistnes of Messrs. Ebbw Vale 
Steel, Iron and Coal , Limited. Vice-Presidents : 
Mr. William — Messrs. Vickers, 
Limited, Sheffield; Mr. John Craig, C.B.E., chairman 
of Messrs. David Colville and Sons Motherwell 1; Mr. 


Arthur Dorman, director of tno Dorman, Long and 
Co., Limited, Middlesbrough. After adopting unani- 
mously the annual report on the work of the Federation in 
1920, the meeting was addressed by the director, who laid 
‘before it the results of an investigation of the economic 

of the industry in lgium, France and 


' Moron TRAcrors ror Lavunoutne Lirgsoars. 


We that the attempts which have been 
. the past year by the Royal National 
Institution to employ the Clayton caterpillar- 

type tractor for the special work of launching lifeboats 
from flat sandy have now been attended by 
lete success, Twenty of these tractors were 
some months ago, and eis are now being 

adapted to the special requirements of the lifeboat 
service.  tngnete crburetiae bor an water to 
the carburettor box, &c., watertight 

from the effects of s ray 
mo this work it has been 
with the tractor 

The final trials of an 

been carried out at 

oe all concerned. 

a lifeboat Y, means of the 
carriage 

the boat down 
The rece oot is then uncoupled, 
os the boat and 
the tractor engine is 
falls and haul the boat 
that the tractors will 


for the operation 


Vancouver Harsour Devetorments.—H.M. Trade 
Commissioner at Winnipeg (Mr. L. B. Beale) has ascer- 
tained that the Vancouver Harbour Commissioners are 


modem, ent nee alemdar is the most 


north and south 

the picend fA of Inlet, though 

they have not yet made any dene mts for 
the further semnery pwns =e of actual construction. 
race a rock dam of sufficient 

to en steam, electric, wee ar and 
construction two locks, 

. wide by 25 ft. deep over sill 
50 ft. wide by 
cost 


of these works is in the ys gp oor 3,000,000 dols. 
nag gy a advantages to be from the scheme 
are 


rials 
ae 
. 
i 


of ao “at 
a omen a k at 
eae: ‘between 

‘it is not likely that 
of harbour works will be 
undertaken by the Dominion Government during the 
next year or two, 
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THE SPANISH COASTING VESSEL “ALCA” FITTED WITH KITCHEN RUDDER. 


(For Description, see Page 358.) 
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Fre. 1. GENERAL View oF VESSEL. Fie. 2. STERN VIEW. 


Fic. 3. Rupper aNp ALTERED Stern Frame. 


Fie. 4. Rupprr-Heap Gear. Fic. 6. RupperR Controt, WHeEet. 
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4-6-4 TYPE TANK LOCOMOTIy§ F 


{ CONSTRUCTED BY. MESSRS. KiTsoy [yp CO. 
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PLATE XVI. 





‘Ive FOR THE FURNESS RAILWAY. 


sox _|xp CO., LIMITED, ENGINEERS, LEEDS. 


uecriptign, see Page 356.) 





8 Feet Heating Surface: 


6 7 
: ‘1% over Cab Roof Fireboo .... 153 Sq.Ft. 









2.2% Rage Rptahy Valves — 
Working Press. 170Lbs perSq¢ln. GrateA a 
Boiler Pressure 170 Lbs. per Sq. In. 
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AUSTRALIA : = and Gotch, 7 ees mel 


bane; Perth. A: 
iimett and and *Oo.. Towne 


Syd ner NS.W. T. 
n orth Queensland. Rigpy. Adelaide, 
ullen, Mel: 


South Australia. Melville = 
bourne, Victoria 
Bexerum, Brussels: B. F. Satchel, 86, Rue du Tabellion. 
Canapa, Toronto, Ont.: Wm. Dawson and Sons, Manning 
Chambers. 
EpivsurGH : John Menzies and Co., 12, Hanover-street. 
France, Paris: Boyveau and Cheviilet, 22, Rue de la Banque. 
For Advertisements, Agence Havas, 8, Place de 


la Bourse. 
Guascow : William Love. 
InpIa, Calcutta: Thacker, Spink, and Co., Bombay: Thacker 
and Co., Limited. 
Ivaty: U. Hoepli, Milan. 
— be ope why Italiana, Torino. 
And any post P 
LIVERPOOL: Mrs. Ta Ay Lan 


ding Stages. 

MancHesTsrR: John eywood, 148, Dew 

New Zratanp: Gordon and Gotch ‘Proveittecy, Limited, Wel- 

lington, Auckland and Christch 

Norway, Christiania : Cammermeyer’s Boghandel, Carl Johans 

Gade, 41 and 43. 

RoTrERD«M : H. A. Kramer and Son. 

Sours AFrrica: Central aun Agency, Limited, Head Office— 
Johannes! d Pretoria, Cape Town, Port 
Hisabeh, Senfontele, Durban, and their 
—— branches and bookstalls throughout South 

Africa. Also Cape Town: Wm. wson and 
Sons, 31, Long.street. 
Gordon and Gotch Proprietary, Limited, Laun- 


ceston : Hobart. 

Unrrep States: For Subscriptions, New York: W. H. Wiley, 
432, Fourth Avenue. 
For Advertisements, J. S. Allan, 30, Church- 
street, New York. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the Headin, 
of Appointments Open, Situations Wanted, Tenders, &c., 
four shillings for the first four lines or under, and one shilling 
per line up tooneinch. The line averages seven words. When 
an advertisement measures an inch or more the charge is 12s. 
per inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be guaranteed. 
Terms for displayed advertisements on the wrapper and on the 
inside pages may be obtained on application. The es are 
12 in, deep and 9 in. wide, divisible into four columns of 2} in. 
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A few months ago the Proprietors of ‘“‘ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
ls. 2d. per copy, and this price dated from and 
included the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
of single copies sent by inland post is now Is, 2$d. 
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In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “‘ ENGI- 
NEERING” each week should place an order for 
the Journal with a newsagent or bookstall clerk. 
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Notices of Meetings to take place during the 
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THE INTERNAL-COMBUSTION 
TURBINE. 

Tue greatly increased cost of labour has proved 
a potent factor in extending the use of oil fuel at 
sea ; and this impulse has been strengthened by the 
high value of tonnage space so long prevalent. 
With falling freights this latter incentive is becoming 
of lessened weight, but the great advantage that oil 
possesses, in requiring less labour for its bandling, 
remains unaffected, though it is possible that where 
internal-combustion engines are adopted the saving 
in the boiler room may be somewhat offset by 
increased costs in the engine-room. This possi- 
bility will no doubt be disputed. Indeed, a maker 
of Diesel engines once declared that the best records 
were made with engines shipped to the East and 
put in charge of native mechanics, who might be 
trusted to follow directions implicitly without 
attempting on their own initiative to vary the 
adjustments. This restraint appears impossible to 
the British mechanic, and we would not say that it 
constitutes anything to his discredit. The very 
self-confidence which occasionally leads him to 
make unneeded and possibly injudicious adjustments 
or alterations when things are normal, constitutes 
a priceless asset in times of crisis. Still those who 
instal internal-combustion marine engines must 
accept certain risks in this regard, though these 
will naturally decrease as time goes on and engineers 
with experience in the operation of this class of 
machinery become more numerous. 

In view of the limited supply of oil, it is perhaps 
questionable, whether the use of this type of fuel 
at sea will remain permanently practicable on any 
large scale, though there is no doubt the possibility 
that in the end we may grow rather than mine our 
oils, a procedure of which the possibility has been 
Failing this, or 
at any rate until such supplies are forthcoming 


| and satisfactory means of utilising them are devised, 


it may be necessary to introduce generally at sea 
mechanical methods of handling coal similar to those 


1} so extensively used in other services. As matters 


stand, however, oil has many advantages, but 


° apparently there is little immediate prospect of it 


being used for other than steam raising purposes 


. 363/in any very large installations of power either 


Ferranti pointed out 
some years since, the reciprocator is essentially 
a small unit machine, whilst the turbine is seen to 
best advantage in large units. This consideration 
emphasises the magnitude of the feat accomplished 
369 | by Sir Charles Parsons in making practical the steam 
turbine. He had of necessity to commence with 
small units, and it is quite conceivable that had 
reciprocating engines, at the date of his earlier 


7n,| Ventures, been brought to the pitch of perfection 


that they subsequently attained the coming of the 
turbine might have been delayed for several years. 
Even as matters stood reciprocating engines con- 





tinued to be installed my power stations, and on 
shipboard, for years after the turbine had proved 
its success. 

In marine practice engineers, both here and 
abroad, were slow to realise that the day of the large 
steam reciprocator had passed, at the very moment 
of its culmination. The giant steam rocator 
was, in fact, stifled in its infancy, and it seems 
probable that the giant Diesel engine will never 
be born. The demand for large units is, however, 
an insistent one, and has played no small 
in alluring enterprising individuals to attempt to 
make a practical success of the internal-combustion 
turbine. Many costly experiments in this direc- 
tion were made before the war, both here and 
in France and at a somewhat later date the 
matter was taken up in Germany and financed 
with the characteristic liberality of German firms 
in matters of this kind. ese e ents 
have been continued, but apparently lines 
embodying no ideas not already fully tested 
here or in France. Of course, it would be going 
too far to say that the poor results hitherto attained 
preclude the possibility of success, but the prospect 
is not bright, as it would seem that the difficulty is 
not merely a question of getting details right—such 
as led to the final success of the ammonia soda pro- 
cess after many costly failures—or to the commercial 
success of catalysers in the production ‘of certain 
acids. The prime fact remains that the internal 
combustion engine is, to quote Mr. Ferranti again, 
a prime mover in which the negative work must be 
large, if a high thermodynamic efficiency is aimed 
at. In the reciprocating engine this negative work 
is accomplished under very favourable conditions, 
the efficiency being 98 per cent. according to a 
statement made by Dr, Dugald Clerk at the Dundee 
meeting of the British Association. This’ figure. 
receives support from indicator diagrams taken from 
the air cushion of the old Willans high-speed 
engines which showed an efficiency indistinguishable 
from unity. With large internal-combustion tur- 
bines it will be impracticable to attain anything like 
so good a figure as this, and the consequent addi- 
tional expenditure in negative work will go far 
to effect the gain made in the utilisation of the 
“toe of the diagram.” This, in ordinary internal- 
combustion engines, is rejected ; as, though it is, as 
was first shown by Atkinson, mechanically possible 
to utilise a considerable fraction of it in a recipro- 
cator, the gain did not prove sufficient to offset the 
additional weight and cost per unit of output. 

As has already been pointed out the development 
of the steam turbine was hampered by the necessity 
for constructing and operating small units. In the 
case of the internal-combustion turbine this difficulty 
is enhanced, since whilst a steam engine of less than 
100 h.p. has been generally a bit of a steam eater, 
a gas engine of, say, 60 h.p., has about as high an 
efficiency as is attainable by the largest sizes. 
Dubious as may be the prospect of constructing 
a large internal-combustion turbine capable of 
competing commercially with reciprocators, that 
of a commercially successful small gas turbine is 
probably hopeless. It is not surprising, therefore, 
that in Germany those interested in the matter are 
experimenting with units rated at 1,000 h.p. or more. 
Relatively speaking this, it may be noted, is not much 
larger than the earlier Parsons’ turbines. During the 
development period of the latter an engine of 5,000 
h.p. was considered large, whilst now we have steam- 
driven prime movers déveloping 60,000 h.p.' to 
80,000 h.p. The scale of the experiment has, however, 
had to be increased, which naturally involves 4 great 
enhancement in the cost. Were it possible to fore- 
see and provide for all difficulties beforehand, it 
would no doubt be advantageous to build really 
large units forthwith, as the larger the unit the more 
favourable is the prospect of the turbine. Tt is, 
however, a common experience, that really - 
scale experiments are invariably unsuccessful. 
dangers foreseen and provided for often turn out 
to be imaginary, whilst great trouble arises in 
directions wholly unanticipated a priori. Paren- 
thetically it may be observed that the social 
reformer would do well to profit by the oe 
of the engineer in these matters. 
mechanism may be, human affairs are still iniee 
so, and the task of predicting a priori and providing 
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against contingencies fatal to success is corre- 
spondingly more difficult. This makes it specially 
desirable that all proposed new departures should 
be tested thoroughly on a small scale, and perfect 
success attained before large schemes are launched, 

The largest internal-combustion turbine yet 
constructed appears to be that due to Mr. 
Holzwarth, who published in 1911 some very meagre 
details of a turbine, designed by him to develop 
1,000 h.p., and which, at the outset at any rate 
only yielded 150 h.p. It was later on claimed that, 
by modifications and improvements this figure had 
been raised to 450 h.p., but the report was not one 
to inspire confidence. Reports are now to hand as 
to another Holzwarth turbine built by Messrs, 
Thyssen, which is claimed to have developed 
984 h.p. with an overall thermal efficiency of 26 per 
cent. It is claimed that the waste heat supplies 
all the energy required to operate the steam turbine 
compressor which compresses the charge to 33 lb, 
per square inch absolute before ignition. In view 
of Holzwarth’s original paper and claims, this 
report must be received with some caution. The 
general method of operation embodies no novelty. 
The charge is compressed into an explosion chamber 
and fired, expanding through a nozzle on to the 
buckets of a turbine wheel. As the pressure in the 
chamber falls the velocity of efflux diminishes, a 
condition which must involve somewhat serious 
losses, both in the nozzle and the buckets. More- 
over, the apparatus is necessarily complicated by 
the installation of a steam turbine compressing 
plant. Many suggestions have in the past been 
made to improve the overall efficiency of steam- 
actuated prime movers by utilising the waste heat 
for operating a sulphurous acid or other engine, but 
such systems have hitherto proved commercially 
unattractive. 

An overall efficiency of 26 per cent. means an 
expenditure of nearly 10,000 British thermal units 
per horse-power hour. Such a figure is probably not 
beyond the reach of the steam turbine, and some 
interesting figures may be expected when certain 
extra high-pressure plants now in course of comple- 
tion undergo their tests. The limit of steam turbine 
efficiency is certainly not yet attained, at least so far 
as the reaction type is concerned. The reaction 
steam turbine is strictly analogous to the reaction 
water turbine, both of which have to work drowned, 
whilst the analogy between the impulse steam turbine 
and the impulse water turbine is less close, since the 
latter commonly works undrowned, and thus escapes 
certain losses which are unavoidable in the steam 
pattern. So far the steam reaction turbine has not 
attained as high an efficiency as the corresponding 
water-operated turbine, but there is no obvious 
reason for this. No doubt progress has been 
obstructed by the difficulties inherent in any really 
rational system of proportionment, and there is 
direct, evidence that some of the reaction turbines 
which have excellent records according to present 
standards have, nevertheless, embodied in them 
important errors of design, the correction of which 
should effect material improvement. In view of 
the foregoing there seems little likelihood that 
any form of internal-combustion turbine, of which 
particulars are yet available, will prove a com- 
mercial success. All obvious lines of development 
have in fact been fairly thoroughly explored, with 
disappointing results, a condition of things which 
tends to convey the impression that the diffi- 
culties are inherent in the system, and not in 
its details. 

In addition to the difficulty of devising a cycle 
which shall be at once efficient and mechanically 
simple, there are certain to be grave troubles from 
the rapid wasting of nozzles and buckets under the 
flow of white-hot gases. Uitherto experimenters 
have fallen back on carborundum for their nozzles, 
but this material is obviously unsuitable for the 
buckets. Could the massive tungsten used for the 
metallic film lamps be obtained in bulk at a suffi- 
ciently low cost, the bucket problem might be 
solved, since this metal has a strength comparable 
with tool steel, combined with a melting-point of 
nearly 3,000. deg. C. Drawn wire lamps, moreover, 
withstand vibration well, a fact which affords some 
justification for a belief that the tensile strength 
does not fall very rapidly with rise of temperature. 





THE ECONOMIC SITUATION OF 
NORWAY. 


In common with practically every other country 
in the world, Norway is suffering economically from 
the effects of the war. The optimism of 1919, which 
envisaged industry as on the threshold of a new 
period of comparative prosperity, has not been 
justified, and Scandinavia has shared in the back- 
swing of the pendulum. In Norway the effects of 
unstable exchanges, of political uncertainties and of 
social funrest have made themselves felt. in the 
restriction of trade and the partial crippling of 
industry, while the financial stringency and the 
enormously increased cost of production have done 
much to contribute to the general depression. 

Financially Norway is passing through a period 
of great difficulty. The balance of trade is heavily 
against her, a condition that was aggravated during 
last year by the steady depreciation of her currency ; 
while the collapse of the freight market, in con- 
junction ‘with heavy commitments abroad for 
tonnage’ to replace war wastage, has contributed 
to the acuteness of the present financial situation. 
The accumulation of considerable stocks of both 
raw and manufactured materials, which are at 
present difficult to dispose of, the sinking of capital 
in numerous development schemes which are not 
yet remunerative and the decreased monetary yield 
of the fishing industry due to the insolvency of a large 
portion of its normal market are all factors con- 
ducive to the existing stringency, the result of which 
is reflected in the restriction of industrial develop- 
ment and the curtailment of commercial expansion. 

As might be expected, conditions in the engineer- 
ing and allied industries are adversely influenced 
by the general financial situation, with the result 
that for the time Norway isa less extensive purchaser 
of engineering products than she would otherwise 
be. Operations in the mining industry, the electro- 
chemical and electro-metallurgical industries, and 
the timber, pulp and paper-making industries are 
more or less restricted, while the engineering and 
metal working trades as a whole are less active 
than usual. This applies particularly to mechanical 
workshops on the West Coast engaged in repair and 
motor work, and to foundries dependent on the 
fishing industry, several of which have been com- 
pelled to close down altogether. Conditions are 
better in the east of Norway, where the workshops 
are reported to have on hand a sufficiency of orders, 
largely for repair work, to keep their staffs employed 
for the present. Increasing competition from 
Germany is, however, making itself increasingly felt, 
particularly in respect of machine tools, turbines 
and electrical machinery. 

The hydro-electric power industry, which has 
assumed a position of very considerable importance 
in Norway, has also been adversely affected as 
regards new development schemes by the limitation 
of the amount of capital available for investment 
purposes, both private and municipal enterprise 
having been severely hampered thereby. During 
last year no new private undertakings were initiated, 
although several older schemes, involving the 
harnessing of an aggregate of some 63,000 h.p., 
have been carried to completion during the past 
twelve months. As regards municipal develop- 
ments few new projects have been launched during 
the past eighteen months or so, and none of any 
importance, while several of those previously 
commenced have been carried on only in the face 
of considerable financial difficulty. As regards the 
power schemes under the control of the Government, 
work has been continued upon the harnessing of the 


waterfalls at Nore and upon the Hakavik installa-. 


tion, while at Glomfjord two machines of 25,000 h.p. 
each are in operation and an extra pipe line for 
another machine of 27,000 h.p. has been completed. 
Work on the harnessing of Solbergfos on the River 
Glommen, upon which’ some 22,000,000 kroner has 
been expended, was also continued, orders for 
machinery to the amount of a further 8,000,000 
kroner having been placed last year. 

A feature of the present commercial trend in 
Norway, which throws an interesting sidelight upon 
existing economic conditions in Europe, is the 
capturing of the Norwegian market by the German 
manufacturer. On account of the high rate of 





exchange of the pound sterling as compared with the 
German mark, and the low rate of the latter as 
compared with the currency of all other important 
manufacturing countries, German exporters appear 
to be in a position to undersell all competitors, 
including those in Norway itself, and most of all 
those in Britain, while in addition to this the 
German manufacturers appear to be able to offer 
quicker delivery than can our own. This applies 
among other things to such items as chemicals, 
printing machinery, iron, steel and non-ferrous 
metals, hardware, electrical machinery and appli- 
ances, turbines, machine tools and tin plates. 

In spite of the comparative stagnation which has 
characterised the trade and industry of Norway 
during the last year or so, and the financial difficulties 
under which the country is having to labour, there 
would seem to be some indications at the present 
time of improving conditions in certain directions, 
and although recovery is bound to. be slow there 
are grounds for believing that its commencement 
may not be long delayed. 





MORE TRADE UNION LITIGATION. 
™, THE judgment of Mr. Justice Eve issued last week 
in'the cases of Braithwaite against the Amalga- 
mated Society of Carpenters and Joiners, and Ashley 
against the General Union of Operative Carpenters 
and Joiners, is in striking contrast to that of Mr. 
Justice Russell in the case of Walton v. the York- 
shire Miners’ Association, referred to in our article 
of March 11, page 297 ante. In the miners’ case, 
Mr. Walton obtained a declaration that his expulsion 
was void, and an injunction against the association 
and certain of its officials to restrain them from 
acting on the resolution by which he was expelled. 
In the joiners’ case the plaintiffs sought an injunc- 
tion to restrain the unions from expelling them, 
but Mr. Justice Eve held that the court could not 
entertain the actions. There was an obvious 
difference, however, between the questions which 
the two judges had to consider. In Mr. Walton’s 
action the real question on which Mr. Justice 
Russell adjudicated was whether the procedure by 
which the expulsion had been carried out was in 
conformity with the rules of the union, but in the 
two cases decided last week the plaintiffs had not 
been expelled. They were merely under threat of 
expulsion, and there was no question of the regu- 
larity of the procedure. The fact that the two 
judges came to such different results is not therefore 
so surprising as it appears at first sight. 

In order to understand Mr. Justice Eve’s judg- 
ment it is necessary to consider the exact circum- 
stances of the cases. The plaintiffs had been in 
the employment of Messrs. Lever Brothers, Limited, 
for many years, and were participating in the 
company’s co-partnership scheme. One of them, 
Braithwaite, held a certificate of partnership worth 
2137. 10s. The Carpenters’ and Joiners’ Unions, 
it is well known, have the strongest objection to 
anything in the nature of payment by results, and 
they apparently regarded the company’s scheme 
as savouring of payment by results. It had been in 
operation since 1909, but in 1918 or 1919 the unions 
raised objection to it, and they eventually resolved 
that participation in it was inconsistent with 
membership of the unions and decided to exclude 
the plaintiffs from membership because they would 
not withdraw from the scheme. It was in order 
to prevent the threat of expulsion from being 
carried into effect that the plaintiffs applied to the 
court for an injunction. 

As the two cases were practically the same it 
will simplify matters to confine attention to one of 
them—Braithwaite against the Amalgamated 
Society of Carpenters and Joiners. The union had 
apparently made it a condition of membership that 
their members were to work only on plain time work, 
and apparently they considered that one of their 
rules (Rule 32) prohibited their members from work- 
ing in a co-partnership scheme such as that of 
Messrs. Lever Brothers. The plaintiffs disagreed 
with this and maintained that there was nothing 
in the nature of payment by results in the co- 
partnership scheme and nothing in Rule 32 to 
prohibit them from remaining under the scheme. 
The defendants pleaded that in view of Section 4 
of the Trade Union Act, 1871, the court could not 
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entertain the action. The Act of 1871 improved 
the legal status of trade unions in many important 
respects, but Section 4 provided that nothing in 
the Act should enable any court to entertain any 
legal proceedings instituted with the object of 
directly enforcing certain classes of agreements, 
including any agreement between members of a 
trade union concerning the conditions on which 
any members of the union should or should not be 
employed. Mr. Justice Eve took the view that the 
plaintifis were endeavouring directly to enforce 
their view of the agreement contained in the rules 
as to the terms on which they might be employed, 
and he held that he could not entertain the actions, 
There appears to be some probability of the plaintiffs 
appealing. 

The judgment seems to be open to the criticism 
from the point of view of the plaintiffs, that it is 
a straining of language to say that their actions for 
an injunction to prevent them from being expelled 
from their unions were actions with the object of 
“ directly enforcing ’’ an agreement in the rules of 
the society as to the terms on which they might be 
employed ; and it might be said that if anyone was 
trying directly to enforce the rules it was the unions 
and not the plaintiffs. 

There has been a good deal of difference of 
judicial opinion in the past as to the meaning of the 
expression “directly enforcing” in the Act, and 
if the plaintiffs appeal it will be interesting to 
see whether the Court of Appeal take the same view 
of the matter as Mr. Justice Eve, or hold that the 
object of the action was merely to protect the 
plaintiffs from expulsion and not directly to enforce 


any agreement. 


CATALYSIS IN INDUSTRIAL 
CHEMISTRY. 

THe peculiar character of catalytic reactions— 
one of the essential reagents, the catalyst, which 
starts or accelerates the reaction, apparently remains 
unaffected—was recognised long before Berzelius 
introduced the term catalysis in 1835. Kirchhoff 
converted in 1812 large quantities of starch into 
sugar by means of a little acid. All the great 
chemists of the early nineteenth century, Davy, 
Débereiner, Faraday, Thénard, Wéhler and others 
studied the “‘ contact action ”’—the term is due to 
Mitscherlich—of the platinum metals and other 
solids, and Phillips actually took out a British 
patent in 1831 for the oxidation of sulphur dioxide 
to sulphuric acid by the air with the aid of platinum. 
If applied science was for a time in advance of 
theory, physical chemists have of late been telling 
technical chemists that most of their processes 
depend in some way on catalysis. Berzelius spoke 
of a new catalytic force. Liebig foreshadowed 
modern views by suggesting that the contact sub- 
stance communicated molecular vibrations to the 
other components of the system. We have no 
clear conception of the nature of catalysis yet. We 
drop the term in cases which we think we can explain 
by other, better understood effects. But, guided 
by scientific considerations, we have learnt to control 
many catalytic reactions. When Dr. Eric K. 
Rideal, M.A., of Cambridge, reviewed that notable 
progress in his Cantor lectures on “ Recent Develop- 
ments in Catalytic Chemistry,” delivered before the 
Royal Society of Arts, recently, he was able to 
introduce some very helpful suggestions. 

We distinguish three types of catalytic reactions : 
(a) homogeneous reactions, in which all the reagents 
are in the same phase, gaseous, liquid or solid 
(many organic processes, the transformation of 
white tin into grey tin by inoculation of the latter) ; 
(6) heterogeneous reactions between substances in 
different phases (the bulk of catalytic processes) ; 
and (c) reactions in which radiations are concerned. 
Dr. Rideal very properly drew attention to the 
(6) character of electrolytic oxidations and reduc- 
tions and of colloidal reactions by enzymes, as well 
as to the great, probably universal, importance of 
radiations in these manifold reactions. 

In many organic inversions and hydrolyses by 
diluted acids the concentrations of the hydrogen 
ions had been believed to be the decisive factor. 
Recent work rather indicates that either the un- 
dissociated molecules are likewise active, or that the 
activity of the hydrogen ion is determined by its 








general environment. If we presume chemical 
reaction to be the consequence of molecular collisions 
and of absorption of radiation, quantitative research 
forces us to admit that not all collisions need be 
effective, and that the effectiveness need not depend 
upon the velocity of impact. Spectroscopy teaches 
us that the molecules of a substance are not all in 
the same condition of activation, The catalyst was 
supposed to act, either by absorbing and locally 
concentrating the oxygen, e.g. (Faraday), or by really 
forming intermediate compounds (Wéhler), unstable 
oxides ready to react with the SO,. On the basis 
of the quantum theory Dr. Rideal suggested that 
the catalyst or intermediate compound is able to 
absorb small quants of radiation, and thus to make 
the energy distribution more dense and to hasten 
the rate of reaction at the particular temperature. 

In any case, intermediate compound or merely 
“sorption,” diffusion would play an important 
part. Sorption, eg., of gases by platinum, Dr. 
Rideal explains, takes place in three stages: a gas 
film is condensed on the platinum; this film is 
absorbed so as to fill the pores or capillary channels 
in which the gas pressure probably rises to a liquefac- 
tion even of helium and hydrogen; and the gas is 
actually dissolved by the metal. The phenomena are 
practically limited to the surface layer in which 
the molecules are “orientated.” Molecules of 
chain type apparently do not lie flat, but the 
heavier “polar” end (the CO-OH of linoleic 
acid) is drawn down into the surface, while the 
lighter end (CH, and CH, radicles) sticks out. 
When the acid is dissolved in a little benzene and 
the solution is poured on water, the polar end will 
be in the water, the rest in the benzene above the 
water; the surface tension phenomena support 
that view. Such films are probably formed in 
heterogeneous catalyses. 

In the manufacture of the poison gas phosgene, 
carbon monoxide and chlorine are passed over char- 
coal, which absorbs the two gases and brings them 
into close juxtaposition. They either combine then 
or “jump off” again separately after an interval, 
depending upon the relative rates of diffusion and 
of reaction, and the selective absorption of the con- 
stituents which will vary with the temperature and 
pressure conditions. Traces of gases or dust 
(arsenic in the contact sulphuric acid process, both 
sulphur and oxygen in the ammonia synthesis) may 
act as “poisons,” probably by settling on the 
catalyst and barring access to it. Catalytic “ pro: 
moters” again may act analogously, though it 
seems strange that some mixed catalysts are far 
more effective than any of the constituents. Some- 
times the products themselves are good “ auto- 
catalysts.” “ Pepsised” colloids also serve as 
promoters. In the water gas manufacture oxides 
of chromium and iron are good promoters, possibly 
by extending the active temperature range. In 
synthesis of ammonia an iron-molybdenum-alkali 
catalyst renders good service; the iron possibly 
absorbs mainly the hydrogen, the molybdenum the 
nitrogen, and the alkali “ desorbs” (liberates) the 
ammonia formed. Radiations are an important 
factor. Dr. Rideal showed that gas mantles of 
thoria or of ceria gave very little light, whilst thoria 
containing nearly 1 per cent. of ceria emits brilliant 
radiations. We feel tempted to refer in this connec- 
tion to the recent researches of Lenard, Pauli, 
F. Schmidt and others on “ phosphores,” phos- 
phorescent compounds of calcium, barium, &c., 
with sulphur, selenium and even with oxygen con- 
taining mere traces of heavy metals (copper, bis- 
muth, lead) and small portions of alkali salts ; with 
such traces present the colour and the whole 
character of the radiations changes. 

Some catalysts are very powerful. Five grains 
of platinum suffice for the production of a ton of 
sulphuric acid per day, and one part of palladium 
will hydrogenise 50,000 parts of castor oil in less 
than eight hours. But the technical difficulties 
may be very great. The catalytic bydrolysis of 
pulp yields alcohol and sugar in such a high dilution 
that the concentration cost almost excludes the 
process. When the reaction liberates heat, we have 
to select a catalyst which will yield a bigh percentage 
of conversions at a low temperature, such that the 
equilibrium is not reversed and the product formed 
not decomposed again. That re-decomposition is 
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often the main difficulty... In order to extend the 
catalytic surface, the Schréder-Grillo SO, process 
spreads the platinum salts, not on asbestos as usual, 
but on magnesium sulphate; the reduced platinum 
then fringes the small craters formed in the sulphate. 
The temperature should not exceed 400 deg. C., 
about 600 B.T.U. have to be eliminated per pound 
of SO,, and the catalyst is hence arranged in (rays 
with radiating partitions, In the ammonia. oxida- 
tion to NO the ammonia-air mixture need only 
remain for 0.0006 seconds in actual contact with the 
plantinum wire gauze; with platinum black the 
reaction is too lively, whilst with the various other 
catalysts (oxides of iron, uranium, etc.) efficiencies 
of 80 (instead of 95) per cent. only are possible, the 
reaction has to take place at 800 deg. C., and the 
time of contact is prolonged to 0-1 seconds and more. 
We have repeatedly referred to this synthesis and 
will only mention one fact pointed out by Dr. Rideal. 
When pure commercial ammonia is used the action 
of a fresh piece of wire-gauze is poor and uncertain, 
until craters form on the wires which, under the 
microscope, look as if covered with small cells ; 
when the ammonia is produced by the decomposi- 
tion of cyananide (nitrolim), tiny crystals of platinum 
split off—probably because the traces of phosphorus 
in the ammonia lead to the formation of a dis- 
integrating platinum phosphide. 

In the formation of formaldehyde (wanted for the 
production of bakelite and other insulating com- 
pounds) from methylalcohol, hydrogen is split. off, 
and we require a catalyst for partial, preferential 
oxidation which will oxidise the hydrogen, rather 
than the aldehyde. Here the following yield per- 
centages have been obtained with various metals : 
Nickel, 1; platinum, 5; copper, 55; silver, 70; 
silver-copper alloy, 84; silver-coated with 0:0001 
mm. of platinum or palladium 96. Thus platinum 
alone does not answer, being far too energetic an oxi- 
diser ; the silver-copper alloy is far superior to both 
silver and copper, and a mere film of platinum makes 
silver an almost perfect catalyst. In the linoleum 
manufacture and oil-drying industry, the oxidation 
of linseed oil and other oils to linoxylic acid, etc., the 
catalysts are called “siccatives.” The 
are auto-catalytic, and exposure of the thin oil 
films, passing over rollers, to ultra-violet light will 
make the oil sufficiently tacky to impress the design 
and colours by stamps on the films before the 
complete oxidation. The oxidation of naphthalene 
to phthalic anhydride acid in the synthetic indigo 
process, Dr. Rideal remarked, was a main factor in 
inducing the Badische Anilin-und Soda Fabrik to 
persist in working out the contact process for the 
manufacture of the fuming sulphuric acid wanted 
for his oxidation. Within the last few years 
it has, however, been discovered in Ge that 
naphthalene vapours can almost quantitatively 
be converted into phthalicacid by air currents 
at 350 deg. C. in the presence of vanadium pent- 
oxide. In similar ways benzene can be oxi- 
dised into dibasic fatty acids; with the aid of 
‘selective catalysts also crude paraffins have been 
oxidised to the higher fatty acids, and waxes have 
been synthetised by Griin and others, all products of 
considerable importance in the wax and polish, 
varnish and paint industries. Particulars, however, 
are not yet available. 

The high importance of catalytic action in the 
gas industry, by the coal itself, the hot retort walls, 
the coke and the ashes, is no longer questioned, 
through our ignorance of the nature of coal and the 
difficulties of controlling the coking and the manu- 
facture of water gas retard the utilisation of our 
advance of knowledge. The capability of promoting 
the surface combustion of gaseous fuel at high tem- 
peratures which we utilise in our gas mantles and 
in the surface combustion devices of Schnabel and 
of Bone was, Dr. Rideal remarked, probably general 
to solids. As regards blue water gas we could raise 
its calorific power by converting the CO into CH, 
in the presence of a small percentage of oxygen at 
the surface of reduced nickel, That, however, 
required a ratio of H,: CO of at least 5: 1, and as 
the ratio in the water gas was about 1: 1. we must 
either remove some CO, by liquefaction of the CO, 
or add H,, prepared by the catalytic interaction of 
part of the water gas with steam and iron. Dr. 








Rideal has himself investigated these equilibria, 
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using also oxide of iron and copper as catalysts ; 
bat the reactions are very complex, and much 
depends upon the preparation the catalysts ; 
sulphur must be absent. The sulphur com- 
pounds of coal gas, sulphuretted hydrogen, carbon 

hide and organic compounds, offer other 
problems to the gas chemist in the practical 
solution of which considerable success has already 
been attained by Carpenter and others. The break- 
down of the double-ring naphthalene to more 
valuable single benzene ring compounds and other 
products remains, so far, technically hardly more 
than @ promising field. 

Though many of these reactions are highly com- 
plex they may essentially be characterised as hydro- 
genation processes to which and to the genera- 
tion of the hydrogen needed Dr. Rideal devoted his 
last lecture. In the water gas reaction, the 
mixtures of carbon monoxide and steam are to be 
converted into hydrogen and carbon dioxide. To 
keep the CO, down, the reaction should proceed 
below 400 deg. C. and the difficulty was to find a 
suitable low temperature catalyst. In the successful 
process of the Badische Anilin Fabrik iron oxide 
mixed with 2} per cent. of chromium oxide (or 
uranium oxide) is used; though the process re- 
quires, in addition to the water gas plant, a generator 
and separator and heat interchangers, and though 
the temperature is about 500 deg. C., a good gas 
of the following final (and original) composition 
isobtained: hydrogen 64 (49), CO 2 (43), CO, 30(3), 
nitrogen and methane together 3:8 (5) percent. The 
removal of the CO, and of the nitrogen necessary 
for some purposes are disadvantages. In the other 
new process of Bergius pulverised coke or coal and 
liquid water react at 90 atmospheres and 300 deg. C. 
in autoclaves, thallium salts serving as catalyst. 
Dr. Rideal regards this process, though discontinuous 
and not yet worked on a large scale, as very promis- 
ing. 

In America, not yet in England, benzene C,H, has 
been hydrogenated into hexahydrobenzene O©,H,, 
which makes an excellent uniform fuel for aero- 
motors ; it does not soot like benzene and is prefer- 
able to petrol which is a mixture of hydrocarbons of 
different boiling points, a troublesome defect at 
low temperature. Hydrogen is passed through 
benzene scrubbers and through long steel tubes 
containing the catalyst, palladium asbestos or 
bricks of nickel and diatomaceous earth, at tem- 
peratures of 140 deg. C. and less. Only the hexa- 
body ©,H,, is produced, not the dihydro or other 
compounds, and that is scientifically interesting 
because it suggests—what is supported by surface 
tension phenomena—that the benzene molecule 
(assumed to be a plane hexagon) lies really flat on 
the catalyst like a slab of a thickness of 1-19 x 10-° 
em. the side of the hexagon being about three times 
as long, 6-2 x 10°* cm. 

We have on other occasions referred to the already 
very important hydrogenation of fats and the con- 
version of unsaturated oils (castor oil, whale oil, &.) 
into saturated hardening oils. The scientific 
basis was laid by Sabatier and Senderens, the tech- 
nical processes originated in Germany and Eng- 
land. The point is tc keep the reaction at low 
temperature, lest partial decomposition should 
spoil the product in taste, odour and colour. The 
catalyst, nickel, is very sensitive, especially to 
sulphur which unfortunately may be present in 
the oil itself; to prevent the oxidation of the 
reduced finely divided nickel the catalyst is pre- 
pared in a pure oil, or applied as nickel carbonyl 
(R. Lessing). Very interesting is also the hydrolysis 
of fats by the Twitchett reaction. We mentioned 
above that polar compounds érientate themselves 
on surfaces. The sulphonic acids of benzene and 
of some hydrocarbons are sach polar compounds 
which, when fat globules float in water, will send 
their acid end into the water, whilst the benzene 
end penetrates into the fat globules which is thus 
emulsified by these catalysts. 

Dr. Rideal finally explained the Haber process 
of synthetising ammonia, so far “the greatest 
triumph of applied physical chemistry.” Dr. 
Rideal was himself engaged in this synthesis and 
in the fixation of nitrogen during the war. His 
lectures clearly brought home the imperative 
need of research, both purely scientific and technical 





That nitrogen and hydrogen can be made to interact 
at high temperatures and pressures was, of course, 
known long before Haber commenced his investi- 
gation in 1904. Dr. Rideal mentioned that H. Le 
Chatelier, sometimes styled the inventor (1901) of 
the synthesis, had been anticipated by Ramsay 
and Young (1885); but they were not the first 
experimenters either. It required years of research 
by Haber and his collaborators to work out the 
equilibrium conditions of the synthesis, and years 
more of expensive experimenting on small and on 
fairly large scales to find suitable catalysts and to 
construct apparatus for working at 550 deg. C. and 
200 atmospheres. Dr. Rideal put in a good word 
for the old rule of thumb, too; routine skill and 
research have to collaborate. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 18th inst., at Storey’s Gate, Westminster, the 
president, Captain H. Riall Sankey, C.B., C.B.E., 
R.E., in the chair. 

The formal business of the meeting having been 
transacted, the President announced that the 
council had decided to postpone the annual dinner, 
probably until the autumn. He further stated 
that the report to the Alloys Research Committee 
would be presented for discussion on May 20 next. 
With reference to the joint meeting of the Institution 
and the Society of Chemical Industry, recently held, 
it had been proposed that another joint meeting 
should be held, during the next session. 


Contact PRESSURES AND STRESSES. 

The paper down for reading at the meeting was 
entitled ‘‘ Contact Pressures and Stresses.” It was 
contributed by Professor E. G. Coker, D.Sc., F.R.S., 
Mr. H. K. Chakko, M.Sc., and Mr. M. 8. Ahmed, 
M.Sc., all of University College, London. This 
paper, of which we commence re-publication in 
the present issue, was read in abstract by Professor 
Coker. 

The President, in opening the discussion, stated 
that the paper was one of the most interesting 
put before the Institution for a long time. The 
coloured photographs shown were excellent; in 
particular one photograph furnished an exceedingly 
good example of additional material weakening 4 
structure. 

Dr. Hele Shaw remarked that any method of 
research which enabled the engineer so to investigate 
problems that he could improve the design of both 
structures and machines was most important; 
but when a method was optical, so that not only 
could the results be accurately measured, but what 
was taking place, especially in stress and strain 
problems, could be actually seen—with the applica- 
tion of increases or diminutions of stress—the value 
became enormously enhanced. In the application 
of the method described in the paper use was made of 
polarised light. The suggestion of the use of 
polarised light was probably rather more than 
one hundred years old. He had that day perused 
the wonderful paper by Sir David Brewster, who 
was the first to give a consistent theory of polarised 
light. Sir David had talked about stresses, and 
had suggested the use of the method for finding 
the stresses in arches. Professor Carus Wilson and 
others had also suggested applications of the method 
of polarised light, in connection with stress deter- 
minations. 

There was a considerable difference between 
suggesting the use of a method and setting to work, 
as Professor Coker has done—combining mathe- 
matical and scientific knowledge with the knowledge 
and experience of an engineer—over a course of 
twelve or thirteen years, and following up an idea 
with a large number of researches. In “ The 
Philosophical Transactions” last year a paper had 
appeared without, which the work under discussion 
could scarcely be regarded as complete. In this 
paper the properties of nitro cellulose had been 
carefully examined. The research showed that 
records obtained by the use of nitro-cellulose were 
not only true within the elastic limit but were also 
true outside that limit, 7.e., when it was strained. 
This result was most important. The engineer 





was now in possession of another valuable method 
of research for stress problems—at present only 
in plane surfaces, but most engineering problems 
were two-dimensioned. It was, to his knowledge, 
the first time that any method had been brought 
forward to investigate contact pressures. 

If they took the case of a loaded beam of length 
I + 2, supported at two points a distance | apart, 
and each point a distance a from the ends, if the 
load were uniform or concentrated in the centre 
the text books taught that the greatest stress would 
be in the middle. It was easy to prove that for a 
uniform load there was a certain position for the 
supports at which all three stresses (at the centre 
and supports) were equal. If a =1(./}— }) it 
was possible to prove mathematically that the 
three stresses were equal. But that was just what 
they were not. Professor Coker had shown that the 
stresses at the points of contact might be anything 
depending on the nature of the contact. Until 
the nature of the contacts had been investigated 
the position of the strongest point of a stressed 
member could not be ascertained. Professors had 
had for many years to be contented with assumptions 
which were erroneous; they had now, however, 
a method by which accurate results could be 
arrived at in regard to contact pressures. 

Referring to Fig. 10 in the paper, the speaker 
was prepared to go further than Professor Coker, 
who had only dealt with the block. He thought 
that to be correct it was necessary to add knowledge 
of the stresses caused by the bending of the support- 
ing plate or beam. It was necessary to investigate 
the local stresses and combine with them the bending 
stresses. He regretted that Professor Dalby was 
not present, as he had devoted many years to the 
testing of specimens, and had drawn attention to 
the fact that extension must be measured. The 
application of the extensometer, as Professor Coker 
had shown, greatly affected the specimen. It was 
for that reason that Professor Dalby invented 
his method by which he avoided marking the 
specimen. 

In witnessing experiments carried out at Pro- 
fessor Coker’s laboratory one was able to see what 
actually happened when working with the celluloid 
block. It was not so easy to realise this from the 
pictures and curves. His own stream-line method 
indicated more exactly what was going on than 
coloured photographs could have done. Contrary 
to the statements of others, he had never used 
stream lines for stress determination. There was 
a resemblance between the two, but not the real 
thing, a fact which indicated the danger of false 
analogies. Stream-lines happened to look some- 
thing like Professor Coker’s curves, but it would be 
scientifically incorrect to compare them. Stream- 
lines could be quite properly used, say, in electrical 
problems. Professor Coker’s method, so far as he 
knew, was the only one to be used in connection 
with stresses and strains. 

Professor L. N. G. Filon, F.R.S., remarked upon 
the agreement between his early mathematical 
results with those obtained by Professor Coker. 
The verification was remarkable. Towards the 
close of the paper, in a comparison between the 
calculated and observed values of the stresses in a 
beam under a vertical concentrated load, Professor 
Coker had referred to discrepancies between theory 
and experiment. The speaker had, in this con- 
nection, been struck by the curious divergence 
from the law of stress according to the particular 
form in which the load was applied. Using a 
60-deg. knife-edge, for example, the series of stresses 
obtained were all smaller than the calculated value 
(Fig. 24), and these stresses were proportionately 
smaller as the distance from the load was greater. 
Again, when using a flat punch discrepancies arose 
(Fig. 27), but if, apparently, the punch had a width 
of about } in., the agreement near the punch itself 
was much better. With a round pin (Fig. 26), the 
agreement also varied considerably with the 
diameter of the pin; but with a diameter of over 
1 in. the agreement was again remarkable, and 
continuous all the way down with the results of 
theory. The shape of the punch might imply a 
serious change in the law of stress, but he did not 
think that was all. Certain differences arose in con- 
nection with that material, which even under loads 
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which apparently were well within the elastic limit, 
showed, after several hours, a considerable amount 
of creep. 

The optical retardation, the effect upon which 
the stress difference » — q was measured, might 
vary in some cases as much as 17 per cent, 
of the whole within 1 hour. The photo-elastic 
property of the material also appeared to be in- 
fluenced by previous treatment, especially if the 
loads had been considerable. He had also found 
creeping to occur with moderate load if left; and 
also that if the specimen were then unloaded and 
allowed to rest for a couple of hours and re-loaded 
it would be found that the stress optical coefficient 
had varied to a certain extent and the effect was 
greater than before. This change might account 
for something like 4 per cent. or 5 per cent. of the 
whole over an interval of measurement of about 
90 minutes. He thought those effects might account 
for some of the minor discrepancies. s 

Much of Professor Coker’s work had been done 
with isochromatic lines, which required for their 
production a very considerable load. Isoclinic 
lines, on the other hand, could be produced with 
extremely small loads, and therefore there was less 
uncertainty in the work. Dr. Hele Shaw had 
referred to the combination of ordinary flexure 
stress with the local stress. In tackling this same 
problem he had, some years ago, used a bar of glass 
of rectangular shape resting on knife-edges, with a 
central load, and projections which enabled him to 
apply a reverse bending moment to the part of 
the bar between the supporting knife-edges. By 
adjusting this reverse bending moment, he could 
vary the ordinary flexure stresses and so obtain 
a null result ; he arranged his adjustment so as to 
cancel the local stresses at a given point. This 
method gave results that confirmed theory to a 
certain extent; there were, however, certain 
discrepancies. 

Mr. C. E. Stromeyer remarked that the stresses 
illustrated in Fig. 7 of the paper appeared to resemble 
the stresses in a bearing. He wondered, therefore, 
whether the results shown could not be improved if 
instead of a rectangular plate a semi-circular disc 
were used inside a circular die, using also a circular 
punch in a semi-circular hole in the top of the plate. 
In this way boundary conditions would be obtained 
both for centre and distance, which should agree 
fairly well with the theoretical semi-circle. The 
normal pressures on the circumference of the disc 
would be proportionate to what happened in a 
bearing. There would be evidently a_ bigger 
pressure on the bottom than at the side. He did 
not know whether that could be reproduced in a 
static object of the kind he had indicated. Not- 
withstanding the value of the author’s experiments, 
he could not see their direct application to practical 
purposes. 

Professor Luigi Luiggi spoke next. He desired, 
in the name of Italian engineers, to express gratitude 
to the authors of the paper. A great sense of 
oppression had been removed by what Professor 
Coker had done and was doing. Insome countries— 
not in England or Italy—engineering was being 
taught as though it were entirely a mathematical 
science, the fact was that it was also a physical 
science—a beautiful physical science. Professor 
Coker, by the physical part of his researches, had 
brought engineering into the proper channel. 
In the first place experiments should be made and 
everything done to arrive at the truth by searching 
into the structure of materials and the best way 
to use them. Theoretical reasoning should not be 
applied until exhaustive experiments had been made. 
By the reverse process it was easily possible to go 
wrong ‘and make assumptions leading away from 
the actual truth. The higher mathematics, like the 
microscope, enabled things to be seen which were 
not visible to the naked eye. But if, as Leonardo da 
Vinci taught, things could be seen by the naked eye, 
it was better to be guided by that organ. The 
principle could be applied to all studies in engineer- 
ing. Galileo, the first experimenter on the resistance 
of materials, also recommended that experiments 
should be made first and that discussion and reason- 
ing upon them should follow. This course was 
opposed to that of the Greeks, who were great 
philosophers before they were experimenters ; 





some people to-day—not English or Italian—too 
much resembled the Greeks. 

Professor Coker, in reply to Dr. Hele-Shaw’s 
point of the stresses in a beam, said he believed 
Professor Filon to be the only man who had tackled 
the question mathematically. He (the speaker) 
had attempted it experimentally. He could not 
say much about it at present owing to its com- 
plicated character. He did not regard the dis- 
crepancies to which Professor Filon had drawn 
attention in relation to Fig. 24 in the paper as grave ; 
possibly they were due to the fact that in using a 
knife-edge the material was indented, with the 
result that correspondence between the theory and 
the actual practice was not obtained. There was 
greater agreement with theory in the case of a flat 
plate of smal] area applied at the sides than in 
the case of the knife-edge, and therein, he thought, 
might lie the solution of the discrepancies. The 
existence of the latter he freely admitted; the 
results were recorded as observed. With regard to 
the use of celluloid, he was aware that the material 
was not perfect ; no material was, From the point 
of view of elastic properties it was certainly not 
ideal to work with. It had, however, proved 
extremely useful. Glass could not be employed 
in these experiments, as the models required could 
not be made of it. He was, of course, quite familiar 
with the fact that there was a creep, and that fact 
had to be recognised. The speaker had always 
used isoclinic lines to as full an extent as he could, 
but Professor Filon and he approached the subject 
from different angles. Professor Filon was. a 
mathematician and physicist, the speaker was an 
engineer. Professor Filon could employ isoclinic 
lines to test his theory, but the speaker could not, 
because he was dealing with a practical problem. 

He felt 'in regard to the question, raised by 
Mr. Stromeyer, of getting over the indentation 
difficulty, that the remedy would prove worse than 
the disease. The contact pressures were likely 
to prove extremely complicated. The application 
of the stream-line method to the determination of 
stresses boiled down to a question of the equation. 
The fundamental equation in hydrodynamics was 
a2x=0 and for stress determination was 
A‘x =0, There were one or two cases, apparently, 
in which one passed into the other. It was therefore, 
generally speaking, impossible for stream-lines to 
give the information required in stress terms. 

The President then announced that the next 
ordinary meeting would take place on Friday, 
April 22, when a paper on “ Gauging ” would be read 
by Sir Richard T, Glazebrook, K.C.B. An informal 
meeting would be held on Friday, April 15, the 
subject to be discussed being “ Ball and Roller 
Bearings: Some Types and Criticisms.” A joint 
meeting of the Faraday Society and several other 
societies would take place on Wednesday, April 6, 
commencing at 2.30 p.m, The discussion would 
be on the ‘“‘ Failure of Metals under Internal or 
Prolonged Stress.” 








NOTES. 
SeMI-SKILLED Setrers-Up. 

The case of Howe against Pilkington Brothers, 
Limited, of St. Helens, Lancashire, which was 
decided by Mr. Justice Acton on March 21 might 
have had serious consequences to engineering 
employers if the plaintiff had succeeded in his 
claim. The plaintiff, who had had no previous 
experience of engineering, entered Messrs. Pilkington 
Brothers’ employment in 1916 in order to do 
munitions work. The company were manu- 
facturing shells by means of female labour, and after 
getting a few weeks’ training the plaintiff was 
employed in supervising the work on about half 
a dozen machines and setting tools for the operators. 
He was paid as a semi-skilled man, and accepted his 
wages without demur during a period of about two 
years, until the work came to an end. In 1920 he 
put forward a claim that he was entitled to the 
rates for fully-skilled labour in terms of an Order 
of January 24, 1917,.made by the Minister of 
Munitions, The Order contained directions as to 
the remuneration of semi-skilled men and unskilled 
men on munitions work of a class which prior to 
the war was customarily undertaken by skilled 





labour, One of the directions was to the effect 
that where semi-skilled or unskilled labour was 
employed on work identical with that customarily 
undertaken by skilled labour the men were to get 
the fully-skilled man’s rates for such work. The 
plaintiff claimed that he had been id to the 
extent of over 170. Mr. Justice Acton held that 
he had failed to prove that the work which he did was 
customarily done prior to'the war by skilled labour, 
and that, on the evidence for the defence, either 
the work of supervision was not done prior to the 
war on the system adopted by Messrs. Pilki . 
in which case the Minister's direction which was 
founded on did not apply, or if it was done on that 
system it was done by semi-skilled men. The 
plaintiff claimed also that he was entitled under the 
Order to be paid 5s. per week over the turner’s rate 
in respect that he had been employed as a setter-up 
of shell-making machines, but his lordship held 
that the plaintiff's work of placing tools in more or 
less automatic machines was not the “‘ setting-up of 
shell-making machines,” and this part of the claim 
failed also, 


WorkKMEN’s CoMPENSATION STATISTICS. 


Sratistios of compensation and of proceedings 
under the Workmen’s Compensation Act and the 
Employers’ Liability Act, which were published 
annually from 1908 to 1914 but had to be suspended 
on account of the war, are now available for 1919. 
Considering only the seven great industrial groups 
included under the headings of mines, quarries, 
railways, factories, docks, constructional work and 
shipping, it appears that in 1919 the number of 
persons coming within the provisions of the Acts 
was 8,359,183, as compared with 7,509,353 in 1913, 
the last complete pre-war year. There has been 
an increase in the number of employees of over 1! 
per cent., but in spite of this the total number of 
cases dealt with has diminished from 480,668 in 
1913 to 368,469 in 1919, and the number of fatal 
accidents has fallen from 3,748 to 3,293 during the 
period. The fatal accidents have thus been reduced 
from 0*5 per thousand employees to.0-+39 per 
thousand, and the total accidents from 64 per 
thousand to 44-1 per thousand, which may be taken 
as a satisfactory indication of the greater attention 
now given to methods of avoiding accidents. The 
total payments for compensation have, however, 
increased from 3,361,650/. in 1913 to 4,616,723. in 
1919, so that the average payment per accident has 
increased from about 71. to about 12]. 10s. If the 
fatal and non-fatal accidents are considered sepa- 
rately it appears that the average payment in fatal 
cases was 2091. in 1919, while in non-fatal cases the 
average payment amounted to 101. 158 The 
corresponding figures for 1913 were 1597. in fatal 
cases and 51, 18s. in non-fatal cases. It may be 
interesting to add that the average compensation 
paid per person employed in the seven industries 
considered amounted to 10s. 6d. for the year 1919 
while the corresponding figure for the mining in- 
dustry alone amounted to 29s, 6d. In dock work 
the compensation per head in 1919 was 20s. 5d., 
while in quarrying, the payments amounted to 
17s. 4d. per head. In the shipping industry the 
payment was 14s. 10d. per head, while in railway 
work and constructional work the payments were 
about the same, being 9s. 5d. and 98, 2d., reapec- 
tively. The payment was lowest in the case of 
factory workers, and amounted to only 78. 3d. per 
head. 


Attoy Srezts ror Larcr Forares. 

The advisability of lessening the weight of 
many heavy engine parts has been a perplexing 
problem to engineers for some years, The necessity 
for cutting down the weight per horse-power in the 
larger power units has always been an important 
incentive leading to improvement in design. The 
debatable question arose, however, in the minds 
of the designers, whether by utilising new materials 
to withstand higher stresses they were not sacri- 
ficing some of the proven reliability of the mild 
steel universally used. To break away from the 
accepted traditions of practice requires a faith 
in science as great of its kind as the faith of 
the religious reformer. In the new resolutions 
of out post-war life, let us take note of that. 
Dr. Aitchison in a paper on “ Alloy Steels for Large 
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Forgings,” which was read before the Staffordshire 
Iron and Steel Institute on March 19, draws attention 
to the types of steels which can be utilised for forg- 
ings where a higher tensile strength is required. 
It is a paper which is written from the metallurgical 
point of view and the absence of detailed practical 
information which would’ appeal to the engineer 
will, we believe, diminish the interest which would 
otherwise be taken by engineers in the cause which 
he advocates. The author points out that even 
in small bars a tensile strength of more than 45 tons 
per square inch is difficult to obtain without heat 
treatment and in large bars it is impossible if the 
necessary toughness is to be retained at the same 
time. In carbon steels in large forgings, the heat 
treatment effect is not so apparent at the centre 
as at the skin of the forging and large differences in 
strength may exist, and he instances amongst others 
a case where the skin strength is 120 tons per square 
inch and the core strength 52 tons per square inch. 
Carbon steels for high strengths are limited for 
such reasons in their application and alloy steels 
have to be used. Figures are given for nickel and 
nickel chrome steels after treatment, though only 
in small bars, the largest size used being only 3 in. 
diameter, which is far removed from the class of 
large forgings. Mention is made of the defects which 
arise in the manufacture of such steels and the 
stresses which may be brought into play when large 
masses of metal cool down after manufacturing 
operations such as forging. In discussing the 
latter it is shown that for a large slab of steel the 
differences in temperature when it is cooling down 
between the outside skin and points in the inside 
are small, and are not likely in themselves to give 
rise to cracking stresses. Attention is drawn also 
to the importance of surface defects and the means 
which are taken during the course of manufacture 
to remove them by the steelmaker. 





Tue Syx Avromatic ExecTro-MEcHANICAL TRAIN 
Controt.—-A demonstration was given recently on the 
North Staffordshire Railway of the ‘“Syx” automatic 
system of train control which has been AE out by 
the W. R. Sykes Interlocking Signal Company, Limited, 
26, Voltaire-road, Clapham, 5.W. 4, This system makes 
use of a ramp, which in the case of the trial equipment 
on the North Staffordshire Railway, is fitted in the centre 
of the track, a tank engine being used for the demon- 
stration. If the distant signal is at “danger,” the 
action is purely mechanical, the plunger controlling the 
adtnission of air to the train pipe and engine brake 
cylinders and sounding a warning whistle. If the road 
is clear the ramp is energised, and electrical means cause 
a bell to ring in the cab, and to hold the brakes off. 
A re-setting valve is provided in the cab, which, however, 
if the driver fastens down permanently in order to cut 
the apparatus out, admits steam automatically to the 
steam brake, thus preventing the driver from proceeding. 
No batteries are used on the engine in this apparatus, 
the ramp only being connected with a 30-volt battery 
cut in and out by a contact controlled by the signal arm. 


Launcn or New Cunarper “ Antronta.’’—The t- 
war programme of the Cunard Company iéiiagileed the 
construction of 13 new vessels, of which the fifth was 
successfully launched on March 11 last from the yard 
of Messrs. Vickers, Limited, Barrow-in-Furness, who 
were entrusted with the order for three of the vessels. 
The ship in question, the Antonia, is the second of the 
programme to be launched by Mesars. Vickers, and is 
the first of six of her type, which will carry only cabin 
and second-class passengers. Her dimensions are as 
follows: Length overall, 538 ft.; beam, 65 ft.; depth, 
43 ft:; gross tonnage, 15,000; speed, 15 knots. She 
has accommodation for 510 cabin, and 1,178 third-class 
een Like all the new Cunarders the Antonia 
urns oil fuel, The propelling machinery consists of 
Parsons type steam turbines driving twin screws through 
double-reduction gearing. The turbines are designed for 
su steam at a pressure of 220 Ib. per square inch. 
The high-pressure turbine runs at 3,190 r.p.m. and the 
low-pressure at 2,170 r.p.m, Collectively. the turbines 
develop 8,500 h.p. and drive thy pellers, which are 
18 ft. in diameter, at 90 r.p.m. Each of the condensers 
has a surface of 4,250 sq. ft. The auxiliary machinery 
includes turbine-driven centrifugal circulating pumps, 
and turbo water extraction pumps. Steam is supplied 
two double-ended Hindrical oiters, 17 ft. 6 in. in 
diameter by 22 ft, 6 in. long, and two single-ended boilers 
of the same diameter, but 11 ft. 6 in. long, the aggregate 
heating surface being 19,900 sq. ft. The boilers burn 
oil on the White low-pressure system, with Howden’s 
forced draught. Robinson's smoke-tube superheaters 
sepply steam with a superheat of 200 deg. F. at the 
inlet of the high-pressure turbines. It may be mentioned 
that the Cunard fleet to-day consists of 22 vessels with a 
total tonnage of 228,468. Twelve liners ting 
214,200 ‘tons are due for delivery before the next 
year, at which date the company will control 1,018,374 tons 
of shipping, including the vessels of the associated lines. 





THE DEVASTATION OF FRANCE. 


THE question of the systematic destruction by 
the Germans of the coal mines, textile works, rail- 
ways, roads and canals situated in Northern France, 
formed the subject of a meeting of the Société des 
Ingénieurs Civils de France, held in the hall of that 
Institution in Paris, last Monday, the 21st inst. 
The meeting was presided over by Mr. A. Millerand, 
President of the Republic. In introducing M. 
Millerand, Mr. L. Chagnaud, the President of the 
Institution, called attention to the fact that this 
body during the seventy-three years of its existence, 
had never ceased to devote all its activities to the 
furthering of the industries of the nation and to the 
development of its natural resources. Owing, how- 
ever to the action of the enemy the work of repara- 
tion now before the nation was one of extraordinary 
magnitude. “The engineers forming the Institution 
had already contributed a large quota to this work, 
being anxious to contribute all the energy at their 
command. In their various fields and branches of 
industry their relations with the men under their 
charge had always been characterised by kindness, 
fairness and justice, and in order to succeed more 
easily in their task they asked for freedom of action 
on the part of Government. He assured the 
President of the goodwill of the Institution for 
solving all the manifold problems with which the 
nation was confronted; those concerning the 
liberated regions of Northern France were the most 
urgent at the present moment ; but the Institution 
was fully alive also to the greater development of the 
hydraulic resources of the country, the improve- 
ment of agriculture by mechanical means, and the 
fostering of the use of industrial alcohol to replace 
the mineral liquid fuel now being imported. 

The first speaker was Mr. P. Guerre, who dealt 
with the destruction of coal mines and the work of 
reconstruction so far carried out. The destruction 
may be summarised by quoting the following figures 
which apply exclusively to coal mines. Damage to 
surface works: houses completely destroyed, 
18,000 ; houses partly destroyed, 12,000; railway 
tracks destroyed, 800 km.; power capacity des-, 
troyed, 380,000 h.p. Damage to underground 
works: number of pit shafts dynamited, 140; 
volume of water to be drained, 110,000,000 cubic 
metres ; underground galleries to be rebuilt, 2,800 
km. Mr. Guerre then dealt more particularly with 
the Courriéres coal mines, and pointed out that in 
April, 1917, after Vimy, these mines were relatively 
near the front, and a large zone was devastated by 
gunfire. Nevertheless the major part of the 
colliery could have remained practically intact. 
The enemy, however, soon commenced intentional 
destruction, both of the surface and underground 
installations, and in this he achieved results beyond 
allimagination. The work of destruction invariably 
bore upon the vital part of the structure, of boilers 
and engines, and it was always carried out according 
to precise written instructions, an example of which, 
found in one of the numerous cases of explosives 
and detonators left on the spot, was exhibited at the 
meeting. When the district was freed of the enemy. 
the engineers—those of the Courriéres collieries in 
this particular instance—took in hand immediately 
the making good of the damage caused to their 
property. An idea of the work with which they 
were faced is afforded by the fact that at the spot 
formerly occupied by the shaft No. 9 there remained 
a crater having a diameter of about 40 m., in which 
there lay pell-mell the pit head gear, engines, cages, 
&e. 

The mine shafts in the Courriéres district 
reach the coal-bearing strata after running down 
through a water-bearing zone, which is separated 
from the former by a layer, more or less thick, 
of clay, which is impervious to water. Over the 
whole height of the said zone the shaft has a con- 
tinuous lining built of wood or iron plating. A 
fracture in this lining endangers the life of the shaft. 
If the repairs to the lining cannot be carried out 
rapidly, and if the water inrush is large—and such 
was the case of the devastated pits which all com- 
municated one with the other—it is useless to resort 
to pumping if the water inlet be not reduced or 
suppressed completely by cementing the shaft at 


formation. Now, when the shaft No. 9 was first 
sunk a water inrush of over 52,000 cub. metres per 
24 hours had to be faced. Under these conditions 
and considering the work to be undertaken in order 
to make the shaft No. 9 good again, the question of 
fully mastering the inrush of water in time was sur- 
rounded with innumerable complications. The en- 
gineers, however, calculated that a few weeks would 
elapse before their mine filled completely with water 
—a volume of 25,000,000 cub. metres being neces- 
sary for this—and they rapidly decided to patch up 
temporarily the lining of all their other shafts before 
complete flooding occurred, and then to commence 
draining immediately after repairing the greatly 
damaged shaft No. 9, where great water risks were 
to be expected. After overcoming all kinds of 
difficulties caused by the mass of débris and the use 
of crude appliances, the only ones then avail- 
able, it was possible to stop the water inlets at all 
the other- shafts before the underground water had 
reached up to their level. By this means, instead 
of having to cement a total of seventeen shafts, the 
engineers had only to cement one, namely, No. 9, 
and this latter work deserves to be placed on record. 

After removal of the major part of the débris 
from the crater this was filled in with earth. 
Then forty-eight holes were bored and filled with 
liquid cement, the cylindrical columns thus formed 
coalescing and constituting an impervious cylinder 
round the shaft and insuring the cohesion of the mate- 
rial through which the shaft had to penetrate. The 
work was commenced in August, 1919, and was com- 
pleted in April, 1920 ; it required about 4,000 tons of 
cement. The sinking of the lining itself was com- 
menced on May 3, 1920, and on October 17 following 
it met the lower existing portion of the shaft. The 
lining consisted of annular sections of iron plating 
built one on top of the other gradually as they were 
allowed to sink in position. The lining being thus 
completed at shaft No. 9, pumping commenced and is 
being proceeded with. There are eight electrically- 
driven 550 h.p. pumps having a lift of 350 m. 
and a monthly capacity of 1,200,000 cub. metres. 

It is thought that the greater part of the levels 
of the Courriéres Company’s collieries will be practic- 
ally free of water in the course of the present year. 
Pumping is proceeding simultaneously at the other 
shafts belonging to the company, the installations, 
like that at the shaft No. 9, being only provisional 
and consisting of electrically-driven pumps. At 
the same time the engineers in charge at Courriéres 
took in hand the construction of workmen’s dwel- 
lings, and notwithstanding the difficulties of all 
kinds they encountered, difficulties which seemed 
almost past solving from the views exhibited, there 
were available on the Ist inst., 2,015 dwellings. 
At the same date 620 were in course of construction 
and 2,165 will be completed at the end of the 
present year, a total of 4,800, as compared with 
5,893 which existed in July, 1914. 

The company commenced to win coal afresh as 
soon as this became possible. Last month the out- 
put was 650 tons per day. The average for the 
present month will reach 1,000 tons per day, and it 
is hoped to reach 3,000 tons per day before the end 
of the present year. These are exceedingly low 
figures compared with the company’s pre-war out- 
put, but they afford proof of the enterprise 
of the company’s engineers. In this connection 
the fact should not be lost sight of that all the 
collieries in the liberated region of France require 
to be equipped afresh with the whole of the surface 
plant in every detail and every separate level and 
gallery has to be practically rebuilt entirely. The 
provisional draining plant, for example, may suffice 
for a time; its power is only limited and it will 
have to be replaced by regular mining pumps as 
soon as the coal output approaches more closely to 
the pre-war normal figure. In order to facilitate 
matters and to expedite delivery every mining 
company has endeavoured, as far as was practicable. 
to adopt standardised types of engines. Most of 
the companies are to put down electrically-driven 
machinery, and propose to generate their own 
current. These brief remarks show that from the 
technical standpoint the problem is being dealt 
with successfully. But other problems have to be 
faced. Funds have to be found, and the colliery 
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companies are going to start loans. The labour 
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problem remains a most difficult one, both in regard 
to the number of men and their individual output. 
As compared with the individual output of 1913, 
that of the present year is 27-3 per cent. less. In 
order to reach their pre-war output the collieries 
will have to employ many more hands than in the 
commencement of 1914 when the number was 
130,700; in order, therefore, to make up for the 
decrease in individual output it will be necessary 
to employ a further 35,000 at least, and all these 
extra men and their families will have to be housed. 
These various considerations and the work still 
to be carried out make it unlikely that the coal 
output of Northern France can approach near the 
pre-war figure before the year 1925, 

The next speaker was Mr. P. Marriage, President 
of the Federation of Master Spinners of the Fourmies 
district, who dealt with the same problems as 
covering the textile industries of Northern France. 
The importance of those industries can be gathered 
from the following ‘figures. Immediately the 
Germans occupied the northern departments of 
France, not a single wool-combing machine was 
left throughout the country; there remained 
in activity throughout the land only 160,000 
combed wool spindles out of 2,400,000; only half 
the total of 700,000 carded wool spindles; only 
about 11,000 weaving looms out of 55,000. The 
installations at Rheims were destroyed by gunfire. 
Those at Roubaix-Tourcoing were damaged in the 
German hunt for copper, and in various other ways. 
The Fourmies district remained practically the 
whole time away from actual fighting range and did 
not suffer from gunfire, but this notwithstanding 
the destruction by hammer, pick, dynamite and fire 
was complete, the Fourmies woollen plants having 
always proved most serious competitors of those 
of Germany. The enemy reached the district 
on August 26, 1914, and left it on November 9, 
1918. When they arrived there were 75 textile 
works in full activity; they destroyed all except 
five combed wool spinning plants, one carded wool 
spinning plant and one combing plant. The steam 
engines were broken or otherwise damaged; the 
boilers removed and rendered unserviceable, the 
safes were broken into and all records of manu- 
facture, samples, reference data, representing thirty 
years of activity, removed to Germany. LEighty- 
eight per cent. of the spindles and the whole of the 
weaving machinery were destroyed. This applies 
only to the Fourmies district, and the German action 
in that district meant the destruction of over 
one-third of the spinning capacity and over one- 
fourth of the weaving capacity of all France. It is 
satisfactory to note that the engineers in charge 
are working actively at the reconstruction of their 
plant, but the machinery and spindles remain as 
yet very much below the pre-war figure, owing to 
numerous difficulties caused by lack of material 
of all kinds and lack of coal. No less satisfactory is 
the fact that the spinners and weavers are working 
heart and soul as navvies and: builders until they 
are able to resume their pre-war trades. 

The last subject dealt with had reference to the 
destruction and the process of reconstruction of 
the means of transport in the invaded regions, and 
was dealt with by Mr. A. Moutier, of the North of 
France Railways. Mr. Moutier called the attention 
of the meeting to various statements appearing in the 
German press, according to which the energy and 
rapidity with which France was making good 
German vandalism was being used as an excuse for 
minimising the extent of the reparation due by 
Germany. Besides several thousands of miles of 
ordinary track-work destroyed on both the North 
and East France Railway Companies, the bridges 
destroyed—both masonry and steel—numbered 
over 1,100, there being hundreds of stations and 
other plant to be completely rebuilt. In this con- 
nection also, reconstruction is proceeding apace, 
as far as lack of material and lack of labour will 
allow; it may even be said that several bridges 
have been built in record time to replace those 
destroyed. 

Mr. Millerand thanked the Institution for having 
invited him to preside at the meeting and thankea 
also the three speakers for the most interesting data 
which they had given of the work of reconstruction 
in three branches of the nation’s industries. He 





took the opportunity of congratulating the popu- 
lation of the devastated districts of the country 
upon the courage and the abnegation they were 
showing in the work of reconstruction. Their 
courage and abnegation were indeed above all 


praise. The nation as a whole, besides aiding in the 


work of reconstruction had another duty. They 
owed it to those who had lost their life in the war and 
they owed it also to the living and to the coming 
generations to exact from the debtor the integral 
reimbursement of his debt. This was purely and 
simply a legitimate demand. The devastation 
committed by the enemy did not proceed from the 
actual conduct of the war, but formed the result 
of an economic system on the part of the enemy 
to ruin a competitor, a trade rival. The debtor 
will be made to pay the debt he owes. But France 
was not waiting for the payments which were due 
to her to reconstruct her devastated regions; she 
was carrying out that work bravely, and by so 
continuing, employers and employees remaining in 
accord, the country would build up its economics 
as it had reconstituted its military grandeur. 
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Pithead and Factory Baths. By Epvcar L. CHAPPELL 
and I, A. Lovat-Fraser. With Introductions by 
Rost. Sminiue and Frank Hopaes, of the Miners’ 
Federation of Great Britain, and D. LLevrer Tomas, 
Welsh Housing and Development Association, Cardiff, 
1920. [Price 2s. net.] 


Tae authors of this little brochure are engaged in 
forcing an open door. Differences of opinion may 
be entertained regarding the best manner of pro- 
viding, managing and using, pithead baths and 
connected sanitary arrangements, but that the 
miners should have the means of ridding themselves 
quickly and completely of the industrial dirt in- 
separable from their labour is so reasonable ao 
proposal, that it will receive a wide assent. Un- 
expectedly, the only grave objection comes from 
the miners themselves, who exhibit an indifference, 
if not hostility, to the measures proposed in their 
own interest. Large numbers of the miners object 
to being compelled to wash and change at the 
collieries, and in face of the opposition offered, the 
authors plead that if one-third of the men can be 
persuaded to vote in favour of a system of which 
they have no experience, the result may be regarded 
as encouraging. They further urge that at parti- 
cular mines where installations have been provided 
before any demand for such conveniences rose, the 
men have realised their advantages and made good 
use of them. Nevertheless, evidence which was 
given before the Royal.Commission on Mines in 
1908, showed in one case that where baths had been 
erected for the men they were used only while they 
were a novelty, and soon fellinto disuse. In another 
district, a warm plunge bath was opened, but it 
ceased to be used to any considerable extent, and 
later the bath was filled in and the building used 
as an engine-house. The authors feel the necessity 
of convincing the workers of the good effects that 
would follow from daily baths after work, and urge 
the work of propaganda for this object. An 
educational campaign is necessary among those 
most interested, and the Welsh Housing and 
Development Association exhibits very praise- 
worthy energy and enthusiasm in inducing the 
miners, and especially their wives, to take a more 
rational view of this desirable work of sanitation. 
The movement to popularise the provision and 
use of pithead baths is based on the. following 
considerations, so self-evident that it is not neces- 
sary to recapitulate the arguments, which rest on 
the general conditions of the miners’ life and sur- 
roundings. First, to improve the health and 
comfort and to add to the moral purity of the 
miner and his family: secondly, to increase the 
miner’s efficiency and effect economies in the 
working of the mines ; lastly, to add to the miner’s 
self-respect and improve his status in the eyes 
of the general public. These conditions effect the 
miner and his life, it may also be that the 
general public would benefit from the 
cleanliness and the freedom of dirt and grime in 
tramcars and trains and all places which miners 
frequent. We would urge but one consideration : 





coal-mining is not the only industry in which the 
workman collects about himself and his clothes an 
inconvenient amount of objectionable dust. The 
dock labourer, working in coal bunkers, the retort 
fillers in gas works, the chimney cleaner in his 
daily employment, and those engaged in many 
other trades are entitled to the same facilities that 
the miner is disposed to neglect. It is true that 
a blacksmith is mentioned with commendation for 
recognising the need of supplying baths for his 
workpeople, but there is no general attempt to 
extend the advantages of comfort, cleanliness and 
decency to other classes than the coal, or possibly 
the metalliferous, miner, though these latter may 
be regarded as provided for in the Metalliferous 
Mines Regulation Act, 1892, and the Report of the 
Royal Commission in 1914. Still if the argument 
that requires an industry to provide baths and 
accommodation in a special instance is sound and 
warranted, it is difficult to see why the generous 
efforts of these philanthropists are limited to one 
special class. We fail to see why the miner is to be 
petted and coddled into adopting a regimen, entirely 
designed for his welfare, or why the coal owner is 
to be specially taxed to the extent of many millions, 
while no similar pecuniary assistance is tendered 
or suggested for other operatives. 

We may be quite sure that the authors have 
studiously abstained from anything approaching 
exaggeration, and that the pictures presented are 
typical instances and are not sensationally coloured, 
They show us the bathing and washing arrange- 
ments in a five-roomed house, which accommodates 
a family of a man and his wife, five children, two of 
whom may be regarded as adults, and a male lodger. 
All water for bathing purposes has to be heated 
in boilers on the kitchen fire, entailing much hard 
work on the females of the household, who for 
2 hours after the men return from their work are 
kept busy, boiling water, clearing up, and drying 
clothes. “Sometimes the meal precedes the bath : 
sometimes it follows. Sometimes one man baths 
while the others eat. The bath is taken in the 
kitchen, on the hearth, in front of the fire. The 
man divests himself of all his garments and washes 
himself in a galvanised iron pan, while the family 
sit around or busy themselves with their ordinary 
domestic duties. Sometimes the wife or daughter 
assist the menfolk by scrubbing their backs. Not 
infrequently the family circle is enlarged by the 
addition of a visiting dressmaker, or of male or 
female neighbours making a friendly call.” 

This account, which might have been taken from 
the pages of Zola, is not edifying, and yet it cannot 
be said that the worst is told. Thousands of houses 
are not supplied with cold water, and inmates have 
to fetch the whole household supply from outside 
taps or standpipes, and the nearest source may be 
“hundreds of yards’’ from the dwelling. Such 
cautious writers as the authors would not use such 
an expression for a distance of probably less than 
400 yards, or a quarter of a mile, that is half a mile 
in going and returning. A gallon of water weighs 
10 Ib., and as 6} gallons are required to fill up a 
cubic foot a gallon does not go very far in bathing 
or, indeed, in any household purpose. To complete 
the picture, it must be remembered that the water 
carrier in a journey of some hundreds of yards 
would have to pass some 100 or 150 houses, all 
unsupplied with water. As a consequence the 
standpipe has to furnish a supply for five or six 
hundred people, and the loss of time must be con- 
siderable. An appeal might very well be made to 
the building authorities controlling the erection 
of house property, to take steps to remove such a 
scandal. Another danger of this house bathing, 
which is not grasped so thoroughly as it should 
be by those who are more fortunately situated, is 
the risk of children being scalded to death or drowned 
in the baths prepared for the worker. The testi- 
mony of a Welsh coroner is striking and conclusive : 
he writes: “ Every winter I hold more inquests 
on miners’ children who die from scalds or burns, 
than I do on miners, who are killed underground.” 

Among the objects to be secured by the establish- 
ment of pithead baths, is claimed the increase to 
the miners’ self-respect, that would be secured 
by their provision and regular use. It isto. be 
hoped this laudable object will be achieved, but 
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realisation would be more probable, if the miner 
showed his appreciation of the scheme, made some 
effort to encourage the project, and was willing to 
submit to some sacrifice to meet the running 
expenses by contributing to the cost of maintenance. 
The authors think it necessary to urge as an induce- 
ment to the men to accept the proffered benefit 
of the baths, that the money saved in coal at home 
would probably be much greater than the amount 
paid for the use of the baths. To be bribed into the 
use of this advantageous arrangement, and to 
accept as a charity at the hands of his employer 
what he can well afford to pay for, does not seem 
precisely the means for improving the status of a 
self-respecting workman in the eyes of the general 
public. Some of the South Wales miners seem to 
have been actuated by a keener sense of inde- 
pendence, and have considered the possibility of 
providing bathing facilities, unassisted by legis- 
lative action. But the authors admit that such a 
proposal is not likely to have any satisfactory 
result, unless the owners are prepared to assume 
all financial responsibility. The framers of the 
Government Coal Mines Bill, 1911, apparently 
felt the necessity of encouraging the cause of in- 
dependence, by making the miners contribute 
towards the expenses, and Clause 77 of the Bill, 
as originally drafted, provided that while sufficient 
and suitable accommodation for taking baths and 
drying clothes should be erected at all mines under 
the control of a manager, the use should be obli- 
gatory on every man employed underground in the 
mine “and every such person shall be liable to 
contribute the sum of ld. per week towards the 
expenses of maintenance.” This clause was deleted 
- by the action of the miners, who objected to com- 
pulsion. The section was amended to read that the 
owner shall not be compelled to provide the baths, 
if the estimated costs of maintenancp exceed 3d. 
per week per man. The authors submit that the 
allowance of 3d. was too low at the time of the 
proposal, and that since the war such a meagre sum 
would prove lamentably inadequate. They are 
right, for the estimated cost is considerable, and some 
courage is required to face the total. The facts 
furnished are valuable and illuminating. In 1913, 
estimates were obtained for the provision of a bath- 
ing establishment, sufficient to accommodate 500 
men, on effective but modest lines, modelled on the 
plans which had proved satisfactory at Lens 
(France). The building, completely finished and 
including heating arrangements, was estimated to 
cost 3,5002. It is not possible to quote a price 
under present conditions, but it is only reasonable 
to estimate as the authors suggest, that the 3,5001. 
would be swollen to 10,000/., or 201. per head. 
Since provision has to be made for about 1,000,000 
workmen, the industry is faced with a capital 
expenditure of 20,000,000/, Naturally, the annual 
cdst of maintenance is a substantial item. It 
amounts to 1,600/. a year in the scheme already 
referred to. In the opinion of the writers, this 
would be the minimum cost of running an 
installation for 500 men; in other words, a sum 
of 15d. per week, per man, is required. This clearly 
demonstrates the inadequacy of the 3d. a week 
contemplated in Section 77 of the Coal Mines 
Act, 1911. .An analysis of the items charged for— 
water, heating by waste steam, soap and towels— 
shows that the cost of these necessaries is rather less 
than 5d. per week, per man. This is the sum the 
man would have to spend in his own home. We 
have not increased it by the charge made for 
attendants engaged to wash the towels, because 
it may be argued that the workman has the services 
of his wife and daughters gratis. The miner 
sacrifices nothing, but he gains 5d. a week, as 
distinctly as if it were added to his wages. There 
is no necessity to labour this point. 

On the other hand, if the coal owner provides 
this additional accommodation he would reimburse 
himself by increasing the price of coal. Accepting 
the authors’ figures, a colliery employing 500 men 
might be expected to produce 125,000 tons annually, 
and since the cost is i 


i 
! 





of the authors is, that though this seems a very large 
amount “it is t com with the increased 
health, comfort and happiness which it will provide 
for the miners and especially for their families.” 
Perhaps it would be well if this expenditure were 
delayed till the finances of the nation become 
normal. Then the whole country could enjoy 
the satisfaction of having added to the amenities 
‘of the miner’s lite, of “‘ increasing his self-respect and 
of improving his status in the eyes of the general 
public.” 





Studies in Elementary Physics : 
Sor the Wireless Student and Amat 
A.M.1.E.E. London : 
1920. [Price 5s.]} 

DovstiEss it would be of advantage to an 

earnest student of wireless telegraphy, or any other 

branch of physical science, if he could find some 
work that would smooth out the difficulties at the 
beginning of his studies, and facilitate his subsequent 

. In furtherance of such an object, the 
author has undertaken the onerous task of providing 

a work that shall give an elementary explanation 

of those parts of physics, which are likely to be 

most useful to a student of radiotelegraphy, but we 
doubt if he has been altogether successful. At 

a somewhat early stage in the study of wireless 

telegraphy one is likely to come across the term 

impedance, but nothing in the book explains 
what is meant by “impedance.” It may be sug- 
gested that the omission is rather a mathetha- 
tical, than a physical, one, and more than once 

Mr. Blake reminds his pupil, that a happy issue 

from his difficulties is by a more thorough study of 

mathematics. One may, however, take such a 

term as resonance, which plays a part in the 

formation of articulate sounds, and comes pro- 
minently into play in telephonic apparatus. Some 
information, therefore, is needed about “ reson- 
ance,” but the author vouchsafes none. Un- 
doubtedly, he found that the task of selection 
presented great difficulties and he has our sincerest 
sympathies. With a sigh of regret, he admits that 
reference to many subjects has been omitted, and he 
apologises for having excluded optics from the list of 

subjects, a “‘ knowledge of which is essential to a 

fuller study of ‘ wireless’ theory ’’ ; but if something 

must be left out, surely it is better to abandon 
optics than to neglect any of the subjects which 
were finally chosen. 

Having glanced at the omissions, we may say a 
word on those topics which are considered to be 
of special utility to the student of raidotelegraphy. 
We find several pages devoted to valency, but from 
either a technical or a theoretical point of view, 
it is difficult to see what a. student of wireless gains 
by this knowledge of the theory of valency. We 
fail to see in what respect a student of “ wireless ”’ 
has improved his position over one who is denied 
this privilege. Doubtless every one is better 
equipped for knowing something of the elements 
of chemistry, if that ‘‘ something’? is sound and 
thorough as far as it goes, but we cannot see why 
a student of radiotelegraphy is selected as a special 
recipient for this information or is handicapped by 
his want ofit. Similarly the behaviour of ions in an 
atom is very hypothetical, though eminently sugges- 
tive, and it is quite possible to have an admirable 
and consistent theory of radiotelegraphy without 
any reference to such recondite matters. 

But we have grumbled at what we consider both 
faults of omission and of commission, and it is right 
that something should be said of the merits of 
the book. The student will find the subjects, 
whether he wants them or not, lucidly and effectively 
treated. Such subjects as dimensional units are 
well explained and illustrated, and definitions are 
usually exact and well expressed. Definitions in 
physics are very difficult, and doubtless it would 
be possible to find lapses under such headings as 
o“ foree,”’ “ energy,” “ work,” if hypercritically 
disposed, but for practical purposes and considering 
the state of knowledge of those addressed, the 
language and style are not only correct and satis- 
factory, but better adapted than they would be if 


A Handbook 
. By E. Buaxs, 
The Wireless Press, Limited. 





.| more elaborated. Harmonic and wave motion are 
| fairly within the scope of such a work and are 
i treated 


. “Stress, strain and elas- 
ticity” is the title of a chapter that has many good 





points, but when we come to “atoms and mole- 
cules” the usefulness is not so apparent, and the 
treatment is necessarilyinadequate. The impression 
gained from reading the book is that the author is 
a careful, conscientious teacher, and we can imagine 
that in a lecture class, his pupils would be given 
very clear ideas, enlivened with appropriate 
illustrations, and induced to penetrate deeper into 
the mysteries of science. 
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Tue ConcreTe Instrrute.—The Concrete Institute 
has the following fixtures for the forthcoming 
International Building Trades Exhibition at Olympia: 
On Wednesday, April 13, an official visit will be made 
at 1.45 p.m. Parties of members will be conducted 
round exhibition under the direction of Mr. 
A. Alban H. Scott. Arrangements have also been made 
for Mr. H. Kempton m to give a lecture at 4.30 
p.m. on “ Building in Concrete.” It is intended also 
to have a luncheon at the exhibition on Tuesday, 
April 19, at 1.30 p.m., price of tickets 6s. each. The 
Right Hon. Christopher Addison, M.P., and Mr. G. 
Topham Forrest, F.R.I.B.A., Hon, M.C.I. (superintending 
architect of metropolitan buildings) will be the chief 
— —_ the somig eg we A. See. H. — 

.C.1., will speak w su t “ Building Bye- 
Laws and Regulations,” Season tickets for the exhibi- 
tion can be obtained, upon application, from the rare 4 
of the Concrete Institute, Denison House, 296, Va ] 
Bridge-road, London, 8.W. 1. 
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MECHANICAL GEARS, OF DOUBLE REDUC- 
TION, FOR MERCHANT SHIPS.* 


By Mr. R. J. Watxer, C.B.E., Member of Council, and 
Mr. 8. 8. Coox, B.A., Member. 

At the Spring Meetings of this Institution last year 
a a was read by Engineer-Commander Tostevin on 
‘**Experience and Practice in Mechanical Reduction 

in Warships.” Commander Tostevin in his 
— dealt very fully with the development of gearing 
rom its inception, and the precautions necessary to 

the ful running of these gears. It is the 
intention of the authors in the present paper to confine 
their remarks to the application of mechanical gearing 
to merchant ships, with particular reference to double 
reduction. Up till the outbreak of war a total of over 
260,000 h.p. of geared turbines for merchant service was 
built and under construction with single reduction gears. 
The further adoption of geared turbines in the mer- 
cantile marine, so far as this country was concerned, was 
considerably retarded during the war, due to the fact 
that all the usual builders of marine turbines were fully 
occupied in the manufacture of geared turbines for 
war vessels, which limited the number of such engines 
that could be built for commercial purposes, 

It is only within the last three or four years that the 
further development in gearing represented by the 
adoption of double reduction instead of single reduction 
took place in this country. The advantage of double 
reduction gearing is that it permits of larger ratios 





os inch to increase only as the square root of 
i . This empirical rule takes into account 
width of line of contact on the assumption of a constan’ 
limit to the thickness of the effective ion of oil 
film. It is a more conservative view has been 
taken by some makers, who allow the load per inch to 
increase directly with the diameter of pinion. For 
pinions less than 10 in. diameter the load is taken pro- 
portionately to the diameter of the pinion. The following 
figures represent the general average practice for service 
conditions in merchant ships. For pinions less than 
10 in. and with the normal depth of tooth, the value of 


the constant os lies between 60 and 75; for pinions 


as 


above 10 in. diameter the value of the constant P//d 
lies beg 180 and 220, unless lower values are specially 
uested. 

n view of the troubles which occurred in the initial 
stages referred to previously, some shipowners had 
expressed a desire, in connection with new work, for a 
further margin of safety on past practice until more 
extended experience in actual service had been obtained. 

As the result of further extended experience in service 
and theoretical investigations, there is nothing to show 
that considerably higher loads could not be adopted 
than are represented by the above figures. Several 
vessels with double reduction gearing are now in service 
giving very satisfactory results. The ss. Somerset 
has been in service for over two years, the ss. San Floren- 
tino and ss. San Fernando over 18 months, and three of 





between revolutions of turbines and propellers without 
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the ‘“‘N 1” class standard ships—the Danier, Andalusia, 


Fig.1. VARIATION OF TORQUE,"SAN FERNANDO” 


wrtlopy / (io /_% 
SES e tie << eS 
a OK . ai fs i 


Y 
| | 


of 


0° 10° 20° 30° 40° 50° 60° 90°80" 90° 70° 150° 
(6770 4) 4 L Pos t . of 


excessive size of gear-wheel, so that even in very slow 
speed vessels the turbines and the propellers may each 
be designed to run at the speed of maximum efficiency. 

During the war and since the signing of the armistice 
about 750 ships, representing a total horse-power of 
over 2,000,000 have m constructed in America alone, 
fitted with double reduction gearing, and in Great 
Britain and other countries the number of ships built and 
under construction is about 220, representing a total of 
about 1,150,000 h.p. 

In the initial stages of the development and applica- 
tion of double-reduction in this country certain 
troubles were experienced. In a few cases excessive 
wear of the teeth was found to have taken place either 
just after the full power trial or very early in the life of 
the vessel. This caused a certain amount of anxiety in 
the minds of some shipowners and engineers, and the 
position was somewhat aggravated by the fact that 
several double-reduction gears in American ships had 
not come up to expectations. Many theories were 
advanced as to the probable cause of the troubles referred 
to, amongst others the following: Too high a tooth- 
pressure as compared with single-reduction ; defective 
material ; inferior lubrication; and faulty workmanship 
in regard to cutting and alignment. As regards the first 
of these, there is no doubt that there was a very stro 
impression abroad that the tooth pressures adop 
with double-reduction gears were too high—that is, 
compared with single-reduction There was, 
however, no evidence to justify the conclusion that the 
— adopted with double-reduction gears were 
tigher than successful practice with single-reduction 
would warrant. When comparing the proportions of 
gears a common use of the term “ pressure per lineal 
inch of tooth surface ” had been made by some engineers. 
Such a basis of comparsion by itself had no real value. 
The load per inch of face should be ju in its relation 
to the diameter of the pinion employed. Generally 
speaking, with conditions similar in other respects and 
with gears of the same ratio, the load per inch of face 
could be made to increase with the diameter of the 
pinion because of the difference in curvature of tooth 
surface. The radius of curvature of the surface of the 
teeth is practically in proportion to the diameter of the 
pinion. For large pinions above 10 in. diameter the 
practice of the Parsons Company is to allow the load 





* Pa read before the Institution of Naval Archi- 
tects, March 17, 1921. 
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The following particulars respecting double-reduction 
gearing installed in a rolling mill at Calderbank, which 
been in constant operation for ten years may be of 
interest: Power transmitted, 750 h.p.; revolutions 
reduced from 2,000 for the turbines to 70 for the main 
wheel ; load per inch of axial face, 1,150 lb. ; diameter of 
pinion, 14-9 in. ; and constant P/./d = 298. 

The only cases of trouble in double-reduction gears, 
with which the authors have been directly associated, 
arose in connection with two oil-carrying vessels, the 
San Florentino and San Fernando, in which the machinery 
is placed right aft. After the trials of the latter, indica- 
tions were observed of excessive pressure at definite 
angular positions around the gear wheel. In these cases 
a condition had apparently arisen due to the 
variation in the propeller resistance as the blades cut 
through different parts of the wake, and the irregular 
tooth-pressure which this caused was aggravated by the 
fact that at the full normal working speed the a 
the blades passing the stern-post nearly = i 
with the period of the torsional vibration of propeller 
and shaft in relation to the gear, thus greatly augmenting 
the pressure on the main r wheel at certain i 
on the periphery. The frequency of torsi oscilla- 
tion was estimated to be about 280 per minute, corre- 
sponding in the case of a four-bladed —— to 
70 r.p.m. The actual revolutions during the full speed 
trial were 65 to 67. This question of synchronism is 
dealt with more fully later in the J 

i ite were taken in hand by Mr. Laing, of the 
Wallsend Slipway Company, in conjunction with the 
Parsons Company, in order to investigate the exceptional 


Sloe. The cbvicen somety appeal te. be ts bear 
i obvious rem to to 
away from this critical riod, end in the case of the ss. 
San Florentino a three-b propeller was fitted instead 
of the existing four-bladed one, and this had the effect 
of diminishing the frequency of the blades passing the 
stern-post by about per cent. Concurrently new 
rims were fitted to the secondary gear-wheels cut with a 
r tooth, so as to obtain increased tooth surface. 
It is understood that the gearing in this shin, after running 
30,000 miles, is in splendid condition, 

In the San Fernando temporary measures only were 
taken to obviate the synchronism to which the authors 
have alluded, by increasing the pitch of the propeller 
blades from 18 ft. 6 in. to 20 ft, 6 in., and thus slight! 
reducing the revolutions, the gears installed in this 
vessel remaining as originally designed. An inspection 
of the after running 50,000 miles, showed the teeth 
to be in excellent condition, no wear whatever having 
taken place other than the slight pitting or flaki 
which occurs in many gears in the initial running, an 
then ceases. This result was achieved with only the 
—- alteration in the pitch of the four-bladed propeller 

erred to. 





Subsequently to this alteration records were taken on 
the ss. San Fernando of the variation in torque by means 
of a Hopkinson-Thring torsion-meter with scale boxes 
movable over an angular range of 150 deg., readings 
being taken at intervals of 6 deg. 





These readings are shown in Fig. 1, annexed, at a 
propeller speed of 61-3 r.p.m, The figure for the torque 


Fig. WAKE DISTRIBUTION OBTAINED ON 
MODEL OF “SAN FERNANDO: 
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where V = speed of model, 
V, = speed of wake water through screw. 


has, for convenience, been reduced to a mean value of 
100, and on this basis the maximum value obtained was 
133-6, when one of the propeller blades was nearly 
vertical, and the minimum 67-9 with blades inclined at 
about 45 deg. The length of shafting between propeller 
and gear was 35 ft. 

Experiments were also made to determine the speed 
of the wake at various points of the screw disc by means of 
a model of the vessel with Pitot tubes attached to its 
stern. Ata meee corresponding to 11 knots of the full- 
sized ship these experiments showed considerable 
variation in wake Pins due apparently to the fulness 
of the after-end lines usual in this type of vessel, A 
judicious fining of the lower part of the cross-sections at 
the after end of the vessel, even at the expense of a 
probable slight increase in the length or dimensions of 
the vessel, would be advan us and probably have 
the effect of considerably reducing the variation in wake, 
with a consequent improvement in propulsive efficiency. 
The values found for the ratio of pet 
speed of ship and V; = speed of wake water — 
screws) at various positions in the plane of the propeller 
are given in Fig. The figures given on the di 
are not corrected for any difference in relative frictional 





(where V = 





resistance between the model and the full-sized ship. 

Good materials and effective lubrication of the teeth 
are important. The authors are of the opinion, however, 
that the most important factors in the successful running 
of gears are accuracy in manufacture, which includes in 

icular the cutting of the teeth and correct alignment. 
These two points cannot be too strongly emphasised. 

It is desirable that the machines for cutting gears 
should be periodically overhauled. It is also necessary 
that the truth of the machine should be checked at 
frequent intervals, especially after cutting heavy gear 
wheels. 

The view has been frequently expressed that there is 
some vital difference between double-reduction and 
single-reduction gearing. The authors and their col- 
leagues, after the investigations which have been made, 
see no reasons why double-reduction gearing should be 
less satisfactory than single-reduction. They can 
on this subject with ter confidence now that 
are several double-reduction sets in actual service and 
running very satisfactorily. In view, however, of the 
above impression, it is necessary carefully to analyse 
the details in which they differ. 

Criticisms at one time or another have been devoted 
to the following features :—(1) The en of the turbines 
and gearing; (2) Flexibility of the shaft; (3) The end 
movement of the secon pinions, 

“enor end 





As regards the first of these, the ro’ 
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or single the energy ‘of the turbine is, as a rule, greatly 
in excess of that of the gear wheels and* 
Supposing that there is a certain variation in the ue 
of the shaft, how does this affect the load upon the teeth ? 
It is clear that the inertia of the gear wheel will absorb 
some of the shock. In the absence of elasticity in the 
rotor and pinion shafts and in the teeth themselves, 
the extent to which it does so is a matttr of simple 
arithmetic. The shock has to be entirely absorbed 
the increase or decrease of the combined ro’ a 
of turbines and gearing. The proportion of the sh 
which comes upon the teeth is in the ratio of the energy 
of the turbine rotor to the total of turbines and gearing. 
In consequence of the predominance of the energy of the 
turbine rotor, this is a large percentage in either case— 
in the neighbourhood of 90 per cent.—and there can be 
very little difference between single and double reduction 
in this respect. 

A main propeller shaft of about 15 in. diameter does 
not, at first glance, appear to be a very flexible object. 
This is, however, a question of degree. The twist of the 
shaft at full load over so short a length as 2 ft. or 3 ft. is 
now commonly used to measure the horse-power trans- 
mitted. Over a considerable em the twist is quite 
appreciable. Thus, for a shaft of 15 in., transmitting, 
say, 3,000 h.p., at 100 r.p.m., the angular twist is about 
2 deg. for every 100 ft. of length. This is equivalent to 
a displacement of 2 in. at the periphery of a 9-ft. propeller, 
or of a gear wheel of that diameter. A flexibility of this 
order is necessary to absorb the periodic variation of pro- 
peller resistance of a four-bladed propeller. To provide 
this flexibility in any other way is almost impracticable. 
It cannot be provided in the intermediate t, for to do 
so would demand that the angular twist of that Shaft at 
full load should be some 10 deg. or 12 deg., viz., the 
2 deg. mentioned above multiplied by the ratio of the 
diameters of secondary wheel and — It will be 
seen that as regards any variation at the teeth of the gear, 
the main shaft is by far the most flexible part of the 
installation, The flexibility of the pinion shaft, along 
with the structural flexibility of gear-case and teeth 
may, however, have some value in reducing fluctuations 
of higher frequency, such as might arise from irregulari- 
ties in the teeth. If then there is any difference between 
a single and a double reduction in this respect it will be 
to the advantage of the latter. 

Another feature has been referred to, viz., the end 
movement of the secondary shaft. Those who have 
ever measured the amount of end movement of a pinion 
will agree that a movement of ;}, in. would be a very 
conspicuous amount. Let it be supposed, however, 
that the movement is double this, that is to say, ;}, in. 
in each direction from the mean position, and snychro- 
nizing with the revolutions of the wheel. From this 
amplitude and period it is simple enough to calculate 
the maximum acceleration. At 100 r.p.m. it will be 
1/350th of the gravity acceleration, so that the force 
on the teeth in an endwise direction arising from this 
motion would be equal to 1/350th of the total weight of 
the secondary shaft, or, in other words, a force of a few 
pounds only. In comparison with the total end force 
on the teeth this is insignificant. 

Another point which received careful investigation at 
the time of the introduction of double-reduction geari 
was the equilibrium of the intermediate shaft. The 
resultant force on the primary teeth is not equal in 
amount to, nor in general in the same direction as, 
that on the secondary teeth. Where these forces are in 
an upward direction there will be a certain speed at 
which the intermediate shaft will rise in its bearings, and 
unless both ends rise together it would go out of align- 
ment. In most cases this difficulty is overcome by 
placing the primary wheels between the halves of the 
secondary pinion teeth, so that the loads on the teeth 
are symmetrically disposed along the intermediate shaft. 
In other cases it is desirable to arrange matters so that 
the shaft rises at a comparatively low speed, so that at 
full loads it is firmly pressed against the top side of the 
bearings and again in alignment. It is necessary to 
study carefully the direction of the resultant forces on 
the bearings of this shaft under various loads, so that the 
oil grooves may be placed correctly. 

Although the possibility of the occurrence of torsional 
vibration of the propeller shaft is not confined to double- 
reduction gearing, a few remarks on this subject may not 
be inappropriate to the present paper. It has long been 
known that in vessels propelled by screw and recipro- 
cating engines a great variation of torsional stress occurs 
in the shaft at certain of revolution. Some of the 
principal papers which have dealt with this subject are 
indicated in the footnote.* The varying torque of the 
propeller at one end of the shaft and of the engine at 
the other are in this case the causes of the synchronous 
vibration which in some ships has been responsible for 
the fracture of the shafting. 

A propeller’s resistance is as a rule not uniform 





* Frahm “ Recent Investigations concerning Dyna- 
mical Action in Shafting of Marine Engines with Special 
Reference to Synchronous Torsional Vibration *’ Journal 
American Society of Naval Engineers, August, 1902 ; 
Journal German Society of Engineers, 1902. 

Gumbel, “Torsional Vibrations of Shafts" Transac- 
tions Inst. N.A., 1902, 1912. 

Lanchester “Engine Balancing” Proc. Inst. Auto- 
mobile Engineers March, 1914. 

Jansen and Richardson, “ Investigation of Shafting 
Failures and ine Vibration on Vessels of the Louisiana 
Class,” Ji of the American Society of Naval 

ineers, Feb: , 1917. 

. Frith and E. H. Lamb, “ 
in Direct Coupled Units, due to Oscillations set up at 
—— - -aapel Journal of Inst. of Elec. -Engineers, 

arch, 1902. 


Ng} on either side of synchronism. 


because the stream lines through which it cuts are not of 


uniform velocity. There is in consequence a iodic 
variation in the torsional load on the p of a 
frequency four times the revolutions for a four-bladed 
propeller, three times the revolutions for a three-bladed 
er, and so on. The shaft however is flexible as 

we have seen, and the changes in the torque transmitted 
through the shaft will be somewhat different from the 
—— in the propeller resistance. At one end of this 
flexible shaft is a p lier possessing a certain amount 
of inertia. At the ~ end is a gear wheel in contact 
with other gear wheels attached to the turbine rotor. 
On account of the high revolutions of the turbine the 
rotary energy of the turbine and gear wheels is many 
times greater than that of the propeller and for the sake 
of simplicity and clearness of conception this end may be 
counidired as having infinite inertia or a constant 
angular velocity. There is then a flexible shaft one end 
fixed or moving with constant angular velocity and to 
the other end attached a mass of known inertia. The 
theory of the motion of such a system is now pretty 
known. In the absence of damping it can vibrate 
freely as a torsional pendulum with a aye emf which 
is determined by the flexibility of the and the 
moment of inertia of the propeller. When the variation 
of the propeller resistance synchronizes with this natural 
frequency a state of forced oscillation is set up and the 
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torque in the shaft and consequently the pressure on 
the gear wheel teeth may be subject to very considerable 
fluctuations. 

It is not sufficient, however, to calculate this natural 
frequency and avoid synchronism between it and the 
propeller impulses, because large periodic forces may be 
induced in the shaft for a considerable range of speed 
It is necessary to have 
a complete determination of the forces set up in the 
flexible shaft under a periodic variation of the propeller 
resistance of any frequency. With this done, it is then 
possible to see to what degree the shock on the propeller 
is carried through to the gear-wheel teeth, or in other 
words to what extent it is smoothed out by the elasticity 
of the shaft and under what conditions it is aggravated 
by this elasticity. 

Assume then, first of all, the simple system consisting 
of a shaft fixed at one end and carrying at the other 
end a dise of known inertia, beyond which is applied a 
periodic impulse, P sin pt, of frequency p/27. In such 
a system, if a be the flexibility of the shaft measured 
by the ratio peo and I the moment of inertia of the 
orque 


disc, or propeller, at its end, the varying torque in the 
shaft will be expressed by the formula 
P sin pt 
1- al p 
g 


If there were no damping effect this would become 


infinitely great when p = =. and this value of p 
a 


corresponds to the frequency of natural vibration. Thus, 


when p = a there is a synchronism between the 
a 
applied impulse and the natural vibration and only 
i revents the vibrations from attaining ampli- 
tudes suficiont to break the shaft. One method of 
investigating the subject, therefore, is to estimate this 
critical an i and com it with the frequency of the 
applied disturbance. The better way, however, is to 
use the above formula to obtain an exact estimate of the 
variation at any speed. This formula will show the extent 
to which the impulses are felt at the end of the flexible 
shaft for all values of their period on either side of the 
synchronous speed. 

Now, the actual case of a propeller shaft driven by 
gearing (if we neglect the weight of the shaft and regard 
the of rotation of the turbines and ing as 
being so that this end may be considered to have an 
invariable speed) is precisely similar to such a system. 

Psinpt representi the variation in propeller 
resistance above and below its normal value, occurring 
oh times every second, the variation in the value of the 

7 





turning moment of the forces in the gear wheel teeth 
above and below its normal value will be given by 








P sin pt 
i a I pe 
g 
where : 
a = flexibility of the shaft = *W'* 
torque 
and 


I = moment of inertia of the propeller.* 


The accompanying diagram (Fig. 3) shows the changing 
value of the maximum torque variation as the flexibility 
of the shaft is increased. With a perfectly stiff shaft the 
variation in the propeller resistance is transmitted alon, 
the shaft undimini As the flexibility is incre 
the effect in the shaft first increases until the point of 
synchronism is reached and then diminishes. When 
the flexibility has increased to double that which gives 
synchronism the torque variation has again fallen to a 
value equal to that of the propeller resistance. For 
further imerease of flexibility it continues to diminish 
until for large values it practically disappears, leaving 
the torque at the end of the shaft practically undisturbed 
by the impulses on pot ee ller blades. 

In the neighbourh of synchronism the variation is 





SHEWING TORQUE VARIATION AT GEAR WHEEL. 
OF PROPELLER SHAFT AS AFFECTED BY FLEX/BILITY 
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considerably damped owing to the resistance of the water 
to change of propeller speed, so that the real curve would 
be somewhat as shown by the dotted line. 

With the engines amidships there is, as a rule, no 
difficulty in obtaining sufficient flexibility to give a 
value of 21 p? in the neighbourhood of 7 or 8, in which 


case, as will be seen from the diagram, the variation of 
torque is almost annulled. But where the engines are 
placed aft with a shaft only between 30 and 40 ft. in 


length, it will usually be found that the value of 4 pz 


g 
is less than 1-0, and it may be necessary to increase the 
diameter of the shaft to avoid too large a variation 
factor. 

In conclusion the authors wish to express their in- 
debtedness to those shipowners and engineers who have 
at all times so willingly agreed to inspections of the gears 
after running on service. 





THE DESIGN OF BALANCED RUDDERS OF 
THE SPADE TYPE.t 
By M. E. Denny, C.B.E. 

Tuts paper does not discuss either the size or sha; 
rudder required for a particular ship, 
balanced rudder of fixed area pee of spade (overhung 
t is to be fitted. The consideration therefore re- 
solves itself into three sections: (1) What diameter of 
stock will be required to deal with the bending and 
twisting moments? (2) What will be the longitudinal 
position of the stock relative to the rudder area? 


of 
but assumes that a 





* This can be easily proved (without recourse to 
differential equations) by denoting the torque in the 
shaft by L sin pt. The angular displacement of the 
propeller end of the shaft will be — a L sin p ¢ on account 
of its flexibility. The angular acceleration of the pro- 
peller will therefore be + p2a Lsin pt, and the torque 


required to produce it + p? @1¥ sin pt. The torque 
of the shaft must therefore be greater by this amount 
than the torque of eos resistance, which is there- 
fore equal to { 1 — cael p*) L sin ptor (1- al p*) 
times the torque in the shaft, having the same frequency 
and phase. The frequency is x (since when ¢ is in- 
T 
2 


creased by the value of sin pt is repeated). The 


Be y J 
2mrA/ al 

+ Paper read before the Institution of Naval Archi- 
tects, March 17, 1921. 


synchronous frequency is therefore 
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(3) What will be the eg of the steering engine adequate 
to operate such a rudder ? 

Diameter of Stock.—Diameter of stock depends upon 
the stresses which will be impressed on it by the com- 
bined action of the bending moment and the twisting 
moment: of these two moments, the bending moment 
is invariably much the more important. It is the 
product of the normal pressure on the rudder and the 
distance of the centre of pressure on the rudder area 
below the bottom of the rudder bearing. The twisting 
moment is the product of the same normal force, and the 
distance of the centre of pressure from the centre of 
stock in the longitudinal direction. 

Position of Stock.—The position of the stock in the 
longitudinal direction is determined by the proportion 
of the area before and abaft the centre of stock which is 
required to equalise approximately the maximum 


turning moments when going ahead and when going | 


astern. 

Power of Steering Engine.—The power of the steering 
engine is determined by the maximum turning moment 
which it must be capable of exerting at the rudder head. 
This turning moment is the maximum obtained by the 
sum of the twisting moment and the moment necessary 
to overcome friction of bearings. 

From the foregoing it is evident that design is con- 
tingent on the determination of the normal pressure and 
the twisting moment, the latter being required both 
for speeds ahead and astern, any position of stock, 
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arbitrarily chosen, being sufficient for the purpose. 
These data can be obtained more or less absolutely by 
model experiments, or alternatively, if such be not 
available, design must proceed by deduction from results 
of actual ships which have proved to be satisfactory on 
service. The latter method is open to the criticism that 
excessive dimensions or too powerful engines may be 
indefinitely repeated. Having outlined the general 
nature of the problem it may be interesting to the 
members of this Institution to state some of the features 
that have been investigated by model methods, the 
deductions made, and the confirmation of these investi- 
gations obtained by measurements on full-sized ships. 

Normal Forces on lat Planes.—For purposes of 
investigation two planesmooth metal surfaces were made 
in the first place, each 0-50 ft. by 0-20 ft. by |, in., all 
edges being bevelled (A and B, Fig. 1). These planes 
were advanced through fresh water at speeds of 200 ft., 
350 ft. and 500 ft. per minute, at varying angles to the 
line of advance. One surface A was set with the long 
edge vertical, and the other B with the short edge 
vertical, the top edge being immersed 2 ft. in both cases. 
The transverse, and fore and aft forces were measured 
and the normal forces calculated by simple resolution of 
forces. It was found that the forces increased con- 
tinuously with the angle, and that at 37 deg., the usual 
hard-over angle for a ship’s rudder, the forces for both 
rudders varied very closely as the square of the s 
(Table I). This is in accordance with the results obtained 
by many other investigators with inclined planes, and is 
almost universally accepted for all cases. 

Rudders, however, are not fitted in such a way as to 
have deep immersion, and a second set of experiments 
was therefore taken with the top edge in both cases 
immersed one-tenth of 1 ft. It was found at this 
immersion that the speed index for pressure variation 
was not 2, but varied from 1 to 1}, showing that the — 
index hitherto accepted, which has been derived from 
deeply immersed planes, does not hold for estimating the 
forces which are encountered near the surface. 

Further abridged series of experiments were carried 
out at 0 immersion and 0-2 ft. immersion. The speed 
index in both cases was found to be very similar in 
magnitude to that obtained at 0-1 ft. immersion. For 
plane A, 0-2 ft. immersion represents 40 per cent. of the 
depth, while for plane B the corresponding figure is 
100 per cent. of the depth. It is a fact that spade rudders 
in ships are usually immersed less than 40 per cent. of 
their depth. These experiments also showed that the 
normal forces on a deep narrow plane are much greater 
than those on a wide shallow plane over the range of 
angles usually covered by a ship’s rudder. 

Sheathed Planes.—Two convex-sided surfaces (C and 
D, Fig. 1) were also prepared, each having the same area 
on a longitudinal plane (i.¢., 0-5 ft. by 0-2 ft.) as A and B, 
but of } in. maximum thickness between the surfaces, 


which were joined by sharp leading and following edges | spade 


and by flat top and bottom surfaces. These were tested 


at the same speeds, angles and immersions, and it was 
found that the speed index for pressure variation was 
again approximately 2 at the deep immersion, but was 
much less at the light immersion, for 37 deg. inclination 
(see Table I). 


TaBiLe I.—Table of Indices 


of Power of Speed to which 
Forces Vary. 
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SPEED INDICES. 














Rudder. Deep ee. orn Immersion, 
3 s| ¢/aelz ¢ | ag 
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| g<8| 22 | 52) e<8 at sf 
& & a] 2h ln & ms 
A. Thin Plate «| 1°90 — — 1-59 | 1-66 | 1-63 
B. Thin plate --/ 2°0 = 1-14 — — 
C. Sheathed 1-93 | 1-93 |.1-98 | 1-65 | 1-57 | 1-61 
D. Sheathed «| 1-98 | 2-0 1-99 | 1-14 | 1-038 | 1-07 























NoTe.—The models A, B, C and D were run at speeds from 
200 ft. to 500 ft. per minute for 37 deg. angle of helm. 


Fig..2.—Cross-CHANNEL STEAMER, 3,000 Tons’ Dis- 
PLACEMENT. SPEED, 25 Knots. CURVES OF 


NormMaLt PRgssuRE AND TwIsTING MoMENT, 
WITH DISTANCE OF CENTRE OF PRESSURE FROM 
CENTRE OF RUDDER STocK. 





> 4 
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~- Stock in Feet 


5 
Centre of Pressure forward of Centre of 


Twisting Moment in Foot Tons to prevent Rudder increasing Angie 


Normal Pressure in Tons 


{ 


ern 


Angle of Rudder 

Note.—The pressure and moment curves are deduced from 
experiments with a model rudder, the position of centre of pressure 
toleg obtained by dividing the twisting moment at any angle by 
the normal pressure at the same angle. 


General Deduction.—It appears then from the speed 
index at ordinary immersions, that normal pressure 
varies at a much less rate than the square of the speed, 
and therefore when considering the effect of increasing 
speed of a particular ship or size of rudder, it is not 
ny to allow for such a large increase in size of 
rudder stock, and power of steering engine, as is involved 
by assuming stress to vary as the square of the speed. 

Spade Rudders.—Following this line of investigation, 
models were made of actual spade rudders as fitted to 
two cross-Channel steamers, and one deep-sea vessel ; 
these were tried at their normal immersions and over 
a wide range of speeds and angles. It was found that 
the speed indices at 37 deg. of the two cross-Channel 
steamers were 1-28 and 1-51, while that of the deep-sea 
steamer was about 1, which bears out the conclusion 
arrived at by the previous experiments, that the stresses 


peed | do not vary as the square of the speed, While this 


fact has no on the estimation of stresses from 
model experiments which are run at the desired speed, 
it is very important when deducing the relative rudder 
stresses of one ship from those of another, run at a 
different corresponding speed. 

Effect of Wake.—The experiments hitherto referred to 
were taken “in the open,” that is to say they were not 
associated with a ship model. It is necessary to bear 
in mind that the pressures on model rudders held at a 
fixed angle behind a ship mode! differ from the pressures 
on the same rudder “in the open,” not only because of 
the effect upon speed through the water of the following 
wake of the ship model, but also because the direction 
of flow of the stream lines is diagonally upward and in- 
ward, causing a different degree of distribution of 

ressure on the surface, from that “in the open.” 
xperiments with spade rudders of several cross-Channel 
steamers showed a decrease of the order of 20 cent. 
in the maximum twisting moment, when the model 
rudder was associated with the ship model, as compared 
with that obtained “in the open.” There is a peak 
on the twisting moment curve “in the open,” which 
completely disappears when the rudder is run behind a 
ship model. 
iffect of Propeller Race.—A further modifying factor 
is the effect upon the rudder stresses of the race of the 
ler. In a ship with a central propeller, this would 
very considerable, but as nearly all vessels having 
have also twin screws, the effect is not 
serious. In a set of experiments carried out to ascertain 








the amount of this difference on a twin-screw vessel 
the twisting moment was found to be increased between 
6 per cent. and 7 per cent., thus neu to some 
extent the reduction caused by the ship el on the 
twisting moment measured “ in the open.” While these 
modifications to the twisting moment are considerable, 
there is no reason to suppose that the speed index for 
the normal pressure is in any way affected by the influence 
of the ship model or propellers. 

Plate and Shaped Rudders. It has been stated that 
the speed indices for normal pressure with the flat planes 
and sheathed or shaped pl are in substantial agree. 
ment, but it must not be assumed that experiments to 
determine actual stresses on a shaped rudder can safely 
be made with thin plates. There was no serious difference 
in the fore and aft forces of the flat plane and the sheathed 
plane, but the side pressures were quite different, both in 
character and magnitude, and therefore the normal 
pressures. This feature also held in experiments made 
with two rudders of spade shape, one a flat plate and the 
other a shaped rudder. For example, with plane A 
(flat) and C (sheathed) set at 37 deg. the pressures in 
pounds were :— 





Speed in feet per minute 350 500 
Fore and aft... «- fA 1°65 2-8 
\C 1-59 2-68 
Transverse ées {é 2-13 3-67 
Cc 1-79 3-05 
Speed indices for normal { A 1-52 
pressure variation de- { C 1-49 
duced from above ... 


It will be seen from the fo: ing that while an 
approximate estimate may be ante from a known ship 
in which the steering appliances have been quite satis- 
factory, yet in all doubtful or difficult cases, experiments 
with model rudders fitted to a model of the ship provide 
the surest method of determining the normal force and 
twisting moment for any speed and angle of rudder, 
and hence the diameter of stock required. The diameter 
required is obtained from a formula involving both 
bending moment and twisting moment. The bending 
moment will be definitely fixed when the normal force 
is ascertained, and will not be affected by any change 
it may be found necessary to make in the tentative 
position of stock; but the twisting moment may have 
to be modified. The experiments to be made therefore 
involve the measurement of lateral and longitudinal 
pressures from which normal pressure may be calculated, 
and measurement of the twisting moment or tiller force, 
both for varying angles of rudder. 

Twisting Moment,—Twisti 
measured both when the m 
when it is going astern, the = ing astern being that 
which it is estimated would be cttained on vervine by 
the ship. When going astern with a spade rudder of 
ordinary shape the twisting moment is in the same 
direction for all angles, i.e., the rudder tends to increase 
its angle and the tiller moves out from the middle line 
of the ship under the action of the twisting moment. 
When going ahead the same thing occurs for a of 
——- which varies with the proportions of the rudder, a 
stable position usually being attained where the rudder 
is balanced and there is no tendency to increase the 
angle. Beyond this position of balance a twisting moment 
of the opposite order must be applied to the rudder in 
order to increase the angle (see Fig. 2). 

Astern Speed Governs the Position of Stock.—It is obvious 
that for the same speed through the water, the maximum 
twisting moment when going astern would be very much 
greater than that when going ahead, for the same angle 
of rudder ; but as the astern 5 is always very much 
less than the ahead speed, the di ity is not so marked, 
although it is usually the twisting moment when going 
astern that is the dominant factor in fixing the position 
of centre of stock. The designer must therefore decide 
what speed astern will be attained with the rudder hard 
over and run the model at that speed. If it be found 
that the maximum twisting moment astern is largely in 
excess of the maximum when going ahead with the 
tentative position that has been assumed, then the 
centre of stock must be moved aft such a distance as 
will bring about a better balance of moments. The 
distance of the centre of pressure of the normal force 
from the centre of stock is simply the twisting moment 
divided by the normal force at any angle, and as these 
have been determined, the position of the centre of 
pressure relatively to the tentative position of centre 
of stock is known (see Fig. 2), hence it is possible to shift 
the centre of stock an amount which will adjust the 
maximum ahead and astern twisting moments to the 
proportion considered satisfactory, say 10 per cent. 
excess when going astern, as compensation for the 
reduction of frictional moment at the ing. 

Friction of Bearings.—The twisting moment obtained 
from a model may considered to be exclusive of 
friction because the model rudder is h in ball ings, 
but in the ship a considerable addition for friction at t 

ing must be Fn Bag the twisting moment at the 
larger angles w the normal pressure is test. 
Knowi the normal force, Gaae of C.G. of rudder 
below the lower edge of the bearing, depth of bearing 
and approximate diameter of shaft, a suitable coefficient 
of friction may be assumed, and the maximum twisting 
moment due to friction calculated. 

Calculation of Diameter of Stock.—Having obtained the 
bending moment (B.M.) and the total twisting moment 
(T.M.) the expression 


B.M. + 2/ B.M2 + T.M2 
2 


may be used to express the value of the equivalent 
bending moment which includes the effect of both 


moment must be 
el is going ahead, and 
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moments. The diameter in inches will then be : 
A fa B.M. in inch-tons x 32 
= X stress in tons. 

Power of Steering Engine Required.—Having}measured 
the at than net twisting moment, and being able to 
calculate the probable additional moment necessary to 
overcome the friction of the bearings, it will be safe to 


Fig 3-Geanep Torsing 7.8.8. CoRRAGH- 
more.” COMPARISON OF TWISTING MOMENTS 
Dspucep FRoM MopeL BxPeRIMENTS, WITH 
Twisting Moments MEASURED ON THE 
Rupper Stock. sy Mgans or a Denwxy- 
EpGECOMBE TORSION-METER. SPEED OF 
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Notz.—The tiller moves outwards under the pressure of the 
water on the rudder, so that the twisting moment measured as 
the torsion-meter is the net twisting moment, less the frictional 
moment of the lower we The tiller moves inward from the 
action of the steering engine, so that the twisting moment 
measured at the torsion meter is the net twisting moment plus 
the moment due to friction of the lower bearing. The net twisting 
moment'is the mean of these two curves, al shown in dot 
lines. The twisting moment due to friction is the difference 
between the net twisting moment and either of the others— 
shown chain dotted. The drawn line is the net twisting moment 
deduced from model experiments, the model constrained 
to move in a straight fore and aft line. 
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Scale of comparison, 10 : 15. 


Area of pattern rudder 50 sq. ft. 

8 sss ace dae 16 knots. 
Diameter of stock bes -» 9°85 in. 

C. of G. of rudder below hull... 3 ft. 
se area we «1125 ~ ft. 
Actual area eee 175 sq. ft. 
Corresponding speed 16 x 3 =19-6 knots 


Actual speed sa. ane -.. 25 knots. 
C. of G. of rudder below hull... 7 ft. 
Normal pressures for corresponding speeds 
3 
« (3) x 175 «5-25 
10, 112°5 
.*. Normal pressures for actual speed 
25 \1-25 
w 6°25 x ( —— we 7°12 
19°6 
Diameters 


3: /—— see 
a Viixie 8/166 « 2°55 


.*. Diameter of large rudder stock 


== 9-85 x 2-55 @ 25-12 in. 
Twisting moments 


« 7:12 x  «& 10-68 
io 


Notse.—If the normal pressures were varied as 
(speed)*, the diameter would become 26-72 in. 





specify a steering engine which shall be sufficiently 
powerful to exert a turning moment greater than the 
sum of those two moments, allowing a suitable margin 
as indicated by experience with previous ships. 
Confirmation of Model Results Experiment on Full- 
size Ship.—That the twisting moments thus obtained 


it was found possible to fit ‘‘ Denny- be ” torsion- 
meters on the rudder stock between tiller head and 
the lower bearing. With these meters the actual torque 
at any position may be read from an accurately graduated 
scale, and as the shaft is not revolving, but only swinging 
through a limited angle, the observer is able to read the 
angles directly without the intervention of electrical trans- 
mission. Knowing the modulus of rigidity of the shaft, 


Fig.4.—GEARED Turgine 8.8. “ Anois.” CompPart- 
sON OF TwisTING Moment DEDUCED FROM 
Mope.t EXPERIMENTS, WITH TwIsTING MoMENTs 
MEASURED ON THE RuppER Stock BY MEANS oF 
A Denny-EpGEcoMBE TOoRSION-METER. SPEED 
or Suir, 23°72 Knots AHEAD. 







Twisting Molent in Foot Tons 
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Nore.—The drawn line is the net twisting moment deduced 
from model experiments. dotted lines are the twisting 
moments as measured on ship, the net twisting moment being the 
mean of the moments when the tiller is moving outwards, and 
when it is mo inwards. The chain dotted line is the twisting 
moment due to ion of lower bearing, and is half the difference 
between these two moments (see note to Fig. 3). 


Fig.5. RUODER DESIGNED FOR A SPEED 
AHEAD OF 18$ KNOTS & A SPEED 
ASTERN OF 12 KNOTS. 
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the reading is easily converted into turning moment. An 


additional scale was fitted to the rudder stock, with a 
pointer attached to the hull, so that simultaneous readings 
of actual angle of rudder and actual torque of shaft at any 
instant could be obtained. By a system of si from 
the bridge the observers at the rudder were informed when 


the ship was steady at a fixed speed with a fixed le 
of helm, so that no ae should be taken when the 
ship was being mancwu for position. It has been 


already mentioned that with a spade rudder of ordinary 
proportions, there is a particular le of balance to 
which the rudder if unconstrained will naturally move. 
At this or we is no twisting moment ; it is evident 





from model experiments may be relied upon has been 
confirmed by investigations during trials with full-sized 
ships. In two cross-Channel steamers, the turbine 
steamer Curraghmore, and the turbine steamer Anglia, 





when the tiller is moving outwards from 
mid-position to any angle less than the angle of balance 
there is no turning moment exerted by the steeri 

i On the contrary the twisting moment is 
derived from water pressure on the rudder and the‘tiller 





is helping the steering engine. When returning to the 
mid-position, the turning moment is exerted from the 
pw through the tiller, and the direction of twist is 
still unalte When the le of rudder to be tested 
is beyond the balancing angle, the twisting moments 
undergo a change of direction when the critical angle is 

, and for larger angles the steering engine impresses 
the required turning moment from the tiller end of the 
shaft 


The twisting moment due to friction in the rudder 
i also affects the ings. The amount of it 
is dependent on the angle of rudder ; speed being assumed 
constant, it is a continually increasing amount with 
increasing angle of rudder. e direction of it depends on 
the direction of movement of the tiller. When the 
twisting moment is derived from the water pressure 
on the rudder, the moment actually measured on the 
torsion meter is less than the net twisting moment by 
the amount of the moment absorbed in overcoming the 
friction of the bearings. On the contrary, when the 
rudder is being constrained to return to mid-position 
by the steering engine, it is evident that the friction of 
the bearing must be overcome by the engine in addition to 
the moment necessary to move the rudder against the 
water pressure. In obtaining the net twisting moment 
for any particular angle of rudder, it is necessary to take 
simultaneous readings at rapid intervals of both angle 
of rudder and twisting moment, the net moment being 
the mean of the readings when going out and when 
coming in. 

This was carefully and exhaustively done, and the 
comparison of the moments as obtained from the model 
and as measured on the ship is given on-Figs. 3 and 4. 
From these figures it is a simple matter to deduce the 
maximum frictional moment of the bearing, which is not 
large for small angles, but becomes important at large 
angles of helm. The frictional moment is dependent 
on a large number of factors ; these are depth of bearing, 
diameter of stock, rigidity of structure, efficiency of 
lubricant and distance of centre of pressure below 
bearing. For the two vessels dealt with in Figs. 3 and 4 
it will be seen that the frictional moment happens to be 
nearly the same proportion of the net twisting moment 
when the latter is at its maximum, in both cases about 
22 per cent. 

imitations of Accuracy of Ship Observation.—It is 
necessary to bear in mind that the results obtained from 
model experiments are not quite reproduced in the ship. 
The ship model is constrained to move in a direct fore 
and aft line with a fixed angle of rudder, while the ship 
on the other hand begins to feel the steering effect of the 
rudder so soon as the tiller leaves the mid-position. For 
small angles of rudder it is probable that no serious error 
is involved, but for the larger angles it is certain that the 
stern of the ship has begun to swing before the required 
angle of helm has been attained, and that the relative 
angles of rudder and stream lines are not quite the same as 
in the model. The effect of this was noticeable in she 
observation on the ship; at large angles of helm the 
twisting moment was not steady for any considerable 
eons of time. In the first ship experimented with the 
elm was brought from hard-a-port to hard-a-starboard 
without giving sufficient time to steady the ship on a 
straight course, thus affecting the readings taken with 
helm to starboard. On the second vessel this was 
avoided, and the results were more uniform on the two 
sides. 

Previous Experiments.—The twisting moment of a full- 
sized rudder has been measured on previous occasions, 
notably with hydraulic steerimg gear (see paper read 
before this Institution in 1911, Vol. liii),* but it does not 
appear that such results have been compared with 
corresponding model experiments, nor had it been done 
with a completely outhung spade rudder. 

Deducing from Previous Ship Results.—When circum- 
stances do not permit of special tests being made with a 
model ship and rudder, a fair approximation to the 
maximum normal pressure can made from any other 
rudder of similar shape. The pressure on similar rudders 
at corresponding and corresponding immersions 
for equal angles of helm varies in the ratio of the cubes 
of the linear dimensions. This is the ordinary “law of 
comparison ” which has been proved by experiment to 
be applicable to normal forces on similar rudders. 
Correction for area may be applied directly as the area, 
and unless there is wide divergence in the relation between 
the ahead and astern speeds, it may be assumed that 
the position of the stock relative to the area can be taken 
to be proportionate to that of the pattern rudder. 

Correction may now be required for speed, and it will 
be remembered that in the earlier part of this paper it 
was stated that the generally assumed speed index ratio 
does not hold good for the usual immersions of rudder 
experienced. Instead of varying the normal pressure 
as the square of the speed it will be safe to vary its as 
(Speed)> j. Hence the normal pressure can be estimated : 
the distance of the C.G. of rudder below the bottom of 
the bearing is known and the distance of the centre of 

ressure relative to the centre of stock can be deduced, 

ing proportionate to the relative rudder lengths (for 
example, see Table Il). The bending moment, twisting 
moment, and diameter of shaft may be arrived at by 
the methods previously discussed and the necessary size 
of steering engine determined. An empirical formula 
for stock diameter based on the above considerations 
and on successful vessels already built may be useful, 
bearing in mind that it is only applicable to vessels with 
no centre propeller. 


D= V/A X arm X V1 x C 
where D = diameter of stock in inches, A = area of 
rudder surface in square feet, V = designed speed of 
ship on knots, C = constant, say 0-2 fer spade rudders. 





* See ENGINEERING, vol. xci, page 516. 
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The “arm” being the distance in feet of the C.G. of the edge of a plate, and such a case has been examined 
the rudder surface, from the bottom of the rudder bearing, | ¢Xperimentally by Carus-Wilson* using a beam of glass 
and the stresses assumed to be 5 tons per square inch. | resting with its narrow edge on a flat plate with a sheet of 
Conelusion.—In conclusion it may be said that the | thin paper interposed between the surfaces. 
proper proportions and pressures for a spade rudder| These experiments showed some interesting features, 
and its rings and the necessary steering power to be | requiring further explanation, which is given later in this 
provided merit careful consideration: it is a simple| Paper, and they may be illustrated by an experiment 
matter to encounter large differences between the | made on a beam 6-1 centimetres long, 2-0 centimetres 
maximum twisting moments when going ahead and|deep, and having a thickness of 0-65 centimetre. 
astern if the balance is not carefully adjusted. Care| A steel roller of 0:2 centimetre diameter was pressed 
must be taken to provide sufficient depth of bearing | against the centre of this beam by aid of a screw and the 
to prevent undue pressure and frictional loss when the| temporary double refraction caused by loading was 
rudder is at large angles and the ship at high speed. | observed by aid of two Nicol’s prisms crossed at 45 deg. 
Adequate diameter of stock and sufficient power in the | to the axis of the beam, with a quarter wave plate of 
steering engine must also be provided, but -there is| mica placed in front of the analysing prism, so that 





danger of specifying each of these too generously in order | the plane containing the optic axis was at right-angles to 


to make things safe, unless close estimating can be done. 
Given all these things, the spade rudder is highly efficient, 
and if properly shaped the resistance to passage through 
the water may be no more than say 2 per cent. of the 
total resistance of the hull; which compares favourably 
with that of many rudders hung on a rudder post. 








CONTACT PRESSURES AND STRESSES.* 


By Professor E. G. Coxrr, M.A., D.Sc., F.R.S., Member : 
K. C. Cuaxkko, M.Sc., and M. 8. Aumep, M.Sc., of 
University College, London. 

THE application of a load over a very limited portion 
of the surface of a solid body generally causes intense 
stresses in the immediate neighbourhood of the place of 
application, while the ‘manner in which the load is dis- 
tributed over the area of contact, when two bodies are 


7, 


Fig. 











C* 8.0) 


pressed together, may vary considerably with the physical 
characteristics of the materials brought into contact, 
and also the form of each body and the mode of applica- 
tion of the load. The mode in which a load is distri- 
buted at a contact surface is all important as regards the 
stresses at neighbouring points since St. Venant’s 
principle of equi-pollent load systems does not then 
apply, nor can the distribution be determined except by 
experimental means. At a considerable distance away 
from the contact area the way in which the distribution 
occurs is relatively unimportant, since the stress distri- 
bution is hardly affected thereby. In practical applica- 
tions great concentration of | ing is avoided, as far as 
possible to prevent permanent injury to the material, 
but there are many cases in which intense loadi 
pressures are inevitable, as. for example knife edge an 
roller-bearings and the line contact of gear wheels. The 
contact pressure of the driving wheels of a locomotive 
on the rails affords an other instance of intense local 
bearing and stress, the constant application of which 
has a deteriorating effect on both wheels and rails. 

In the testing of materials there are also cases of great 
stress concentration, such as indentation tests for hard- 
ness, in which a spherical ball or & cone is pressed against 
the material by a load sufficiently intense to deform the 
material pounenentiy. A variety of other examples 
will readily occur to engineers in which the study of 
contact —— and the stresses produced by them is of 
practical importance, and offers a considerable field for 
theoretical and experimental investigation. A simple 
typical case is that of a single load applied normally to 





t Paper read before the Institution of Mechanical 
Engineers, on Friday, March 18, 1921. 








the length of the beam. With this arrangement the 
effect produced at any point in the normal line of load 
is that of no stress, wherever the difference of phase 
between the ordinary and extraordinary rays traversing 
the beam is equal and aprode to the difference of phase 
ge by the mica plate, and there will theretore be a 

lack spot as the Nicols are crossed. The position A of 
this spot on the normal is determined and the value of 
p-q determined from the colour band at this point. 

A second quarter-wave plate is now superposed on the 
first, and the black spot then moves up the normal to a 
point B, where the value of p-q is doubled. 

The second mica plate is now removed and the load 
diminished until the black t with one mica plate is 
brought to the point B. In this way a number of points 


on the normal are found, at any one of which the stress 
difference is twice that of the point below. As the stress 
at any point of the beam varies directly as the load on 
the roller, it is naw possible to trace the variation of 
stress difference along the normal through the point of 





























application of the load. 
plotted in the accompanying Fig. 1 to a horizontal 
seale of ore differences, and it is found that on the 


One set of observations is 


upper half of the beam these points are found to lie ver 
nearly upon a hyperbolic curve, but on the lower half 
there is a marked difference and the stress begins to 
increase again as the distance from the loading point 
becomes ter. As the roller indents the beam to a 
small extent, this asymptote to the hyperbola is actually 
not in quite the same position as is assumed in the simple 
theory, while the points of observation near the lower 
bearing surface lie somewhat off the hyperbolic curve. 
In a further experiment to establish the hyperbolic 

law with greater certainty the observations were limited 
to the upper half of the beam. The load was applied by 
a screw as before until seven interference fringes appeared 
under the roller when viewed in light from a sodium 
flame. The distance along the normal from the point 
of contact to successive fringes was measured ~ a 
micrometer eye-piece divided to thousandths of an inch, 

hese distances require correction for the indentation 
caused by the loading pin in order that they may be 
regarded as measured from the asymptote. To find this 
correction, it was assumed that it has a constant value 
6 y, and by taking any pair of reliable observations the 
required correction can be found. 

his correction is therefore to be added to the experi- 
mental numbers. The interference fringes are caused 
by the stress-differences N corresponding to the first 
seven ordinal numbers, and hence if the values of the 





* “The Influence of Surface Loading on the Flexure 
of Beams,” by Professor ©. A. Carus-Wilson. Phil. 
Mag., December, 1891. 





corrected distance C and N are multiplied Mes ee 
they should give a constant value, if the hyperbolic law 
holds. This is substantially found to be the case. 

The e iments also showed that for this kind of 
loading all the points where the stress difference is 
constant lie on circles touching the upper surface of the 
beam at the point of contact. 

These investigations, so far as they extend, are 
approximately consistent with the theory of a single 
concentrated load at a point in a semi-infinite plate, 
and before describing further experimental investiga- 
tions in which stress distribution has been measured over 
a considerable area around the points of application, it 
will be convenient to give the results of analysis for this 
case. 

The stress function x 


c.78@sin @ is a solution of the 








4 
general equation a > = 0 (1) for plane stress, and from 
"1 
it we obtain :— oe 
= l1.ox, 1.0% cos 6 
TT = r a “oe aye == 2c r- 
-_ ox 
= ... = 0 
60 aye 
A=-2 (2: A)\=o (2) 
or\r of 


The expression for rr shows that this stress becomes very 
large as r approaches zero, and its form indicates that, 
at the origin, the state of stress is produced by normal 
concentrated stress at a point, or since we are considerin 

plates, by loading along a line in the surface and norma 
to this bounding surface. The value of the constant c 
may be obtained from the consideration that the sum 
total of all the normal Lay penne of stress across a plane 
BC, Fig. 2, at any depth D parallel to the surface must 
equal the load at the origin. The radial stress rr at 


A'a 200? , and its component normal to the plane BC 
Tr 





cos5 6 
cos? @ = 2¢ 





is therefore rr - If, therefore, all 


these values are summed on the infinitely extended plane, 
the resultant value is— 


z 
P= af kd. 9 de. 
0 


where s = D tan @, and therefore ds = D sec? @-d@. Also 
r = D sec 0. 
Putting these values into equation (3), we obtain— 


T 


aw 
= cost @ 
saa _—_—— *D-sec? 0.4 0 
p= sof a r 


.sec 
T 
Q 

or p= 4c 
o 


Hence a normal force P corresponds to a simple radial 
distribution 


(3) 


cost’ 6.d@=mre., (4) 


—2P , cos @ 
—— . ‘ 
7 r 
there being no other stress as appears from Equations 2 
above, 
Along the normal at the point of application of the 
load 


(5) 


a Poy 
r=" 
T r 


(5a) 


so that the stress falls away according to a hyperbolic 
law as Carus-Wilson’s experiments show. 
In order to obtain the form of the curves for which the 


stress difference is constant, we have, since rr is the only 
stress, at any point Ro below the point of application of 
the load 

r= _t ee = a constant = ¢o. 


7 Ko 
Hence for any other point 
2P cos? _ 2P 1 
r r T Ro , 
or 
r= Rog cos 6 - e . (6) 


corresponding to circles touching the plane boundary at 
the point of application of the load. 

The distribution of stress due to a line source P, 
normal to a semi-infinite plane, is therefore purely radial 
and the lines of principal stress consist — around 
a point of application intersected by straight lines posing 
through the ‘esigin as Fig. 3 shows. The magnitude 
the radial stress reaches a maximum value for any radius 
on the vertical line through the origin as the Fig. 4 
indicates, while the colour bands marking the positions 
of equal stress difference should be circles touching 
the contour at the point of application. 

Experiment, however, shows that such a simple stress 
condition is very difficult, if not impossible, to realise 
in practice, since line contact across the thickness of a 
plate t be maintained if any effect is to be measured 
or rendered visible optically, Moreover, the necessity 
of supporting the lower edge of the plate at a finite 
distance away introduces a system of applied forces 
which do not correspond with the conditions assumed 
in the simple theory above and the disturbing influence 
of these latter is generally important. It seems probable 
that the discrepancy noticed by Carus-Wilson in the 
hyperbolic Jaw of stress distribution along the vertical, 

ig. 1, may be due to this latter cause, and that his curve 
of distribution is substantially correct for the experi- 
mental case taken. 

Apparently the applied balancing forces along the 
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lower side tend to concentrate around the central 
of the ing area, owing to the tendency of the 
of a block, of rectangular cross-section, to lift when one 
of its surfaces is pressed against another flat surface, of 
much greater area and approximately equal 
by a load applied at the centre of the face. This can 
be readily observed when a block of india-rubber, say 6 in. 
long, of square section, and | in. side, is pressed against 
a hard surface by a central load; a visible uplift of the 
ends is then found, and contact is not obtained there. It 
seems probable, therefore, that even so hard a material 
as glass, when pressed against a flat metal plate with thin 
per between, will behave in a similar manner, although 
the strains are now so minute that the uplift is not 
discernible. 

In order to confirm this view, an experiment was 
made in a form of testing machine* designed to give pure 
compression. 

Calibration of this machine shows that the load applied 
by the lever arm is transmitted without perceptible loss 
to the specimen between the pressure plates. In order 
to test the correctness of the view expressed above as to 
the distribution of the load, a plate was prepared of as 
large a size as could be used in this testing machine. It 
was of rectangular form, 5-14 in. long and 2} in. deep, 
with one long side accurately bedded against a flat steel 
plate supported on the lower plate. Pressure was 
applied over an area extending 0-1 in. over the top edge 
and symmetrically disposed with reference to the central 
vertical line. 

This form of distribution was chosen in order to prevent 
injury to the plate and to avoid permanent deformation 
at the area of contact. ; 

On the assumption of a uniformly-distributed load 
over a limited portion of a semi-infinite plate, an expres- 
sion for the stress distribution can be obtained by con- 
sidering stress functions of the form cr2@. If to a point A 
on the straight line boundary A B, Fig. 5, there corre- 
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As will appear immediately, it is con t to 
the stress uced at C with reference to an origin D 
(r, @) having a vector C D bisecting the angle A C B. 

The normal, tial, and shear stresses at C, due to 


the distributed load p-dz are then 
7? = 2? cote.d¢ 
© 
= 2P sin g.dg 
a 
ro = 2P sing. cosd.d¢ 


Also 06 — @= “1+ fr, constant and hence d@ = d@. 


Summing the stresses for uniformly applied load over 
the strip A B, we obtain at the point C 


Fiig.6. LINES OF PRINCIPAL STRESS INA SEMI- 
INFINITE PLATE LOADED UNIFORMLY OVER A. 
FINITE PART OF THE BOUNDARY. 



















































































sponds a stress function x; = cr}?-0,;, the resulting 
2,400 3,200 4,000 4,800 Ib. per sq. in. } in. width- 
1,200 1,600 2,000 2,400 Ib. per sq. in. $ in. width. 
600 800 1,000 1,200 Ib. per sq. in. 1 in. width. 
,cco - , 
#323 ghd peptone 4-4 
BES a-42- ~~ PF Fon LOA ’ 
a te re 
ot te 190 aw 
g233 } f; - ISOCLINIG LINES INA FINITE RECTANGULAR PLATE RESTING ON 
: 7 A FLAT SURFACE AND LOADED AT THE CENTRE OF THE UPPER S/DE 
4 Fig. 3. ; ; 
U 
3 eez | 
: 
2 
& 
g HOS 
BR mcincs 
a 
9 
: 
#923 fy. 
i 
’ 
' 
4 
sooo LY 
Ewci- men 


stress distribution at any point 7), 6), with reference to 
the origin A is— 


4 -_ -~_ 

nh > 2c°0;, O)0,; = 2cH; and rr}; = —c. 
If to any other point B on this boundary there is also a 
corresponding stress function x = — ¢r? - 62 the stress 
at any point rp, 02 is— 

— -_ -_ 

Tote = 2O2, ole = -- 22 anil rete = +c. 


For both systems on the line A B 


Zrr = 0, rd = oand E 60 = — 2cw — a constant value 
say Pp. . 

Also, as can be easily verified, there is no stress over 
the rest of the boun , while at infinity all stress 
vanishes. 

Hence the stress function 


x= — Line-o1 — me-0y) (7) 
2n 


corresponds to the case of a normal pressure uniformly 
applied to a limited portion of the plane boundary of a 
semi-infinite plate. 

The stress at any point C having co-ordinates r), 0), ro, 
62, with reference to the origins A, B, is obtainable by 
integrating the effect of all the elemental loads on the 
boundary AB. At any point D the load intensity p 
on an element dz of the boundary gives a radial stress 
at C of 


2pdz cos@_ 2p.rd@ cos@_ 2p de 
rr i Cebiden 5 eos” wt , , 


7 .0cos¢ r rT 
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where r)@ are the co-ordinates of C with reference to D 
as origin, 


R22 cost p.d ge = 24 (6, — 6;) + sin (6 — 6,)} 
Vo, T 
62 
a - 22 sin? gdp = 2 { (62 — 6) — sin (2 — 6,)} 
7 Je Pa 
-_ 
RO = 


62 
2 | sin? @.do=o 
Jo 
Or writing 02 — 0; = a we obtain— 


“-« 
RR = Pia + sina) 
T 


66 = 2 (a -si 
= ey — sin a) (9) 


— 
RE@=0 


as the stress system at the point C. 


Thess expressions have been obtained by J. H. Michell* 
in a somewhat different manner. The forms of the 
expressions show that the lines of the principal stress are 
ellipses, Fig. 6, intersected by orthogonal hyperbola, both 
systems having the same foci, A, B. At the area of 
contact, therefore, these lines are markedly different 
from the case of line contact, but at a moderate distance 
away the curves are hardly distinguishable from circles 
and orthogonal straight lines having an origin at the 
centre of the pressed area. 

The most convenient method of examination is to 
compare the actual values of stress difference (p-q) along 
the central line with those obtained by calculation. 





* “A Column Testing Machine,” by E, G. Coker, 
Proc. Phys. Soc. of London, vol. xxv, Part IT, 1913. 


* “The Inversion of Plane Stress.” Proc. London 
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TaBie I. 1 in. widtb. P — 100 
T 
1 a = _ ~ ~ ~ 
eal teed rr cr) rr+ 60 rr — 00 

x 0 0 0 0 
11-4520 _ 0-01 17-45 17-24 
5-7150 34-81 0-09 34-90 34-72 
2-8356 69-11 0-71 69-82 68-40 
1- 102-4 2-36 104-72 100-00 
1-3738 134-1 5-53 139-62 128 -56 
1-0723 163-9 10-66 174-52 153-20 
0-8661 191-3 18-12 200-44 173-20 
0-7141 216-2 28-22 244-36 187-94 
0-5959 238-1 41-14 279-24 196-96 
0- 257-1 57-08 314-16 200-00 
0-4195 273-0 76-04 349-04 196-96 
0-3501 286-0 98-01 383-96 187-94 
0- 2887 296-0 122-84 418-88 173-20 
0-2332 303-5 150-30 453-80 153-20 
0-1820 308 -6 180-08 488-72 128 -56 
0-1340 311-8 211-80 523-60 100-00 
0-0882 313-4 245-04 558-48 68 - 40 
0-0438 314-1 279-34 593-40 34-72 

0 314-16 314-16 28 - 32 0 

















These latter may be readily obtained from Equations 9, 
and are shown in the accompanying Table 1 where 
P_ 
xd ~- 

plate of unit thickness. The values of rr and 60 and 
their sum and difference are readily applicable to any 
ease, and are plotted in Fig. 7 to three different scales 
to facilitate subsequent comparisons. It is of interest 
to note that (rr — 60) = p—q along the central line, has 
a zero value at the origin, and a maximum value when 


Fig. 10 


100, with a bearing area of one unit in length for a 
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a = “corresponding to a distance of half the width of the 


contact area. 

An examination of the colour bands (Fig. 8, not repro- 
duced*) for the plate described above shows, however, that 
the assumptions on which calculation is based are difficult 
to realise. The extreme edges of the contact area show 
brilliant colour banding, in addition to circles passing 
through points A and B, Fig. 6, which calculation, based 
on uniform surface loading, lead one to expect. Circular 
bands of this type corresponding to the equation— 

|l —_~ — —_~ Pp 

P-I=*V (rr —002% +4762 == RR - GG~3- 

are very well marked, although usually not perfectly 

symmetrical and often slightly elliptical, but in addition 

there are lobed-shaped curves starting from the end point. 

A and B, which penetrate into the plate and indicate a 
variation from uniform distribution. 

The colour scheme, therefore, points to the conclusion 
that the pressure distribution is not uniform, but, as 
its nature is not completely determined from these 
optical measurements, the further elucidation of this 
matter is deferred until the method of separation of 
p and q has been described. There is, however, nothing 
to indicate from a superficial examination of the colour 
bands that the stress distribution at a considerable 
distance away differs from that obtained from the 
assumption of uniformly applied load, but measurements 
of the inclinations of lines of principal stress, by aid of 
plane polarised light, show, however, that the lines 
of equal inclination Fig. 9 (above) are curves bending 
outwards and indicating stress concentration at the 
centre of the support, and this is confirmed by the lines of 
principal stress,which are easily obtained from the former 
set. These lines bend over to meet the bottom edge, 
as Fig. 10 (above), shows, and probably meet the 
contour at an angle slightly different from 90 deg., owing 
to the tangential stress produced by friction between the 
two surfaces. 

It seems probable, therefore, that this system of stress 
distribution will show greater values along the central 
line than are given by the expression 


_~ Pp. 
RR—0960= 2*~sina, 
© 





sina 





* This figure is a coloured plate which it is impossible 
to reproduce here. It is of the same type as the illustra- 
tions reproduced in Plate I of our issue of January 7 of 
this year. 
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and this is found to be the case, as Table 2 and 
Fig. 10 show. In all cases the observed values are higher 


than those obtained by calculation, and particularly | 


so when the distance below the contacting surfaces is 


Taste II.—<Stress Difference along Central Vertical Line. 














p — qib. per square inch. 
Distance. 
Calculated. Observed. 
Inch. 

0 0 0 
a 2,300 2,660 
_— 3,260 3,270 
_ 3,000 3,300 
_ 2,370 2,775 
0-2 1,570 1,635 
0-3 1,080 1,215 
0-4 820 985 
0-5 680 815 
0-6 555 785 








such that the law of equi-pollent loads might possibly be 
considered to be applicable. In this case, however, no 
part of the plate in the neighbourhood of the central 
line is really sufficiently removed from either st 


boundary to justify the application of this principle, | 


and the contact pressures undoubtedly differ in a marked 
manner from the simplifying assumptions of uniform 
pressure distribution of ordinary theory. 

At the upper surface the great stress at the extreme 
boundaries of the loaded area may possibly be due to 
intense local shear, and although the displacement of 
points near the centre appears to be greater than at the 
ends, the strain at the latter probably reaches a maximum. 
This view appears to be confirmed by the phenomena 
sometimes observed at the bases of metal columns set on 
stone or concrete foundation blocks, where it is sometimes 


bordered with flakes detached from the friable lower 
block. 

At the lower surface the concentration is undoubtedly 
towards the centre, and on referring to the work* of 
Professor L. N. G. Filon, F.R.8., a confirmation was 
obtained on theoretical grounds. It is there shown that 
the pressure Q on the lower side of a block of depth b 
and of infinite length is expressed by an integral of the 
torm— 





oe) 
~ Ou 2 w (sake +ucoshu Ur ay, 

rb sinh 2u+24u 6 
where u is the variable, W is the concentrated load, and x 
the distance from the central line. This integral can 
be evaluated as a convergent series, and the distribution 
is found to have a high central value, which falls rapidly 
and becomes zero for a value of x = 1-356, and from 
that point the beam is no longer in contact with the 
lower surface. There can be no doubt, however, that if 
uniform pressure could be applied over a small finite 
area of a semi-infinite plate the measured stress distribu- 
tion would agree with the calculated values. 

As will be shown in a later section, the application of 
a uniform pressure over a limited area has only been 
approximately realised in one special case. 

So far no attempt has been made to separate the 
principal stresses p and q from the experimental deter- 
minations of their difference and inclination, but this 
may be accomplished from this data by methods which 
have been describedt but are often difficult to carry out 
with accuracy in the complicated cases which occur in 
engineering practice. It is, in general, simpler to 
measure an independent function of p and g, such as 
(p + q) —as suggested by Mesnager.{ If a thin plate 
of any shape is stressed by forces in its own plane, the 
strains at any point r, @ in terms of the principal stresses 


RR and 60 are given by— 
mE ery =m. RR — 60 
m E eee = m 60 — RR 
— (BR + 66) 
where €z7 is the strain measured in the direction of the 


thickness, and therefore a measurement over the thick- 
ness of the plates of 


_ ~_“_ 
gives a mean value of the stresses RR + 00 = p + q. 
These correspond to the generalised stresses of Filon.§ 
In practice, it is inconvenient to divide each measure- 
ment by the values of the constants m and E, and the 
sum of the stresses is more easily obtained by comparing 
the change of thickness observed with that obtained from 
a similar plate under uniform tension or compression 
stress. If P; is a uniform tension load applied to a 
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* “On the Approximate Solution for the Bending 
of a Beam of Rectangular Cross-section under any 
a of Load,” by L. N. G. Filon, Trans. R. 8. Series A. 
vol. eci. 

+ “Experimental Determination of the Distribution 
of Stress and Strain in Solids.” By Professors Filon 
and Coker. B.A. Report, 1914. 

t “Mesure des Efforts Intérieurs dans les solides et 


Applications ” by A. Mesnager, Buda-Pesth Congress of 


The International Association for Testing Materials,- 


1901. 
§ Ibid, page 17. 


member of rectangular section A = 6d and P, is a‘similar 
compression load. We have— 
1 
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a relation which is independent of the constants. 

The strains are very small, and, as the plate is usually 
thin, measurements of very small changes are required. 
With the transparent nitro-cellulose used in this investi- 
gation, a fair value of E is 300,000 in pound and inch 
units, and a corresponding value of m is 2-5. 

The lateral alteration in a plate of 0-15 in. thickness for 
a stress of 1 Ib. per square inch is 2 by 10~7 in., and to 
determine stress distribution to an accuracy of 5 |b. 
per square inch a lateral extensometer is required reading 
to 10-6 in. This offers no serious difficulty so far as the 
instrument itself is concerned, provided temperature 
conditions can be maintained very uniform, as the 
coefficient of expansion of the material is of the same 
order as the measurements. 

An improved form of lateral extensometer was devised 
for these measurements, reading to one-millionth of an 
inch. This was used throughout the investigations 
described below. 

In general a large number of lateral measurements, and 
@ corresponding number of optical observations, are 


- - . ~¢ i i te estimate of tress 
noticeable that the print of a very rigid base plate is | es 2 Sane a Seo ee Sara 


distribution. A usual number for each is 20 per linear 


| inch or 400 to cover a square specimen of one inch side. 


On this account an adjunct measuring instrument is 


| required to bring the needles into their correct position. 


A convenient way of effecting this is to support the instru- 
ment by a three-wire suspension from a frame capable of 
adjustment horizontally and vertically by measured 
amounts. 

For this purpose the frame may be carried on slides 
moving on horizontal bars and adjusted in position by 
a fixed horizontal micrometer bearing against a suitable 
projection of this frame. A second and vertical micro- 
meter is arranged to lift the frame bodily through an 
required distance. The range of movement, in ~— 
direction, may be extended beyond the range of the micro- 
meters, to any required amount, by using distance blocks 
of known dimensions. For both optical and mechanical 
measurements the most convenient method of working is 
to make observations with a small load, and then with a 


much ter one, the difference between the measure- 
ments being taken to eliminate errors which may rise 
in working from zero loads and from the effects of any 


slight initial stress which may be present. This involves 
a double series of measurements, but the increased 
accuracy justifies the extra labour involved. A disturb- 
ing influence which requires elimination is due to the 
slightly varying thickness of a specimen cut from a plate. 
These differences are usually of the same order as the 
measurements unless the faces are specially pi X 

A fair example of the condition of a piece cut from a 
sheet as received from the maker is shown by the measure- 
ments obtained on the lower half of a square of 1 in. side 
and approximately 0-251 in. in thickness. The variation 
with reference to a point for which z = 0-4 and y = 0-2 
from the bottom left-hand corner is shown in the accom- 
panying Table 3, and it is worthy of note that the princi- 

differences occur in general along the ° 

especially at the corners where the cut surfaces intersect. 


| loads are 


The positions of the reflected image are marked 
on a sheet of paper secured to the cylinder, and 
the differences obtained between the initial and final 
measured between the corresponding “curves 

drawn through the points of observation. 
Discussion OF THE PosstBLE Errors AND CORRECTIONS 

OF THE MECHANICAL MEASUREMENTS. 

Temperature Variations,—All the measurements were 
made in a room in the basement of the engineering wing 
of University College, where the temperature conditions 


vary somewhat, and this wy affects observations 
of change of thickness. This is ially noticeable 
during the winter months, when it is found that readi 


taken in a warm room on a Saturday differed materially 
from similar readings taken on the following Monday 
morning before the temperature conditions become 
normal. These differences disappear with the establish- 
ment of the working temperature of about 60 deg. F. 
In some cases it has been found necessary to place a 
paper shield round the extensometer in order to avoid 
changes of temperature due to air currents. 

Errors of Position.—The extensometer is supported 
independently of the specimen, and is registered thereto 
by reference to some convenient point or line when the 
initial load is applied. The readings are then taken for 
this load and also for a final load, which latter produces 
strains slightly altering the configuration of the specimen. 
In these e ments the diminution in the length of 
the central line and the changes in width of the specimen 
are both easily measurable, and by working with reference 
to this central line and the edge of the bottom pressure 
plate as axis, a correction can applied to the position 
micrometer which renders this error practically negli- 
gible. , 

Corrections may also be required owing to the calibra- 
ting member for optical observations not being quite 
of the same thickness as the specimen under test, and 
also for the change in thickness caused by stress when 
both are compared, and the stress intensity measured 
by producing a dark field at the point required. This is 
most conveniently carried out with a tension member. 
If the initial thickness of the imen is z, and the 
calibrating member y, then at any point of the specimen 
the final thickness will be 


P+q \ 
mE 





e {is 


where the + sign is to be taken for all the cases examined 
here ; while for the tension member the corresponding 
thickness is 

aE} 

mE 
where f is the corresponding stress. 


When a black field is established, since the optical 
constants are the same for both specimens, we have 


(p gz(1 + 244) af'frod } 


» \ mE 
(1 - roast) very nearly 
mE 


In general y = 2, although sometimes a slight difference 
occurs, while (p+q) and f are rarely more t 1,500 Ib. 
per square inch, and m and E have values of about 
2-5 and 300,000 respectively. Hence (p+q+/) /mE = 
1/250 or 0-4 per cent., so that occasionally corrections 
are required when high stress differences are found, but 
as a rule the error is small and vanishes entirely when 
(p+q) and f are of opposite signs. The difficulty of 
providing a member in pure compression is, however, 
too great to make this a desirable feature of the measure- 
ments, as the results which follow show clearly. 

Errors may also be caused by friction of the pivots, 
and of the ing needles in their bearings, while 
minute scratches or i ities at the surface show 


y {i - 


p-q=ft 
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themselves by sudden jumps in the readings. If, however 


TABLE II.—Variation oF THICKNESS IN A }-INCH PLATE. 





















































One Unit = 10-5 Inches. 

— | 0-01 0-05 0-1 0-2 | 0-3 “0-4 0-5 0-6 0:7 0-8 0-9 0:05 0-99 
0°5 —50 —18 — 6 — 6 -8 - 5 +1 +8 +13 +16 +16 + 8 —22 
0-4 —42 —- 9 + 8 + 3 -1 +1 + 3 + 9 +13 +16 +20 +14 —15 
0-3 —29 —1i1 +10 +7 0 - 3 —4 — 3 - 2 + 3 + 8 +4 —21 
0-2 _ +28 +26 +19 +9 0 —- 6 —10 —12 - 9 —12 -—2 —16 
0-1 +3 _ +39 +26 +12 +9 - 1 — 8 —11 — 0 0 0 —- 
0-05 | +23 | +39 +57 +51 +38 +25 +14 +7 +1 +1 +11 +10 —13 
0-01 | —35 11 +1 —i1 —11 —21 —33 —39 —40 —48 —46 —51 —76 
The exposure of a yp few surface without subsequent | the testing machine used is tly tapped with a pencil, 

ishi follo 


polishing isp in fact, wed by a slight change at the 
er or due possibly to the escape of 4 small of a 
volatilé constituent. In a thick plate the effect is often 
noticeable from the appearance of a white line along 
the contour when the imen is viewed in a y 
In thin imens this effect is shown but rarely, even 
after tie tages of years. 

In l, therefore, the stresses at the edges are 
somew more difficult to determine, but at a free 
contour the measurements are not complicated by the 


necessity of separating the principal stresses, since both 


| (p + q) and (p — q) are equal, and the directions follow 


the contour. 

The mechanical labour of recording all the measure- 
ments required proved far too great to allow of much 
progress, and in order to dispense with book-keeping, 
a cylindrical recorder was constructed having a barrel, 
pivoted on a vertical axle, and capable of vertical 
adjustment by aid of a lever o ted by a screw, so that 
the zero can be adjusted as the extensometer is moved 





or, if massive, vibrated by the action of a small electric 
bell attachment, the instrument takes up the 
due to the strain. The effect of a minute scratch some- 
times ders it y to take readings on each side 
of the position, and to use these to obtain a value at the 

uired point. 

he usual tangential errors of the readings on the 
barrel are allowed for, and in some cases these are 
considerable. As an example an extreme case may be 
quoted, in which the reading h is 12 in, above the level 
of the reflecting mirror and the distance / is 32 in, The 
movement of the mirror is approximately tan 0-+175 or 
0 = 10 deg. 37 min., and the error in assuming that 
ld@ = dhisl (d tan 6) —id@ = | tan 26 dé, or very approxi- 
mately tan? @dh. The error in reading is thus about 3 per 
cent. All readings are therefore corrected by reference 
to curves constructed for any required relation between 
h and I. In making this correction, the height of the 
reflecting mirror must be found relative to the readings 
on the drum, but any small error in the measurements of 
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this height affects the correction by not more than 
one-tenth of the error made, and is fore negligible. 
Moving the extensometer to different positions on the 
specimen also alters this height, but this can be corrected 
by the screw controlling the vertical position of the drum. 
A horizontal shift from the vertical p assing through 
the spindle and the central position of the extensometer 
tends to increase the readings since the image of the wire 
is received on a more distant part of the cylindrical drum. 
A movement of half an inch in either direction causes 
an error of one part in 2,000 for the drum used, which 
was 8} in. in diameter, and thus is insignificant unless 
the"specimen is very wide, In this latter case the drum 
is arr to move on a cross-slide parallel with the 
extensometer. There are a number of possible minor 
errors, such as might occur owing to the recording 
cylinder not being vertical, or truly cylindrical, or due to 
imperfect ruling of the squared paper, but all these have 
been aliminated, 

Early experiments showed some perplexing variations 
in the reading of the lateral extensometer under identical 
conditions, and these were found to be due to (1) errors 
in the dividing of the micrometer head ; (2) errors in the 
screw and (3) variations in the friction of the points and 

i of the measuring needles when moved over 
bounding surfaces of the specimen. The first was very 
much reduced by a newly-graduated head, the second 
by using a very long screw and nut, and the last by 
increasing the rigidity of the supporting frame and 
careful rounding and polishing of the contacting areas. 

Experiments were then made under good temperature 
conditions by two observers, who recorded their results 
quite independently, and a summary of these observa- 
tions is given in the accompanying Table 4, annexed, 
in which different positions of the screw and micrometer 
head are examined. It will be observed that the highest 
set of readings is obtained for the second position of the 
screw and the divisions 320 deg. to 360 deg. of the head ; ! 
and that the last three positions deal only with this range. | 

Taken as a whole, the deviations are small, and although 
the maximum difference from the mean is 2 per cent., 
the average difference from the mean is only 0-2 per 
cent. for the whole series. The distance of the scale is 
taken much greater in some cases, to make the readings 
more sensitive, although this is usually accompanied by 

, some loss of definiteness of the projected image of the 
cross wire. 





Discussion OF THE PossIBLE ERRORS IN THE Opticat | 
MEASUREMENTS. | 


An investigation* was also carried out to examine the 
mechanical properties of nitro-cellulose compounds used 
in this and other investigations and also the law of its 
optical behaviour, and it is material to the present 
experiments to remark that under tension stress the law , 
of optical retardation is shown to be proportional to, 
stress and not to strain, and that it is linear even when | 
the material is stressed far beyond the elastic limit and 
very near the yield point. Hence the optical measure. | 
ments require no correction at high stresses, but the 
lateral measurements of the strain are affected thereby, 
and unless corrected from the stress strain relation tend 
to give too high values, The polarising and analysing 
Nicols, used throughout, were made by Ahrens, and are 
of a high degree of perfection. The arrangements for 
experimental work are of the usual kind, except that it is 
necessary to bring both the specimen under observation 
and the calibrating member into focus on the screen for 
comparison. We are indebted to Professor Filon, 
F.R.S., for suggesting an arrangement of lenses whereby 
this can be accomplished when the distance between the 
two pieces to be compared is considerable. This allows 
a much more simple arrang t of apparatus than would 
be required if both pieces were pl in juxtaposition, 
and it improves the definition of the projected im ; 
Another matter to which attention may be called is that 
if the plane faces of the specimen are not } 2 ma per- 
»endicularly to the plane polarised beam of light, but 
love the normals thereto inclined at a small angle @ to 
the direction of the ray, then the inclination of the path 





inside the material is 4 and the change in the distance is 
m 
t sec o erga & if @ is small. If @ is taken as 
# pe 


5 deg. and « = 1-5 the change in optical path is 0-2 per 
cent, It is believed that there is no appreciable experi- 
mental error from this cause. 

There are probably small changes in the refractive 
indices due to changes of temperature, but as this 
latter did not vary more than 6 deg. F., while measure- 
ment was in progress, the effect is probably insignificant. 

Errors due to defects in loading have been avoided as 
far as possible by adjustment of the stressing apparatus 
until the optical effects show a high degree of sy try. 
Small initial stresses are sometimes found in the material, 
which latter was in all cases examined before cutting 
into shape, and only the most pe ect pieces were used. 

In plane stress, or generalise: © stress, such as is 
dealt with here, the distribution is completely determined 
when p, q, 6 and @ are known, The direc tions are 
comparatively row A to measure, since a stressed plate in 
plane polarised light shows dark bands which mark these 
directi with respect to the principal planes of the 
polariser and the analyser. The experimental solution is, 
therefore, plete and i dent so long as the law 
of optical retardation holds and the lateral strains can be 
in reted as linear functions of stress or corrected for 
the deviations from a linear law. 

It may also be noted that the stress distributions 














* “The Stress-strain Properties of Nitro-cellulose and 
the Law of its Optical Behaviour,” by Professor E. G. 
Coker, F.R.8., and K. C, Chakko, M.Sc. Trans. Roy. Soc., 
Phil. Series A, vol. cexxi, 1920. 





TasLe 1V.—Calibration of Lateral Extensometer. 
Distance of Scale from Reflecting Mirror, 51} Inches. 



































Readings. Per- 
Seon og 
Position| Reading Values — 
of of Micro- of from 
Screw.| meter a, b. ec d. Mean 
Head. ings. Average 
Value. 
144-9) 144-3) 144-0) — 144-4/+0 
140-180; 142-0) 142-2) 142-6) — 142-3|—1-4 
I 230-270) 144-9) 144-2) 144-2) — .| 144-4/+0 
320-360} 144-4) 141-8) 143-3) 142-8) 143-1/—0-8 
50-90 | 145-2) 146-7) 144-4, — 145-4/+1-0 
140-180) 145-4) 143-9) 144-5] 143-7) 414-5)+0 
I 230-270} 144-5) 143-8) 144-0) — | 144-2)—0 
320-360] 148-9} 147-2) 145-9) — | 147-3)+2 
Ill 320-360) 144-0) 143-4] 142-8) 144-1) 143-6|/-—0-5 
IV do. 141-9] 142-7) 142-9) 143-1} 142-7|/—1-1 
v do. 146-3) 145-2) 145-1) 145-6} 145-6) +1-0 
Average value of readings 144-3 n 
Total numerical error »p 2 ye WG 
Mean numerical error . 0-7=0°5 
per cent. 





obtained in all the various cases examined in this Paper 
may be directly applied to similar cases in other materials, 
since the fundamental equation A*+ y =o for plane 
stress in ee 3) connected bodies contains no elastic 
constants, and the stress components are derived from 
this function x in the form of partial differential co- 
efficients, in which the co-ordinates are the independent 
variables. 

Experimental evidence on this point has already 
been given,* and need not, therefore, be referred to 
further here. 


(To be continued.) 





A STUDY OF THE FRAMING OF A SHIP.t 
By Professor T. B. Apert, O.B.E., M.Eng. 

Tuat the study of history can be of service to man will 
hardly be disputed, but it would be unfortunate if the 
historian when ing his researches should limit himself 
to ining facts and circumstances in order to 
convey @ correct or rational interpretation of the past. 
He should always bear in mind that he is examining 
the past in order that it may be of use in the future. 
The question I have put to myself is, “‘Can the study 
of the development of ship structure assist the naval 
architect in his daily work of designing the structure of 
ships?” I suggest that it can, and I venture to put 
forward one or two points of view which I hope may be 
of service. Evolution is a slow process. The ship- 
builder makes small alterations with each ship he builds. 
Each alteration is a step in a process leading to simpli- 
fication of construction and economy of labour. Can this 


rate of gress be increased by a study of the evolu- 
tion of the ship, so that a substantial step may be made 
at any partic moment ? Just as we extend a curve 


illustrating experience or experimental knowledge, can 
we not extend our experience of shipbuilding, analysed 
on a definite Dawe in order to make marked progress in 
simplicity and economy ? 

I imagine that an historian may — from his general 
reading ideas which eventually form themselves into 
governing principles; that having formulated these 
principles he seeks to get evidence to corroborate his 
ideas, to refute them or alternately to modify them. 
Such a search’ may result in very special pleading, but 
with- honesty of criticism it is a proper and rational 
plan of action. I propose to enunciate two propositions, 
to examine them, to apply them, and finally in their light 
to search historically and see whether these propositions 
have been made use of on broad lines in the development 
of a ship’s structure. 

Proposition 1.—If a thin plane plate of large area be 
supported on a rigid framework, consisting of two 
systems of frames at right angles the individual frames 
of each system being spaced at equal distances apart, 
and be subjected to a uniform pressure normal to its 
plane, the stress in the plating will depend upon the 

roportions of the panels of plating supported by the 
heameerenk, and for a given spacing of the frames in one 
system will be a maximum when the spacing of the frames 
in the other system is infinite. The influence of the 
support afforded by the end boundaries is important 
oaly when the ratio of the sides is small, say less than 
3-0, 


ition 2.—If the thin plate in Proposition 1 be 
subjected to a uniform compressive stress in its general 
plane, and parallel to those frames which form the shorter 
side of the panel the stress in the plating induced by the 
compressive force will increase as the length of the 
longer side increases and will be a maximum when the 
short sides are at an infinite distance apart. 
Both these propositions are obvious, but such proposi- 





* “The ical Determination of Stress.” E, G. 
Coker, Phil. . 1910. 

* Photo-Elastic and Strain Measurements of the 
Effects of Circular Holes on the Distribution of Stress 
in Tension Members.” E. G. Coker, K. C. Chakko and 
Y. Satake. Trans. Inst. of Engineers and Shipbuilders 
in Scotland, 1919. 
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tions need careful consideration if only because they 
are obvious. fxg eka typed aprinws. once ery selgh mse is 
more appreciated t! obvious. Su t i 
of the two sets of frames be J and b ae ae 
will then be panels of plating of area Tr b, held along 
their boundaries. Provided the deflection be small, there 
will be no discontinuity of curvature at the boundaries. 
For the purpose in view it will not be n to 
consider quantitative results; qualitative results will 


suffice. Suppose f be large, say 20. Over a length of the 


panel saqvontmeting to (l — 3 b) the curve of deflection 
of the plate in a plane parallel to the side b will be 
sensibly constant. If the panel be halved by the intro- 
duction of another girder (see Fig. 1) the curve of deflec- 
tion for a total length of 1 — 6 6 will be sensibly constant, 
and if the panel be subdivided equally by the intro- 
duction of n frames, the total length of the panel for 
which the curve of deflection is constant will be approxi- 
mately [1 — 3(n + 1)6]. So long as the curve of deflec- 
tion is constant, and the deflection itself is small, the 
plating will be practically acting as a beam* parallel 
to the side of length b and Br vam E loaded. The simplest 
and most economic way of strengthening the portion 
or the panel of length [/ — 3(n + 1) 6] will be to fit 
stiffeners parallel to the side 6. Light stiffeners parallel 
to the long side J will not be effective. This method is 
the common general method of stiffening thin plating 
subject to water pressure. A transverse bulkhead, 
whose breadth is greater than its height, is stiffened by 
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vertical stiffeners ; one whose height is greater than its 
breadth, e.g., the bulkhead in the wall of a floating dock 
is stiffened by horizontal stiffeners. 

Suppose, now, the panel / x 6 be subjected to a com- 
pressive force parallel to the side 6 and uniformly distri- 
buted along the sides 1. Over a length [7 — 3(n + 1) 6], 
provided the forces and deflections be small, the platin 
will be loaded similarly to a pillar fixed at the ends an 
loaded laterally. Increase in the value of n will reduce 
the extent of plating which will be subject to the 
maximum deflection. So here, again, the simplestt 
method of reducing deflection of the plating, due to end 
compressive forces, is to fit stiffeners parallel to the 
direction of the compressive forces. 

It is proposed to apply these two propositions to a 
study of a ship’s framing, but before doing so reference 
may, with advantage, be made to some experiments on 
the effect of water pressure on thin plating. The best 
are those of Dr. Montgomerie (Trans. I.N.A., 1917, 
Vol. lix). He experimented upon a plate in which 
l= 2b, At the middle of length of the long side the 
bending stress corresponds to that of a bending moment 


of about LA or one-half that corresponding to the 
theoretical encastré beam of length 6. For a distance 





* The resultant tension or compression at the boun- 


daries is neglected, and it is assumed that the slope of 
the plating at the boundaries is zero ; in other words, the 
“ di ” or “‘membrane ”’ effect is neglected. 


t more efficient method would be by means of 

illars placed at right angles to the direction of the stress 
Bryan's formule in Mackrow’s Naval Architect’s 
ik). 
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6 from the ends of the panel, therefore, the supporting | bulkhead. Ln ee | on this frame decide its | frames with an increase in the number of bulkheads. 
tan Abows f hee dimensions, and that o eT ee the com- eee See) Meine We ee vy tery 
- i int. distant f ' , | partment, since it is not practi to vary i an enn 5 
~ oars #9 p TOF Cnt Willies Le Indetbeted.: the of ryt that Walkie ar introduced unl the length 
side,” the stress will be unaffected by the constraint of in * compartment to 
the wath boundaries end WO be the beaks bn of the middie the bottom are altered, each bulkhead d the load ee ee ee ey et ee, See 
Sates sae cate ane. 5 ak Se membenne ‘engi Wil’ be sudher howe than eoodail Gad prowiety 
ti ‘ i) .. ore one- 
wisdicedes Pe Pies “SOOT ae © SO about two-thirds of what it would be if the baikhesds 
were at an infinite distance. If the bulkheads are 
still more closely spaced, the more economical method 
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ments, so that this assumption is probably on the safe side. 
In a ship with no intermediate 
bulkheads it is that the bottom of the ship 
may be likened to an ellipse of ing constrained at its 
periphery. This assumption ma quantitively be Pans 4 
wide of the mark, but it is right in character. 

‘frame ” over a large portion of the bottom amidshi 


be assumed to take the bending due to the weights 
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ship, in which the length of hold is greater than its 
breadth, except where widely-spaced pillars are used, 
when it ma , or at least ble, to fit a 
longitudinal | girder in po line of pillars for distributing 
the load from the bottom to the 
Consider, now, the framing of a battleship, say of the 
re-war type, and take first of all the ments 
unded transversely by two main watertight 5 
38 ft. apart (see Fig. 2). The proportions of the com- 
partment are as follows :— 


e Main boiler-room © > 
"Main bunkers and outer { 





49 to 38 1-3 to 
20 to 8 2-5 to 
18to8 2-25 to 
20 long to 22, say, deep 
In such a main boiler-room it will be more economical 
to use longitudinal framing only, and in the main 


coal bunkers transverse frames only, In an engine- 
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or 
or 
bunker 7 
































on the frame, Incidentally the Registration Societies do 
not specifically permit a reduction of scantlings of the 





subdivided according to a IB sasatyany. yor: ” standard, 
Table I gives maximum values of the ratio of the 
of hold to the correspondi 


f Minton Maximum. 

of A 5 um, 
600 1-22 0-8 1-6 
If it that two rows of pillars be fitted, the 
1p of She penal of the Bally 08 Fer 
by the line of pillads, lie between 4 and 6 in the cargo 
vessels and between 2-5 and 6 in the passenger vessels, 














to 


longitudinal girders in the 
foundations and attachments, 


room, 70 ft. by 35 ft., it would be more economical 
frames » were it not an edvan 
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orjfioors, Away from the middle line the frames were 
to per uce Wi 

jointe d frames (see Fig. 2 or Fig. 3, Plate IV., Trans. 
LNA. 1860, Cee here as Fig. 3). Fairbairn 
(vide Trans, I.N.A., 1860, Plate II, Fig. 3) showed a 
midship section of an iron vessel 300 ft. long of about 


Fig.6. ULUSTRATING DEVELOPMENT OF 
SIDE KEELSONS. 
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members was the same, except that the side keelsons had 
an intercostal plate extending between the floors. These 
extensions appear to have consisted of a bulb plate. 
They did not reach the shell plating nor were they 
attached to the shell plating. They were attached to the 
floors through the medium of the stringer angles and 
presumably by vertical angle bars also. Scott Russell 
in his Naval Architecture, published in 1864, gave a 
structural drawing of an iron ship, in which side 
keelsons had an intercostal plate between the floors 
extending to the shell plating, but not attached to it 


and attached to the floors by vertical angles. These | the 


intercostal plates were attached in precisely the same 
manner as the centre keelson used in conjunction with 
the solid bar keel (see Fig. 6). 


In some wood vessels, in way of the boilers, the ceiling, 
instead of i carried right round the section, is 
continued into boiler-room flat which is carried on 


fore and aft baulks continued over the floors just as the 
keelson is fitted. Com; this with the first type of 
double bottom. Here fore and aft keelsons were fitted 
on the inside of the floors and were not extended to the 
shell plating by means of intercostal plates. I only 
introduce this point as I think it is the straightforward 
way of ———° vessel for the particular purpose. If 
the fitting of tank had been di from first 
nomen tes Ya a different arrangement would have 


Where no double bottom was fitted the side keelsons 
increased in depth with increased size of ship, and 
eventually it became the general practice to connect the 
floors with the shell 


Fig @ chowe dims were — of length of hold. 
le ws diagrammat: process of 
development down to the double ship of the 
present da 


Now, wy were these side kvelsons and intercostal 
keelsons fitted ? I cannot answer the question myself, 
Wve LER xine ens & beet Dr. Thearle, 
in 1886. This book was written MB Ry whet Dery h 

i we investigated the 


structure, and have been familiar 

reasons put forward and 

that time, 35 years ago. This 

36 yeess Subsequent $0 the vesssle described b Fairbairn 

Finn peli: at vena bel > Ae 
num ° ann were of 

wee ay. 





depth | compressive longitudinal forces and aga 


cunipirene, eairenned strengi $0 fhe wepeal, and thes i 
tos i degree 


“To better connect the keelsons, etc., with the frames, 
lug pieces are riveted back to back with the reverse 
frames, and the lower angle bars of the keelsons, etc. 
are riveted to both the reverse frames and the lug 


pieces. 

**Intercostal plates as shown, further asisst to keep 
the frames in their correct relative positions and to 
prevent the floor plates from tripping; also when the 
intercostal plates are attached by angle irons to the shell 
plating, the keelson serves not only to stiffen the frames, 

rut to assist in locally stiffening the shell plating also. . . 

** Vessels whose second number is un 15,000 may 
have ‘ wash plates’ fitted in lieu of intercostal plates— 
the intercostal plates may be thinner and not be 
attached to the shell plating. When ‘double bottoms’ 
or ‘ water ballast tanks’ are built into the vessel, neither 
the intercostal plates nor the side keelsons are required. . . 
In vessels of large size and extreme proportions of length 
to depth . . . require very considerable strength in the side 





the principal stresses are in the transverse 
plane, and the only ion of the centre gi is to 
ee ee ee coming 
ween the frames. For what other p need a 
hay tht ade gg One does not “aa? 
to a box girder. y then is it n in a ship ? 
With « double row of widely-epaced pillats the problem 
D lguatheibaiine of came-couddoeci eum, 
a longi i of some consi in 
caisepiainiianion Ib estes so take Gaeaien 
forces in way of the pillar and to insure that the load on 
the neighbouring transverse frames is transmitted to the 
pillars. At bulkheads, too, there is a need to take up the 
shearing forces by fitting intercostals in way of the bulk- 
heads. In Fig. 7 suggestions are put forward along which 
some attempt to economise in material, labour, and 
ore cost of construction, might without risk be 
pongo It is felt that oe Is - great conservatism in 
arrangement of a ship’s ing, based on wood 
ee in which the material of construction is of 
a far different character from that of steel. The use of 


PRESENT SYSTEM OF CONSTRUCTION. 
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SUGGESTED SYSTEM OF CONSTRUCTION. 


PULARS AT MIDOLE LINE 
NORMAL FRAME SPACING. ; 
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OR TWO ROWS OF CLOSELY SPACED PILLARS. 
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ALTERNATE FRAMES OMITTED. 





keelsons, and this is 
effected by continuing 
the intercostal plates 
above the floors and 
riveting to them a 
continuous plate keel- 
son with double -_—_ 
bars on its upper an 
lower edge. 

“‘ Bilge keelsons assume similar forms to the side 
keelsons only that the employment of intercostal plates 
is not insisted upon by Lloyd’s except in the case of | large 
vessels and those of extreme proportions.” 

For purposes of discussion it is ted that these 
reasons are in the main inadequate and illogical. Two 
exceptions are made :—(1) That in large vessels in which 
deep keelsons fitted inside the floors with extensions 
attached to the skin, the keelsons do add appreciable 
longitudinal strength to the ship and transverse strength 
also when the holds are short. (2) The intercostal 
keelsons extending to the skin stiffen the shell plating, 
particularly when the keelsons are attached to the skin, 

—— for a moment that we examine the nature of 
the forces acting on a ship’s bottom or transverse 
framing. The external loading on ordinary ‘service 
is never in the nature of a concentrated load.* The 
internal loading is rarely a concentrated load, and actually 
only concentra loads in the ship are those at 
pillars, with which must be included bulkheads. In these 
circumstances there will be no tendency for frames 
to trip, there will be no need to fit stringer ties on the 
inner surface of the frames and floors to prevent tripping. 
Intercostal plates were fitted as wash plates in small shi b 
the angles on the inside of the floors acting as ties. 

It is suggested that the introduction of intercostal 

in modern shipbuilding was a ual develop- 

ment, based entirely on precedent, founded on an hypo- 
thesis, arising out of the custom of planking the inside of 
the floors of wood a. which weenmne Magieal when 
applied to iron ships. © scantlings and depths of side 
keelsons increased with the size o ships, from simple 
to the keelson of I section, attached to 
f ting through the medium of the 
intercostals and their securing angles. As a means of 
chrengihening the ship transversely, they are inefficient 
in holds of economic proportions, whilst as a means of 
strengthening the ship longitudinally they are also 
inefficient, for the material would be far better utilised 
if placed in the shell plating. The important function 
of the side keelson is to stiffen the bottom mge boned 
lection 


by water pressures. But this function could be effected, 
and effected economically, in labour and material, 
by fitting intercostal angles or bulb angles to the shell 
bottom and tank top plating, dispensing with the inter- 
costal plates and the floor attachment ies. 

In small ships with a middle line row of pillars on each 
frame, there would ap to be no need to fit a middle 
line keelson the full of the floors. It would be 
sufficient to meet docking irements to have a keelson 
less than the full depth of floors. The same would 
apply to a larger vessel having two rows of pillars. If 
Pp’ are fitted on every frame, there is no need to fit an 
intercostal girder at all, in way of the pillars, and 
at the middle line it is not necessary to fit a very strong 
longitudinal girder for docking purposes. When a ship 
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* An exception will, of course, be fen forces, 
when side may be beneficial but hardly of 
great necessity. 


steel should impel us to use our knowledge of first 
oe cy i tive of tradition or practice, which 
should be utilised only to ~ a@ check upon methods of 
construction which may devised from these first 
rinciples. I am indebted to several friends for their 
elpful criticism of this paper, which has been put 
forward with the object of provoking discussion, at a 
tame when 2 ta very auaieahi to secure the most efficient 
and at the same time the most economic design of 


ship. 





New Wieerxess Stations in Fintanp.—Two new 
wireless stations have been erected in Helsingfors, the 
capital of Finland; one of the stations being on the 
Danish Poulsen system with a power of 25 kilowatts 
and the other on the Marconi system with a power of 
35 kilowatts. Hitherto there has been only one small 
5-kilowatt station, which could not work much beyond 
Co m, whilst the range of the two new stations 
includes the whole of central Europe. 





TaxaTION AND InDUsTRY.—In a letter addressed to 
the Prime Minister by Sir W. P. Rylands, representing 
the Federation of British Industries, it is suggested that 
the ensuing 12 months are likely to be the most critical 
in the economic hi of this country. It is pointed 
out that the cost of is already higher here than that 
ruling in any other coal-producing country, and in the 
immediate future, we are threatened either with a further 
rise or the closing down of a number of pits. Railway 
charges, it is asserted, were before the war, higher per 
ton-mile in this country than in competing countries. 
Though, in this connection, Sir William fails to make 
allowance for the fact that as our average haul is very 
short, terminal charges are necessarily a larger proportion 
of the total than elsewhere. As matters stand, it is 
stated that the increase in railway rates has already 
added seriously to production costs, whilst the —-— 
are nevertheless run at a loss. For a remedy, Sir 
William looks Rae to a relief of taxation, which is 
heavier in Great Britain than in any competing country. 





JaPANESE Suresurmtpivse Inpustry.—The Japan 
Advertiser of January 19, in the course of an article on 
the shipbuildi industry, states that the Japanese 
Government will introduce during the present session of 
the Diet a bill for the abolition of the import duties levied 
on shipbuilding materials in the interests of the . 7 
building industry. The Commercial Counsellor to His 
Majesty’s Embassy in Tokyo (Mr. E. T. F. Crowe, 
OMG.) in rting this fact to the Department of 
Overseas , states that one of the earliest conse- 

uences of the ions, which overtook Japan 

ortly after the conclusion of the armistice and in a 
pw ear ga Rae a ee oa Ri Mn Reg 
widespread agitation for vernment assistance to 
certain industries, particularly the iron and yay 
industries. The tation usually took the form of/a 
demand for abolition or increase of import duties in 
accordance the requirements of the ind in 
question, and the Government, while wishing to ord 
support, were tly faced with the difficulty of 
i interests. Thus the iron industry 


for increased jon against foreign 
imports of steel, while i desired its free 
entry. It would that the report in the 


newspaper 
is substantially correct and that the bill will be adopted 





during the present session of the Diet. 
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ELECTRICITY AND MATTER. 


On Saturday, March 19, Sir Ernest Rutherford, 
F.R.S., delivered at the Royal Institution the 
concluding lecture of his course on the above subject. 
The lecture contained the striking and possibly 
epoch-making announcement that in certain recent 
experiments at Cambridge the internal energy of the 
atom appeared to have been definitely tapped. 

In commencing his discourse, Sir Ernest observed 
that on the last occasion he had shown that by 
studying the deflections of swiftly moving small 
particles when these collided with an atom, he had 
been led to the conclusion that the atom had a 
nuclear structure such as was represented diagram- 
matically in Fig. 1, which referred to the oxygen 
atom. The essential point to be borne in mind 
was, he said, the extraordinarily small volume 
occupied by the nucleus into which, however, 
practically all of the mass of the atom was con- 
centrated. The diameter of the nucleus was in 
fact only one ten-thousandth of the diameter of the 
atom, taking this as fixed by that of a sphere which 
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would include within it all the electrons belonging to 
the atom. The nucleus carried a positive charge, and 
in the neutral atom this charge was balanced by 
the negative electrons, which was an indication that 
the nuclear charge was itself also built up of units 
each equal and opposite to the electron. The next 
problems which arose were what was the total 
amount of the unbalanced charge on the nucleus of 
an atom, and what was the structure of the nucleus? 
The value of the nuclear charge had been determined 
roughly by experiments on the scattering of a 
particles after collision with other atoms, and from 
these experiments it appeared that the number of 
charges carried was approximately equal to one half 
the atomic weight. Thus gold with an atomic 
weight of 197, appeared to have on its nucleus a 
charge of about 100 units, each unit being the 
counterpart of the negative electron, and thus vary- 
ing from element to element by an integral number 
and never by a fractional amount. In the case of 
hydrogen it was further clear that the nucleus 
comprised but one unit charge of positive electricity, 
which, in the neutral state, was balanced by one 
electron some distance away from the nucleus. 
Again, the a particles expelled from radio-active 
bodies carried two charges of positive electricity, 
and when neutralised by the acquirement of electrons 
were atoms of helium, so that these a particles 
were regarded as the nucleus of the helium atom. 
Thus so far as the first two elements were concerned 
we knew thé positive charge carried by their 
nuclei, and it remained to determine what this was 
in the case of otheratoms. To this problem Moseley 
supplied a very definite answer in 1913. Shortly 








before the war, Laue of Munich, had definitely 
proved that X-rays were merely a form of light of 
very short wave-length, by showing that when 
X-rays were passed through crystals diffractive 
effects could be observed. Professor Bragg and his 
son had subsequently devised a comparatively 
simple method of determining the wave-lengths of 
these rays by reflecting them from crystals. The 
general idea underlying their methods. could be 
most simply set forth by analogy with optical 
experiments in which it was known that by measur- 
ing the displacement of spectral lines reflected from 
a grating accurately ruled to a known pitch the 
wave-lengths of the lines could be determined. In 
the case of X-rays a crystal was used instead of a 
grating, its atoms, in short, being equivalent to a 
three-dimensional grating. In Fig. 2 each atom 
on a crystal of Zn S was represented by a black or 
white circle, and when exposed to X-rays each atom 
reflected the incident ray. By tilting the crystal to 
some definite angle, depending on the wave-length of 
the X rays, these individual reflections could be made 
to re-inforce each other, and were then sufficiently 
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concentrated to give a definite line on a photographic 
plate. The arrangement used was represented 
diagrammatically in Fig. 3, where A denoted the 
anti-cathode from which the X-rays were sent off. 
After passing through the narrow openings in the 
screens B, and B, the beam of X-rays fell on a piece 
of rock crystal at K, and were reflected here from 
the atoms of the crystal. The angle which K made 
with the original direction of the beam could be 
altered, and when this angle was suitably adjusted 
the rays instead of being scattered underwent 
regular reflection along Ka to the photographie plate 
shown at P, where they recorded themselves. 
Moseley used different elements for his anti-cathode, 
each of which gave out its characteristic X-ray 
when bombarded, and each characteristic radiation 
required a different adjustment of the rock salt 
crystal K, and was reflected to a different position 
on the plate P. 

Moseley thus obtained some striking and extra- 
ordinary results. He found that each element gave, 
in general, two lines on the plate, a typical series of 
these X-rays spectra being represented in Fig. 4. 
The origin corresponding to no deflection of the 
rays was represented by the left-hand margin of 
the figure. A striking point was that the X-ray 








spectrum’ of all these elements was identical in 
form but shifted by definite steps as we passed 
from one element to the next. The lowest of the 
series in Fig. 4 were obtained with brass, and showed 
the lines, both of copper and of zinc. It would be 
seen that there was a big jump between the first and 
second spectrum of the series. This was due to the 
fact that argon came in here, and being a gas could 
not be used as an anti-cathode. Working in Sweden 
Siegbahn had extended the investigation to heavier 
elements, his results being represented in Fig. 5. 
Here, again, there was a big jump between Br and 
Rb, due to the fact that krypton was the next ele- 
ment in order after Br, and could not be used as anti- 
cathode. All the spectra it would be seen, had the 
same fundamental quality. 

By the method above described Moseley had 
examined the majority of the elements and deter- 
mined the wave-lengths of the characteristic X- 
ray radiation due to each. He thus established the 
important point that if the square root of the 
frequency of these radiations was plotted against the 
elements simply taken in order of increasing atomic 
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weight all the observation fell regularly on straight 
lines as represented in Fig. 6. From this he concluded 
that the nuclear charge on any element was pro- 
portional to its atomic number, that is to say, the 
order in which it came on passing up the series 
from hydrogen, taken as 1. For example, alu- 
minium came in order 13, hence its nuclear charge 
was also 13 units. Uranium, the heaviest of all 
known elements, had correspondingly an atomic 
number 92, and 92 unbalanced positive charges on 
its nucleus. 

The complete series indicated that some elements 
were yet to be discovered, but it showed well for the 
industry of chemists that they had been able to isolate 
all but four, and these were situated in the rare 
earth group, where chemists, even before Moseley’s 
experiments, had reason to believe that some ele- 
ments were missing. The great importance of this 
investigation was that it showed that the properties 
of the elements were determined by their atomic 
numbers rather than by their atomic weights. 
Mendeleef’s periodic law was well known and had for 
long served as a guide to chemists, but his table 
showed some anomalies which disappeared when 
the elements were grouped by their atomic numbers. 
Thus in Mendeleef’s table, cobalt having a higher 
atomic weight than nickel should come after this 
in the periodic system, but the properties of the two 
elements were such that this order should be reversed. 
It had now, however, been definitely proved that 
the nuclear charge of cobalt was 27 and that of 
nickel 28, so that their atomic numbers were in this 
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order, and in agreement, therefore, with their 
physical and chemical properties. 

Recently, by improved methods, Mr. Chadwick had 
established (with a possible error of not more.than 
1 to 2 per cent.) the truth of Moseley’s deduction 
that the nuclear charge was equal to the atomic 
number, That the properties of an element 
should depend on the magnitude of the nuclear 


charge rather than on the atomic weight, followed | p,4 


from the view already explained as to actual 
constitution of the atom. The nucleus was sur- 
rounded by electrons, and the position of these 
electrons and their modes of vibration was deter- 
mined by the nucleus, so that the atomic weight 
of an atom was in a sense a secondary quality not 
simply connected with the atomic properties. We 
had thus arrived at the extraordinarily simple 
generalisation that the elements were distinguished 
almost wholly by their nuclear charges, which 
ranged from one unit in the case of hydrogen up 
to 92 in that of uranium, 

Two further problems obviously remained. Of 
these the first was, what was the arrangement of 
the outer electrons which determined the chemical 
and physical properties of an element? At this 
problem many physicists were now working, but 
the speaker did not propose to deal with it but to 
discuss, rather, the second problem, viz., what was 
the structure of the nucleus which, as pointed out 
above, controlled the constitution of the atom? 
As in so many other cases a key to the solution of 
this problem was obtained by going back to the 
consideration of the phenomena of radioactivity. 
Radioactivity was due to an explosion occurring 
within the atom, as a consequence of which some- 
thing was expelled and another atom different from 
the original radioactive atom left. This second 
atom was itself generally radioactive, so that we 
got from the original atom a long queue of elements 
formed each from the preceding one. The uranium- 
radium series of successive elements was represented 
in Fig. 7, and the thorium series in Fig. 8. 

According to present views the explosion did not 
occur amongst the electrons surrounding the 
nucleus, since it’s oceurrence was quite independent 
of temperature, and of physical and chemical con- 
ditions generally. It was accordingly a property of 
the nucleus, 

A simple and powerful generalisation, due largely 
to Russell, Soddy and Faijans, had been devised to 
explain the relationship between successive members 
of a radioactive group. Take for example uranium, 
the atomic number of which, as determined by 
X-ray methods, was 92. An atom of this element 
occasionally shot out an a particle carrying two 
positive charges of electricity, and having a mass 
of 4 if that of the oxygen atom was taken as 16. 
By the removal of two charges from the nucleus the 
atomic number dropped to 90, and by the removal 
of 4 units of mass the atomic weight fell to 234. 
The resulting atom was known as uranium X. 
This was also radioactive, but shot out, not an a 
particle, but a 8 particle, which was an electron, 
and this electron came from the nucleus. The 
latter accordingly had one more unbalanced positive 
charge than before, and as a consequence its atomic 
number rose to 91, but its atomic weight was not 
sensibly changed, since the mass of the 8 particle 
was negligible. This atom, with a positive nuclear 
charge of 91, was known as uranium X,, and as the 
diagram showed, this also shot out a 8 particle, 
raising by still another unit the positive nuclear 
charge, so that the atomic number of the resultant 
atom was 92, or the same as that of the uranium 
atom from which we started, but the atomic weight 
was four units less. This was known as uranium II, 
and it shot out an a particle, reducing thereby the 
atomic number to 90 and the avomic weight to 230. 
This atom was known as ionium, which, in its 
turn, broke up, yielding step by step, radium, and 
other members of the series, amongst which, as the 
diagram showed, there were several with the same 
atomio number but different atomic weights. The 
study of material of this kind had led to the theory 
of isotopes, which originated with Soddy, and was 
best explained by collecting together all the members 
of the radioactive families which had the same 
atomic numbers, such atoms being known as 
isotopes. Thus, taking only the thorium and radium 
groups, we got the following :— 


TABLE I.—Jsotopes from Radio-active Bodies, 


























of the particle, but for all practical purposes 








238—8 x 4 = 206, 
whilst ordinary lead with the same nuclear charge 
had an atomic weight of 207. Similarly the thorium 
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series gave us as end product an atom with a nuclear 
charge of 82 but an atomic weight of 208. On the 
theory of isotopes, both these bodies should differ 
from lead only in their atomic weights. This had 
been tested by determining the atomic weight of 
lead separated from uranium. This had been very 
carefully done in America by Richards, with the 
result that the atomic weight found for this lead 
was 206-0, or in exact accord with the theory above 
explained. Similarly Soddy and others had deter- 
mined the atomic weight of thorium lead to be 
207-7, the difference from 208 being probably due 
to small impurities. Hence there appeared to be at 
least three varieties of lead, the atoms having the 
same nuclear charge but different masses. 

The question naturally arose as to whether lead 
stood alone in this regard or whether others of the 
ordinary elements were not so simple as had been 
thought but were a mixture of two or three different 
kinds of atoms having the same nuclear charge but 
different masses. 

There was also a further question, viz., how 
closely ought the chemical and physical properties 
of isotopes to agree. The forces responsible for 
these properties were electrical and from this 
circumstance it appeared that the mere mass of an 
atom had only a secondary effect on its properties. 
The atomic weight did have, it was true, some small 
effect on the modes of vibration, but affected these 
by only about one part in a million, and the 
difference between isotopes was accordingly too 
small for the chemist to detect. He could not, for 
example, separate from each other a mixture of 
the isotopes entered in the first column of Table I. 
There were some other physical properties such as 





the rate of diffusion which did depend on the mass 





isotopes might be regarded as having sensibly 
o3 et 24 | identical properties. 
eed gs a ge — 2 Using positive-ray methods, however, Dr. Aston 
=— <= <= | had shown that many of the chemist’s elements 
id eae ——| were really mixtures, and a list (at present incom- 
Ordinary lead |207 | Thorium ..| 232 | Radium. .| 226 plete) was given in Table IT. 
Fea ct (Be | Kee 9) Ss | Mer | Bt] Tamu 1L—Elements ond Tete 
aS ot a emg od yo Actinium X ..} 222 
um Jranium Y ..| 230? Mini M f Isoto, 
Thorium B  ,.|212 lo- Atomic| Atomic |" No.of | in Order of 
Actinium B .,/210? actinium | 226? Element.| No. Weight. | Isotopes. Intensity. 
On the right we had the isotopes of radium, being 
all those elements having the same atomic number | }!, : Hi : on 
as radium but different atomic weights. The best | B 5 | 109-0 2 11; 10 
examples were, however, the isotopes of lead. In| : oH : = 
fact, the end product in radio-active changes 9 8 16-00 1 16 
: 19-00 1 19 
appeared always to be a body with a nuclear | x, 10 20-20 3 20,22 (21) 
charge of 82, which was that of ordinary lead, and | si 14 28-3 2 28, 29 (30) 
all these bodies should accordingly have the chemical | P | oo : = 
and physical peculiarities of lead. In the uranium | ci 17 35-46 2 35,37 (39) 
series we started with an element having an atomic | 4 = 50-86 (2) hema 
; ; ; : 8 33 74-96 1 7 
weight of 238, and after a series of changes in which | Br 35 79-92 2 79, 81 
in all eight a particles were emitted, we arrived | ** 36 82-92 $ ow a oh 
at a body with a nuclear charge of 82. The atomic | x 54 | 130-2 5 (128, 131, 130, 138, 
weight of the a particle being 4 the atomic weight ng 
. H . 7-200), 202, 2 
of this end product should be : ’ a » oti ed eisiianinatammai 

















(The numbers in brackets are provisional only.) 


From this table it would be seen that some of the 
elements were quite simple, notable cases being 
carbon, nitrogen, oxygen and fluorine. Of the other 
elements one of the most interesting was chlorine, 
of which it turned out there were two kinds with 
atomic weights of 35 and 37 respectively, and there 
was possibly another with an atomic weight of 39. 
These, when mixed, gave the chemist’s value of 
35-46 for the atomic weight. The first isotopes to 
be discovered were the two constituting neon. 
Krypton, it would be seen, consisted of half a dozen, 
whilst of mercury there were at least four or five 
varieties, and probably more. 

When the atomic weight of oxygen was expressed 
as 16, it would be seen that to at least about 1 part 
in 1,000 the atomic weights of the other elements 
and isotopes in the table were represented by whole 
numbers, but hydrogen was an exception, its atomic 
weight being 1-008. With this exception we had 
the important fact that apparently all the elements 
had atomic weights equal to whole numbers when 
expressed on the oxygen scale. This was an extra- 
ordinarily simple result and the question arose as 
to how it came about. This was in reality a very 
large problem, but there was one possible and not 
very difficult explanation. We had seen that 
helium was a constituent of these radioactive atoms, 
so that the nucleus of these atoms contained helium, 
and we also knew that the nuclei of these atoms 
contained electrons, since the 8 rays emitted, as 
shown in Fig. 7, came from the nucleus. The nuclei 
of these atoms at any rate contained therefore 
certainly helium and electrons, and possibly also 
hydrogen. If the analogy held for other atoms 
we might suppose that all atomic nuclei were 
similarly built up. Thus the nucleus of the carbon 
atom would consist of three helium nuclei, a view 
which gave both the right atomic number and the 
right atomic weight. Similarly oxygen might have 
a nucleus built up of four helium nuclei, but nitrogen, 
with an atomic weight of 14, must contain something 
else besides helium nuclei, and might consist of 
three of these plus two units of mass 1. Hence, 
generally, atomic nuclei appeared to be built up of 
something of mass 4 plus something of mass 1, and 
possibly the larger unit was itself constituted out. 
of four of these latter units. If these were ordinary 
hydrogen, however, we should get a mass of 4-032, 
or about 1 per cent. too much. This discrepancy 
could be accounted for if we regarded the hydro- 
gen nucleus as a positively charged mass in 
motion. As explained in a previous lecture, @ 
moving charge created a magnetic field around it. 
If we brought up to this moving positive charge a 
negative charge, radiation would be given out, with 
@ corresponding expenditure of energy. So long as 
the two charges were distant from each other the 
magnetic field due to their motion was the sum of 
their separate fields, but if they came very close 
together this rule no longer held and the electro- 
magnetic mass became less than the sum of the 
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two. We might regard this loss of mass as 
equivalent to the energy radiated away during 
the approach of the two charges to each other. 
The amount of this was extremely small unless 
the two charges were brought extraordinarily close 
together ; but with a sufficiently close combination 
of the negative electron with the hydrogen nucleus 
we should get a sensible reduction of the mass. 
Thus the helium nucleus might be supposed to be 
built up of four hydrogen nuclei so closely associ- 
ated with two negative electrons that the mass 
was reduced to 4 instead of being 4-032. On this 
view all atomic nuclei would be built up of hydro- 
gen electrons, and the fact that the resultant 
atomic weight was not an integral multiple of that 
of the hydrogen atom was due to the excessively 
close contiguity of the positive and negative charges 
in the extraordinarily compact structure which 
constituted the nucleus. 

In experiments on radio-activity it had been 
definitely proved that helium was expelled from the 
nucleus, but the expulsion of hydrogen had never 
been observed. On the other hand, when we came 
to an element with an odd atomic weight, such a 
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fluorine, of which the atomic weight was 19, it was 
obvious that the nucleus could not consist of helium 
nuclei only. It might consist of four helium units 
plus three of something else, and the problem arose 
to obtain definite proof whether, as suggested 
above, these three units were hydrogen or not. To 
determine this the speaker had passed a particles 
through a number of the lighter gases, starting 
with hydrogen. Occasionally an a particle hit a 
hydrogen nucleus fair and square. What might be 
expected to happen in that case could be predicted 
from the ordinary laws of mechanics, from which 
we deduced that in such a collision of elastic bodies, 
if the projectile had four times the mass of the target, 
the latter would itself acquire a velocity equal to 1-6 
times that originally possessed by the projectile. 
The apparatus used is illustrated in Fig. 9, where 
D represents the source of the a rays which were 
provided by a film of radium. A phosphorescent 
screen was fixed at 8 and examined through the 
microscope M. Enough gas was put inside the 
vessel to completely absorb any a particles before 
they could reach the screen, but when hydrogen 
was put in the atoms struck by the a particles 
acquired a higher velocity than the a particles 
possessed, and thus reached the screen and pro- 
duced a scintillation there. The number of scintil- 
lations per second was counted. It was also 
possible to calculate the number of hydrogen atoms 
hit, and how many should reach the screen in a 
given time, and it then appeared that the number 
of scintillations observed was 30, 40 or 50 times as 
great as if the ordinary laws of impact held in these 
extraordinarily close collisions in which apparently 


the forces involved were different and differently 
distributed than when the nuclei approached each 
other less closely. 

Fig. 10 is a reproduction of a photograph, taken 
by Wilson’s method, of an encounter between a 
hydrogen atom and an a particle. The latter was 
moving at about 10,000 miles a second, and was, it 
would be seen, hardly deflected, whilst the hydrogen 
atom was turned off to the right throrgh a large 
angle. When nitrogen was put into the apparatus 
instead of hydrogen a nearly threefold effect was 
observed, and from this the speaker concluded that 
when the nitrogen nucleus was hit it was disrupted, 
some of the products being hydrogen atoms, but it 
was very difficult in such an‘experiment to prove 
that no hydrogen impurity was present and that 
the particles hitting the screen were not derived 
from this. 

Ultimately, however, this was effected by means 
of some experiments in which radium C was used 
as the source of the a rays. In this case the range 
of the a rays was 7 cm. ; but the particles shot by 
them out of hydrogen had a range of 28 cm. to 29 cm. 
at most, and this latter figure-was never exceeded. 
With nitrogen in the apparatus, however, a range of 
40 cm. was recorded, so that if the particles shot out 
were hydrogen, this hydrogen must have come from 
the nitrogen, and in more recent experiments by Mr. 
Chadwick and the lecturer, in which the target was 
aluminium, a range of over 80cm. had been recorded. 
This latter result was a very remarkable one, because 
it appeared on calculation that if the particle were 
hydrogen, and it could hardly be anything else, 
its kinetic energy was higher than that of the 
a particle, the impact of which had shot it out from 
the nucleus of the aluminium atom. It must, 
however, be borne in mind that in these experiments 
only one a particle in 10,000,000 succeeded in 
hitting a nucleus so fairly as to disrupt it. 

Experiments had been made with other elements, 
but these particles of unit mass were obtained only 
from those which had atomic weights represented 
by 4m-+ 3 or 4m-+ 2, where m was an integer. 
It seemed obvious therefore that such elements had 
atomic nuclei built up of helium and hydrogen 
units. 

The experiments just described were the first in 
which atomic disintegration had been definitely 
effected by external agencies. The work which 
the lecturer was doing in conjunction with Mr. 
Chadwick was, however, still in its preliminary 
stages, but he hoped it was sufficient to show that 
it was reasonable to suppose that all atomic nuclei 
were built up of helium and hydrogen units. More- 
over, there was reason to believe that the helium 
nucleus was itself built up of the hydrogen units, so 
that ultimately the whole of the elements had, as 
it were, been expressed in terms of two units, viz., 
the negative electron and the hydrogen nucleus. 

What, then, was this hydrogen nucleus? The 
answer he thought was fairly clear, viz., that this 
hydrogen nucleus was the counterpart of the 
negative electron, though its mass was some 1,800 
times as great, and from this asymmetry arose 
the possibility of all of the different structures 
which we recognised as atoms. 

It was, moreover, necessary to suppose that the 
hydrogen nucleus occupied a much smaller volume 
than did the electron, its higher mass being merely 
due to the greater concentration. Hence, in the 
ultimate, matter disappeared and electricity alone 
remained. 





THE INDUSTRIAL RESOURCES OF 
RHODESIA. 

Few people probably ever think of associating 
Rhodesia with the world of industry. In the 
popular imagination there is little connection 
between this corner of the Empire and the smoke 
of factories or bustle of commerce. The general 
conception of it is usually of a land of wide veldt 
and stony copje, of reed beds and dried-up water- 
courses, interspersed with a few scattered farms 
and native kraals and corrugated iron townships. 
And on the whole this picture is not so wide of the 
mark. At present Rhodesia is sparsely populated, 
is largely without the facilities of modern industrial 





transport and is almost wholly rural in its pursuits. 
Much of the country is almost without white 





population, and big game is still plentiful in 
many parts. 

And yet Rhodesia is actually not so far removed 
from the interests of industry. Already the country 
has assumed a definite importance to steel manu- 
facturers the world over—an importance which 
may be greatly enhanced in the near future; while 
its industrial potentialities in other directions are 
becoming more and more widely known. The 
country is exceptionally rich in minerals—how rich 
it is at present impossible to say. Much of the terri- 
tory has not yet been prospected, and even where 
minerals have been found the lodes have in many 
cases not been fully explored, and in very few 
instances have they been fully exploited. In spite 
of this, however, enough is known to indicate the 
very considerable mineral resources of the country 
and to justify a belief in its eventual development 
along the lines of industry. 

The presence of coal of good quality and in very 
considerable quantity provides the fundamental 
essential of the evolution of the country. In this 
respect Rhodesia as a whole, and’more particularly 
the better-known and more populous territory of 
Southern Rhodesia, is exceptionally rich. It is 
true that at present there is only one producing 
colliery in operation, but this is no index of the 
potentialities of other parts of the country. The 
coal awaits exploitation only until such time as 
increased railway facilities and growing local 
demands render such working commercially feasible. 
Taking into account only the coal measures actually 
exposed, which probably form only a small pro- 
portion of the actual coal available, it is certain 
that many thousands of millions of tons exist in 
the country, although the amount actually opened 
up by shafts, boreholes, &c., can scarcely at the 
present time be estimated at more than 500,000,000 
tons. 

The general quality of this coal from the measures 
which have so far been worked is good the gr2ater 
part being bituminous or semi-bituminovs in 
character with a high calorific value. Its per- 
centage of ash and sulphur is rather high as judged 
by the standards of this country, averaging some 
10 per cent. and 2 per cent. respectively, but as 
compared with other South African coals these 
percentages are not large. The average fixed 
carbon content is about 66 per cent., with some 
21 per cent. of hydro-carbons and other volatile 
gases. In addition to coal, shales of an oil-bearing 
nature are found among the beds, associated with 
and overlying the coal seams, and it is quite probable 
that in some of the areas where only inferior coal 
is known to exist valvable oil shale may occur. 
On the Natal-Transvaal border deposits of oil shale 
have been located and are being developed. 

Although the exploitation of the coal measures 
must, as in other countries, play a major part in 
the industrial development of Rhodesia, the 
possession of coal is by no means the only asset 
of the country. Other valuable minerals are 
present in abundance and in considerable variety. 
Of these the most interesting from the engineering 
view-point are the steel-hardening group, with 
chromium in the place of chief importance. Even 
before the war Rhodesia was the leading ucer 
of chromite, the deposits at both Selukwe and the 
Umvukwe Hills being of unusual extent and pre- 
senting excellent facilities for working. The mineral 
is also abundant in the Great Dyke at Makwiro, 
close to the railway line, this locality being very 
favourably placed for the exportation of the ore. 
Manganese and nickel are also found, but seem to be 
of less importance, for though the distribution 
covers a wide area, the deposits so far discovered 
are either limited in quantity or poor in quality. 
The geological formations in many parts, however, 
indicate the probability of nickel and, as much 
of the country favourable to the presence of this 
element has not been prospected, it is not unlikely 
that deposits of a more important nature may be 
discovered than any which are at present known to 
exist. 

Tungsten ores are very widely distributed, and 
occur in quantity in several different localities. 
Wolfram has been worked more or less continuously 
at Essexvale since 1905 and scheelite at Gatooma 
since 1906. Wolfram has also been found in quantity 
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in the Sabi Valley, and is known to have a wide 
distribution throughout the country, where it is 
often associated with the presence of gold, Vanadium 
—the importance of which in the manufacture of 
steel had been so greatly enhanced during recent 
years—has been recorded so far only from the 
Broken Hill Mine, where descloizite occurs in 
crystalline masses and vanadite also occurs both 
in crystals and as a stalagmitic crust on other 
minerals. As shipped, the ore from this mine 
averages over 13 per cent. of vanadic oxide, which 
is only about 2 per cent, less than the richest ores 
at present available. Molybdenum, tantalum and 
zirconuim are also known to occur in various parts 
of the country, although up to the present time they 
do not appear to have been worked to any con- 
siderable extent. 

Among other elements, metallic and non-metallic, 
of interest to the engineering industries, which are 
found in Rhodesia and which are worked to a 
greater or less extent are copper, asbestos, alumi- 
nium, graphite and platinum. Of these the first- 
named is worked commercially at the Falcon Mine 
Umvuna. It is further known to have a wide 
distribution throughout the country. Asbestos is 
found in very important quantities, and forms a 
considerable item in the exports of the country, the 
production in 1919 having been nearly 10,000 tons. 
As new mines are at present being opened up, the 
figure for this product will probably show con- 
siderable expansion for 1920. Aluminium, graphite 
and platinum all exist in commercial quantities, 
and have been exploited to some extent. 





In addition to the minerals referred to above 
many others, not of direct interest to the engineer, | 
are found throughout the country, a considerable | 
number in commercial quantities, while the culti- 
vation of various fibre-yielding plants and the 
production of fibre is making great strides at the | 
present time and promises to become one of the | 
staple industries of the country. 

The foregoing remarks, although they do not 
pretend to cover the whole field of potential indus- 
trial activity provided by the natural resources 
of the country, afford some indication of the possi- 
bilities of Rhodesia. So far the inherent wealth 
of the country has barely been tapped, and has 
never been even roughly assessed. 

The present world financial conditions are not, 
of course, propitious to the flow of any considerable 
amount of capital into Rhodesia at the present 
time, and, as this is vital to development, for some 
years at least progress will probably be retarded. 
The Rhodesian Resources Committee, however, is 
doing valuable work in encouraging the development 
of the latent sources of wealth afforded by the 
territory, and it is to be hoped that its activities 
may result in some encouragement which may serve 
in a measure to offset the influence of the existing 
financial situation. 





RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. XIX. 
By JoszrH HORNER. 

Aw American design of horizontal boring machine 
is the subject selected for illustration in this article. 
It is an excellent example of the present-day practice 
of driving all motions, speeds and feeds from a single 
pulley, running at a constant speed, and of centralis- 
ing control by bringing all operating handles to the 
front, and effecting all movements through gears 
in the simplest possible manner. The machine is 
built by the Cleveland Machine Tool Company, of 
Cleveland, Ohio, U.S.A. for whom Messrs. G. H. 
Alexander Machinery, Limited, of Birmingham, 
are the English agents. Its general outlines can 
be gathered from the photograph reproduced in 
Fig. 370, with which the subsequent detail drawings 
may be com m 

All the movements are derived from the single 
pulley seen at the extreme left of the bed in the 
photograph, and at A in Fig. 371. It is 14 in. in 
diameter, takes a 4 in. belt, and should make 
240 r.p.m. From it are derived 12 changes of 
spindle speed, ranging from 10 r.p.m. to 150 r.p.m., 
and 16 feeds, arranged in geometrical progression 
from 0°005 in. to 0°333 in. per revolution of the 
spindle, available for the boring head, bar, and work 
table. The pulley, always running, being driven 





from the main line shaft, is clutched into action by 
the movement of the lever above it to the left, 
seen in the photograph and in the small detail 
in Fig. 371, which, through a sliding bar and 
forked bracket actuates toggle levers and an 
expanding clutch within the pulley, so driving the 
first shaft B, entering the gear box C, Fig. 371. 
All motions are derived from the gears in this box. 
They begin with the enclosed pinion that is slid 
along the splined shaft B, which drives two swinging 
pinions, either of which will mesh with any one of 
the three gears on the second motion shaft, so 
giving six changes of speed. These sliding gears 
are moved laterally. and “tumbled” into mesh 
with their fellows with the lowest lever seen outside 
the box in the photograph, which is locked in either 
one of the six notches or “ gates” cut in the front 
of the box. Thence the speed changes are trans- 
mitted to the spindle from the third shaft through 
the mitre gears, seen enclosed at the left hand end 
in Fig. 371, to the vertical shaft D, after which they 
are doubled by back gears in the spindle head. 

The feeds, derived from the same box, have their 
changes effected by the second gate handle seen 
in the photograph, that to the right, entering either 
one of four notches. It brings the tumble gear 





thrust of the shaft is taken in both directions against 
ball races, Fig. 374. The hand feed spindle at L 
has a micrometric dial. 

The spindle and its head are shown in Fig. 376. 
The driving shaft D is seen coming from the gear 
box and passing up alongside the spindle to a nest 
of mitre gears, which transmit motion to the back 
gears, and by means of the central sliding clutch 
and its lever, seen above the spindle in Fig. 370, 
reverses the spindle. A lever moving in a slot a 
little to the right of this slides the back gears N 
along a splined shaft to mesh with either of those on 
the middle shaft, to double the speeds obtained in 
the gear box, these being transmitted to the large 
wheel keyed on the spindle sleeve, shown separately 
in Fig. 377. The sleeve runs in bronze bearings, 
coned at the front and parallel at the rear. Pro- 
vision is made for adjustment with nuts, and the 
ends are protected. The face plate is formed 
solidly with it. It can be started, stopped and 
reversed instantly with the lever mentioned. It is 
clamped for face milling with a lever at O, Fig. 376, 
seen in the photograph. It will be observed that the 
back gear drive being located between the bearings 
of the spindle sleeve relieves the outer portions of 
the shafts of excessive strain. 

















Fie. 370. Horizontan Bortna MACHINE: 
CLEVELAND, 


that is slid along the second shaft in the box into 
mesh with either one of the nest of four cone gears 
on the short shaft. The feeds are multiplied by 
the engagement of the sliding gears on the shaft E, 
which are moved by the lever seen at the right hand 
of the upper part of the gear box in the photograph. 
Thence feeds are transmitted to the boring bar 
through the vertical shaft F and to the table and 
saddle through the horizontal shaft G. To provide 
for the reversal of the direction of rotation of both 
shafts a nest of bevel gears is introduced in connec- 
tion with the shaft E, the pinions being slid to 
right or left with the handle seen at the left hand 
of the upper portion of the gear box in the photo- 
graph. The reversals are communicated to both 
shafts through the transmission mitre gears seen 
in the upper part of Fig. 371. These are enclosed in 
a square box, bolted on the gear box C, in which 
provision is made for putting in the vertical power 
feed, with hand feeds to the vertical and longitudinal 
shafts. A separate view of this box with its details 
is given in Figs. 372 to 375. The lever handle which 
engages the power feed is seen at H, operating a claw 
clutch J, Fig. 375, which clutch is kept normally out 
of action by a spring lever. A handle at K seen 
also in the photograph, is used for the vertical hand 
feed. A handle at L to the right controls the 
longitudinal hand feed to the saddle through the 
screw M, seen outside the bed in the photograph, 
the movement going through spiral gears, the one on 
the screw shaft being relieved from thrust by being 
enclosed between flanking bearings, while the 





THE CLEVELAND MacHINE Toot Company, 
Onto, U.S.A. 


The spindle, which slides through the sleeve and is 
rotated by it, is controlled from the pilot wheel seen 
in Fig. 370 and at P in Fig. 378. The transmission 
is from this to the rack pinion Q, Figs. 376 and 378. 
The pilot wheel actuates the slow hand feed and 
the quick traverse of the spindle, but the selection 
of either is made by pushing in the plunger with 
the knob R, Fig. 378 for the first, and pulling it 
out for the second. As shown it is in the position 
of no drive. When pushed in, the cottar on the 
plunger enters the notches in the pinion adjacent, 
which drives back to a pinion running freely on the 
short spindle alongside, and thence through another 
to the pinion solid with the sleeve that turns a mitre 
wheel on the other end, driving its fellow on the 
longitudinal shaft, whence through bevels the rack 
shaft is rotated. When the knob R is pulled out- 
wards the cottar locks with claws inside the boss of 
the pilot wheel and thus traverses the spindle directly 
and quickly at a speed that corresponds with the 
rate at which the pilot wheel is turned. The same 
drawing shows the method of putting in the power 
feed to the spindle. A sliding clutch at the extreme 
right moved with a lever on the head engages 
with the worm wheel, which is then driven by its 
feed worm on the vertical shaft. The splining of the 
key of the clutch to the longitudinal shaft is done in 
an original manner, the keys being carried on 4 
stem that goes through the worm wheel. 

Figs. 379 to 382 show details of the saddle and 
table, which have feeds of the same number and 
rates as those of the head and boring bar. The 
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saddle has hand feed, as mentioned, from the spiral 
gears in Figs. 372 and 374, going to the long screw 
M; in front of the bed. The saddle is seen in 


Fig. 379, with the method of its gibbing to the 
square ways of the bed. The table, having four tee | 


slots, is fed across this by power or hand with a 
micrometer dial, through the long screw seen. The 
power feed is through the worm, driven through 
equal spur gears from the feed shaft coming from 
the head, the worm being contained in a box that 
is dropped at a predetermined stage by a trip lever 
seen in Figs. 380 to 382. This drives the worm 
wheel on a sleeve threaded to engage the transverse 
feed screw. A circular swivelling table, not shown, 
can be mounted on the rectangular one. It is 
graduated in half degrees. An auxiliary support, 
seen in Fig. 370, mounted on the bed is useful 
for overhanging work. 

Alternative forms of outboard bearings are shown 
in the photograph, Fig. 370, and the drawings, 
Figs. 383 and 384. The first, being of open-side 
design, can be brought very close to pieces of work 


Fig,383. 
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that overhang, the second, with central support, 
should afford increased steadiness to the bar under 
heavy cutting. Its saddle is gibbed to the square 
way of the bed, but is clamped laterally against 
the front guiding strip only, with the lever seen 
in Fig. 383. The bearing, which has a clamping 
screw, is adjusted for height with a lever actuating 
mitre gears, and the vertical screw, being clamped 
when set, Fig. 384. The support is aligned with 
the head by means of scales and verniers on head 
and support, Fig. 383, the scales reading common 
fractions and 0°01 in. direct, and the verniers 
to 0°00lin. The support can be slung with the eye 
at the top. 

The leading dimensions of the machine are :— 
Spindle is 2} in. diam., its traverse is 23 in. It has 
a No. 5 Morse taper hole and provision for a cottar 
for fastening boring bars and shanked milling 
cutters. The head has a vertical adjustment of 


18 in. on its column, the maximum distance from | 


the face plate to the outer support is 5 ft., the 
saddle has 36 in. of longitudinal adjustment on the 
bed, the table has a power transverse feed of 30 in. 


The bed can be lengthened, the table widened or | 


lengthened, scales and vernier can be provided for 
the table screw, the column and outer support can 
be increased in height by 6 in., 12 in. or 18 in., and 
the spindle may be arranged for cutting threads 
ranging from 4 to 20 threads per inch. A motor 
drive may be substituted for that of the belt, one 
of — speed, from 3 h.p. to 5 h.p. being suit- 
able. 





THE INSTITUTION OF 
ARCHITECTS. 
(Concluded from page 354.) 

Tae third day’s proceedings of the summer 
meeting of the Institution of Naval Architects 
commenced at 11 a.m. on Friday, March 18, the 
president, the Duke of Northumberland being in 
the chair. After the names of the new members 
elected had been announced by the secretary, the 
paper “On the Spacing of Transverse Bulkheads,” 
by Mr. K. G. Finlay, was taken, this being read by 
the secretary in the unavoidable absence of the 


NAVAL 


jauthor. This paper we reproduce in full on page 
403 of this issue. 


Tue SpactnG or TRANSVERSE BULKHEADS. 


The discussion on this paper was opened by 
| Sir Westcott Abell, who thought that the enormous 
| amount of critical work done by the author would 
have been more useful if he had applied it to the 
problem as a whole, rather than to the particular 
phase of it discussed by the speaker at the July 
'meeting. He, himself, had not pretended to put 
‘forward a complete solution, nor indeed did a 
complete solution appear possible on account of 
the number of variables. Mr. Finlay, instead of 
taking a broad view, had pursued the cult of 
excessive accuracy to a quite unjustifiable degree. 
He did not seem to be aware that, within a given 
ship, a slight alteration of the position of a bulkhead 
would give materially different values for the 
| calculated chances of loss. In making such calcu- 
|lations one had not only to take into account the 
mean position of a bulkhead, but its variations 
| about that position. There was obviously a certain 
‘length of ship which would permit the full bulkhead 
| spacing for each compartment. Roughly speaking, 
ships fulfilling this condition would vary in length 
‘by multiples of 60 ft. or 70 ft., so that for ships 
of intermediate lengths there would be a bulkhead 
which would not come into full economic use, and 
this permitted a number of solutions. In short, 
| Mr. Finlay had taken altogether too narrow a view 
‘of the problem in calculating his odds. Neverthe- 
|less his work on the effect of permeability on the 
_ chances of loss of the vessel was yery useful, and the 
|results would be valuable to the speaker. Had 
Sir Westcott Abell used Mr. Finlay’s arguments and 
| methods of analysis he could have made out a far 
| worse case against the “new scheme” than 
Mr. Finlay had done. 

The “new scheme” of the speaker had been 
| prepared because shipowners had felt that the curve 
of subdivision for cargo ships carrying a small 
number of passengers did not sufficiently take into 
account the economic requirements of cargo trans- 
|portation. He had therefore proposed a scheme 
which gave a reasonable length of hold for a purely 
|cargo ship, and yet was approximately equal in 
\safety to the requirements of the Convention. 
He had explicitly stated that he had assumed 
60 per cent. permeability, a figure deduced from 
/much experience, and was therefore surprised to 
find that Mr. Finlay, in allowing for 65 per cent. 
permeability, had given the “new scheme” any 
| credit at all for safety, as on his own showing, the 
\ship would be lost every time. As regards the 
| term “ mean safe length ” the speaker was at a loss 
|to understand it, or to follow the results deduced 
from it. 

The Board of Trade “alternative scheme” was 
produced to take into account the points raised in 
the “‘ new scheme,” and the interesting point was 
|really the relative value of. the Board of Trade 
“alternative scheme,” as compared with that of 

the Convention. Mr. Finlay had really justified 
the speaker’s work, by showing that on the “ alter- 
native scheme” is considerably superior to the 
“Convention scheme,” while the “new scheme ” 
/was no worse than that of the Convention. The 
{sudden jump in Mr. Finlay’s curves at 505 ft. in 
|length, which was apparently due to the provision 
of another bulkhead, was not, in the speaker’s 
opinion, a proper representation of the facts, and 
the curves should be of a more gradual character 
than Mr. Finlay suggested. 

Professor J. J. Welch said that he had few 
remarks to make on the subject of the paper. 
The latter was the outcome of the discussion at 
the July meeting. At that time Sir Westcott Abell 
had advocated the one-compartment and two- 
compartment systems of subdivision as against 
the factorial system suggested by the Convention 
and adopted by the Bulkheads Committee. Sir 
Westcott had based his advocacy on “ odds-on ” 
methods, but the speaker had contended that the 
| calculations should take into account all the various 
|conditions of service that a ship was liable to, 
| such as different permeabilities of cargo, differences 
|of draught, &c. If all these factors were taken 
into account the factorial system was better than 








Sir Westcott Abell’s. The speaker was therefore 
glad that Mr. Finlay had shown in detail what he 
himself had shown from general principles. The 
author’s assumptions had been reasonable and his 
methods fair, and the speaker was in accordance 
with him in his opinion that the Convention system 
was better than Sir Westcott Abell’s. 

As to the feature of specially-close subdivision 
at the fore end of the ship, Professor Welch thought 
there was some justification for the second bulkhead. 
There was a feeling that the fore end of a ship 
was specially liable to damage by collision, and 
with the two bulkheads, if the two foremost com- 
partments were damaged there would be more 
freeboard forward and the ship would be more 
navigable in moderate weather. 

Sir Archibald Denny said that like Sir Westcott 
Abell he had been puzzled as to what the author 
meant when he spoke of the ‘‘ mean safe length 
between 55 per cent. and 65 per cent. permeability,” 
but had come to the conclusion that he was taking 
the permeability to vary on different voyages. 
The speaker’s objection to Sir Westcott Abell’s 
reasoning was that it was not fair to take a 10 per 
cent. injury as an ordinary peace risk. It was 
interesting to note the author’s figures for a smaller 
extent of damage. It might be asked “‘ What was 
a reasonable length to assume for damage?” 
Most of the members present had seen the state 
of a vessel after collision. The damage was usually 
a vee shaped hole 4 ft. or 5 ft. across and extending 
to about a foot below the water-line. The Bulk- 
head’s Committee had felt that it was not practicable 
to provide against the effect of a long ripping blow 
such as that which destroyed the Titanic, as they 
had had to assume that the bulkheads would be 
destroyed. This consideration invalidated the 
** odds-on”’ system. The committee had thought. 
before even the International Convention was talked 
of, that as vessels increased in size they could be 
rendered safer, the change taking place gradually 
with increasing size. 

One could not always have a theoretically perfect 
arrangement of bulkheads. Unless it was practic- 
able to provide the exact number there had to be a 
superfluity, but a good deal could be done with 
regard to making the best out of each ship. It was 
in the committee’s mind that the freeboard ratios 
would be larger in passenger than in cargo vessels. 
Shipbuilders always wanted to make the most of 
the inside of a vessel and will go to the limits the 
law allows in doing so. Much depended on the 
relative allowance of a ship as a passenger or cargo 
vessel. If it was found that the Convention rules 
made too great a distinction between passenger 
and cargo ships, the matter could always be re- 
considered. In fact, provision for reconsideration 
at the end of five years had been made, and this 
period was now long past, although, of course, the 
war had intervened. 

Mr. A. T. Wall spoke as one who had to make use 
of the bulkhead regulations, and he felt that there 
should again be a full and free discussion of the 
question. The general opinion in shipyards was 
that the whole matter needed to be straightened 
out. He had noted, in Mr. Finlay’s paper, the 
continual reiteration of expressions such as “ It is 
assumed,” and there was always the question as to 
how far the assumption were justified. There were 
so many variables in the problem that straining 
after great accuracy was beside the point. In the 
case of propeller design we had numerous unknown 
variables and we hoped in time to make them 
amenable to treatment, but one could hardly hope 
to do a similar thing in the matter of subdividing 
ships. Therefore, the speaker hoped that some 
simpler method of dealing with the subdivision 
problem would be devised. It really didn’t matter 
much whether one got a figure of 0-11 or 0-18 
(Mr. Finlay’s comparison of the “odds on” for 
loss in the case of ships with two and three unsafe 
bulkheads respectively). A slight change of view- 
point in the assumptions made would neutralise 
differences of this order. Mr. Finlay’s paper was 
largely a comparison between the Convention 
vessels and vessels with one bulkhead less, and 
the comparison did not come out so badly 
after all. 

The absence of the author, who was accorded a 
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vote of thanks by the meeting for the paper, pre- 
cluded any reply to the discussion. 


DEFLECTIONS OF BULKHEADS AND oF SHIPs. 


The next paper presented to the meeting was 
entitled ‘“‘ Notes on Deflections of Bulkheads and 
of Ships,” by A. M. Robb, B.Sc., and was read by 
the author. A reprint of this paper will be found 
on page 407 of this issve. 

The discussion was opened by Sir John Biles, 

who said the author had really written two papers, 
as there was no relation between the respective 
subjects dealt with. The author’s treatment of 
bulkhead deflection was a very interesting instance 
of results being put in a graphic form and the 
selection of points of calculation which coincided 
with observations. The Institution had had 
numerous papers on bulkheads, some using one 
method of treatment and some the other, but Mr. 
Robb had used a combination of methods, The 
point which interested the speaker was that the 
author had introduced for the first time the deflec- 
tion due to shear. He had thereby offered a solu- 
tion of the difficulties in reconciling the results of 
the calculations made on the Wolf. In the case of 
that ship the values of E which were necessary to 
equilibrium of stresses did not agree with the value 
of the same quantity obtained by other means. 
If, however, the deflection due to shear were taken 
into account in computing the value of E the results 
became concordant, as of course, they should be. 
Mr. Robb, perhaps, had not definitely proved his 
case for want of more experimental evidence, but 
the speaker was prepared to admit that he had 
furnished an apparently adequate reason for facts 
which had hitherto needed explanation. 
"Mr. J. Foster King remarked that he approached 
the subject with diffidence. He had had difficulty 
in following the arguments in Mr. Robb’s paper 
because they traversed the attitude of mind the 
speaker had acquired by long years of practical 
experience. The mathematics did not appear to 
take into account the actual conditions which 
affected bulkhead stiffness, but probably Mr. Robb 
might be able to develop a mathematical treatment 
which would do so. The deflection might be double 
that to which a discussion based on the assumption 
of elasticity would apply. As soon as any deflection 
at all began to sbow, the pull on the stiffeners 
produced a state of tension and moved the ends of 
the stiffeners. Right from the start of measurable 
deflections there was constraint of the system. The 
Bulkheads Committee was right when it said that 
stiffeners should be designed without taking into 
account the diaphragm effect of the plating. The 
sizes of stiffeners were based solely on the moment 
of inertia of the stiffeners, and the duty of the 
plating was to carry the load between the stiffeners 
and not to act of itself as a stiffener. We had 
succeeded in arriving at a method which produced 
uniform deflections, and the speaker did not think 
that mathematical analysis would carry us very 
much further. 

Mr. F. W. Thorne referred to the question of the 
effect of end constraint on stiffeners. Mr. Robb 
had held that the beam theory was applicable, but 
had assumed 60 per cent. as the effect of constraint. 
This effect must obviously depend very largely on 
the method of attachment. Sir George Thurston, 
in a paper on “‘ Concrete Ships ” in 1897, had given 
a method of calculating the degree of constraint. 
The speaker had selected stiffeners 40 ft. long, and 
drawn diagrams for four cases. The nature of the 
results obtained he indicated by sketches on the 
blackboard. It appeared to be a very rough and 
ready business to assume 60 per cent. constraint, 
and he hoped that Mr. Robb might deal with this 
point more fully at some future date. There was 
no use in assuming a certain end ‘constraint unless 
the connections of the stiffener could supply that 
constraint without yielding. He had taken a piece 
of plate 34 in. by 4 in. in cross-section, having a 
hole drilled centrally through it. When tested in 
tension this plate reached its elastic limit at a stress 
of 15 tons per square inch, Two plates connected 
together with angle iron flanges on one side had only 
stood about 2 per cent. of this stress before yielding. 
A plate fastened to another plate at right angles 
by an angle iron had yielded at 4 per cent. of the 


standard stress, while a similar connection in which 
@ tee was used instead of an angle had yielded a 
10 per cent. of the standard stress. It’ was evident 
that the angle connections had given way long before 
the full stress had been reached in the plates. 

Mr. A. M. Robb, in his reply, said he would then 
only deal very briefly with the points raised in the 
discussion, as he would go into them more fully in 
writing. As regards the part of the paper which 
dealt with the deflection of bulkheads he had only 
attempted to give a new starting point for the 
consideration of the subject. Most papers dealing 
with the theory of bulkheads had treated them as 
diaphragms, but he had tried to start at the other 
end. Mr. Foster King had pointed out that the 
beam theory only applied when the stress did not 
deflect the bulkheads beyond a certain limited 
amount. This was true, and Fig. 1 of the paper 
showed in such a case an almost perfect agreement 
between the calculated and observed results. The 
speaker thought the mathematical treatment might 
be carried further, but Mr. King had said there was 
no need to go any further. However, till we had 
gone as far as we could in any investigation there 
was always a chance that something useful might be 
discovered. 

Referring to the remarks of Sir John Biles, the 
author thought that the teaching of the theory of 
bending of beams had always proceeded along wrong 
lines. Bending was a very complex process. It 
involved both longitudinal and shearing stresses, 
but the latter were always left out of account. 
The longitudinal stress was only a component of the 
total stress, and the shear component was in man 
respects very important. In conclusion, he thought 
that he might claim, like the boy who was asked if 
he could prove a certain proposition in Euclid, that 
even if he could not prove it he could make it appear 
very probable, 

On the motion of the President the meeting 
accorded a hearty vote of thanks to the author for 
his paper. As the President then had to leave on 
account of other engagements, Sir Archibald Denny 
asked the meeting to express their thanks to him 
at that time for his conduct of their proceedings 
during that and the two previous days. The Duke 
of Northumberland briefly replied, and the chair 
was then taken by Mr. Foster King. 


Tattow For Launosine Suips. 


The next and last paper of the Conference, was 
one entitled “Some Experiments on Tallows used 
for Launching Ships,” by Mr. J. J. King-Salter, 
R.C.N.C. In the absence of the author the paper 
was read by Mr. W. H. Whiting, who explained that 
he did this at the request of Mr. King Salter, an 
old student of his, who was now in Hong-Kong. 
The paper is printed on page 405 of this issue. 

The discussion was opened by some remarks of 
Mr. J. T. Ottewill, O.B.E., which were read in 
his absence, by Dr. P. A. Hillhouse. 

Mr. Ottewill considered that there were certain 
essential tests to which tallow should be subjected 
in order to ensure its suitability for launching 
purposes. For winter launches the tallow should 
be soft, with a melting point not exceeding 114 
deg. F. A sample melted and applied @ in. thick 
to a dry wooden surface should be free from cracks 
and adherent after a twelve-hour. exposure to a 
temperature of 25 deg. to 39 deg. F. It should 
then stand a pressure test of not less than four tons 
per square foot for four hours, and on removal 
of the load the tallow should still exhibit an un- 
cracked surface, should still be firmly adherent, and 
should not be appreciably reduced in thickness. 
Another sample should be applied to the actual 
ground ways in the manner above described in order 
to carry out a “model launch.” The ways should 
be coated with lubricant and the model slide loaded 
to 2} tons square foot for four hours. The 
loaded slide should then be released and the tallow 
should show no disturbance. For summer launches 
similar tests of the tallow should be made, but the 
tallow should have a melting point about 118 deg, F., 
and the temperature for the twelve hours exposure 
should be 40 to 60 deg. F. In carrying out these 
tests the tallow should be free from any lateral 
support. 





In the launching of large vessels the actual 





pressure on the surface of the tallow very rarely 
exceeded 2} tons per square foot. Russia tallow of 
pre-war quality, had been known to stand a load 
of 9-9} tons per square foot at temperatures of 
54 to 60 deg. F., showing little or no reduction of 
thickness on removal of the test load. 

Tallow on the ways only provided a sliding surface, 
and the success of a launch depended largely upon 
the lubricant used. The coefficient of friction 
between the lubricated tallow surfaces, as actually 
a at the launches of various vessels was_as 

ollows :— 











Coefficient of 
Launch: Friction. 
Name of ' 
Vessel. Dimensions. bn gs At At 
, At | 50-ft. |100 ft. 
Start. |Trav’l./Trav’l. 
8.8. Empress of | 625 ft. by 77| 10,228 |0°0400|0-0267/0-0280 
a ft. 6 in. by 
53 ft. 6 in. 
8.8. Montrose. .| 546 ft. by 70 8,308 |0-0400/0-0280/0-0225 
ft. by 51 ft. 
6 in, 
8.8. Tiger 350 ft. by 46 1,948 |0-0544/0-0316/0-0299 
ft. 9 in. by 
28 ft. 3 in 
Mauretania 760 ft. by 98/| 16,800] — /|0-0230/0-0220 
ry by 60 ft 
n. 
U.S.8. Okla- 575 ft. by 95| 12,435 |0-0525/0-026 0-016 
homa ft. 
H.M.8. Teme- | 490 ft. by 82 8,000 |0-04 _ _ 
raire ry by 45 ft. 
6 in. 




















It should be noted that the apparent value of the 


Y | starting coefficient is influenced by the number of 


blocks left under the vessel. The following prepara- 
tion has been found to give very satisfactory results 
as a lubricant :—Recovered tallow from a previous 
launch melted, refined and mixed with half its 
weight of genuine whale oil. This gives a substance 
having about the consistency of ordinary butter, 
but the proportions may be modified to suit climatic 
conditions. 

The best, simplest and most economical method 
of applying the tallow, which Mr. Ottewill had 
discovered, was to squirt the molten tallow on the 
ways with a syringe, which could readily force the 
tallow into obstructed parts of the ways. The latter 
must be thoroughly clean and dry or the tallow 
would not adhere properly. As soon as the ways 
were coated and the tallow was hardened, the lubri- 
cant was smeared on with the hands. Small dabs 
of soft soap were then added, and finally train oil 
sprinkled over the whole by means of a syringe. 

Mr. Whiting was the only other contributor to the 
discussion. He stated that the great difficulty 
about practical questions such as the author of the 
paper had dealt with, was to get actual facts. 
There was much general knowledge in shipyards, 
but nobody seemed to take the trouble to keep 
accurate records which would be available for the 
guidance of others. Mr. King-Salter had rendered 
a service by submitting his paper, which was a start 
in the right direction as regards the collection of 
actual data. 

The meeting then terminated. 





: FLASHING ~~~ or INCANDESCENT SIGNAL — 
nvestigating the flashing of signalli mps on 
behalf of the United States Signal Gens. G Worthing, 
of the Nela Research Laboratories (Journal of the 
Franklin Institute, February last, pp. 231-257) came 
to the conclusion that the time required by a filament 
to acquire its maximum brightness tly exceeded 
the time required to cool down to effectively zero bright- 
ness. He found also that the flash was greater 
the higher the temperature of the filament, the smaller 
the Sanest and the smaller the resistance in circuit. 
A tungsten filament responds much more rapidly than 
carbon filament, the comparative figures for tun; 
filament and Gem filaments (metallised graphite) 
6-6:1. The speed increases also with the gas loss, é.c., 
with the dissipation of energy per unit surface area of 
the filament in the surrounding gas ; these relations are 
complicated. Ribbons containing material per 
radiating surface than wires, gave the better signal lam: 

jally in tense gases like oxygen. Thus a 6-volt 
2-ampere ribbon filament of tungsten in argon is finally 
recommended. Ribbon filaments have, however, short 
lives; on the other hand, tungsten wires live nearly 
90 times as omg Sane and ae they do in 
a high vacuum, use the evaporat of the metal is 

in the dense gas; in me, eagi vaporisation is 
greater, but the data are uncertain. Good my 24 
are not good lamps for ordinary use. They have to 
especially designed for their purpose. 
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HYDRO-ELECTRIC POWER INSTALLATION AT THE NORE FALLS, NORWAY. 
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THE HYDRO-ELECTRIC POWER SCHEME 
AT THE NORE FALLS. 
(Concluded from page 315.) 
™ The lower power station is situated on the Nore 
fjord, the water being led to it through a tunnel 
leading off on the right bank above a dam just 
below Rédberg. A plan of the site of this dam is 
given in Fig. 16. It is situated just above a bridge 
crossing the stream. A view of the up-stream face 
of the dam is given in Fig. 17, and a section in the 
centre in Fig. 18. The crest of this dam is at an 
elevation of 370 m., and water is impounded to a 
level 1 m. below that. At one side the dam is pro- 
vided with a rolling wier, the sections in Figs. 
19 and 20 showing this arrangement. This will 
allow of the regulation of the water for the lower 
station, between elevations of 364 m. and 369 m., 
and will give an equalising reservoir of about 
1,000,000 cub. m. In case the main station is put 
. out of action, a by-pass will be arranged to carry 
water from the Tunhévd reservoir to the Rédberg 
equalising reservoir, via the natural valley of the 
Numedalslaagen and a rock tunnel. 

The tunnel intake at Rédberg will be fitted with a 
Stoney sluice having an opening 8 m. by 14 m. 
(26 ft. 3 in. by 46 ft.). In front of the sluice the 
mouth of the channel is divided by three concrete 
pillars, and screens are provided in the four channels 
thus formed. The main tunnel on from here is 
42 sq. m. in sectional area, and of a length of 
3,750 m. The distribution basin, and 
station are shown in Figs. 21 to 26. Details of the 
distribution works are best seen in Figs. 23 to 26. 
From this point six penstocks run down to the power 

house, gradually spreading as seen in Fig. 21, and 



















































SECTION AT 8.8. 


being partly above, and partly underground. The 
controls are on similar lines to those of the main 
station. The pipe lines have an average length 
of 139 m, (456 ft.) and are each 2°65 m. (104-3 in.) in 
diameter at the top, and 2°45 m. (96 in.) in 
diameter at the bottom. 

The lower station will be built on rock. It will 
be 79 m. by 22 m. (259 ft. by 72 ft.) inside, the floor 
level being 269-5 m. The plant will consist of six 
units of 16,500 h.p. each. The transformer building, 
&c., is slightly smaller in area, and is placed adjoining 
the machinery hall at one end. 

As regards transmission, the Nore undertaking 
forms part of a scheme for the supply of the whole 
country with current at 110,000 volts, and this is 
the voltage adopted. The transmission lines are to 
be of copper, with iron towers 200 m. apart, with 
15 m. between the rows of towers. The high-tension 
supply will be stepped down to from 10,000 volts 
to 60,000 volts at sub-stations for local distribution. 

The ultimate development of the whole Nore 
Falls scheme will involve the control of the drainage 
of the whole catchment area concerned, and this 
will require the construction of a number of storage 
and regulating reservoirs in addition to the Tunhovd 
reservoir above Ridberg. We do not intend to go 
into this phase of the subject in detail. It may be 
pointed out, however, that with the storage capacity 
possible, it will be feasible for the Nore Falls stations 
to be worked in conjunction with others so as to 
supplement the latter at times of large demand, 
or small water supply, and may enable such stations 
to be built on a smaller scale than would otherwise 
be necessary. The lakes mentioned in the following 
list are all within the catchment area involved in the 
Nore scheme :— 
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Catchment Low-Water 


Area, Area, 
Sq. K. Sq. Km 
(1) Halnevand ... 202 12-0 
(2) Langesjé 124 10-85 
(3) Heieren 50 6-45 
(4) Gjeitvand 45 2-10 
(5) Skryken 77 4-70 
(6) Krakja 3 48 6-10 
(7) Bjérnesfjord 281 17-90 
(8) Paalsbufjord ph 710 11-95 
(9) Rédungen ... se 2 10-55 
(10) Tunhévdfjord 191 15-2 
(11) Norefjord ... 1,332 9-3 


At the first of these the water could be stored by 
impounding to a height of 5 m. above the present 
surface. At Langesji, a height of 4 m. above the 
lake surface would be possible, and at Heieren 
6 m. At Gjeitvand the storage water level could 
be raised 9 m. and at Skryken a dam 800 m. 
long could be made to impound water to a height 
of 4 mm. above the lake level. There are two 
Krikja lakes which could be combined in one 
reservoir by a dam to impound to a height of 8 m. 
At the Bjérnesfjord a dam would be required 1 km. 
in length, the water being raised about 3-5 m. 

The Paalsbufjord can be conveniently dammed 
to various heights without much difficulty up to 
about 15 m. of impounded water. The Paalsbufjord 
dam, like the Tunhévd dam, is planned for concrete, 
with the requisite timber floating arrangements 
as at Tunhévd. This dam will, however, be one 
of those to be constructed later. The Rédungen 
storage plans contemplate a depth of impounded 
water of 5m. The Tunhévdfjord dam has already 
been dealt with, while the Norefjord regulation would 
make available a large storage capacity for equalising 
purposes, between the stations. The whole of the 
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storage thus rendered possible amounts to about 
1,040,000,000 cub. m. To be developed to the 
best advantage these would be taken in hand as 
follows :—({1) Tunhévdfjord, 356,000,000 cub m. ; 
(2) Rédungen (85,000,000 cub. m.) and Halnevand 
(89,000,000 cub. m.); (3) Krakja (55,000,000 cub. m.) 
and Langesjo (72,000,000 cub. m.); (4) Paalsbufjord 
(255,000,000 cub. m.); (5) Bjérnesfjord (96,000,000 
cub. m.); (6) Gjeitvand (32,000,000 cub. m.). 





CONTACT PRESSURES AND STRESSES.* 


By Professor E. G. Coxer, M.A., D.Se., F.R.S., Member ; 
K. C. Cuaxxo, M.Sc., and M. 8. Aumep, M.Sc., of 
University College, London. 


(Continued from page 376). 


Srress DistrarsuTion wy Brocks or Equat BreapTa 
AND DerTrH WHEN SuBJECTED TO LOAD OVER A 
Part oF One Epcot anp SUPPORTED OVER THE 
Oprostre Epeez. 


THE distribution of stress in finite blocks of rectangular 
form when subjected to load is of fundamental importance 
since the masonry and brick-work structures of the 
engineer and architect are essentially of this type, with 
pr distributed over two opposed faces and generall y 
over the whole area of each face, but in other cases where 
a great load is to be borne, as in columns, this is con- 
centrated over a part of the upper face of the supporting 





The earlier experiments described above showed that 
the stresses at the contact areas are not distributed 
uniformly over either face, and it is probable that a 
diminution in the size of the block will not oe 
the essential character of the phenomena, although t 
distribution may be very different. This is borne out 
by the appearance presented by a block of square form 
l-in. side and }-in, thick when loaded over central 
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part of one of its rec faces. Fig. 11,¢ shows the 
appearance of such a block when a total load of 50 Ib. 
is applied over a width ei; in. by means! of a pressure 
plate of the same material. The colour there 
shown are not true circles, but are somewhat distorted 
curves passing through the extreme points of the 
block, and there are indications of extreme stress at t 
end points, since subsidiary loops of colour appear with 
these end points as origins. 

In order to find the stress distributions for these 
cases, the principal stresses and their directions have 
been measured over so much of the areas of the blocks as 
is practicable. 

will be observed in the preceding figure, there are 
areas neighbouring the upper angles for which there is 
practically no stress, as a dark field is shown for all 
positions of the plane polarised beam. The 
light band at the extreme edge appears to be due to a 
bending effect. In the other parts of the field the 
isoclinic bands are quite distinct except immediately 
under the load, where there is some difficulty in defining 
them. 

The positions of a sufficient number to determine 
the lines of principal stress are marked on the left hand 
side of the accompanying Fig. 12, and from any con- 
venien® point of thia,diagmem tangent Guan ese teeen %0 
the curves and the co-ordinates at the limits of a small 
square are found from the relation dy = dz x tan a, 








* Paper read before the Institution of Mechanical 
Engineers on Friday, March 18, 1921. 

t This figure is a coloured plate which it is not possible 
to reproduce here. It is of the same character as the 
coloured plates which we reproduced in connection with 
Professor Coker’s article on page 1 of the present volume 
of Exorveertmnc.—{Ep, E,] 
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where a is the inclination of the line of stress. Proceeding 
step by step in this manner, the co-ordinates of the 
eurves of principal stress are found, Table 5, and are 
plotted on the right hand side of Fig. 12. It will be 
observed that they bear little resemblance to the case of 
uniform load applied to a limited portion of a semi- 
infinite plate, except immediately in the neighbourhood 
of the applied load. In the lower half of the plate, where 
observation is more difficult, owing to the smallness of 
the stress, the lines radiating from the upper contact area 
bend over and probably meet the lower edge very nearly 
perpendicularly. The magnitudes of the stresses are also 
determined by observations of (p + q) and (p — q) 
and these are shown in Table 6, opposite, from which 
it will be remarked that the stress distribution is found 
at a line one-hundredth of an inch away from the contact 
area, which is very nearly the limit of approach for the 
measuring needles. Along this line the directions of 
principal stress may not be quite perpendicular and 
parallel to the contour, owing to unequal surface strains 
when two unlike rectangular blocks of the same material 
are present together; but the observations appear 
to show that the error in taking these lines perpendicular 
and parallel to the contact surface must be small, while 
—— remainder of the upper edge these conditions 





are fulfilled exactly. The distribution of normal stress 
al this t is therefore shown approximately 
by value of p, and'as Table VI shows, the stress over 


this contaet area is vi much concentrated at the ends, 
as the colour bands indicate. This kind of distribution 
is obtained when punching a plate, owing to the centre 
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Values of xX 
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ae under the punch bending and forming a cup-shaped 
epression. The cross stress rises to a maximum at the 
centre and dies away completely at the ends; in fact, 
changés at 0:01 inch below the surface, so that it seems 
ay age that this distribution of stress is accompanied 

y @ corresponding distribution of shear along the contact 
surface. 

As soon as the distance from the upper plane becomes 
of the same order as the breadth of the contact surface, 
the value of q ceases to be of much significance. This 
is shown b: curves of (p + q) and (p — q), Fig. 13, 
above, whieh are nearly identical except within the 
rangé indicated above. 

In order to obtain the normal stress distribution p, 
over planes parallel to the surface, the values of p, are 
calculated from the expression— 

Pn = Pp cos®é + qsin? 6 
and are plotted in Fig. 14. These latter curves also 
— the accuracy of the measurements to be checked 
y reference to the load, and with the exception of the 
last two planes the error is found to be less t + 5 per 
cent,, as the Table indicates. 

On parallel planes more remote from the surface, the 
minor aincine stress rapidly loses any importance and 
becomes insignificant at distances of more 0-125 in. 
surface, until the influence of the distribu- 
wer surface is felt. This is indicated by the 


from the to 
tion at the 


at intermediate planes tend towards coincidence and 
then diverge again as the dist i Part of 








curves shown in Fig. 13, in which the maximum values | the 
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this divergence is possibly attributable to experimental 
error, as there is greater difficulty in determining small 
stresses optically as compared with large ones, and also 
the presence of small initial stresses is more noticeable. 
The observations in fact agree very well with the load 
applied for planes near the upper surface, as the error 
column of Table VI shows, but at the extreme planes of 
observations the error becomes comparatively , 

To obtain further evidence on these matters, load 
was increased and distributed over a correspondingly 
pape width of } in. as shown in Fig. 15 to prevent 

1 failure of the material. In this latter case, the 

non-uniform character of the load distribution is very 
marked, as the observations at Y = 0-02 in. show (Figs. 
16 and Fig. 17 and Table VIII.) At the centre the normal 
stress is rather more than 1,100 lb. per square inch and 
rises to nearly 1,500 lb. per square i immediately 
under the extreme edge of the upper pressure plate, 
while there is a cross stress of about 525 lb. per square 
inch at the centre, which diminishes to zero and changes 
sign very abruptly in the neighbourhood of this maximum 
normal stress. Eitects of the same general character 
are observed up to a distance of nearly 0-1 in, from t 
edge, but from this distance onwards both (p + q) 
(p — q) have maximum values at the central section. 
All the observations, in fact, go to show a distribution 
of load which is far from uniform both at the upper and 
lower surfaces of the block, while the stress conditions 
which obtain in the interior are largely conditioned by 
these and the proximity of the sides, 


(To be continued.) 





Tue Propvuctton or Cxarcoat [non.—The Charcoal 
Iron Company, Limited, of Backbarrow, near Ulverston, 
blew in their furnace on March 18, after carrying 
out alterations and repairs to the plant. 

RouMANIAN INDUSTRY AT END OF 1920.—The Depart- 
ment of Overseas Trade has issued a summary of a report 
on the industrial situation in Roumania at the close 
of last year, prepared by M. Manoileseu, the Director- 
General of the Department of Industry and Commerce. 
The destruction of 22 per cent. of the industrial instal- 
lations in the old Kingdom of Roumania, and the financial 
and labour troubles which the country has experienced, 
together with the lack of fuel, have created extremely 
difficult conditions. In order to bring about an improve- 
ment a Commission has been appointed by the President 
of the Council of Ministers to study the situation in the 
various industries and to suggest remedies. The metal- 
lurgical industry, which absorbs 42,221 h.p,, or 9 per cent. 
of the total, is sufferi from lack of foundry coke, of 
which the present monthly requirements are 859 wagons. 
In the timber industry (taking 48,485 h.p., or AF 3 
cent. of the total) the production is 40 per cent. below 
normal, principally on account of lack of trans: tion 
facilities for export, and also because of the difficulty of 
replacing machinery at present prices. The chemical 
industry (48,820 h.p., or 10 per cent. of the total) is also 
40 per cent. below normal output, partly on account of 
the need of renewing plants and partly by roason of 
lack of markets, Flour mills are working only at 60 per 
cent. of normal capacity, sugar factories at 20 per cent., 
oil-seed mills at 80 per cent., distilleries at 80 per cent., 
and meat pressing factories at 50 per cent. Textile 
industries (19,880 h.p., or 4 per cent. of total) are suffering 


from lack of cotton, cotton yarns and dyestuffs. The 
report concludes that the first t to done is to 
“assure to Roumania capital and ur the i 


premier 
position in industrial ishmeénts of all kinds,”” and 
second is to ‘assume a social equilibrium between 
the factors of production.” How these objects are to be 
attained is unfortunately not specified. 
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PLATE STRETCHING MACHINE. 


CONSTRUCTED BY MESSRS. RICE AND CO. (LEEDS) LIMITED, ENGINEERS, LEEDS. 











Tue illustration above shows a plate-stretching 
machine recéntly built for a large constructional steel 
firm by Messrs. Rice and Co. (Leeds), Limited, of 
Neville Works, Elland-road, Leeds. The machine 
straightens plates by stretching them and is capable 
of dealing with sheets up to 15 ft. long and 5 ft. 6 in. 
wide, and of various thicknesses. The plates are 
pulied from the ends and stretch at the tight places 
until the buckles are pulled out, it being claimed that 
this new method of straightening is superior to the old 
mangle rolls. The machine is also fitted with grips 
for stretching the smaller angle and tee-iron sections, 
thus rendering it more useful owing to its capacity for 
dealing with a variety of work. These grips can 
seen above the flat plate grips in the figure. The other 
main features of the machine will also be clearly seen 
from the figure. The hydraulic cylinder is fixed at one 
end of the bedplate, being fixed to the working head 
by steel tie bolts. The other head is bolted to the 
bed, but may be set in various positions to suit the 
different lengths of plate being dealt with. As already 
mentioned the maximum length with which the machine 
can deal is 15 ft. The grips operate by means of a 
combined lever and wedge action and are easily 
released. The machine may be operated from any 
ordinary hydraulic supply, but the makers recommend 
that it should be worked direct from a small double- 
throw pump, so that the pressure may be varied by a 
spring-loaded adjustable relief valve to suit the various 
powers required for the different plates and sections. 





CENTRIFUGAL PUMP TEST RESULTS. 
To THe Eprror or ENGINEERING. 

Srr,—I have read with interest Mr. J. R. Broadley’s 
letter in your issue of March 25, page 358, and the corre- 
spondence to which he refers. It is more than probable 
that, as Mr. Broadley ts, the trunnion running in 
a. packed gland increases the head at, say, the designed 
quantity, but surely it cannot do so by “the earl 
filling from suction ” when the discharge valve is closed. 

To account for the increase in head above that due to 
centrifugal effect at no discharge, I am inclined to favour 
the theory outlined by Prof. Gibson in his book on 
Hydraulics (page 650), where he shows that in all pro- 
bability the layers of water just in front of the vanes 
near the tip are forced to leave the impeller. This dis- 
charge will take place whether or not leakage occurs 
between the impeller and casing, so that the head will 
be made up of pressure due to rotation in a forced vortex, 
plus a portion of the kinetic energy of the water leaving 
the impeller, converted into pressure bore 6 

If this theory is correct the head would be greater if 
leakage occurred between the lier and casing. 
This is shown by the fact that the generally increases 
when the discharge valve is opened, which leads to the 

uestion, Do the head and quantity curves given by 
f. Goodman represent the performance of the pump ? 
I do not think they do, considering the modified head 
readings at no disch btainec from the ./2 gh curve 
given in his letter published on the 4th inst.; also the 
fact that the characteristic curve for the tests at 
1,000 r.p.m. and 1,320 r.p.m. would be totally different 

from the characteristic at 1,200 r.p.m. 
Yours faithfully, 
G. Ure-REIp. 

16, Gainsborough Mansions, Queen’s Club 
Gardens, W. 14, March 29, 1921. 


im 








To tHe Eprror or ENGINEERING. 

Srr,—I have been waiting, with considerable interest, 
for any explanation of the fact stated by Prof. Goodman 
in your issue of the 4th inst., that the head given by a 
centrifugal pump at zero di is y greater 
than the theoretical i , but I cannot altogether agree 


g 
with the hypothesis put forward by Mr. J. R. Broadley. 








In my experience the head is often less than the theo- 


retical in the case of pumps designed for la outputs 

at relatively low heads, but in these cases the leakage 

past the cheeks of the impellers can only be proportion- 

ally very small compared with the high Read small 

output pumps which show a considerable excess 
12 . 


over 


9 


I would suggest that the explanation is to be looked 
for in a factor neglected by the elementary theory— 
friction. 

It is obvious that friction between impeller and water 
will tend to drag the latter round and so produce a circula- 
tion, water moving towards the discharge in the strata 
nearest the impeller, and returning in those further 
away, and the necessary reversal of momentum in, or 
near, the discharge passage must give rise to an additional 
head, 

If this explanation is sound, it should be found that the 
excess is greatest in cases where the ratio of impeller 
surface exposed to the water to the cross sectional area 
of the volute is large. Such test results as I have seem 
to confirm this, but I have not enough to claim it as 
established. The complete theory would probably be 
very complicated since, if different pressures exist in 
different parts of the volute, pulsations of water within 


2 
the impeller will result, but the ie formula is based on 


g 
the assumption that there is no relative movement 
between impeller and water. 

It would, however, be of t interest if any of your 
readers would say whether their experience does, or does 
not, confirm the above explanation, bearing in mind, 
however, that the ratio of eye diameter to impeller 


, ‘ . v2 
diameter may also have an influence, since the Ss 


expression assumes that all the water in the impeller 
(right to the centre) has the angular velocity of the 
impeller, and this is by no means necessarily the case 
where the eye is large and the blades short. 

Yours, &. 


Leagrave, Beds. ARNOLD MAuDE, 





“ LUBRICATION.” 
To tHe Eprror or ENGINEERING. 

Str,—In my letter addressed to you under date of 
January 20, 1921, and which you kindly published in 
your issue of February 18, 194, I e the state. 
ment that I believed the colloidal matter I had separated 
from petroleum was the lubricating part of the oil and 


of Paroleum Fat 
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0 
(6798) Viscosity at 


that it was this which produced the viscosity of the oil. 
Since writing that letter I have carried out a few experi- 
ments with the following results. 

Five weighed samples of petroleum of viscosi- 
ties were separately dissolved in acetone and these 
solutions mixed with sufficient water to cause all of the 
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petroleum fats contained in the oil to be thrown out in a 
colloidal state. Small amounts of hydrochloric acid 
were then added to the water-acetone-oil mixtures. 
In a few hours the colloidal matter had flocculated 
forming globules of fat. After the flocculation was 
complete the mixtures were thrown on wet filter papers, 
the fats separated and their weights compared with those 
of the original oil samples. The results obtained from 
these experiments I have plotted on the accompanying 
cross-section paper, and a brief study of them shows the 
percentage of fat present in a petroleum does, in fact, 
determine the viscosity. It is also clearly shown that 
at least 70 per cent. of the oil must consist of fat to 
permit of its being considered a lubricating oil. The 
remainder of the oil when recovered from the water- 
acetone-oil mixture was found to be a thin, non-viscous 
fluid ; hence we must conclude it is to the fat that the 
oil owed its lubricating qualities. 
Yours very truly, 
Epwarp G. ACHESON. 
Acheson Corporation, Aeolian Building, 35, West 
Forty-second-street, New York, March 12, 1921. 





«A STUDY OF THE FRAMING OF A SHIP.” 
To tHe Eprror or ENGINEERING. 

S1r,—I should like to add a few remarks to the dis- 
cussion on the above paper read before the Institution 
of Naval Architects on March 17. After my paper was 
written for the spring meetings of the Institution I 
discussed the general principles set out in the paper with 
a local shipbuilder, Mr. D. B. Gebbie, of Messrs. H. 
and C. Grayson, Limited, the well-known Merseyside 
shipbuilders and ship repairers. The general plan 
seemed so promising in regard to simplification of con- 
struction and economy in labour, particularly in riveting, 
that we prepared detail scantlings for the new systern 
of construction on the two alternative plans for an actual 
ship 500 ft. long and of normal proportions. 

“ A.”—In which intercostal keelsons are omitted 
except in way of the line of pillars and replaced by 
closely-spaced fore and aft stiffeners on both the shell 
plating and tank top plating ; the floors being the normal 
spacing of the registration societies’ rules. 

* B.”—In which alternative floors are omitted and 
replaced by fore and aft stiffeners, with vertical struts. 

In the case of “‘ A” the principal economy is in the 
labour of riveting, marking-off and template work, 
with all the additional advantages which simplicity 
confers. There is also a substantial saving of weight 
of steel. In the case of “ B,” there is a much ter 
savirig in weight and corresponding economy of labour. 

The constructional advan and economies are so 
marked, and valuable at a time when cost of construction 
is so formidable that it was decided to protect the system, 
in the joint names of Mr. Gebbie and myself for the con- 
struction of double bottoms of ships as outlined in the 
paper. : 

Yours faithfully, 
T. B. ABELL. 

The University of Liverpool, School of Naval 

Architecture, March 23, 1921. 





MANCHESTER ASSOCIATION OF EncGrNEERS.—This 
association held its annual meeting on Monday, March 21, 
when the annual was presented, which showed 
that the number of members on the Roll is 815, against 
758 of the previous year. Alderman Fred. J. West was 
elected president. Various additions and amendments 
to the rules were adopted, especially in respect of an 
increase in the annual subscriptions. One ial 
addition was that for the formation of a St ts” 
Section ; this is the outcome of a suggestion made by 
Mr. Harry Pilling, the retiring president, in his recent 
inaugural address. Mr. Pilling has offered, and the 
council has his offer, to vide the sum of 
1002. to be held in trust on behalf of the said Students’ 
Section, for the of awarding a medal or prizes 
of books, to such student in such manner as may be 
decided upon. 
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MOTOR OMNIBUS FOR THE LONDON GENERAL OMNIBUS COMPANY, 


CONSTRUCTED BY THE ASSOCIATED EQUIPMENT COMPANY, LIMITED, ENGINEERS, LONDON. 





Fig. 1. 





LIMITED. 














TOP DECK PLAN. 








Nor the least of the many inconveniences to which 
the public has been subjected on account of the war 
arose from the very serious congestion of the London 
passenger transport arrangements, With regard to 
road passenger transport, with which we are more 
concerned at the moment, an important reason for 
the congestion was the transference of a large number 
of motor omnibuses from the fleet of the London 
General Omnibus Company to the various war areas 
for the transport of troops and supplies. Under 
war conditions it was, of course, impossible to replace 
these vehicles at a sufficiently rapid rate to cope with 
the increase in traffic, so that, by the end of the war, 
omnibus travel during the morning and evening rush 
hours had reached a state of considerable dis- 
comfort. This was fully realised by the company, 
who lost no time in endeavouring to remedy it as soon 
as facilities for private work became available. Many 
of the *buses returned from war service were rapidly 
repaired and replaced on the road, and, in addition, 
a large number of new vehicles were constructed 
and put into service. These new vehicles were known 
as the “K” type, and are now a familiar sight on 
the London streets, since over 800 of them are in 
service. These omnibuses carry 46 mgers, as 
com: with 34 passengers carried by the earlier 
““B” model, and one of their distinguishing features 
is the arrangement of the driver's seat beside and above 
the engine, instead of behind it. This enables the 
larger body to be employed without greatly increasing 
the overall length of the vehicle. 








More recently a further improvement in design has 
been made, and the ““S” type of omnibus, which we 
illustrate above and on the two-page plate accompany- 
ing this issue, has been produced in order to obtain 
a still greater carrying capacity, with but slight in- 
creases in the road space occupied and in the unladen 
weight of the vehicle. The first of these omnibuses, 
which ca 54 passengers, was put into service on 
December 23 last, and since that time others have 
been added. There are, at the time of writing, 
15 omnibuses of the ““S” type on the roads. Apart 
from the importance of these omnibuses as the best 
solution yet found for the problem of passenger transport 
by road, they are of considerable technical | interest as 
examples of modern commercial motor vehicles de- 
signed, as the result of very extensive experience, for 
exceptionally arduous working conditions. The detail 
drawings the first 15 omnibuses which, by the 
courtesy of the London General Omnibus Company, 
we are able to publish on Plate XVII, are, therefore 
worthy of careful study. 

The general appearance of the new vehicles is well 
shown in the photographs reproduced in Figs. 1 and 2 
on this page, and their resemblance to the previous 
“KK” type will be at once apparent to those familiar 
with the earlier model. The construction of the body 
is, generally speaking, similar to that of the “‘ K” type 
"buses, the cross-section being identical. The length 
is, however, 2 ft. 2} in. greater, being 16 ft. 1 in., as 
compared with 13 ft. 10} in., and the seating capacity is 
also greater, as given in the figures above. Part of the 








Fria. 2. 


extra length of the body is taken up by a narrow window 
near the centre of each side, the additional pillars 
thus included increasing the strength of the body at 
a point where it is particularly required. tee 
has also been taken of this arrangement to provide 
an illuminated service number on each side, a feature 
which will doubtless be appreciated by the travelling 
public. In comparison with the “K” type body, 
an extra pillar has also been incorporated in the front 
framing to allow for the greater weight of passengers 
carried on the upper deck. 

A plan of the upper-deck seating arrangements is 
given in Fig. 3, and from this it will be seen that seven 
double seats are provided on each side, so that 28 
outside passengers can be carried. The seats on the 
off side, it will be noticed, are spaced rather more 
closely than those on the near side, in order to leave 
a landing space at the top of the staircase. By com- 
paring Fig. 3 with the interior seating plan, Fig. 4, 
it will also be seen that the roof seats are carried Pack 
over the rear canopy so as to take as much as possible 
of the roof load off the front axle. This has necessi- 
tated an alteration in the design of the rear coun? 
and staircase from that used in the “ K ” type, althoug 
the distance from the rear end of the y to the rear 
of the platform is the same in both cases, viz., 4 ft. 04 in. 
From Fig. 4 it will be seen that the inside passengers 
are accommodated on five double transverse seats 
on each side of the forward portion of the body, while 
two longitudinal seats, for three persons each, are also 
provided at the rearend. The interior seating capacity 
is thus 26 persons, and it will be noticed that the 
arrangement adopted leaves a convenient aisle down 
the centre of the body with a comparatively wide space 
for the conductor near the rear end. Six brass 
stanchions are provided in the body, as compared with 
four in the “‘K” type ’buses, the increased number 
being rendered necessary by the greater length ; 
these stanchions form convenient handles for the use 
of ‘new e e in taking or leaving their seats, As 
both seating plans are fully dimensioned, it is un- 
necessary to refer to the arrangements in greater detail, 
but it may be of interest to mention that it was originally 
intended to carry 29 inside passengers in the new omni- 
buses. For this purpose a transverse seat, on which five 
passengers sat with their backs towards the driver, was 
provided at the forward end of the body, while the 
rear longitudinal seats were intended to accommodate 
two passengers each, instead of three. These seats, 
with the five double seats on each side, would give 
the capacity above-mentioned, but after a few trial 
runs it was concluded that the arrangement was some- 
what objectionable from the point of view of the public, 
and it was, therefore, abandoned in favour of that 
previously described and illustrated in Fig. 4. 

The technical features of the design are illustrated 
by the drawings reproduced on Plate XVII, but 
these, it must Te understood, apply to the first 16 
*buses only. Slight modifications, some of which will 
be referred to later, have been made in the later 
vehicles of this type. Of these Figs. 5 and 6 are, 
respectively, a longitudinal section and plan of the 
complete chassis, and the main dimensions are there 
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given in metric units. The overall length of the 
chassis. from the dumb-iron pin to the extreme end 
of the rear platform is’7-411 metres (24 ft. 32 in.), 
while the wheel base and track are 4-545 metres 
(14 ft. 11 in.) and 1-780 metres (5 ft. 10 in.) respectively. 
The overhang of the rear portion from the centre 
line of the back axle to the end of the platform is 
2-216 metres (7 ft. 3} in.). ‘We may here add that 
the overall height of the omnibus, fully loaded, is 
12 ft. 3t in., and the overall width of the body is 
7 ft. 1 in. The itudinal and transverse framing 
of the chassis is of ash with nickel steel flitch plates on 
both sides of the longitudinal and transverse members. 


ine is given 


The crankshaft is a single forging of nickel chrome steel 
with lightening holes drilled through the crankpins and 
journals as shown in Fig. 7. It runs in three main 
bearings which are of gun-metal with white-metal 
linings similar to the big-end bearings, The camshaft 
and magneto are driven by silent chain from the crank- 
shaft, and the magneto is arranged to slide for taking 
up the slack in the chain, A lighting dynamo is also 
driven from the front end of the crankshaft. A water 
circulating pump, distinguishable in Fig. 5, just above 
the front axle, is provided, and is driven from the 
magneto shaft as shown, This pump, in the latest 
type of engine, is placed behind the fan. The radiator 
used is of the gilled-tube type, similar in shape to that 
fitted on the ““K” type vehicles. The lubrication 
system will be understood on reference to Fig. 7. 
Adjustable oil troughs are fitted in the crank-case, 
and scoops on the big-ends of the connecting rods 
dip into these troughs and splash the oil on to all the 
working parte. The troughs are supplied with oil 
from the sump by a pump driven by skew gearing 
from the camshaft as shown. In the latest t of 
engine the position of the oil pump has been altered, 
as also has the arrangement of the dynamo drive. 

The clutch used is of the single-plate type in which 
a tool-steel dise is gripped by friction surfaces of Ferodo 
fabric. It is of very simple construction, and is ar- 
ranged so that it can easily be removed bodily from the 
flywheel. The drive is transmitted to the gear-box 
through a shaft fitted with two universal joints of the 
leather-disc type. The gear-box is of the three- 
speed, chain-driven type, and is similar to that used 
on the ““K” type chassis. From the gear-box the 
drive is transmitted to the rear axle through a tubular 
shaft fitted with two universal joints of the double- 
pin type, with roller bearings, and having a splined 
connection at the forward end to allow a slight longi- 
tudinal movement. 

A section through the central portion of the rear 
axle showing the worm drive and differential gear, 
used in the —_ **$’’ type "buses is given in Fig. 8. 
This is generally similar in design to that of the 
later type, e that, in the latter, the casing 
and tubes have been strengthened; the worm 
reduction is 9}: 1. The worm is of case-hardened 
steel, the worm wheel of phosphor bronze, the 
differential gears of a case i steel with 
small nickel content, and the live axle shafts of nickel 
chrome steel. The casing and covers are steel castings, 
and the tube enclosing the live axle is a chrome 
vanadium steel forging. The latter is braced as shown 
in Fig. 8, and Fig, 9 is a transverse section through 
the eccentric pin used to tighten) up the stay; the 
method of securing the pin by means of a locking 
plate will be obvious from an inspection of Fig. 9. 
The rear wheels are steel castings running on Timken 
roller bearings as shown in Fig. 10, but in the latest 
design cylindrical roller bearings are employed. The 
wheels are 881 mm. (34}} in.) in diameter, measured 
on the rim, the width of which is 240 mm. (9} in.). 
Twin solid rubber tyres are fitted on each of the rear 
wheels bringing the diameter to 1,050 mm. (413 in.). 
Fig. 10 also shows the arrangement of the brake gear. 
The two brakes fitted on each wheel are of the expand- 
ing type with Ferodo linings acting on pressed steel 
drums bolted on to the spokes. 


A special arrangement of springing, rendered 
necessary by the Uy variation, in loading between 
the empty and full conditions Of running, has been 
adopted in the “S” type chassis. The main springs 
are of the usual semi-elliptical pattern, but these are 
reinforced, on both front and rear axles, by compound 
volute springs. From Fig. 10 it will be seen that 
the main volute spring bears on a pin screwed into 
the clamping plate of the semi-elliptic spring, and that 
a lighter volute spring, above the other ~ normally 
completely closed up, is employed to keep the main 
volute spring in position when the body rises relatively 
to the axle. The volute springs are carried by cast- 
steel brackets bolted on to the frame as shown in the 
illustration. The weight on the axle, in the fully- 
loaded condition, is 5 tons, while that on the front 
axle is 3 tons 10 cwt., but ingi 
adopted has been found to 
under conditions of loading; it should also help to 
reduce road 4 oe = 

The front axle 
carbon steel, suita 
are of chrome vanadium steel. 
steel ouutinas ot es same diameter as the rear wheels, 
and each is with a single solid rubber tyre 120 mm. 
(4} in.) wide; Timken roller bearings are also 
for the front wheels. Steering is effected 
and nut, the a being carried on 
front dumb iron 
The arrangement can be 
chassis plan reproduced in Fig. 6. 

The chassis of these "buses are being constructed 
by the Associated Equipment Company, Limited, at 
Walthamstow, E. 17, while the bodies are built at the 
Omnibus Company’s own coach-works at Holloway, 
N. 7. 





INSTITUTION OF PETROLEUM TECHNOLOGISTS._—The 
officers elected by this Institution for the session 1921—22 
are as follows:—President: Professor John Samuel 
Strafford Brame, F.I.C., F.C.A. Vice-Presidents: Mr. 
Herbert Barringer; Sir George Beilby, LL.D., F.R.S. ; 
Sir John Cargill, Bart.; The Right Hon. Viscount 
Cowdray of Cowdray; Mr. Arthur W. Eastlake ; 
Sir Thomas H. Holland. Council: Mr. Alfred C. Adams, 
Mr. Herbert Allen, Major R. W. Barnett, M.P., Mr. 
Andrew Campbell, Mr. E. H. Cunningham Craig, Mr. 
Alexander Duckham, Dr. A. E. Dunstan, Mr. , Bart 
Kewley, Dr. W. R. Ormandy, Mr. T. ©. Palmer, Dr. 
F. Mollwo Perkin, Mr. Robert Redwood, Mr. John 8. 
Smith, Professor W. W. Watts. 


COMMITTEE UNDER THE GERMAN REPARATION (KE- 
covery) Act.—Under Section 5 of this Act, which took 
effect 2 gee sy March 31, the Board of Trade may 
by order take certain action, as indicated below :— 
(a) Under Section 1 of the Act, importers of German 
goods are to pay to the Customs a prescribed proportion 
of the value of the goods, not exceeding 50 per cent. 
The Board of Trade may reduce the wows fy proportion 
as respects articles of any class, make or description, or 
may exempt such articles from all the provisions of the 
Act. (0) tion 2 excludes from the provisions of the 
Act goods partially manufactured or produced in 
Germany which are not first consigned from that country 
and in which 25 per cent. or more of their value is attri- 





butable to pr« oO facture undergone since they 
last left Germany. The Board of Trade may vary this 
percentage articles of any class, make or 


as respects 
description. (c) Under Section 1, the Act shall not apply 
to goods imported before April 15, if it is proved to the 
satisfaction of the Customs that the goods are imported 
in pursuance of a contract entered into before March 8. 
The Board may, as respects articles of any make, class 
or description, substitute some later date for April 15. 
(d) Section 4 provides that where any person is liable, 
under a contract entered into before March 8, to accept 
bills of exchange or make advances in connection with 
the importation of any goods, he may apply to the High 
Court ; and the court, if satisfied that by reason of the 
provisions of this Act, the enforcement of the contract 
would result in serious hardship to him, may suspend 
or annul, or with the consent of the parties amend 
the contract as from such date as the court may think 
fit, or stay any proceedings for the enforcement of the 
contract or any term thereof, or any rights arising under 
it, on such conditions (if any) as the court may think fit. 
The Board of Trade may extend the classes of contract 
to which the section relates. The Board are not, how- 
ever, to make any order under any of the above pro- 
visions except on the recommendation of a committee 
whom they are to appoint, consisting mainly of persons 
of financial, commercial or industrial experience, The 
following committee has soopedingly, been appointed by 
the Board of Trade, under Section 5 of the Act: Mr, H. A. 
Trotter, Deputy-Governor of the Bank of England 
(chairman); Mr. H. B. Betterton, M.P.; Mr. F. R. 
Davenport, managing director of Messrs. Willans and 
Robinson, Limited, Rugby; Mr. Stanley Machin, 
President of the London C. ber of Commerce ; Mr. D. 


Withers, mr, f branch, London County, 
Westminster and Parr's Bank ; Captain G. W. Duncan 








(secretary). Applications to the Board of Trade to 
make any order under any of the provisions referred to 
ihould be addressed to the Secretary, Board of Trade, 


| Great George-street, Westminster, and both the letter 
and envelope should be marked ‘ German jon.” 





NOTES FROM SOUTH YORKSHIRE. 
: SHEFFIELD, Wednesday... 
Iron and Steel.—Though manufacturers try to preserve 
@ spirit of optimism, busi in the heavy trades of this 
district seems to be going from bad to worse. Successive 
price cuts in all classes of materials have attracted an 
increased number of inquiries, but these have not 





in orders of any substantial itude. 
The result is that f jeundcien and tulling have 
closed down for 10 days and will not resume ions 
until next week. lighter trades are making a start 


dl mieey 


are badly in need of orders. The continued slump in 
speed steel is further reflected in the adjustment of 


4 ally gorge of high-speed steel have been 
marked down oy ee 


. per pound, and secondary 
ualities 2d. to 3s. per pound. The scarcity of orders 
or hoops has influen makers to reduce prices 31. 


~ ton. The current quotations for iron and _ steel 
oops are 23/. 5s. and 201. 5s. respectively. 


Messrs. Cammell Laird and Co., Limited.—The directors 
disclose a profit of 260,632/., as compared with 303,0051. 
for the previous year. The extensions at Penistone 
are now complete and in use, with the exception of the 
tyre plant, which, it is hoped, will be finished in the next 
few months. The agreement with the Government for 
the acquisition of the National Ordnance Factory at 
Nottingham has been completed and the factory is well 
supplied with orders. 


Messrs, Hadfields, Limited.—The moulders’ strike 
which lasted four months and other labour stoppages 
seriously affected operations during the past year. The 
company have taken steps to develop the use of the 
Hadfield system of manufacture and sale of their special 
products in the United States. The reconstruction. of 
war extensions to adapt them to commercial trade, and 
the installation and equipment of the new steel foundry 
and rolling mills have involved a large capital outlay. 

South Yorkshire Coal Trade.—Business is more or 
less in the melting pot, pending a national decision 
on the wages question. A reduction of 5s. to 7s, per ton 
in the price of slacks brought very little new business. 


A big surplus output stands at the collieries and in 
pense oe Manufacturers have difficulty in keeping works 
supplied, though uirements are considerably below 


the normal level. Inland users of gas fuels are pressing 
for increased tonnages to augment reserves against 
emergencies, There is no improvement in export trade. 
House-coal merchants will require bigger deliveries of 
best quality fuels if they are to keep pace with orders. 
Quotations: Best branch handpicked, 37s. 2d. to 
388. 2d.; Barnsley best Silkstone, 37s. 2d. to 37s. 8d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 33s. 2d.; Derbyshire best large 
nuts, 328. 8d, to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. 
to 32s. 8d,; Yorkshire hards, 32s. 8d. to 33s. 8d. ; 
Derbyshire hards, 328. 8d. to 33s. 8d.; rough slacks, 
28s. 2d. to 29s. 2d.; nutty, 27s. 2d. to 28s. 2d.; smalls, 
238. 2d. to 248. 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of Cleveland 
pig-iron is still in excess of requirements, notwithstanding 
recent drastic curtailment of output, and stocks continue 
to accumulate steadily. With Belgian iron on offer 
here at something like 40s, below the recognised market 
price of Cleveland pig-iron, the local product is very slow 
of sale, and another substantial cut in quotations is 
regarded as imminent, especially as reduction in working 
expenses is looked for in the very near future by the 
adjustment of w of ironstone miners, colliers and 
blastfurnacemen. “Gfeanwhile for home purposes, No. 1 
Cleveland pig-iron and siliceous iron stand, 155s. ; 
No. 3 G.M.B., 150s.; No. 4 foundry, 1498.; No. 4 forge 
and mottled, 147s. 6d.; and white, 146s.; whilst for 
shipment to foreign destinations quotations are, No. 1 
cod Bicetae, 160s. ; No. 3 G.M.B., 155s, ; No, 4 foundry, 
1548. ; No. 4 forge, 152s. 6d.; and white, 150s. 


Hematite. Iron.—-East Coast hematite is also very 
lentiful and slow of sale, Customers show marked 
Risinclination to pay the rates asked of 182s. 6d. for 
No. 1 and 180s. for mixed Nos., both for home use and 
for export. 

Foreign Ore.—In foreign ore there is utter stagnation 
of trade. Consumers are carrying very heavy stocks, 
and experience no small amount of difficulty in finding 
storage accommodation for the redundant coming 
to hand. Imports show very marked falling-off. As 


APRIL I, 1921. ] 


ENGINEERING. 











there is an entire absence of transactions, and indeed, 
little or no effort to put business through, quotations 
cannot be fixed. 


Coke.—The downward movement in coke is most 
gratifying to local consumers, who, however, declare 
that much further fall must occur. Average blast- 
furnace kind is offered at 42s. 6d. at the ovens. 


Manufactured Iron and Steel.—Nothing new of moment 
is noticeable as regards manufactured iron and steel. 
New orders are very difficult to obtain. Values tend 
downward. Among the principal recognised market 
quotations are: Crown bars, 23/.; iron rivets, 31l. ; 
steel ship, bridge and tank plates, 19/.; steel angles, 
joists and sections, 17/. 10s.; hard steel billets, 151. ; 
heavy steel rails, 187.; fish plates, 23/.; and corrugated 
sheets, 241. 


Ironworkers’ Wages Reduced.—The accountants to the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England 
have just certified the average net selling price of bars 
and angles for the two months ending February 28 last 
at 261. 19s. 7-97d., as compared with 291. 10s. 8-9ld. 
for the previous two months. On these figures the 
sliding scale gives a reduction of 25 per cent. on puddling 
and other forge and mill wages. he reduction takes 
effect from March 28. 





NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—The outlook is uncertain and it is 
not yet definite whether the coal mines will be working 
on April 1 or idle. After to-morrow the liability of the 
Government to the coal owners ceases and as the industry 
at present is in a state of insolvency it is commercially 
impossible for the colliery owners to continue operations 
under the prevailing conditions. In view of this 14 days’ 
notice was tendered to the colliery workers a fortnight 
ago and these expire to-morrow. So far the men have 
rejected the proposals of the employers for separate 
wage agreements in each district. Negotiations how- 
ever are still in progress and it is quite possible that some 
sort of arrangement may be reached which will enable 
work to be continued pending a definite settlement of 
the matters in dispute. While the leaders of the men 
recognise that a substantial reduction in wages is in- 
evitable they are demanding that uniform rates should 
operate throughout the whole country, but this the coal 
owners contend is impracticable as the costs wor 
different districts. The South Wales owners ve 
improved on their original offer of rates based on the 
June, 1914, standard, for they have now offered the 
men the 1915 standard plus a percentage of 55-83 on 
the standard. The workmen’s leaders have rejected 
this offer as they were bound to do in view of the 
decision of the delegate conference of the Miners’ 
Federation of Great Britain, which prohibited any of 
the districts from accepting terms that did not concede 
the demand for the financial unification of the industry, 
and the creation of a national 1 for the maintenance 
of the unremunerative collieries. In Feb there 
was a net pithead loss of 18s. 1d. per ton on coals 
commercially disposed of in South Wales as compared 
with 14s, 7d. per ton in January. The total loss would 
amount to about 20s. 6d, compared with 17s. 6d. in 
January. Foreign cargo exports from South Wales 
in the past week at 249,969 tons were 18,000 tons 
greater than in the preceding week, and formed the 
second largest total in any similar period of this year. 
The improvement was entirely due to increased ship- 
ments to France, for this country was supplied with more 
tham 100,000 tons compared with 48,000 tons in the 
previous week, Each of the ports shared in the greater 
volume of trade for Cardiff’s total of 164,000 tons com- 
pared with 132,000 tons ; Newport, 31,000 tons, co’ 
with 39,000 tons: Swansea 25,000 tons with 17,000 tons 
and Port Talbot 28,000 tons with 11,000 tons. 


Shipping Company Wind-Up.—Shareholders in the 
Cragge Steamship Company, Limited, to-day passed 
resolutions for the voluntary winding-up of the company. 
The resolution states “that the company cannot, by 
reason of its liabilities, continue its business, and that 
it is advisable to wind up same, and that the y 
be voluntarily wound up.” Mr. Henry James Raguhems 
was appointed liquidator. The company’s two steamers, 
Ridley and ‘Waltham, have been sold by the bank, who 
took possession of the steamers, to Harrison, Sons and 
Co., Limited, for 80,0001. The Ridley, 5,880 deadweight, 
was purchased by the Craggs Company at a cost of 
171,0001., and the Waltham, 6,160 deadweight, for 
173,0001. 





Data on Frow or Warter.—The United States 
Geological Survey cannot be congratulated on some 
new terms proposed in the Press Bulletin No. 461 of the 
Survey. As an abbreviation for cub. ft. per second the 
term “‘ second-foot ’’ is proposed and defined as the unit 
of the rate of discharge of water flowing in a stream 
| ft. wide and 1 ft. deep at the rate of 1 ft. per second. 
‘* Second-feet per sq. mile” is to indicate the number of 
cub. ft. of water flowing per second from each square mile 
of area drained on the assumption that the run-off is 
regular both as regards time and area. An “ acre-foot ” 
is the equivalent of 43,560 cub. ft., being the quantity of 
water required to cover an acre to a depth of | ft.; the 
term is already commonly used in connection with 
the sto of water for irrigation. A flow of 
1 second-foot equals 7-48 U.S. gallons per second or 
646,317 gallons per day. Such terms would have to 
be used together with their definitions, in which 
case the “ abbreviation’ would be of negative value ; 
otherwise confusion will arise. 








NOTICES OF MEETINGS. 


Tue INstIrvTion or Brirish FouNDRYMEN : LANCA- 
sHIRE Brancu.—Saturday, April 2, at 4 p.m., in the 
College of Technology, Manchester, when Mr. A. R. 
Bartlett, of Belvedere, Kent, will give a paper on 
“Safety in the Equipment of Foundries.” 

Tue Norts or Encianp InstiruTe oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, April 2, at 2 p.m., 
in the Wood Memorial Hall, Nowcastle-upon-Tyne. 
The following paper will be open for discussion: ‘ The 
Production and Transmission of Compressed Air in 


Mines,” by Mr. John T. Pringle. [{Trans. Inst.M.E., 
vol. Ix, pege 146, and vol. Ixi, page 13.] The following 
paper will be read or taken as read: ‘ A Self-acting Jig 


with Intermediate Landings,” by Mr. E. W. Milburn. 
A miners’ electric lamp will be exhibited, described and 
demonstrated by Messrs. Patterson and Co. 

Tae Mriptanp [Iwstirure or Miyine, Civi AND 
MeEcHANICAL EnGINEERS.—Saturday, April 2, at 2.15 
.m., at the Danum Hotel, Doncaster. Paper, “ Electric 
Houkegs and Elimination of Pit Ponies,” by Mr. 8. 


Diggle. The following papers will be open for dis- 
cussion: (a) Bee | Explosions,””’ by Professor 
R. V. Wheeler, D.Se.; (6) “ tract on No. 1 Memo. 


of the Miners’ Lamp Committee,” by Professor F. E. 
Armstrong, M.A.; (c) “The Metering of Compressed 
Air,” by Mr. John L. Hodgson. 

Tue CLEVELAND InsriruTion or ENGINEERS,— 
Monday, April 4, at 6.30 p.m., in the Hall of the Cleveland 
Literary and Philosophical Society, Corporation-road, 
Middlesbrough. Paper on “Foreign Methods of Roll 
Design,” by Mr. H. R. Ronnebeck, B.Sc., Saltburn. 

THe Braprorp ENGINEERING Socrery.—Monday, 
April 4, at 7.30 p.m., Meeting in the Hall of the Technical 
College, Bradford. Mr. J. E. Johnson, of Bolton, on 
“*Condensing Plants.” 

Tue Society or EncGineers (INCORPORATED),— 
Monday, April 4, at 5.30 p.m., in the Rooms of the 
Geological iety, Burlington House, W. The pro- 
ceedings will open at 5 p.m. with a Social Gathering of 
Members and Visitors, after which a paper will be read 
at 5.30 p.m. on “The Motor Car Pneumatic Tyre,” by 
Lieutenant J. C. Ferguson, Assoc.8.E. (late Technical 
Officer, Motor and Aero Tyres, R.A.F.). 

Tue Junior InstTITvTION oF ENGINEERS.—Tuesday, 
April 5, Visit to the works of the Tunnel Portland 
Cement Company, Grays, Essex. The party will assemble 
in the ing office of Grays Station at 2.50. Friday, 
April 8, at p-m., at Caxton Hall, Questions and 
general discussion. 

THE rg ry es g anys 3 Enorveers.—Tuesday, 
April 5, at 5. mm. wing r will be sub- 
mitted for akemten: * Airship Beds and Their 
Erection,” by Mr. Luke Hamilton Larmuth, Assoc. 
M.Inst.C.E. And ballot for new members. 


Tue Royar Soomry or Arts.—Wednesday, April 6, 
at 8 p.m., @ on “The me: An Instrument 
for Boating Blind to Ordinary Print,” by 
F Archi! i. aes ae Emeritus Professor 

;aguune , University w. The paper will 
be wed by a demonstration of instrument. 


Pa sy ae OF oy = ENGINEERS.- 

a il 7, at 6 p.m., inary Meeting at the 
Eecrews Ll of Civil A a lg Great George-street, 
Westminster, 8.W. “Some Recent Developments in 
urbine Practice,” by Mr. K. Baumann. 


Tue Roya Instrrvtion or Great Brrram.—Friday, 
ag 8, at 9 p.m., a discourse will be delivered by 

. R. H. A. Plimmer, D.Sc. The subject is ‘‘ Quality 
of Protein in Nutrition.” Afternoon Lectures, at 
3 p.m.: Tuesday, April 5, Professor R. A. Sampson, 
F.R.8., Astronomer Royal for Scotland, on (1) ‘‘ Present 
Position of the Nebular Hypothesis”; Thursday, 
April 7, Mr. .C. T. R. Wilson, F.R.S., on ‘ Thunder- 
storms ”’ (Lecture 1) (the Tyndall Lectures); Saturday, 
se 9, Mr. H. H. Dale, C.B.E., M.D., F.R.S., on 
** Poisons and Antidotes * (Lecture 1). 


Tue Farapay Society, THe [ysTiruTion or MECHANI- 
cat Encivgers, THE JRon anp Sreet INstTITuTe, THE 
Institute or Merats, Norru-East Coast Institution 
or Encuxeers anp Sutrsvrmpers, West or ScoTrLanp 
Inow anp Street Instirure, anp THE INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—Wednes- 
day, April 26, from 2.30 p.m. to 10.30 p.m., Meeting in 
the Hall of the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, 8.W. 1. Joint general 
discussion on the “ Failure of Metals under Internal and 
Prolonged Stress.” First session, 2.30 p.m. to 4 p.m, 
Introductory. Chairman, Professor A. W. Porter, D.Sc., 
F.R.S., President of the Faraday Society. Introductory 
Address by Dr. W. Rosenhain, F.R.5., giving a general 
survey of the subject. Papers of a General Character.— 
Chairman, Captain H. Riall Sankey, C.B., President of 
the Institution of Mechanical Engineers: (1) Professor 
C. H. Desch, “Chemical Influences in the Failure of 
Metals under Stress”; (2) Mr. L. Archbutt, “ Failure 
of the Lead Sheathing of Telegraph Cables”’; (3) Dr. 
W. H. Hatfield, ‘‘ Mechanism of Failure in Metals from 
Internal Stress’; (4) Mr. J. C. W. Humfrey, “ Internal 
Stresses in Relation to Micro-Structure”’; (5) Messrs. 
R. H. N. Vaudrey and W. E. Ballard, “ Internal Stresses 
in Brass Tubes”; (6) Dr. F. Rogers, “ Effects of Pro- 


lo Stress on Metals at gh ‘Temperatures ”’ j 
(7) Mr. R. W. W. Woodward, “ Corrosion ing o 
Searedtioe 


Non-Ferrous Materials.” Ne p.m, to 5 p.m.—Interv. 
tea and inspection of exhibits.) Second session, 5 p.m. 
to 6.30 p.m. General Discussion of Papers (1) to (7). 
Chairman, Dr. J. E. Stead, F.R.S., ident of the Iron 
and Steel Institute. (6.30 p.m. to 8 p.m.—Interval for 
dinner). Third session, 8 p.m. to 10.30 p.m. Papers 





a ae 





and Discussion dealing with Causes of Failure of Brass 


and Steel. Chairman, Engineer Vice-Admiral Sir Geo 

Goodwin, K.C.B., President of the Institute of Metals. 
(8) Sir Henry Fowler, K.B.E., “* Notes on Fractures in 
Locomotive Boiler Tubes’; (9) Mr. D. Janson, “ Inter- 
erystalline Failure in Steel”; (10) Mr. J. A. Jones, 
“‘Intercrystalline Cracking of Mild Steel in Salt Solu- 
tion”; (11) Mr. H. 8. Rawdon, “The Presence of 
Internal Fractures in Steel Rails and their Relation to the 
Behaviour of the Material under 8 3 


(12) Mr. H, Moore, **The Season-C of Brass : 
Digest of Published Information”; (13) Messrs. H. 
eg and 8. an ow of Internal 
ress in Brass” ; . O. W. Ellis, “* Experiences of 
nm di the War”; (15) Dr. F. rs, 
p- re Mr. W. C. Hotheoall "The 
icles ”’ ; x + ae “The Spon- 
taneous i of Necks of Small Arm Cartridge 
Cases ” ; (17) . John Arnott, “Note on Phosphor- 
Bronze Bars.’ 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Scottish Steel Trade.—The steel trade of Scotland 
has made no turn for the better, and in many instances 


the position to-day is decidedly worse than it has been 
of late. The fact is that there is only a very limited 
demand for the home product and of the business 
at present on offer is going direct to the Continent on 
account of the more favourable being quoted. 
The local steel makers have y brought their 
prices down to a considerable extent, but not quickly 


enough to catch many of the contracts given out a month 


or two , and even yet there is a ce of pound 
- ton in favour of the Continental producers. The 
atter are well whereas the former are ex 
peri the difficulty in their works 
moving, and Orders 
for all of are required and good 


lines will receive very favourable consideration by 
ing ind 80 extremely 


ip oo is poor, 
and boiler plates are also little - for 
structural sections there is a very ple coe hs Black 
sheet makers recently lowered their prices once more, 
but the result has rather as this 
effort has failed to bring forth tial in 
the way of fresh . No improvement is looked 


é steel trade and costs of production 
are considerably reduced, and it is anticipated that a 
move in that d nothing "a take on an early date. 
There is still in rt. Prices are 
unchanged over the week. ol 


Trade.—In the West of Scotland 
malleable iron trade the conditions are without change 
and employment is very irregular. on hand are 
— turned out and consumers are only buying in 
small quantities, with the result that a hand-to-mouth 
existence is general. Inquiries are of very limited 
nature and the outlook is not very clear at the moment, 
although there is a feeling in evidence that some improve- 
ment will be noticeable in the near future. The current 
quotation for ‘“‘crown”’ bars is 231, per ton, delivered 
Glasgow station. 


Wages in the Malleable Iron Trade Reduced.—Mr. 
John M. MacLeod, C.A., Glasgow, has made the following 
intimation to Messrs. James C, Bishop and Owen Coyle, 
joint secretaries of the Scottish ufactured [ron 

rade Conciliation and Arbitration Board: ‘In terms 
of the remit I have examined the employers’ books for 
Jan and February, 1921, and I certify the average 
net selling price brought out is 271. 16s. 3 -04a.” This 
means a decrease in the wages of the workmen of 224 per 
cent. on basis rates, and about 7,000 men in Lanarkshire 
will be affected. 


Reduction in Steel Sheets,—This afternoon intimation 
was made of another reduction in the prices of black 
steel sheets, which are now quoted as ieee: in. and 
thicker, 191. 10s. ton; fin. to 12 B.G., 191. 15s. per 
ton; 12 to 16 B.G,, 201. 5s, ton; 16 to 20 B.G., 
201. 15s. ton; 20 to 24 BG. 211, 10s. per ton; 
24 to 27 B.G., 221. 158. per ton. 


= 





Isorores ar tHe Royat Soomry: Erratum.— 
We regret that a slip was overlooked in our brief com- 
ments on Dr. Aston’s remarks made in the course of the 
discussion on Isotopes at the Royal Society, in our 
issue of March 18, page 344, last column. The lines 
should read: Dr. Aston replied that he did not always 
measure from the edges, and he gave a reason for not 
accepting the other objection, viz., that his apparatus, 
if adjusted for bringing the particles of one mass to focus, 
would not be focussed for other particles. 


Personat.—-The General Electric Company, Limited, 
notify the approaching removal of their offices and stores 
to their new building at Kingsway.—Mesars. Vickers- 
Petters, Limited, Ipswich Works, Ipswich, state that 
they have opened new offices and show rooms at 75n, 
Queen Victoria-street, London, E.C. 4. Various t 
of Petter oil engines and Vickers-Petter semi-Diesel 
crude oil engines are exhibited and a full technical and 
commercial staff will be pleased to give any information 
| the engines of both i rial and marine 
t; > hey have branch offices and show rooms at 
163, Hope-street, Glasgow, and at 140, Victoria-street, 
Bristol ; a new branch office has recently been opened 
at 30, Lower Sackville-street, Dublin. . The head 
offices and works are situated at Ipswich, on the 
Great Eastern Railway Company’s main line, within 
14 hours run from London. 
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HYDRAULIC PRESSES AND PUMPING MACHINERY. 


CONSTRUCTED BY MESSRS. HOLLINGS AND GUEST, LIMITED, ENGINEERS, BIRMINGHAM. 
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Fic. 5. Hypraviic Pump. 


Tue illustrations on this page show different types 
of hydraulic machinery recently manufactured by 
Messrs. Hollings and Guest, Limited, Thimble Mill- 
lane, Birmingham. Figs. 1 to 3 represent a platen 
press for the manufacture of moulded rubber goods, 
insulating materials, artificial horn, &c., which require 
to be maintained at a reasonable heat during the time 
the pressure is being applied. Between the ram and 
the head of the press are a number of steam-heated 

latens, each of which, when released, rests on a separate 
edge formed in the platen guides, so that when the ram 
is in its lowest position all the platens are supported 
at equal distances from each other, as shown in Fig. 1. 
Work can be placed between every pair of platens, so 
that a large number of articles can be manufactured at 
one time, the pressure being transmitted equally 
through all ofthem. In view of the fact that sometimes 
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Fic. 4. Prats Benprna Press. 


the work has to remain subjected to pressure for a good 
many hours, the advantage of increasing output by 
pressing many articles at once is obvious. The platens 
are of cast-iron and are heated by means of grids of 
hydraulic tubing cast into them, the ends of the tubes 
being connected to the steam supply by flexible 
pipes. The construction obviates all possibility of 
the platens bursting, cracking, or leaking due to 
the steam pressure, 

The press shown in Fig. 4 is designed for the cold- 
bending of plates up to 6 ft. in width, machines of 
similar type, however, are built to deal with plates 
from 2 ft. to 20 ft. in width, They are largely used 
for making safe bodies, tanks, conveyors, colliery tubs 
and kindred work. The special feature of the type 
is that it has a swinging column at one end, so 
when a complete body or shape has been pressed, the 





column can be swung out and the work removed from 
the end of the press head. 

For operating these presses, Messrs. Hollings and 
Guest, Limited, supply hydraulic pumps of the kind 
illustrated in Fig. 5. The pump shown is of the two- 
stroke type and is driven from an electric motor by 
means of a double-reduction chain gear. The arrange- 
ment is very compact and runs almost silently. Pumps 
of this design are standardised in a large range of sizes. 





Tue Forp Motor Company.—The Ford Motor Com- 
pany is now working in fortnightly shifts. The plants were 
closed at the end of December last. Two shifts of 10,000 
men are now working for a fortnight each. In this way it 
is expected to give all married and steady workmen the 
opportunity of earning fair money. The Ford cars 
ordered in January, 1921, are said to amount to 67,000 
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NOTICE. 


A few months ago the Proprietors of “ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
ls. 24. per copy, and this price dated from and 

the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
of single copies sent by inland post is now Is. 3d. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation'of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “ ENGI- 
NEERING” each week should place an order for 
the J ournal witha newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 393. 
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WAGES AND PRODUCTION. 

THE most potent question which can be asked 
at the present time is whether the workers in our 
engineering and allied industries realise that the 
only way out of the present crisis in trade is 





increased production and lower wages. It has 
|now to be realised, without further equivoca- 
tion, that any possible and immediate increase 
|in production as a remedy, whilst wholly in the 
\Tight direction is quite insufficient alone to re- 
establish economic conditions on such a basis that 
trading will revive healthily and unemployment 
become less. The figures regularly published show 
that the numbers of workers out of work, and on 
-| short time, is still growing with deplorable rapidity 
and that only the sternest measures can hope to 
arrest the present most serious tendency. 

There are two economic facts that cannot be too 
much emphasised at the present time and these 
are, firstly, that half a loaf is better than no bread, 
and, secondly, that international competition will 
inevitably operate to the end that those who give 
the greatest amount of work per loaf of bread or 
per pound of meat will capture the market, secure 
orders and maintain employment. Rates of 
exchange, conditions of reparations, imposition of 
indemnities, tariffs, unemployment doles, municipal 
work, if manufactured for political ends, and so on, 
are all by the way and of little real temporary, and 
of practically no permanent, significance. 

Are these facts realised ? We are afraid that 
they are not to a sufficient extent. In a laudable 
attempt to disseminate such knowledge the Engi- 
neering and National Employers’ Federation has 
issued a brochure entitled ‘‘ The Present Economic 
Position of the Engineering and Allied Industries,” 
containing 30 pages of well and clearly-reasoned 
matter explaining the present position and giving 
a mass of fundamental facts. Broadly, consumers 
at the present time are divided in this treatise 
into two classes, those who want to buy and 
can’t, and those who can buy and won’t. In 
regard to the first class the operation of foreign 
exchanges is one of the most important factors 
and a full exposition is given of the reasons for our 
export trade to France at the present time being 
much restricted. What is true of France is in 
different degrees true of Russia, Poland, Ozecho- 


7 | Slovakia, Italy, Hungary, Austria, Greece and the 


Balkan States generally and Germany. 

In the case of the last-named industrial pro- 
ductivity is rapidly reviving. The purchasing 
power there is somewhere in the neighbourhood of 
100 marks to the sovereign, while the international 
rate is 240 marks to the sovereign, so enabling 
their manufacturers to sell goods in the world’s 
markets at less than half the price which it is possible 
for English manufacturers to quote. Export credits 
can only promote trade to a very limited degree 





and to the extent to which a Government can 





borrow in order to maintain industry when it is 
d 

Not only foreign exchanges, but unfortunately 
also the Australian and Far Eastern exchanges have 
economically operated in a direction which is detri- 
mental to healthy trade. As regards Australia, 
the situation could have been eased to some extent 
by a shipment of gold from Australia to London, 
and it is understood that whilst the banks there were 
desirous of doing.this, they were forbidden to do so 
by the Australian Government, apparently in the 
interest of the Commonwealth Bank of Australia. 
It is therefore matter for more than passing interest 
that the only known case of complete temporary 
paralysis of exchanges should have taken place in 
the one country which has really nationalised its 
central banking institution. 

Apart from the operation of exchanges it falls 
to be pointed out that between July, 1920, and 
December, 1920, the Ministry of Labour gave in- 
creases of wages incurring an addition of 1,434,000/. 
to the weekly wage bill, or 70,000,000/. per annum. 
During this period, the trading crisis can be said to 
have taken place, in August of that year. At about 
that time those who could buy decided not to, but 
to do without and to wait until prices should decline. 
Then came the coal strike when foreign competitors 
seized the opportunity to secure business that might 
have come to thiscountry. Then there is the factor, 
probably the least sufficiently appreciated of all 
by the workers, of financial stringency. The nation 
is just like a man who has had a long and serious 
illness who when he returns to work is most anxious 
to obtain opportunities of making a bit extra, and 
who has to live economically in order to repay what 
he borrowed when he was ill. The necessity for 
saving is obvious, since if people in other industries 
did not save there could never be an engineering 
industry at all. Insufficient is being saved, capital 
can only be obtained at exhorbitant rates of interest, 
and with a fall in wholesale prices credit became 
frozen in great stocks of materials, and in partly 
and fully-finished goods. 

It is deeply to be regretted that in certain quarters 

it is alleged that employers have entered into a 
conspiracy with the object of forcing a reduction 
in wages. It would be well if labour realised the 
efforts that have been and are being made to obtain 
orders to keep shops in operation and workpeople 
in employment. As these efforts have proved 
unsuccessful, the only remedy is to reduce the selling 
price, by lowering wages, although it is hoped that 
a corresponding fall in the cost of living will take 
place to obviate any reduction in the standard of 
living. 
The effects ofthe moulders’ strike, the high cost 
of coal production, foreign competition and the cost 
of living, are all clearly dealt with in the brochure 
to which we have referred. The fundamental 
importance of the cost of coal as a key to the world’s 
trade, needs no emphasis and the case is well and 
concisely presented. It is shown that of the total 
cost of production per ton of coal, wages constitute 
just over 78 per cent. or, if depreciation is allowed 
for, 74 per cent. Im the month of January last 
the nation lost 7,000,000/. in coal, In 1913 the 
average pithead price per ton sold was 1ls., whilst 
to-day 5,000,000/. a month is being lost ‘despite 
the fact that coal is being sold at a price three times 
as high. The wages per worker has increased 
135 per cent., but per ton the wages increase is 
300 per cent, showing a truly appalling falling-off 
in productivity. 

In the engineering and allied industries, wages 
represent at least 65 per cent. of the difference 
between the value of the total production and the 
material costs, and the rates of to profits 
varied from 10 to 1 to 12 to 1 in the year 1918 when 
profits were much more assured than is the case 
now. The cost of living is a vital factor and if 100 
is taken to represent conditions in July, 1914, the 
figure for November, 1920, is 276, and March, 1921, 
241. Prediction is always dangerous, but as the bro- 
chure points out, wholesale prices according to The 
Times index having fallen 135 points in ten months 
it is not altogether unreasonable to hope that the 
cost. of living which has fallen 35 points within 
four months, will fall another 40 to 60 points during 
the remainder of the year. Comfort is to be 
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obtained from the very satisfactory reduction that 
has been made in the National Debt sinee. April, 
1920, to the extent of 230,000,000/. and the con- 
sequent easing of the financial stringency that is 
sure to ensue. 

In an appendix to the booklet we are dealing 
with are given numerous examples of orders lost to 
this country due to our high selling price, and in 
glancing through the many cases quoted, it is cause 
for serious reflection that Germany has been 
capturing trade from us at figures much less than 
would cover our wages and materials, leaving 
nothing for standing charges or profit. These figures 
apply to an increasingly wide range of products and 
an augmenting variety of industries. The object of 
the authors and produeers of this pamphlet to give 
dispassionately, and without any appeal to sentiment 
a clear and full-exposition of the present position. 
We commend it strongly to all concerned. 

Complete success will, of course, only be achieved 
if the booklet is distributed widely, carefully read and 
clearly understood by the rank and file who are no 
less concerned than other sections. However it ma 
fall short of achieving full consideration in certain 
quarters, it is couched in such measured language 
that it can only do good. We would be most glad 
if we could be really optimistic that it would be 
widely read. The spread of education marches on, 
yet the ignorance that is the root cause of most of our 
economic troubles is still dense, and the veil will 
only be lifted gradually. 

We are hopeful, however, that the effect of the 
book will be to remove the prevalent attitude of 
trades union leaders in refusing to face the position 
truly and in taking up a false and quite untenable 
attitude of resistance to considering any question 
of wage reduction. Take the joiners’ strike as an 
example. This strike has been in operation for four 
months and the net result has been the loss to this 
country of millions of pounds’ worth of work. A 
number of ships have been sent to the Continent 
to have the joinery work finished. The owners of 
others with no prospect of seeing the strike over 
and no prospect of having their ships finished and 
put into commission to earn money, have’ sus- 
pended work. Generally the unemployment that 
has directly resulted is very great and widespread 
and cannot accurately be gauged. 

We trust that the lessons of this strike will be 
assimilated and that it will be understood that 
there is an economical limit of wages rates beyond 
which total wages paid will become less and less, 
unemployment will increase, until in the extreme 
limit there will come a time where there will be no 
wages at all. If the commonsense of the workman 
is backed by a full realisation of the economic facts 
operating to-day, we may win back to the position 
in which there will be work for all, a condition 
which is the aim and object not only of the 
trades union leaders, but also of our manufacturers 
and of every good citizen. 





NOZZLE EFFICIENCIES. 

In a paper read before the North-East Coast 
Institution of Engineers and Shipbuilders, on 
February 18, Professor A. L. Mellanby and Mr. W. 
Kerr brought forward evidence indicating that in 
their experiments the velocity coefficient was a 
maximum when the speed of efflux from a nozzle 
was that of sound, and fell off with lower velocities. 
This conclusion has been’ reached before by conti- 
nental observers, but for our own part we 
have always considered that the evidence adduced 
in favour of it was inconclusive, and we are 
inclined to hold the same opinion with regard to 
that proffered by the authors of the paper under 
review. Reasoning a priori there is, of course, 
nothing inherently improbable in their results, 
since a constancy of nozzle efficiency would imply 
that the losses were proportional to the square 
of the speed of efflux, whilst experiments on smooth 
pipes show that in general the head wasted in friction 
is (for the range over which it can be represented 
by a single term) more nearly proportional to the 
1-8 power of the velocity, and thus diminishes pro- 
portionately as the speed increases: At very low 
speeds, indeed, the motion ceases to be turbulent, 
and in that case as the velocity approaches zero the 


efficiency also approaches zero. This is readily 
proved by the following considerations. 
An all eases if H be the total head expended, v 
the velocity of efflux and R the losses, we have 


{the equality : 
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which obviously becomes zero at zero velocity. 
Whilst from this point of view, there is some reason 
for anticipating a falling-off of efficiency with a fall 
in the velocity, it has to be observed that the 
formula which represents pipe resistance as vary- 
ing according to, a power of the velocity smaller 
than the square of the speed of flow, is only 
applicable through a moderate range of veloci- 
ties. As velocities increase, the frictional loss 
becomes more and more nearly proportional to the 
square of the velocity, and it is thus a matter for 
experiment as to whether or no the efficiency is 
constant over the range of velocities common in 
turbine practice. For the straight and small 
nozzles used in their experiments, Professor Mellanby 
and Mr. Kerr have satisfied themselves that the 
decrease of the coefficient with decreasing velocity 
was real and not merely apparent, as it might be if 
due to the formation of a vena contracta within or 
without the nozzle. On the other hand, practical 
experience with turbines lends little or no support to 
the view that turbines with low steam speeds are 
less efficient than ones with high steam speeds 
working under equivalent conditions. This fact 
is, it must be added, not necessarily inconsistent 
with the result which the authors of the paper 
under review claim to have established. Every 
circumstance which tends to increase turbulence 
of flow will tend to make the losses more and 
more nearly proportional to the square of the 
velocity. Mere size, therefore, becomes an important 
factor, as with a given speed the turbulence is 
greater the larger the dimensions of a pipe. Still 
more important perhaps is the fact that in practice 
nozzles are always curved, and every moving fluid 
resents the turning of a corner, and each such turn 
tends to add to the turbulence of the flow. Some 
very direct evidence in support of this view is 
provided by experience with Parsons blading. 
Thus two sister vessels fitted with similar turbines 
had in one case, the blades gauged to about } the 
pitch and in the other to about 4 pitch. The 
efficiency of the latter was materially the higher, and 
it may further be remarked that in land turbines 
blades gauged to } pitch have been found to give 
relatively poor results. It seems a fair deduction 
from these experiences that turbulence was in- 
creased with the greater angle through which the 
fluid was turned. With high turbulence, losses 
became sensibly proportional to the square of the 
velocity and hence there would seem to be no 
necessary contradiction between the views arrived 
at by Professor Mellanby and Mr. Kerr as to the 
variation of the efficiency with velocity in their 
experiments and the apparent independence of 
turbine efficiencies on the absolute values of veloci- 
ties of efflux. On the other hand, it is unfortunate 
that the authors have not been able to bring for- 
ward more decisive evidence in support of their 
conclusion that there was no contraction of the 
jet after its escape from the nozzle. Of course 
every experimenter knows more about his research 
than he can convey to others, and thus evidence 
which may seem inconclusive to those unfamiliar 
with the full details of the investigation may quite 


actual observers. A classical instance is afforded 
by Lord Kelvin’s reluctance to accept the 
Rutherford-Soddy theory of atomic disintegration 
when ‘that theory was first brought forward. 








legitimately prove much more convincing to the | 


There is definite evidence that a contraction does 


|| occur with Parsons’ blading, as the measured angle 


of discharge is less than that deduced from purely 
geometrical considerations. The importance of this 
matter lies in the circumstance that it is hard to 
reconcile the authors’conclusions with the efficiencies 
actually realised in steam turbine practice. If there 
be a contraction of the vein of fluid, the velocities 
of efflux calculated by them will be too small, 
and the efficiency will be higher than estimated. 
This point was strongly urged by Professor Stoney 
in the discussion on the paper. Professor Stoney 
stated that with Parsons’ blading an efficiency 
of 93 to 94 per cent. was realised, with steam 
speeds of the order of 150 ft. a second, whereas the 
views put forward by Professor Mellanby and Mr. 
Kerr led to the conolusion that under these con- 
ditions the nozzle, efficiency could not exceed 
88 per cent. Particulars of this test would be very 
interesting, and no doubt conclusive figures will 
ere long be supplied by the Steam Nozzles Research 
Committee. In a recent test of a large Parsons 
turbine, Professor Stoney said a shaft efficiency 
ratio of 83 per cent. had been realised. The steam 
velocities in this case ranged from 300 ft. per 
second in the high-pressure section to 700 ft. per 
second in the low-pressure portion, and this, Pro- 
fessor Stoney urged, was incompatible with the low 
efficiencies found by Professor Mellanby and Mr. Kerr. 
In this connection it must, of course, be borne in 
mind that the overall reheat factor in ordinary 
turbine practice is still very uncertain and thus we 
cannot at present deduce with confidence the stage 
efficiency from the efficiency ratio of the complete 
turbine. The highest efficiencies on record have, 
however, Professor Stoney pointed out, been realised 
with the reaction turbine, where the velocities of 
efflux are always low, and it may be added that 
this is true not merely in the case of steam turbines 
but in that of water turbines, although in this case 
the reaction turbine suffers from the disadvantage 
of working drowned. This observation goes to con- 
firm the view expressed above, that, at any rate, 
in actual turbine practice, the efficiency does not 
diminish with falling steam speeds. 

In support of a different conclusion Professor Mel- 
lanby instanced the fact that of late years there has 
been a great increase in turbine speeds, but there 
are other obvious reasons for this. The efficiency of 
a turbine increases (up to a certain limit, which has 
only occasionally been exceeded), with the function 


+ {d@\2 (R.PM.\e " 
N (<5) (“Te-) » where N denotes the number of 


pressure stages and d the mean wheel diameter. 
The weight and cost of the turbine is, however, 


roughly proportionate to N (5)” so that for 


given efficiency it is obviously desirable to keep this 
factor as low as is practicable by increasing the 
speed of rotation. A limit to this procedure is, 
of course, fixed by the necessity of providing ample 
exhaust area. In some turbines of fairly recent 
construction this latter consideration hus failed to 
receive adequate attention, and the loss by “ carry 
over” to exhaust is of staggering dimensions. The 
trial . results of these turbines on analysis has 
appeared in conflict with all prior experience, but 
the cause of the relatively poor result (though this 
in one instance was a record for its date so far 
as the actual steam rate went) was finally traced to 
grossly inadequate area through the last row of 
blading. 

To sum up, whilst on the whole we think that 
the weight of evidence is that in actual turbine 
practice the nozzle efficiency appears to be indepen- 
dent of absolute steam speeds, it may nevertheles- 
be true that in the simple, straight nozzles used by 
Professor Mellanby and Mr. Kerr there is a falling off 
of efficiency with a reduction in the speed of efflux. 
At present, however, the most prudent verdict on 
this matter would perhaps be one of non-proven. 
but the point should be definitely settled by the 
experiments pow in progress. at Manchester. 
These are being made under somewhat more favour- 
able conditions than in previous researches, since. 
as stated in the recent report of the Committee 
for Scientific and Industrial Research, it has been 
found practicable to eliminate the conditions 
which have hitherto made it impossible to mea- 
sure with accuracy the momentum of a jet of steam 
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or air by the force exerted on an impact plate. It has 
thus been necessary hitherto to measure the reac- 
tion of the jet, and this has implied a narrow and 
tortuous lead of the steam to the nozzle. In the 
case of water jets it is well known that in such 
conditions the jet is very liable to be delivered 
with a considerable angular spin and a corresponding 
reduction in the efficiency. There is at least some 
possibility that a similar state of affairs has affected 
figures derived from reaction experiments on steam 
or air. 





ELECTROLYTIC ZINC PRODUCTION. 

Vistrors to zinc-distillation plants may leave 
the works impressed both with the necessity of 
improvements and with their difficulties, and will 
ask themselves why electrolytic extraction pro- 
cesses are not given a fair trial. Such processes 
have been on trial in Silesia for thirty years, they 
have been tried and abandoned elsewhere, and 
their use has not spread, while their latest revival 
during the war years is certainly regarded with some 
scepticism. The Anaconda Copper Company put up 
an electrolytic plant in 1915 and added a new plant 
of a capacity of 100 tons per day in the following 
year. At Trail, in British Columbia, electrolysis 
was adopted at the same time. The Australian 
plants and the Risdon plant of Tasmania are of 
more recent date, but all these plants are said to 
be doing well, whilst only two of the South Wales 
zinc-smelting works are at present left in operation. 

In South Wales itself, near Swansea, at the 
Llansamlet works of the British Metals Extraction 
Company, Limited, an electrolytic process has been 
worked out which it is claimed produces at reduced 
cost zinc of the highest purity, 99-95 per cent. 
and more, from low-grade and complex ores and 
from large bodies of home ores not amenable 
to distillation. Mr. Samuel Field, A.R.C.Sc. 
Lond., possibly pressed these claims too much 
in his paper on the “Electrolytic Recovery of 
Zinc,” which he read before the Faraday Society on 
March 22. Though the title of this paper seems 
to suggest treatment of by-products rather than a 
complete cycle of metallurgical operations, he out- 
lined a complete process, the essence of which lies 
in the purification of the liquor. Mr. Field, who 
began his researches in the Northampton Poly- 
technic Institute, E.C., under Dr. Walmsley, has 
attained an exceptionally high degree of purification 
by new methods and has made some peculiar 
observations in the course of his investigations. 

In its broad features the process is the old Silesian 
wet process of Siemens and Halske, extraction of the 
roasted zinc sulphide with sulphuric acid and 
electrolysis of the zinc sulphate with insoluble 
anodes, and the chief claim is that the treatment is 
not restricted to rich and comparatively pure ores. 
Cornwall and Scotland are said to yield plenty of 
suitable ores which range in zinc and suphur 
down to 21 per cent. and 16 per cent., and in silica 
up to 43 per cent., and contain the usual impurities, 
including traces of nickel and cobalt. A large use 
is made of Broken Hill concentrates averaging 
40 per cent. of zinc, which in the actual liquor 
extracted may go down 32 per cent. The ores are 
“calcined” at 600 deg. or 650 deg. C., and not 
roasted at 800 deg. as in distillation. That the 
roasting of blende has to be controlled carefully, lest 
zine and iron combine to form insoluble compounds 
which cannot be extracted, has long been under- 
stood ; but the so-called calcination is a roasting 
process allthe same. The extraction is effected with 
the spent electrolyte from the cells containing about 
3 per cent. of zinc and 10-5 per cent. of sulphuric 
acid; the sulphate liquor obtained will contain 
about 8 per cent. of zinc, 3 per cent. of sulphuric 
acid and the following percentages of impurities, 
mostly as sulphates: 0-05 of copper and of iron, 
0-03 of cadmium, 0-1 of manganese, up to 0-01 
of both cobalt and nickel, together with a very 
small ampunt of antimony and arsenic, &c. With 
the exception of manganese all these impurities 
are detrimental to the deposition of a good zine, 
though some of them are mutually useful in facili- 
tating their elimination. 

For the initial extraction, before any electro- 
lyte is available, Mr. Field prefers to use an 
acid of 15 per cent.: later the electrolyte leaving 





the cells at 40 deg. C. is heated by steam in the 
extractor tanks up to 70 deg. C., ground caleined 
ore is added, the temperature is raised to L00 deg., 
and more ore is added until the acidity has been 
reduced to 0-5 per cent. A complete neutralisation 
by ore would be wasteful ; the last traces of acid 
are hence neutralised by zinc hydrate or carbonate 
(Sulman and Pickard process) or by lime; much 
lime is not desirable. The gelatinising silica may 
cause trouble ; to avoid this a slight excess of whiting 
and carbonate of Jime is mixed with the boiling 
liquid. The contents of the extractor are diseharged 
into a pulper in which they are agitated with their 
suspended, residue while being filtered. The in- 
soluble residue of zinc, lead, silver, &c., is furnaced 
for the recovery of the lead and silver. The press 
cakes are washed with hot water, so that the crude 
liquor will contain 10 per cent. of zinc. 

Recent investigations tend to show that the 
well-known sensitiveness to impurities of zinc baths 
has been underrated rather than overrated. Mr. 
Field did not on this occasion refer to the spongy 
zinc trouble, which is not serious for the metallurgist 
when the zinc is finally melted down as appears to 
be done at his works. The tendency to sponginess 
increases with the impurities of the zinc liquor, and 
some of these, like copper, would form local couples 
with the zine on the cathode favouring redissolution 
of the zinc. When the cells are arranged on the 
cascade plan, the copper is deposited in the upper 
cells in which both the temperature and the acidity 
are low, so that little damage is done. The small 
amounts of arsenic, bismuth and antimony are easily 
removed. Aluminium would not go into the zinc, 
as it is not electrolytically deposited in the wet, 
and it will not do harm. Cadmium will pass into 
the zinc, which it does not corrode; but it does 
turn it brittle. Nor is manganese harmful; it 
goes into an oxide mud, together with lead oxige. 
Mr. Field once noticed that the liquor in a concrete 
vat was violet with permanganate, whilst the same 
solution in a wooden vat was almost colourless ; 
permanganate would not long survive in contact 
with wood, and he need hardly have invoked the 
rates of cooling in the two vats to explain that 
difference. Iron is not likely to contaminate the 
zinc deposit, but it lowers the current efficiency 
by anodic oxidation and cathodic reduction. 

In the early stages of the operations only the 
impurities so far mentioned had to be dealt with. 
When a new kind of ore was utilised, the deposition 
proceeded satisfactorily for some time; later, 
however, the deposit corroded in a peculiar way. 
Holes were eaten into the zinc, and with increasing 
acidity the zinc plate began to redissolve. It was 
suspected that particles of lead peroxide floating in 
the electrolyte settled on the cathode and set up 
local currents. The addition of PbO, to the elec- 
trolyte had no evil effects, however ; but by further 
tests with other impurities the responsibility was 
brought home to nickel and cobalt. In the presence 
of traces of cobalt the zinc became pitted with pin- 
holes, which penetrated through the zinc to the 
cathode of aluminium, and black stains developed 
at the back of the deposit ; cobalt was not found in 
the deposit, however. Nickel, on the other hand, 
does pass into the deposit, though not to an extent 
likely to impair the quality ; but holes form and 
widen out as the electrolysis proceeds, and some 
of Mr. Field’s specimens looked, indeed, as if holes 
of the size ot sixpenny pieces had been punched out 
of the deposit, several such holes with clean sharp 
edges being seen on some specimens. The detri- 
mental effect of nickel and cobalt had been recog- 
nised, and the different behaviour of the two metals, 
which share many a peculiarity, is not so un- 
expected as Mr. Field seemed to assume. But 
that mere traces of 0-02 per cent. of either of the 
two metals would have such pronounced effects, is 
very striking, and it led to modifications of the 
purification processes, fortunately with very satis- 
factory results. 

In their usual purification iron is removed by 
boiling the crude liquor and blowing air through it, 
and by addition of whiting ; the “ iron precipitate ”’ 
settling contains, in addition to ‘lime and ferric 
hydrate, manganese and some basic zinc compound ; 
the precipitate is utilised for reducing the acidity, 
as it does not give off its iron again, Copper and, 





to a certain extent, cadmium are then removed by 
tube-milling with zinc balls or by agitating the now 
neutral liquor with zinc blue; arsenic, bismuth, 
antimony fall out at the same time; the complete 
removal of cadmium is more difficult. The cobalt 
was first eliminated by boiling the liquor with cell- 
weed, the mud of the dioxides of lead and man- 
ganese, or with the waste lead peroxide (impure 
with lead sulphate) from accumulater works; air 
was forced through the liquid while boiling; the 
cobalt settled as Co,O, or Co,0,. The removal of 
nickel was effected by boiling the liquid with zinc 
blue, in the proportion of 1; 200; some zine was 
lost as basic salt, however, by this treatment. 

In the modified purification process use is made of 
ozonised air which facilitates the oxidation of 
manganese, iron and cobalt and thus also the 
removal of other impurities, and then of zine blue 
which is added again under boiling to the slightly 
acidified liquor (0-1 per cent. of acid) to avoid the 
formation of basic zinc. From the sludge cadmium 
may finally be recovered. Mercury is also used 
as a purifying agent, either as amalgamated zinc 
or aluminium, or as mercuric sulphate. The 
purification may be carried out either as a three- 
stage process, somewhat on the lines indicated, or as 
a single stage process; in the latter some of the 
reactions referred to succeed one another, but there 
is only one final filtering. The one-stage process is 
deemed sufficient when the zinc purity desired does 
not exceed the American standard of 99-92 per 
cent. ; the British standard is 99-95 per cent., and 
it is claimed that 99-98 per cent. are reached. The 
one-stage process does not eliminate copper and 
cadmium so completely as the more elaborate 
purification. 

The pernicious influence of the impirities, and 
especially of nickel and cobalt, was further exempli- 
fied by Mr. Field’s remarks on the electrolysis. 
A series of over 50 laboratory experiments, lasting 
24 hours each, were made in 12 cells a: in 
cascade, to test the influences of the addition of 
impurities to the pure liquor, and further the 
influences of concentration, temperature, current 
density, potential, &c. Some of the figures are, 
remarkable, and Mr. Field mentioned that the effect 
of the addition of cobalt and nickel was so striking 
that it was frequently shown to visitors. Whilst 
the presence of cobalt almost at.once lowers the 
current efficiency, however, the effect of nickel only 
becomes apparent—to judge by the curves éx- 
hibited—when the acidity has risen almost to 
& per cent., and even then it could be cured by 
adding 0-005 per cent. of a colloid (size) to the 
electrolyte. Mr. Field did not explain these 
peculiarities, which evidently require further study ; 
technically it is for the present sufficient to know 
that the percentage of nickel and of cobalt can, 
by the purification, be reduced to 0-001, when 
it ceases to be detrimental, though cobalt in 
particular tends to accumulate in the cell. Nor did 
Mr. Field say much about the electrolysis with which 
he has dealt in another paper. The lead anodes, 
which Siemens and Halske had to lace by 
specially-prepared manganese-peroxide electrodes, 
are said to cause no trouble ; the cathodes are made 
of aluminium, which can easily be stripped of its 
zinc ; the electrodes are spaced 14 in. apart, and 
the electrolysis is continued at 42 deg. or 45 deg. C., 
until the zine has gone down to 3 per cent., while 
the acidity has risen to 10-5 per cent. 

In his cost estimate Mr. Field reckoned that he 
could, in a plant of 10 tons daily capacity, produce 
the ton of cathode zinc at 3,200 kw.-hours, and 
allowing an extra 800 kw.-hours for subsidiary 
mechanical operations, at a total cost of 20/. 11s. 
In this estimate the calcination figured as 2/., the 
power (at 0-34d. per unit) as 51, 11s. and the re- 
agents as 31. The reagent item looks big; but no 
mention was made of the three-stage purification, 
which cannot be inexpensive. The power item of 
4,000 kw.-hours was said to represent about one- 
third of the energy required for the electro-thermal 
process—which has never answered. Without full 
details, which cannot be given at present—the plant 
has only produced 120 tons of zine so far—snch 
estimates are of little value. The power item seems 
low; anyhow a balance sheet of metallurgical 
operations cannot be summed up in the coal bill, 
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and water-power, about which a good deal was said 
during the discussion, does not offer a general 
solution of the power problem. Mr. Field claimed 
superiority of electrolysis over distillation, because 
the latter depended upon imported high-grade ores 
and on skilled labour, and yet recovered only 75 per 
cent of the zinc at a maximum purity of 99 per 
cent. without recovering lead or silver cadmium—a 
rather injudicious claim—whilst by electrolysis the 
low-grade home ores could be utilised with a high 
recovery of up to 90 per cent. of zinc of the highest 
purity of 99-95 per cent. and even 99-98 per cent., 
while there was a recovery also of lead, silver, &c. - 
¥@ Everybody would, of course, welcome the develop- 
ment of a home zinc industry, if the home ores 
should suffice. Before the war this country pro- 
duced about 60,000 tons of the 220,000 tons of 
zine it required ; during the later years of the war 
that home production went down, and Mr. Field 
estimated that it is down to 20,000 tons at present. 
The increasing facilities in the supply of electricity 
would favour the electrolytic process, and we should 
personally be very glad to get rid of the unhealthy 
and hard conditions under which the zinc distilla- 
tion is still conducted—a point to which nobody 
alluded in the discussion. 





MARINE OIL ENGINES. 


In view of the increasing adoption of the marine 
oil engine for the propulsion of merchant vessels, 
the series of papers arranged this session by the 
Institute of Marine Engineers has enhanced value. 
This provision, evinces a strong desire on the part 
of this body not only to keep abreast of the latest 
developments, but to contribute its share in ensur- 
ing, so far as lies within its power, that a lack 
of full knowledge and appreciation of these new 
prime movers shall not preclude them from receiving 
the due attention in practice which can only come 
from dissemination on a wide scale of knowledge 
of their characteristics and peculiarities. The 
latest, paper to come before this Institute on this 
subject, is entitled ‘‘ Some Observations on Marine 
Oil Engines,” by Mr. D. M. Shannon, read on Tues- 
day, March 15. One of the valuable portions 
deals with the well-known Semi-Diesel or hot-bulb 
type of oil engine which is gaining considerable 
ground. By means of indicator cards taken from 
the crank chambers of these engines, where it will 
be remembered the compression of the charge of 
air is carried out prior to its introduction through 
ports into the working cylinder, it is shown that 
the inefficiency of this process, constitutes a limiting 
factor where the development of this type of engine 
is concerned, and that, moreover, the impossibility of 
providing other than drip lubrication for the main 
and bottom end bearings in lieu of the forced lubri- 
cation now universally fitted for Diesel engines 
is asevere drawback. On the other hand, the rvison 
d'etre of the semi-Diesel engine is its low initial cost 
and simplicity, and if these be sacrificed, in order 
to gain higher efficiency, it is difficult to see any 
alternative other than to revert to the full Diesel 
type. It is for this reason primarily that the hot- 
bulb engine has made practically no fundamental 
progress in design during the last ten years. 

In this paper there follow a number of interesting 
indicator cards taken from engines working on 
various cycles. These include examples from the 
hot-bulb solid injection, the hot-bulb air injection 
giving a high m.e.p. of 77 Ib. per sq. in., the solid 
injection low-compression Diesel, the normal solid 
injection Diesel, the Brayton cycle oil engine where 
the charge is compressed in a separate cylinder prior 
to its introduction into the combustion engine— 
thus giving the remarkably high m.e.p. of 178 lb. per 
square inch on the indicator diagram—and an over- 
load card for a 2-cycle air injection opposed piston 
engine giving 140 lb. per square inch. From these 
cards it will be seen that the method of introducing 
the fuel into the cylinders is, in general, the dis- 
tinguishing mark of the cycle upon which the engine 
works, and that gradually one cycle is being merged 
into another, so that sharp dividing lines are not 
so easily drawn. 

A strong case is made out for the air injection 
as opposed to the solid-injection type of marine 
Diesel engine on the basis that the air-injection 
engine gives a uniformly better fuel consumption, 
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and possesses a unique facility for using efficiently, 
without special adjustment or preliminary heating, 
almost every grade of fuel oil that can be obtained 
at any port. As an instance, the opposed piston 
engine of the Fullagar type is quoted where the 
engine started from all cold with oil as heavy as 
0-96 specific gravity and containing 4 per cent. of 
ash. Furthermore, with the air injection as com- 
pared with solid-injection systems where the fuel 
is fed to the cylinder at a pressure of 4,000 Ib. 
per square inch, the amount of energy available 
for pulverising the fuel is eight times as great. 
Unquestionably, the strongest argument in favour 
of solid injection is the possibility therewith of 
eliminating the compressor as a continuously- 
running part of the equipment. 

No doubt the air compressor has received a 
certain amount of unjustifiable adverse criticism 
having its foundation on a wrong conception of 
compressor design and duties. As a matter of 
considerable historical interest, Mr. Shannon gives 
a diagrammatic drawing of an early marine Diesel 
engine air compressor which gave very unsatis- 
factory results on account of which, the system 
of solid-injection received its first impulse forward. 
This two-stage compressor had its cylinders so 
proportioned that the ratio of compressions of 
the two stages, instead of being approximately 
equal, were 5-15 in the first or low-pressure, and 
no less than 19-6 in the high or second stage. No 
inlet valves were provided, ports taking the place 
of these valves, so that the vacuum during the 
suction stroke on the low-pressure cylinder, must 
have been very considerable, and would induce 
lubricating oil in excessive quantities to find its 
way into the cylinder and so into the air being 
compressed. 

Other examples of similar compressors are quoted, 
and in the light of our present knowledge, no wonder 
need be expressed at the impossibility of achieving 
satisfactory running with such machines. There 
is no doubt that the question ef the regulation of 
the compressed air used for fuel injection of air- 
injection Diesel engines, more particularly for 
marine work, has in no way reached finality of 
solution, and that a considerable amount of 
work remains to be done on this subject. 
recommendations in this paper in this direction are 
made, more particularly by way of designing the 
compressor for the actual normal full power running 
conditions, and legislating for slow running of the 
main Diesel engine by fitting valve-lifting reducing 
gear to its cylinder head fuel-injection valves so to 
keep the ratio of blast air to fuel oil as constant as 
possible. 

A device is also shown which obviates the necessity 
of the fuel valve being under the full fuel working 
pressure throughout the whole working cycle when 
only some 40 deg. of the one revolution in the case 
of two-cycle engines and of two revolutions in the 
case of four-cycle engines is required for the injection 
phase. One of the disabilities of the solid-injection 
system, especially when it is operated on the now 
usual ‘‘ common rail” system, is that, should a fuel 
valve hang up or leak, a very considerable quantity 
of fuel can find its way into the cylinder from the 
common rail reservoir. This device, by means of 
a controlled leak-off valve, prevents the cylinder 
head fuel valve being under pressure, except during 
the actual period when it is required to be opened 
to allow fuel into the cylinder. 

The concluding section of Mr. Shannon’s paper 
deals with bearing pressures. He advocates lower 
pressures, more in keeping with ordinary marine 
steam engine practice as against the higher pressures 
generally carried by forced lubricated Diesel engines. 
There would seem to be little point in reducing these 
bearing pressures, observing that with marine Diesel 
engines forced lubrication is the general rule to-day, 
unless some substantial advantage is to be gained. 
All bearing pressures with Diesel engines are cal- 
culated on an approximate maximum piston load 
taking a pressure of 500 lb. per square inch, and 
in comparing Diesel with steam practice, it must be 
remembered that with the Diesel engine the mean 
load is a very much lower fraction of the maximum, 
so that there does not appear to be any necessity 
for reducing the loads commonly carried, except 
perhaps where the gudgeon pin or top end bearing 
of the connecting rod is concerned. 


Certain’ 





NOTES. 
Wuat 1s 4 Wrex’s Noricr ? 

Lord Sands, the Judge of Appeals from munitions 
tribunals in Scotland, has given judgment in an 
interesting case, Higgins and others against D. and 
W. Henderson and Co., Limited, in which certain 
workmen who had been discharged from their 
employment complained that they had not got the 
full week’s notice to which they were entitled under 
Section 3 of the Munitions of War Act, 1917. They 
were employed by Messrs. D. and W. Henderson 
and Co., Limited, at Meadowside Shipyard, Glasgow. 
On December 31, 1920, about 200 of the company’s 
employees, including the plaintiffs, were each handed 
a written notice to the effect that their services 
would not be required after January 7, 1921. Two 
hours later the works were closed down for the 
New Year holidays. The plaintiffs appear to have 
been engaged on work which was regarded as 
munitions work, for, so far as the judgment shows, 
it does not seem to have been disputed that the 
complaint could be brought before the local muni- 
tions tribunal under the Munitions of War Acts 


.or that the men were entitled to a week’s notice 


under the Act of 1917. The argument for the 
plaintiffs was to the effect that the object of the 
statutory obligation on employers to give a week’s 
notice when dismissing munitions workers was to 
enable the workers to have a reasonable time in 
which to look for other employment, and that as 
the notice was given just on the eve of the general 
holidays which are observed in Scotland at the 
New Year, and the holidays were not a time when 
it. was possible for the men to inquire for new 
employment, they had not had reasonable notice. 
The local tribunal held that the employers had 
complied with the requirements of the statute, and 
on appeal Lord Sands took the same view. His 
lordship held that what was required to be given 
under the Act was a week’s notice, i.e., seven days’ 
notice and not a working week’s notice. The 
question is not a new one, as Lord Sands, in coming 
to this conclusion, followed a judgment to the same 
effect of his predecessor, Lord Hunter. 


Tue Datmarnock Power Station. 


Although a cursory description of one electric 
power station may be very like a cursory descrip- 
tion of another, in general each station will be found 
on examination to involve features of special 
interest. It is doubtful indeed if at the present time 
there is any engineering work of greater technical 
importance than a large generating station. The 
scale of the works and the amount of power handled 
involve many new problems, while the paramount 
importance to industry generally of a cheap power 
production render both the technical and admini- 
strative details of such a station worthy of very 
careful study. Some small percentage saving in a 
concern of this kind may represent an important 
annual sum, while some administrative or technical 
method which may cut down the cost of running, 
or maintenance, or may improve reliability may be 
of great importance to the station’s customers and 
the community generally. The new Dalmarnock 
power station of the Glasgow Corporation in many 
senses stands for the latest developments which 
Great Britain has to show in large electric generating 
station construction, and the building and its con- 
tents are well worthy of the interest they have 
aroused. As this station, as a running concern, is 
yet in its early days, the time has hardly come 
for a description of its mode of operation, and the 
distribution and method of employment of its 
personnel, although it is to be hoped that such 
information may ultimately be published. Tech- 
nical literature is not too rich in contributions 
dealing with power stations as productive units 
and giving information enabling outsiders to judge 
how the station, looked upon as a machine for the 
production of power, is handled. There is no reason 
why two stations should not be compared'from this 
point of view in the same way for instance that a 
turbine driven ship and an oil-engine driven ship may 
be compared from the point of view of the production 
of so much transport. As we have said, such infor- 
mation could not yet be available in the case of 
Dalmarnock, but the technical detail on which 
what one may call “ production ” information must 
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be based is in being, and much interest is likely to 
be taken in the very complete description given in 
the paper which Mr. R. B. Mitchell read before the 
Institution of Engineers and Shipbuilders in Scot- 
land on the 29th ult. Mr. Mitchell as the chief 
engineer of the authority owning and operating 
the station naturally speaks with authority, but he 
has the additional advantage of having been con- 
nected with the Dalmarnock scheme from the first. 
Space does not now permit us to quote any of the 
interesting detail information from Mr. Mitchell’s 
paper, but we may hope to do so later. 


Non-ConDENSABLE GasEs IN Ammonta MACHINES. 


The formation of non-condensable gases in 
ammonia refrigerating machines may cause serious 
trouble. The plant has to be operated at higher 
pressure and temperature, so that leakage of 
ammonia and danger of explosion and wear increase, 
whilst the efficiency decreases, Samples of 
ammonia taken from such machines are generally 
brown and deposit a sediment on standing. Investi- 
gating this problem on behalf of the United States 
Bureau of Standards, which experienced these 
difficulties in one of its plants, E. C. McKelvy and 
A. Isaacs (Technologic Paper No. 180) found that the 
non-condensable gases always consisted of hydrogen, 
oxygen and nitrogen, but that their proportions 
varied very much. There might be 98 per cent., or 
only 1 per cent. or 2 per cent. of hydrogen; the 
nitrogen percentage fluctuated similarly, being high 
when little hydrogen was present. The oxygen 
was always a minor constituent, and was never 
relatively plentiful except in the presence of much 
nitrogen. These proportions indicated that the 
gases were not decomposition products of the 
ammonia, or of some amines or nitrides in it. The 
absence of these latter substances was, moreover, 
established. A bomb was hence constructed for 
studying the action of ammonia and of water on 
steel. The bomb is a piece of 4-in. steel pipe, closed 
at both ends by blind flanges, the flanges being held 
together by external bolts. The bomb was first 
charged with pure water, free of air ; after heating it 
to 130 deg. C for five days, a little gas had collected. 
When the temperature was kept at 170 deg. for 
eight days, a considerable quantity of gas accumu- 
mulated, and this was essentially hydrogen gas. 
When compressed air was forced into the water, 
the water was found brown with rust after heating, 
and the oxygen percentage had diminished. When 
the water was replaced by ammonia, hydrogen was 
again liberated especially at the higher temperature ; 
the oxygen which had been forced into ammonia 
disappeared more slowly than in water. Thus any 
air leaking into the ammonia would be deprived 
of its oxygen by the formation of rust leaving the 
nitrogen and hydrogen behind. Some impurities 
in the ammonia hastened the gas formation and 
corrosion. These were notably acetates and 
carbonates ; carbon dioxide is, of course, absorbed 
by aqueous ammonia, and the tests proved that the 
corrosion became marked already when more than 
0-003 per cent. of CO, were present. So slight a 
contamination with carbon dioxide—for the deter- 
mination of which a simple method was worked 
out—is very difficult to avoid if air can gain access 
to the ammonia pipes. Fortunately a cure was also 
discovered. Dichromates generally prevent the 
corrosion of iron, and sodium dichromate (substi- 
tuted for the potassium salt during'the war) proved 
efficacious also‘in this case. When 0-2 per cent. 
by weight of the aqueous ammonia was added to 
the liquid, no gas formation was observed in the 
laboratory nor in the subsequent practical experi- 
ments. The 30-ton plant of the Bureau had given 
much gas trouble. Early in 1917 the liquid was 
found to contain 19 per cent. of ammonia and 
0-066 per cent. carbon dioxide. The plant was 
recharged with anhydrous ammonia containing 
0-0052 per cent. of carbon dioxide, and the trouble 
soon repeated, the carbon dioxide percentage rising 
to"0-087. An addition of 0-2 per cent. of sodium 
dichromate was then made, and no further trouble 
has arisen since. 


PotHam ArrsHip STariIon. 
-.In view of the Government’s recent offer to hand 


over all the service airships, together with the 
existing ground organisation, to any private com- 





pany undertaking to utilise them for commercial 
purposes, it may be of interest to give some general 
particulars of the Pulham Airship Station, which 
we recently had an opportunity of visiting. The 
station, which is situated about 16 miles south of 
Norwich, was constructed in 1916, and was first 
used in connection with airship patrol work in 
August of that year. Since the commencement of 
1918, a considerable amount of experimental airship 
work has been carried out at Pulham, and on 
December 1 last the station was taken over by the 
Controller-General of Civil Aviation and overhauled 
and recommissioned on a civil basis. The station 
occupies an area of 920 acres of flat grass land, 
of which sheds and other buildings cover about 
56 acres, the most important buildings being two 
large sheds for rigid airships. The larger of these 
sheds is 757 ft. long, 180 ft. wide and 110 ft. high, so 
that it can easily accommodate two of the largest 
airships at present in existence. It is, in fact, 
now occupied by the two ex-German airships 
L. 64 and L. 71, which are included in the Govern- 
ment offer above referred to. These ships appear 
to be in good condition, except that the gas bags have 
been removed as being unfit for further service. The 
dimensions of the second large shed are 710 ft. 
long, 150 ft. wide and 100 ft. high, while there is 
another small shed suitable for housing non-rigid 
airships of the coastal type. There are two hydrogen 
generating plants, one employing the water-gas 
process and having an output of 16,000 cub. ft. 
per hour, and the other operating on the Silicol 
system and producing 12,000 cub. ft. per hour. 
Four gasholders are used in connection with the 
hydrogen plant, three having capacities of 500,000 
cub. ft. each, while the fourth has a capactiy of 
120,000 cub. ft. The other equipment includes 
a@ gas-compressing plant, electrical generating 
station, wireless telegraphic and telephonic appara- 
tus, and a meteorological hut, as well as workshops 
for engineers, carpenters, fabric workers, riggers, 
blacksmiths, welders, coppersmiths, &c. Hut 
accommodation is provided for about 36 officers 
and 500 men, although only about 200 civilians 
are employed at present. The station is connected 
to the Great Eastern Railway by a standard-gauge 
track and is equipped with a light railway system ; 
good roads connecting the various buildings have 
also been made. By far the most interesting and 
important recent work at Pulham consists in 
the experiments on mast mooring recently carried 
out there under the direction of Major G. H. Scott. 
These experiments are a continuation of those 
carried out during the latter half of 1919 with 
R. 24, and the mast is the same as then used, except 
that the upper part has been modified on lines 
indicated by Major Scott. The alterations were 
completed on February 1 last, and on the following 
day R.33 was moored to it after arriving from 
Howden. From that time the ship remained in the 
open until March 24, leaving the mast on numerous 
occasions for practice flights and returning without 
mishap of any kind. On the occasion of our visit, 
the ship left the mast in a wind blowing at 35 m.p.h., 
with gusts up to 42 m.p.h., and returned 24 hours 
later, by which time, however, the wind had dropped 
to about 20 m.p.h About eight men were actually 
employed to secure the ship to the mast, as compared 
with some 300 or 400 which would have been 
necessary to house her in a shed. The operation 
was, in fact, carried out with such ease and pre- 
cision that we are quite prepared to accept the 
statement that it could have been performed in a 
wind velocity at least twice as great. There can be 
little doubt that these experiments will have an 
important bearing on the development of airships 
for commercial purposes. 








Tue Institution oF AUTOMOBILE ENGINEERS.— 
Arrangements are now being made for holding informal 
meetings at Birmingham on May 5 and June 25. That 
on May 5 will he in the Chamber of Commerce, 
Birmingham, and will consist of a demonstration of all 
labour-saving devices in connection with the use of 
pneumatic tyres such as detachable wheels or rims, 
non-puncturable tyres, air-pressure pumps and — 
that will in any wa cabchetendelechhe 00 Sie ailinal 

ic meeting on June 25 will be an 
outdoor demonstration of either starti devices, of car- 
burettors, or of shock, absorbers fitted on cars, so that 
these various appliances may be shown in actual use, 
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Political and Commercial 2 the World's Mineral 
Resources. A Series of Studies by Specialists. J. E. 
Spurr, Editor. New York and London: MoeGraw- 
Hill Book Company, Incorporated. [Price 30s. net.] 

Gooey is a wide subject with many subdivisions 
and aspects, but politics and geology constitute a 
somewhat novel combination. The book might be 
better described as a contribution to the discussion 
of the réle played by minerals in the economic and 
commercial activities of the world, and the extent 
to which the capricious distribution of each has 
tended to give to some favoured nation a degree 
of supremacy over the others. Expressed or implied, 
politics figure largely, and since the present influence 
and future possibilities of some 30 minerals come 
under review, there is but little room for considering 
the geological conditions that have led to the 
formation or deposition of each. The ownership 
or control of the several minerals appears to be the 
object that mainly engrosses the attention of the 
authors, and the number of these is large and 
imposing. Specialisation has gone so far, that in 
many cases joint authorship has become a necessity 
or convenience, but here the problems are treated in 
so superficial a manner, that the formidable array 
of contributors cannot do themselves justice. When 
the geology, production, control, trade movement 
and statistics of iron, for example, are limited to 
a space of less than 40 pages, collaboration of effort 
seems hardly necessary, and when graphite is 
dismissed in eight pages, it is difficult to see how 
three authors can be usefully employed. We must 
therefore regard this treatise as a manifesto on the 
part of American engineers, declaring their collective 
opinion or assent to the views put forward as the 
main purpose of the book. 

This purpose is clearly stated: “To shed light 
upon the vast importance of commercial control 
of raw material by different powers, or by the 
citizens of those powers through invested capital.” 
The American Government is charged with having 
neglected opportunities of securing, or guiding, the 
control of mineral wealth, and of permitting other 
countries, more alert but less amply endowed by 
Nature, to attain a prominence to which they were 
not entitled by legitimate means. In the upheaval 
of settled relations caused by the great war, and in 
the exposure of the “ peaceful penetration ” methods 
of Germany, by which that country aimed at, and 
to a certain extent succeeded, in securing, domina- 
tion in the mineral world, great changes have arisen 
that make dispassionate inquiry necessary, in order 
to ascertain the causes that make the possession of 
undue commercial control by any one nation 
possible, and to determine measures to prevent a 
repetition of the menacing and humiliating con- 
ditions. Commercial stability requires that the 
international balance of commerce should be in 
approximate equilibrium. It would be fatal to a 
permanent settlement of the world’s affairs and to 
a peaceful reorganisation of commercial methods, 
if the domineering and unscrupulous behaviour 

displayed by German industry before the war were 
practised by some other nation. The autocratic 
policy adopted by Germany so stifled the legitimate 
aspirations of other nations, that these grew restless 
under the yoke, feeling their existence as political 
entities imperilled, and the consequent irritation 
was a main factor in precipitating the war. Ina few 
instances certain countries are in an unassailable 
position, and the world has to submit to dictation. 

The possession of the world’s supply of potash by 

Germany, and of nitrate by Chile, constitute 

practical monopolies, and the world has to accept 

the fact. There are other instances in which 

ownership is not so limited, and the manipulation 
of markets, the shifting of centres of industry, and 
other causes may introduce hardships, which can be 
removed or diminished by ordinary commercial 
methods. With this object the examination of 
the conditions of production and a world’s stock- 

taking to determine its real position become a 

necessity, and for that purpose such a compilation 

as this book is most desirable. The collection 
of facts by those actually engaged in the several 
industries has a distinct value. 

¢It may, however, be questioned whether the 
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editor is justified in asgrepenting the United States 
as @ disinterested and unsophisticated spectator, 


contemplation ofa struggle in which he has not 
participated, except it may be to scatter some of 
his superfluous wealth am grasping and selfish 
nations, who have taken advantage of his good 
nature, It is the deliberate opinion of the writers 
of these articles, that the United States Government 
has “never grasped the vast political significance 
of commercial domination, and especially of the 
control of mineral wealth,” while other more 
seasoned nations have ingenuously exploited the 
inexperience of America, “and have thereby 
affected the interests of America and her policy 
very deeply, without her being aware of the circum- 
stance.” Doubtless the United States, while 
developing her own resources found it inconvenient 
or unnecessary to enter into competing European 
markets, but the contention of the writers in 
assuming that America was unaware of the effect 
of her own policy, suggests a degree of simplicity 
and artlessness in the average American, to which 
those who have regarded him as particularly gifted 
with shrewdness and patience will find it difficult to 
subscribe. The contrast between American guile- 
lessness and European diplomacy seems hardly 
warranted. The introduction of the Monroe 
Doctrine to illustrate the comparison is equally out 
of place. The maintenance of that pact is held to 
be sacrosanct, needing no precaution or artifice to 
ensure its observance. “The spectacle,” says 
the editor, “of the United States maintaining a 
Monroe Doctrine of protection over Latin-American 
Republics, which she took no vigorous steps to unite 
with her by the powerful bonds of commerce, must 
well have excited the amusement of those European 
nations, who have been strengthening themselves 
in those countries by the closest commercial, and 
hence political, ties.” The lesson drawn is that the 
Uni States must forsake its policy of self- 
sufficiency and exclusion, and shape its industrial 
and commercial future on lines that will uphold its 
independence and power. 

As already intimated, the present position and the 
prospective development of some 30 minerals are 
considered. These may be conveniently collected 
into allied groups, though petroleum stands out 
prominently in a class by itself. This mineral the 
editor contends will, in the future, prove the crucial 
factor of commercial and political control. Of this 
important commodity, the United States yields 
two-thirds of the world’s total supply, and moreover 
controls the petroleum industry of Canada by virtue 
of an essential monopoly of pipe lines and refining 
facilities. There is no mention of the oil discoveries 
on the MacKenzie River, and probably this district 
is regarded as too remote from the world's traffic 
to threaten any serious competition. But if the oil 
exists in the abundance reported, means of trans- 
portation will be devised. The American supply 
is not inexhaustible, new sources must be found, 
and the contributor of this section suggests as the 
most hopeful means for prolonging the life of the 
wells, the development of methods for deeper 
drilling and the more efficient handling of the output 
with the view of utilising a higher percentage of 
the oil. Such i contemplate greater 
employment of capital, and if the Canadian supplies 
are more easily mined, the handicap of distance will 
be the more easily overcome. Some signs of anxiety 
may be detected between the lines, notwith- 
standing the great superiority the United States 
enjoys in the marketable stores of this essential 
product. 

Coal and iron form a group; and rightly, as in- 
dispensable to commercial activities. The editor 
does not, however, regard these minerals as a world 
commodity, their usefulness being limited by the 
difficulty of transport, and their close connection in 
smelting. An interesting note is added on the 
probable changes in the coal trade. The con- 
tributors have no hesitation in asserting that the 
coal-mining industry in England is in a parlous 
condition. They regard the greater part of the 
export trade in Europe as definitely lost, owing to 
the pact made in the Treaty of Versailles, by which 
the ownership of the Saar mines passes to France, 


coal production. The agreement with 

obliges that country to furnish considerable quanti- 
ties of coal to Belgium, Italy and Luxembourg. 
In the Western Hemisphere, the United States 
will largely displace England from the South 
American market, owing to the curtailment of 
distance to the West Coast rendered possible by 
the construction of the Panama Canal, together with 
the increased shipping facilities of the United 
States. Further, a diminished output in Great 
Britain at a higher cost per ton is confidently 
predicted, so that unless the cost of coal production 
increases at a similar rate in the States, successful 
competition in Mediterranean ports is assured. 
The only market England may hope to retain is 
that of Northern Europe. We must hope that the 
last word has not been said in this matter, and 
comfort ourselves with the reflection that the greater 
the competition, the greater will be the exertion to 
cope with it. 

The coal situation in France is both interesting 
and complex. The coal derived from the Saar 
Valley mines, together with her own native pro- 
duction and imports, is insufficient to deal with the 
ore which she is entitled to work under treaty rights. 
She could profitably employ some 30,000,000 tons 
annually more than she has at her disposal, and she 
is consequently faced with the dilemma of either 
exporting ore from inability to smelt it, or of buying 
coal and coke from Germany, an unwelcome prospect. 
France may be compelled either to maintain her 
furnaces at the risk of over-production, or of closing 
-her mines. In the distance, further looms the 
prospect that precisely as metallurgical processes 
improved in the past, giving enormously increased 
value to the phosphoric ores of Lorraine, so some 
fresh discovery may have the result of displacing 
these by siliceous or arsenical iron ores. It is con- 
siderations such as these, and others which are 
necessarily excluded on account of space, that 
makes this examination and stock-taking of the 
world’s mineral products both necessary and profit- 
able. 

Another group of metals embraces those that 
are indispensable in steel-making and steel-harden- 
ing. These are extended to include tungsten, man- 
ganese, chromium, nickel, vanadium, antimony, 
molybdenum, uranium and zirconium. In vanadium, 
the United States possess a virtual monopoly, while 
chromium is under British control, and to a lesser 
extent the same remark applies to tungsten. 
Copper, lead, zinc, tin, mercury and aluminium 
form another group of which the geographical 
distribution and commercial control are quite fully 
described. Much information, too, will be found 
concerning the fertilising minerals, such as phos- 
phates, potash, nitrate and sulphur, all largely used 
in agriculture. The last group is that of the precious 
elements, gold, silver, and platinum. Of the first, 
the British Empire furnishes 60 per cent., but of 
silver, Canada is the only British possession that 
produces largely. Platinum is, or was, mainly 
controlled by Russia, but Columbia possesses 
important supplies, into the exploitation of which 
Great Britain has recently entered and now 
competes with the United States. 

The collection of facts throughout these various 
sections is valuable and well arranged. The 
geographical distribution is illustrated by defining 
on maps of the world the positions of the different 
deposits, but in some cases where distribution is 
fairly general, the maps are on too small a scale 
to be of much service. In the last chapter, the 
editor sums up the main facts and attempts to 
answer the question, Who owns the Earth ? So far 
as territorial and commercial control are concerned, 
Mr. Spurr has no difficulty in dividing the possession 
between the two great Anglo-Saxon nations, the 
United States and the British Empire, the pride 
of place being awarded to the former, who, it is 
claimed have acquired their proud position “ by 
destiny and good fortune without political pla 
or policy.” The latter have succeeded by pursuing 
an Imperial policy, “developed through hundreds 
of years by the need of extending commerce and 
the flag into far-off lands, to supplant the slender 
resources of its own limited islands.” We suspect 
that “supplant” is used here in the sense of 





rendering that country self-sustaining as regards 


share to the ce and enterprise of the 
people. The study of our Colonial history would 
show that chitpire Wididibes have been as frequently 
hindered by timid counsels at home, as they have 
been supported by boldness and consistent policy. 
There is still a further question at which the editor 
hints but does not venture on a definite answer. 
Who will own the Earth in the future? He creates 
the impression intentionally or not, that America’s 
claims will be most strongly contested by the 
Japanese. “The British and French nationalism 
need not disquiet us so much as the Japanese, still 
more intense and purposeful, and working with the 
same German tools, now adopted by England and 
France in self-defence. Japan is intensely 
embarking on a course toward the domination of 
Asia, politically and commercially. Her present 
position is not so significant as the consideration of 
her rapid progress, the knowledge of the rich field in 
which she is to work and a study of her militaristic 
methods.” Speculation is futile, but irresistible. 


NOTES ON NEW BOOKS 

Of all the “* mechanic arts’ which go to make up 
the practical side of engineering, that of the smith is 
both the oldest and the one which calls for the highest 
degree of craftsmanship. The smith possesses one of 
the very few trades which are constructive in the 
strictest sense ; he does not merely modify the shape 
of a semi-finished article, but mow foes his work in a 
recognisable form direct from raw materials. His 
processes are often indirect and vastly variable, and 
when one considers that they have to be performed 
with great rapidity on metal at a red or white heat, 
his skill as a craftsman will be readily admitted, Very 
little literature has been written relating to the work of 
smiths, no doubt because craftsmanship cannot be 
described in books, nor do most.writers understand it. 
In “Smithing and Forging,’ by Joseph G. Horner 
(Manchester: Emmott and Co., Limited, 1920, price 
8%. 6d. net) we have a thoroughly practical little book, 
by an author well known for his technical writings. 
Not only are the ordinary tools and processes of the 
smithy described, but stamping, drop forging, machine 
forging, furnaces, heat treatment, &c., are all dealt with. 
The book can be confidently recommended to those 
who are interested in reading about the art of the smith 
and the way in which various products of the smithy 
are made. One finds, however, one statement which 
appears to reflect more accurately the tradition of a 
blacksmith than to be based on actual fact. We read, 
for instance, that ‘‘ Some waters will not harden at all, 
others but indifferently,” The essential condition for 
hardening carbon steel is, of course, that it shall be 
cooled rapidly from a temperature above the critical 
period, and we believe that the almost superstitious 
beliefs as to the virtues of various hardening liquids 
have little justification in fact. 





The thermoionic valve has rapidly grown from 
infancy into manhood, Before the war many people 
of scientific training had little more than a hazy general 
knowledge of the possible utilisation of the electrons 
which hot bodies emit. During the war it was rumoured 
rather than allowed to become known that a great deal 
of experimenting was going on with electrons and 
thermoionic valves or tubes. When, after the war, 
the interdict was removed that had been put on the 
publication of certain scientific and technical work, 
the public were surprised to learn that these curious 
valves had developed into the most important parts 
of radiotelegraphic and radiotelephonic outfits, that 
they had penetrated into cable telephony, and that 
they were becoming indispensable for research in electric 
laboratories. Workers in the field found it difficult 
to keep pace with the number of papers read on the 
subject, and a highly-specialised literature on diode 
and triode valves evolved, instrument looking like 
incandescent lamps fitted with wire filaments and with 
one or more additional electrodes. Among these 
books “ The Thermoionic Vacuum Tube and its Ap- 
lications,” by H. J. Van der Bijl, M.A., Ph.D. [New 
York and London: The McGraw-Hill Company, 
price 30s. net] deserves honourable mention. Mr. 
Van der Bijl, the scientific and technical adviser to 
the South African department of Mines and Industries, 
gives in the 390 pages, illustrated by 232 diagrams, a 
clear exposition of the principles and the working of 
the valves in the rectification and amplification and 
detection of electric waves, and of the use of valves 
as oscillation generators. He takes pains, especially 
in his introduction, to make the treatment elementary 
and intelligible to those whom higher mathematics 
would embarrass. He is not quite up to date, perhaps, 
in so far, ¢.g., as he does not define nor use the terms 
diode and triode which have become popular in this 





“supplement.” He might have awarded some 


‘country. But he masters his subject, and the reader 
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will certainly profit from the study of this carefully- | boring operations during the war.’ He does not writ®| M.A., D.Sc. and T. H. Laby, M.A. | Fourth edition. 
prepared volume. for the expert, but for the general engineer. Mr. Isler®}| London: Longmans, Green and Co. [Price 14s. 





The appendix forms a useful part of a book. General 
tables and data, to which references are made in 
different sections of a volume, as well as details of 
specialised interest are properly relegated to the 
appendix. It is further the recognised place for 
addenda. In their volume on “The Technical Ex- 
amination of Crude Petroleum, Petroleum Producis, and 
Natural Gas” (The McGraw-Hill Book Company, 
368;"net), Professor W. Allen Hamor, M.A., assistant 
director of the Mellon Institute of Pittsburgh University 
and Professor Fred. Warde Padgett, M.S., of the 
Petroleum Department, University of Oklahoma, utilise 
the appendix as a sort of store-room the conténts of 
which they have taken little trouble to catalogue. The 
10 chapters of the book, on the Examination of Crude 
Petroleum, of Naphtha Products, of Illuminants, 
Lubricants, of Natural Gas, &c., and on the Sampling 
of Oils, the Evaluation of Oil Shale and on Laboratory 
Methods for Benzol-Recovery Plant Operation (by 
F. W. Sperr, junior) take up 299 pages and are provided 
with a table of contents; the Appendix covers 272 
pages of a smaller type, and deals with all sorts of things, 
all useful, but without any order. If it were not for the 
excellent subject and name index, one might feel 
inclined to put the book down, though the authors 
certainly write instructively. The various subjects 
might have been dealt with on a general plan, and not 
been split up so completely. We find a few lines on 
viscosity on page 4 with references to page 90, page 129 
(where viscosity is not mentioned at all) and page 157 
(where it is just mentioned). The main articles on 
viscosity are in the appendix, to which only the alpha- 
betical index refers in this instance. With a little 
more trouble the book, which is well stocked with 
references and neatly printed and illustrated, might 
have been made still more valuable than it is. From 
the preface we see that the first eight chapters are to 
supplement Bacon and Hamor’s “American Petroleum 
Industry.” If that fact had been pointed ont on the 
title page, the reader would have felt less critical. 





American engineering pocket books have an enviable 
reputation for wealth of illustration and completeness of 
detail. Whether the Handbook of Building Construc- 
tion by Messrs. Hool and Johnson, just issued by the 
McGraw-Hill Book Company, Inc., London and New 
York, at 31. net, should be regarded as an engineer's 
or an architect’s handbook is difficult to say, as nowa- 
days, and particularly in the United States, the two 
professions tend to merge into each, or perhaps it 
would be better to say that an American architect has 
to have a greater knowledge of engineering matters 
than is commonly demanded of his confrére in this 
country. In any case, the two volumes constitute an 
excellent example of what a handbook should be. It is 
possible that the vast extent of the States, and the 
relatively sparse settlement, is in part responsible for 
the large amount of space, which is devoted and 
properly devoted, to the description and illustration 
of details of construction, and methods of executing 
work. In the more thinly populated districts young 
and relatively inexperienced men are of necessity called 
on at times to undertake work without possibility 
of access either to able consultants or to examples of 
work of a similar nature. They are frequently 
unaware of what materials are available, and this 
circumstance no doubt, has largely influenced the 
character of American handbooks. It must not, 
however, be concluded that the discussion of theoretical 
points is sacrificed to descriptive matter. In, the case 
under review, for example, about as much is devoted to 
theory as can well be permitted in a pocket book, 
when, of course, questions of which the interest is 
mainly scientific are quite Properly left to special 
treatises on applied mechanics. In all the two volumes 
comprise nearly 1,500 closely-printed pages, illustrated 
by several hundred engravings, in addition to 
voluminous tables. The whole art of building con- 
struction is dealt with from the signing of the contract 
to the completion, fully equipped with elevators, 
electric light and central heating. As many of the 
large American buildings generally have their own 
power, considerable space is also given to a description 
of the necessary plant. 

If well-boring for oil is left to a few experts in this 
country which does not appear to be rich in petroli- 
ferous strata, well-boring for water had to be taken up 
by many an engineer during the war and not only by 
those pH were sent far away to foreign lands. And if 
the civilisation of a country can be measured by its 
soap consumption, soap can neither be made nor be 


used without water, and so civilisation generally begins | - 


with the finding of water. How the ineer may 
approach this task he will find in Mr. C. Isler’s “ W edl- 
boring for Water, Brine and Oil, 4 Manual for Current 
Practice” (London: E. and F, N. Spon, Limited, 
price 16s. net]. Mr. Isler was himself active in 





table of Aqueous Formations in the United Kingdom 
will not, however, help the engineer much. One of 
the novelties of this third edition of the book is the 


section on improved Combined Rotary Shot Boring | 74 


and Percussion Boring Plant; if forms part of the 
chapter on Deep Boring with Tension Drills, and is not 
mentioned in the Table of Contents. Mere Isler intro- 
duced this practice at the front. The book is well 
illustrated. 
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INDUSTRIAL NOTES. 

In Parliament last week, when the motion came up 
for the second reading of the Consolidated Fund 
(No, 2) Bill, Mr. Clynes moved the rejection of the 
Bill in order to raise a discussion on unemployment 
which, he stated, was becoming worse and worse. 
As many as 1,280,000 persons were registered as 
unemployed, and 744,000 were on short time, If 
nothing could be done, then that fact should be 
admitted, and both employers and employed would 
know that they were thrown back on their own re- 
sources. Since the extension of the Insurance Act 
the funds of the trade unions had, in ag cases, 
disappeared ; the improvement of the law had not 
placed the workers in any better position. The solution 
of the problem was not to be found mm extensions of 
the Insurance Act, but in finding employment. He 
asked for further information as to the position of 
schemes devised to improve our export trade. Had 
the financiers and others, who had been examining 
these devices come to the conclusion that nothing 
was to be hoped for in that direction? This country 
depended on the re-establishment of its foreign trade, 
and the position was whether it was practicable for 
the Government to do anything on the basis of establish- 
ing systems of insurance or credits which would at least 
assist. Was it possible to do more in the way of 
finding productive work at home ? Less than one in 
twenty had been given work under any of the Govern- 
ment schemes. 

Owing to the attitude taken for many months past 
by @ very great majority of the trade unions, the 
ruining of our coal export trade by the action of the 
miners, the part played by the building trade unions 
in regard to the employment of ex-service men, the 
very general restriction in output in practically all 
the trades throughout the country, the ship joiners’ 
decisions, and other occurrences, it is strange, to say 
the least, to find a Labour member referring to schemes 
devised to improve our export trade, and ing as 
to the possibility of doing more in the way of i 
productive work at home. 





The following shows the increases which have been 
made to the railwaymen’s wages since the sliding scale 
agreement came into force: —1920, April 1, ls; 
April 12, 28.; July 1, 2¢.; October 1, 2, ; 1921— 
January 1, ls.; or @ total advance of 8s. per week. 
The question of the railwaymen’s came before 
the Central Wages Board last week, w a reduction 





of 4s, per week was decided upon. Youths. under 18 
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received a total advance of 4s., and their wages will 


be reduced by 2s. The resolution thus decided upon 
will mean a saving to the railway companies of 
7,200,0001. per year. 





Mr. J. H. Thomas, M.P., presented to Parliament 
last week a Bill to provide for the transfer of railway 
undertakings to the Ministry of Transport. The 
Bill, which was read a first time, deals with the scheme 
of nationalisation adopted by the railwaymen’s unions 
and approved by the Labour party. It provides that 
all railway property in the United Kingdom is, after 
six months, to be vested in the State. Then, the general 
direction of the railways is to devolve on seven Com- 
missioners under the Ministry of Transport, namely, 
a Chairman, two Commissioners appointed by the 
Ministry, one appointed by the Treasury, and three 
anrnerren by the Government on the nomination 
of the railwaymen’s unions. Machinery is to oe set 
up for adjusting salaries, wages, and conditions of 
service. The Bill further suggests that a new Govern- 
ment railway stock should be issued in cancellation 
of the existing railway stock and share certificates, 
the purchase price being calculated on the basis of 
pre-war market price, less 30 per cent. for depreciation. 





Further. particulars have come to hand since our 
last issue with reference to the employment of 50,000 
ex-service men in the building trades. These men will 
be paid by the employers at the following rates, which, 
as will be seen, vary slightly from those outlined on 

333 ante :—First six months, 50 per cent. of the 
district skilled men’s rate, plus 10s. per week; next 
six months, 65 per cent., plus 5s. per week; next six 
months, 80 per cent.; next six months 90 per cent. 
of the district skilled men’s rate, and thereafter 100 per 
cent. Towards the payments made by the employer, 
the Government will contribute in of each man 
accepted for training under the scheme, for the first 
26 weeks, 10s. per week; for the second 26 weeks, 
5s. per week. The National Federation of Building 
Trades Employers has accepted the general responsi- 
bility to the Government for bringing about the 
absorption of the desired numbers of ex-service men 
and for their adequate training. 


The National Federation of Iron and Steel Manu- 
facturers have issued the following statement in con- 
nection with the decisions about to be taken in regard 
to the wages in the coal industry :— 

(1) As a@ result of the world slump in trade, the 
reduction in demand, and the consequent competition 
of Continental material in the British and overseas 
markets, the iron and steel output of Great Britain 
has fallen by 40 per cent. 

(2) The number of iron and steel workers on the pay 
rolls at the end of February had fallen to 71 per cent. 
of the number on the pay rolls at the end of June, 
1920. 

(3) Of the 71 per cent. still employed a very large 
proportion are on short time. 

(4) The minimum price of foundry pig iron ruling 
in Great Britain during the latter part of 1920 was 
235s. to 245s. a ton, according to locality. To-day 
foreign foundry pig iron is being delivered at works in 
this country at 135s. a ton. This difference, which is 
paralleled in semi-finished and even in finished steel 
products, indicates the extent of the tremendous 
readjustment of values with which the iron and steel 
industry is faced. 

(5) The value of the output of the heavy iron and 
steel trade (excluding wrought iron, galvanised sheets 
and tinplates) in 1920 has been roughly estimated at 
193 millions sterling. 

(6) This figure cannot be fully analysed, but certain 
main items have been estimated as follows :—(a) 
Direct wages of the iron and steel workers in these 
branches are estimated at 514 millions. (6) The cost 
of the 27 million tons of coal consumed by these 
sections of the trade is estimated at 46} millions (of 
which at least 34 millions represents coal miners’ 
wages) ; 12} millions is the cost of converting 15 million 
tons of coal into coke; while at least 15 millions 
represents home-produced ore. The wages of British 
ore miners and most coke oven workers follow miners’ 
wages. (The balance, in addition to a large sum 
for taxation had to cover impor-ed ore, limestone, and 
all other materials, overhead charges, repairs and de- 
preciation, interest on debenture capital and profit). 

(7) Much the greater part of the 514 millions of iron 
and steel workers’ wages is governed by the various 
sliding scales in operation throughout the country, 
and is already falling with the drop in iron and steel 
prices. In any case the whole of this item is within 
the control of the conciliation machinery of the trade 
itself, 

(8) The cost of material valued in 1920 at over 
70 millions (of which nearly 50 millions is direct wages) 
pes cra upon the present negotiations in the coal 


(9) On-bebslf of the miners it has been claimed 








that iron and steel workers are so much better paid 
than coal miners that the wages of the former should 
be cut before the miners are asked to accept a reduction. 
But this argument is based on misconception for the 
following reasons :—{a) It is evident that every item 
in the cost of producing iron and steel must be reduced. 
(6) Tron and steel workers’ rates of wages are already 
falling automatically through the operation of the 
sliding ‘scalea; while their i are still more 
reduced by unemployment and short time. (c) Miners’ 
earnings compare favourably with iron and _ steel 
workers’ earnings, for although in the latter industry 
there are a few highly paid jobs in which a good deal 
more can be earned than in any colliery, the average 
earnings in the first months of 1920 (i.¢., excluding 
the period when conditions were disturbed by the 
miners’ strike) were at the rate of 246]. a year in the 
iron and steel industry inst 226]. in the mining 
industry, to the latter of which must be added the 
advantages of cheap coal and, in many cases, housing 
accommodation at less than an economic rent. More- 
over, the miner works a fewer number of shifts per week 
than the iron and steel worker. The miners’ earnings 
compare with 82/. a year before the war—an increase 
of 175 per cent. ; the iron and steel workers’ earnings 
with 92/.—-an increase of 167 per cent. 

The adjourned Miners’ National Delegate Conference, 
to which we alluded on page 353 ante, took place on 
Thursday, March 24, and at its close the following 
official statement was issued: ‘‘ Replies were received 
from the districts on the proposals submitted to them 
from the last conference. Those replies showed a very 
large majority against the proposal for entering into 
a temporary agreement on a district basis. It was 
decided to communicate this decision to the Govern- 
ment and the coal owners.’”” A meeting of the Execu- 
tive of the Miners’ Federation was held later in the day ; 
following this meeting Mr. F. Hodges stated: “‘ After 
the decision of the delegate conference, the miners’ 
sub-committee met the negotiating committee of the 
coal owners, and the decision of the conference was 
conveyed to them. A fundamental difference exists 
between us and the owners as to the future regulation 
of wages and profits in the industry, the Miners’ 
Federation having decided that their original proposals 
for a National Wages Board with a national pool 
should be the scheme to govern wages and profits. 
In view of the abnormal conditions in the trade at this 
moment, it is impossible to apply any permanent 
scheme to the industry, and the Miners’ Federation 
suggested to the owners that a joint application should 
be made to the Government for financial assistance 
to help the industry through the present abnormal 
period. The coal owners could not accept this sug- 
gestion and both parties will now report the situation 
separately to the Government. The members of the 
miners’ Executive are returning to their respective 
districts.” 

At the close of meetings of coal owners which took 
place at the same time, Mr. Evan Williams stated that 
the owners were going back to their own districts to 
work out—on the principles they had proposed to the 
men—the wages which the industry in the various 
districts could afford to pay. Generally speaking, 
they would base them on the February results, but 
there might be some cases where there had been a 
known and marked drop during March, and naturally 
they would take the point into consideration. So 
far as the owners’ profits were concerned in the scheme, 
they were only bare profits. Any drop in the price of 
coal meant that the owners would have to bear the 
whole brunt without its having any effect on the wages 
of the men. In regard to the men’s suggestion that 
Government should be asked for a subsidy, the owners 
felt that the sooner the Government’s hand was com- 
pletely off the industry the better. The collieries 
would never get back to efficient working until every 
individual had to rely on his own independent efforts. 
There was no question of the pits not being open for 
work on April 1. They would be open for work at 
the wages which the industry in each district could 
afford to keep them open. In no sense was there a 
lock-out of the men. 





The coalowners’ proposals are as follow :— 

“ 1. That the base rates now existing at each colliery 
with the percentages (or the equivalents in any district 
where there has been a subsequent merging into new 
standards) which were paid in July, 1914, shall be 
regarded as the point below which wages shall not be 
automatically reduced. 

“ All additions which have since been made to the 
base rates prevailing in July, 1914, shall be maintained, 
and the percentages which have been added to piece 
workers’ rates consequent upon the reduction in hours 
from t to seven shall continue. 

“2. That the owners’ aggregate standard profits 
in each district in correspondence with the above 
shall be taken as 17 per cent. of the aggregate amount 
of wages payable as above. 





“3. That any surplus remaining of the proceeds 
of the sale of coal at the pithead after such wages and 
profits and all other costs have been taken into account 
shall be divisible as to 75 per cent. to the workmen, and 
25 per cent. to the owners, the workmen’s share being 
expressed as a percentage upon the standard rate of 
the district. (Subsequently the owners offered to alter 
the proportions to 80 per cent. to the workers and 
20 per cent. to the owners). 

* To meet the present abnormal situation, the owners 
are prepared to accept a temporary departure from the 
strict application of the above principles to the extent 
of waiving their share of the surplus in favour of the 
workmen, on condition that ascertainments are made 
at monthly periods to determine the wages payable 
during such time as the above concession on the part 
of the owners continues to operate. 

“4. That if during any period of ascertainment the 
owners’ standard profit is not realised, the amount of 
the deficiency shall be carried forward as a prior charge 
against any surplus available for the payment of wages 
in excess of the basis of wages provided in No. 1 above.”’ 





At the time of our going to press it is stated that 
the miners’ leaders had sent to the various districts 
throughout the country notices instructing the men, 
regardless of occupation. to cease work at midnight 
yesterday, March 31. Conferences are taking place 
between the miners and the Triple Alliance. 





Writing to The Manchester Guardian, Dr. Edward 
Hopkinson, M.P., states that all the lessons which may 
be derived from the present international financial 
ve point to only one clear policy, that policy 

ing absolute freedom of trade and communication 
between the constituents of the British Empire. 
It must be a freedom not camouflaged under schemes of 
Imperial preference, not limited by pleas that the 
taxation of trade is necessary for revenue purposes, not 
emasculated by suggestions that it is necessary to make 
constituent sections of the Empire independent in the 
production of their national necessities, The Empire 
should be the unit, and each self-governing Dominion 
or Dependency or Crown Colony should be as a member 
of one family in which the mother is dependent upon 
her children as they upon her. This conception implies 
the very antithesis of the doctrine that each Dominion 
or Dependency may adopt such fiscal measures as it 
pleases against the Mother Country, or one against 
another. Freedom of trade within the Empire must 
be the basis of membership in the Imperial family. 
The stronger the ties which unite each of the “ Imperial 
children ’’ to the Mother Country the more rapid will 
be their individual development. Dr. Hopkinson 
further states that if the Empire’s supply of wheat is 
obtained from India, Canada and Australia, no dole 
will be required to induce British farmers to cultivate 
corn on land which long experience had taught them 
is more suitable for pasturage. On the other hand 
farmers in the Dominions will not be handicapped by 
a protective duty on the agricultural machinery supplied 
by British factories. The ridiculous experiment of 
the Government of New South Wales in nationalised 
shipbuilding, adds Dr. Hopkinson, will not be repeated 
in other Dominions, and British supremacy in ship- 
building will be fully acknowledged. 





British ARMOUR AND ARMOUR-PIERCING SHELLS.— 
Speaking at the annual general meeting of Messrs. 
Hadfields, Limited, on ednesday last, Sir Robert 
Hadfield mentioned some facts in connection with the 
Battle of Jutland, which should help to disperse the 
impression created by Lord Jellicoe’s book that British 
armour ‘and armour-piercing shells were inferior to those 
of the enemy. Sir Robert pointed out that the Princess 
Royal, which was hit nine times, probably by 12-in. A.P- 
shells in each case, remai in action with one turret 
disabled, while the Derfflinger, hit by seven heavy shells 
of 13-5-in. or 14-in. calibre, remained in the line, but 
with her two after turrets wrecked, a third turret 
partially disabled and only one turret left in an effective 
condition. The Warspite received 27 hits by heavy 
German shells and, after the action, steamed across the 
North Sea at full speed, whereas the Kénig, having only 
15 hits, returned with difficulty to Hamburg with four 
forward compartments flooded and her forecastle only 
6 ft. above water. Sir Robert considers that it would 
be quite unfair to attribute the sinking of the three 
British battle cruisers solely to the armour-piercing 
qualities of the German projectiles, although the armour 
in these particular ships was comparatively thin. The 
turret armour of these ships was certainly perforated, 
but the perforation was effected more by the combined 
blow of several shells striking more or less simultaneously 
than by the armour-piercing effect of single shells. The 
immediate cause of the loss of these ships was the 
explosion of their ong None of the British 
armoured ships was, in fact, sunk as the direct effect of 
gun attack, although two German ships, the Lutzow 
and Seydlitz, actually suffered this fate. Sir Robert 
thus concludes that any impression of German superiority 
in}materiel is unwarranted. 
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ON THE SPACING OF TRANSVERSE 
BULKHEADS.* 
By K. G. Fryuay. 

Introductory.—In a paper,t read last summer at 
Liverpool before this Institution, Sir Westcott Abell 
criticised somewhat severely the “factorial” system of 
watertight subdivision,t which was agreed to by the 
International Convention, appointed to consider the 
whole question of safety of life at sea, following the loss 
of the Titanic in 1912. His objection was based chiefly 
on the view that the reduction in the permissible length 
of watertight compartment—relative to the floodable 
length—would result in the construction of vessels having 
compartments shorter than the lengths available for 
these vessels as “‘ one-compartment ” ships, and, at the 
same time, too long to permit the vessels to float with any 
two compartments open to the sea, ¢.e., when damaged 
in way of a watertight bulkhead. Undoubtedly in a 
ship, which will remain afloat with no more than any one 
compartment flooded, each bulkhead is a point of 
danger, since under water damage to the ship’s side 
plating in way of it means loss of the ship, 

Generally speaking, Sir Westcott Abell contended that 
lengths of compartments, instead of being determined by 





any one of them, and if, say, 10 per cent, of the ship’s 


length be the assumed fore and aft extent of the damage 
below water, then it follows that 60 per cent. of the 
vessel’s length is unsafe (provided that no two bulkheads 
be distant from one another less than 10 per cent.), hence 
the “odds on for loss” are 60 to 100—60, or 1-5 to 
unity. 

In Sir Westcott Abell’s comparison no account was 
taken of possible variation in the permeability of cargo 
spaces, and this fact was emphasised by Professor Welch 
and Sir Archibald Denny during the discussion. In what 
follows an attempt is made to apply to the criterion of 
“odds on for loss” the factor mi varying cargo space 
permeability, to consider longitudinal damage of an 
extent other than that assumed by Sir Westcott Abell, 
and, further, to extend the comparison to cases of 
vessels voyaging at less than their designed draughts— 
a matter also alluded to briefly by Professor Welch. 

Some Obscure Points in the “* New Scheme.”’—Before this 
is proceeded with, however, there are two matters to 
which attention may be drawn. As already stated, both 
tables and diagrams were submitted in explanation of 
the “‘new scheme”; but in a number of cases it is by 
no means clear how the tabular information is to be 
reconciled with that given diagrammatically, Take, for 
instance, the bulkhead arrangement proposed for vessels 


CURVES OF “ODDS ON” FOR LOSS OF SHIPS, SUBDIVIDED ACCORDING TO CONVENTION, “NEW 
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multiplying floodable length by a “‘ factor of subdivision ” 
(which gradually diminishes as length of vessel increases), 
should be as nearly as possible either of the full floodable 
or half the floodable length, and thus correspond with 
the “ one-compartment ” and the ‘ two-compartment ” 
standard respectively, the higher grades of safety being 
attained, by small stages, with increased length of ship. 
He submitted a “‘ new scheme” of subdivision, showing 
both by diagram and by table the approximate positions 
of bulkheads proposed by him, and the corresponding 
degree of safety which he associated with each grade of 
subdivision. His. conclusions applied to cargo vessels 
410 ft. and upwards in length, carrying a relatively small 
number of passengers, and were, in brief, that not only 
were longer (and therefore more profitable) cargo holds 
obtainable under his “‘ new scheme ” than under the then 
existing regulations, but that in respect also of safety the 
“new scheme ”’ was the superior one. 

The method used in comparing the safety of a ship, 
subdivided (a) according to Convention requirements and 
(b) according to the “‘new scheme,” was that of caleu- 
lating in each case the “‘odds on” for loss when run 
into by another vessel. Assuming a certain longi- 
tudinal extent of damage to be caused by the bow of a 
colliding vessel it is a simple matter to ascertain the 
ratio which the unsafe percentage of the ship’s length 
bears to the safe percentage. Thus, if a ship having 
six watertight bulkheads will sink when struck in way of 




















read at the Institution of Naval Architects, 
March 18, 1921. 

t “Safety of Life at Sea,” Trans.I.N.A., vol. lxii, 
page 223. See Encrveerine July 16, 1920, page 91. 

t See Trans. I.N.A., vol. lvii, page 1, ‘ The Watertight 
Subdivision of Ships,” by Professor J. J. Welch. See 
ENGINEERING, March 26, 1915, page 364. 
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Reverting to the “ ingress showing co tive 
danger areas,” it may be observéd that the -peak 
bulkhead is shown to be a point of only in vessels 
between the lengths of 410 ft. and 440 ft., whereas, 
according to the “Table of Subdivision ” (p. 228); the 
*‘ one-compartment ” standard in way of after-peak and 
after-hold obtains until a length of 510 ft. is reached. 

The Board of Trade Alternative Method.—Mention, too, 
requires to be made at this stage of the “ alternative 
method ” of determining the lengths of watertight com- 

artments, which has recently been announced by the 
ard of Trade.* 

This method, which may be adopted “ at the option of 
the owners or builders,” has features in common with 
both the Convention and the “new scheme.” Like the 
Convention scheme, it is factorial in principle, but the 
factor of subdivision for a ship of any length between 
410 ft. and 570 ft. is greater than that required by 
Convention, consequently longer holds are permissible. 
In conjunction with these longer holds, however, a 
closer = ag of subdivision is required at the fore end 
of any ship of, or exceeding, 440 ft. in length, since 
the combined length of the two compartments imme- 
diately abaft the collision bulkhead must not exceed 
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between 410 and 440 ft. in length. 
this ship is ‘one compartment’ ’ throughout her entire 
length. Now, the diagram shows seven bulkheads, 
those bounding the reserve bunker being about 7 per 
cent. of the ship’s length apart. Hence, with the assumed 
longitudinal extent of damage—viz. 10 per cent. of the 
ship’s length—about 67 per cent. is unsafe, and the 
“* odds on ” for loss are about 67 to 33 or practically 2 to 1, 
but from the table, and from the curve on Fig, 2 
(Plate XX in Vol. lxii, Trans. I.N.A.)* it appears that the 
“odds on” are only 1 tol. Then, although—by reason 
of the ship being “‘one compartment ’’—the collision 
bulkhead forms a danger point, no shaded area indicating 
this fact is shown on Fig. 1 (‘‘ Diagram showing compara- 
tive danger areas ”’), 

Similar criticism, in fact, applies to the greater part 
of the table in which the average “odds on for loss ” 


ns ory J to table 


“ Odds on for Loss” of ““ New Scheme ”’ Vessel. 








Tength As Deduced As obtained 
of Vessel os od by --5 from Fig. 3 from Diagram 
in Feet. Trane I N.A.. | in Conjunction Showing 
| Vol LXIL). with Table Danger Areas. 
z = on page 228. 

Approximately | Approximately 

410-440 1-0 to 1-0 2-0 to 1-0 1-0 to 1-0 
440-480 0-83 to 1-0 1°33 to 1-0 0-67 to 1-0 
480-510 | 0-67 to 1-0 1-0 to 1-0 0-50 to 1-0 
510-540 0-53 to 1-0 0-67 to 1-0 | 0:50 to 1-0 
540-570 | O-41 to 1-0 | 0-67 to 1-0 | 0-33 to 1-0 

* See ENGINEERING, July 16, 1920, p. 92. 


the first place it will be convenient to consider per- 
meability (and extent of damage) variation in connec- 
tion with the “‘ numerical example ’’t given towards the 
close of Sir Westcott Abell’s paper. The assumed per- 
meability of cargo spaces, as fixed by the Convention, 
is 60 per cent. Now the “ one-compartment ” ship has 
—with 60 ft. lengthwise damage assumed—a safe length 
of 40 ft. at permeabilities of 60 per cent, and below; at 
any permeability above 60 per cent. she has no safe 
length at all. Hence the mean safe length for any wnge 
of permeability averaging 60 per cent. is 20 ft., and the 
mean unsafe length 80 ft., wherefore the mean “ odds on ” 
for loss are 4 to 1. Assuming a permeability range of, 
say, 10 per cent. (i.¢., from 55 per cent. to 65 per cent.), 
it will be seen that the ship with the 70-ft. compartment 
will retain her safe length of 10 ft. (and ‘‘ odds on for 
loss’ of 6 to 1) throughout, since she would comply 


* “Tnstructions to Surveyors’ Circular 1623, dated 
10/20. 

+ “A numerical example of the relative safety of 
different degrees of subdivision is perhaps instructive, 
and for that purpose, a vessel, in which the floodable 
length is 100 ft. is assumed to be exposed to damage 
which extends 60 ft, lengthwise. For a one ccmentn 
ment’ standard, the ‘odds on’ for loss of bul ad 
are as 1-5 to 1, whereas, if the bulkheads are spaced, 
say, 70 ft. apart, the odds have increased to 6 to 1 for 
loss of a bulkhead, i.e., for loss of ship. 

“If, however, the bulkheads are spaced 50 ft. apart, 
i.e., a ‘two-compartment’ standard is obtained, the 
‘odds on’ for loss of ship, i.e., of two bulkheads, are 
reduced to 0°25 to 1, while on the other hand, if the 
bulkheads are spaced still more closely, say 35 ft. apart, 
the ‘ odds on ’ for loss of two bulkheads would be increased 





10 times, or would be 2-5 to 1” (p. 232.). 
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with the “ one-compartment”’ standard up to a per- TABLE L.—*“Opps Os” (ro Usrry = Lo Loap D Va R. o 
i he i oe of the Trade of The aanuhaad _ s ‘to Unrry) Fro ss, aT Loap Drauaut, with Varyine RanGces or Carco 
ma % king $0 fa 1 h it is found that Space Permeastiiry, (1) wire 10 rer Cent. Damace, (2) wire 5 per Cent. Damaae. 
the “odds on for loss” of the first ship are reduced to 
1-86 to 1, while for the second ship the figure is as low 410-Ft. Ship. 495-Ft. Ship. 570-Ft. Ship. 
as 0-75 to 1. } 
“‘ Odds on” for Loss of Ship Damaged in Way Range of Ratio, Ratio, 
of 100-ft. Ploodable Length. Permeability. “ New “New «“ New 
Per cent. Con- “ New Scheme ” | — “New Scheme ” ss r New Scheme ” 
| vention. | Scheme.” Con- vention. | Scheme.” Con- vention. | Scheme.” Con- 
Permeability var 
Length of | evenly between 65 per bent vention. | vention vention 
Damaged | Permeability and 65 per Cent. | 
Compartment | 60 per Cent., 
Soe, |e bem ~| see 3) 8B | ee | oe | ee | oe | ss | se | ee | te 
ts . 1 oa . . . . *37 . 0- 2 . . 
) 60 Ft. Damage.| 30 Ft. Damage. 50 to 70 (1) 7 1-04 2-20 2-12 1-21 1-00 0-82 0-52 0-63 1-23 
(2) ++ 0-34 0-94 2-76 0-38 0-40 1-07 0-20 0-24 1-17 
45 to 75{ (1) oe 1°16 1-96 1-69 1-02 1-06 1-03 0-49 0-61 1-26 
ft. (2) ..| 0°40 0-93 2-35 0°34 0-43 1-27 0-19 0-23 1-21 
mm | eater | sootor | ovstor | wtogo{@ -| 125 | 1-79 | 143 | O-os | 24g | 1-99 | 0-47 | 0-57 | 1-28 
50 0-25 to 1 1-50 to 1 0-43 to 1 (2) | 50 1-54 0-19 0-21 1-11 
35 2-60 to 1 2-06 to 1 0-00 to l 
, 











Note.—In the case of the ship with the 35-ft. compartments 
the “ three-compartment ’’ standard is reached at a permeability 
of 100 x 60, i.e., 57-14 per cent. 

3 x 35 

The fact that such widely different results as the 
foregoing may be obtained, according as the factor 
of permeability variation (either in conjunction with 
or irrespectively of reduced longitudi ) is 
introduced or omitted, affords justification for apply- 
ing this method of comparison to actual ships. For 
this purpose a series of ships between the lengths 
of 410 ft. and 570 ft. has been considered. The lengths 
of compartments are essentially those shown by Sir 
Westcott Abell as meeting the requirements of the 
Convention and the “new scheme.” Draughts are as 
required by Table A of the Freeboard Tables with reduc- 
tion in respect of p, bridge, and forecastle, though 
towards the end of the series slight additions to free- 
board have been made in order to obviate additional 
bulkheads in the Convention ships (the normal rise in 
freeboard ratio being more than counterbalanced by the 
reduction in the factor of subdivision), and these increases 
of freeboard apply equally to the “‘ new scheme ” ships. 

Subsequently to the consideration of the Convention 
and the “ new scheme ” ships, calculations were made for 
similar ships subdivided in accordance with the Board of 
Trade’s “ alternative method,” and results for the three 
t are shown. Below the length of 440 ft. the only 

ifference between the Board of Trade and the Conven- 
tion ship is the somewhat greater length of the two fore- 
most and the two aftermost holds in the former, resulting 
from the greater factor of subdivision. At 440 ft. 
length, and above, the same remark applies to the holds 
in the afterbody. Forward, the first two holds are each 
from about 8 per cent. to 9 per cent. of the ship’s length, 
and the length of the No. 3 hold is reduced from 16-7 per 
cent. of the 440-ft. ship to 12-75 per cent. of the 570-ft. 
ship. The No. 4 hold, or reserve bunker, is assumed to 
be 7 per cent. practically throughout the series. The 
“‘ odds on " for loss of these ships have been calculated in 
the following manner :—Permeability of cargo spaces is 
assumed to vary, in successive voyages, evenly between 
55 per cent. and 65 per cent. With a — length of 
damage the safe percentage of the ship’s length is found 
at 65 per cent. permeability. As permeability is reduced, 
additional compartments, or pairs of compartments, are 
rendered safe, and the safe percentage increases corre- 
spondingly by steps. The mean safe length between 55 per 
cent. and 65 per cent. permeability is then obtained, and 
the “odds on” deduced therefrom. Fig. 1 (page 403) 
shows results calculated at maximum draught with 
10 per cent. damage assumed. 

In the Convention ship the odds steadily increase with 
length of ship, owing to the gradual lengthening of the 
machinery space and the two adjacent holds. The 
increase in length of these latter is due to the relative 
reduction in the lengths of the holds at each end of the 
ship, occasioned by a diminishing factor of subdivision. 
Co uently the permeability at which either machinery 
space bulkhead may be damaged, without loss of vessel 
ensuing, becomes gradually less, this, of course, occa- 
sioning a reduction in the mean safe percentage. At a 
length of 505 ft. the division of the machinery space into 
two hae ae compartments takes place, and a substan- 
tial reduction in the “ odds on ” follows. 

In the case of the “‘new scheme” ships the odds 
steadily reduce between the lengths of 410 ft. and 
540 ft. At the former length three out of the four main 
holds are unsafe between the permeabilities of 60 per 
cent. and 65 per cent., and the “odds on” are corre- 
spondingly high ; but at about 520 ft. length of ship all 
holds are e at 65 per cent. permeability. From 
540 ft. to 570 ft. a new and somewhat less effective 
arrangement of bulkheads comes into force. The 
machinery space is now divided, but neither end-bulkhead 
of this space is thereby renderei damageable, this being 
precluded by the le of the holds immediately before 
and abaft the machinery space. Then, although the 
“two-compartment " standard now obtains in way of 
the fore peak and two foremost holds, no bulkhead 
hitherto unsafe has been rendered safe on this account. 

The curve for the Board of Trade “ alternative ” 
ships scarcely calls for cominent. No sudden reduction 
in the  ~ i be lace as oh. meant aon me (1) 
at 440 ft. length, and (2) at 548 ft. (machi 
space). With to length of this ane A 
stated by Sir Westcott Abell in his paper to be “ a matter 
of indifference, since the problem is one of relativity.” 
While this may be so, when consid safe “ one- 
compartment ” ships, the statement does not hold good 
in cases where vellenlans in permeability render entire 
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“ Odds on ”’ (to Unity) for Loss. 
prem see Perme- 
Vinnie ability, per Cent. 
sponding Board of Trade 
As per Ship. Voyage. Reduction “ New Alternative 
in Draught, Convention Sch ” 
Per Cent. (8 Bulk- (7 Bulk- 
Forward. Aft. heads). heads). (9 Bulk- (8 Bulk- 
heads) heads). 
val Si 5 Home 8-8 54-9 56-7 0-05 0-18 0-05 0-11 
“_° Home 11-7 67-2 65-6 6-18 0-18 0-11 0-11 
eat aw 6 Home 4-1 60-1 55-7 0-18 0-18 0-11 0-11 
ret fe 7 Home 4-1 64-9 60-4 0-25 0-25 0-11 0-18 
—— 1 Home 5-8 59-3 57:1 0-18 0-18 0-11 0-11 
“Cc” 2 Home 9-7 62-9 62-8 0-11 0-18 0-11 0-11 
[oe 3 Home 8-5 59-2 62-0 0-11 0-18 0-11 0-11 
—— 10 Home 7-3 62-0 60-6 0-18 0-18 0-11 0-11 
yd 12 Home 7-3 59-2 59-4 0-11 0-18 0-11 0-11 
“> 21 Home 14-3 56-7 72-5 0-05 0-18 0-05 0-11 
-_ 37 Home 8-7 65-4 64-3 0-18 0-18 0-11 0-11 
tg 47 Home 11-0 62-6 62-3 0-11 0-18 0-11 0-11 
“a 27 Home 3-7 59-0 56-2 0-18 0-18 0-11 0-11 
wn, ee 6 Home 24-8 64-3 63-7 0-00 0-11 0-00 0-05 
— 7 Home 15-5 59-0 58-6 0-00 0-11 0-05 0-11 
holds of one of the contrasted ships unsafe for an appre- | cent., however, the effect of four other bulkheads 


ciable portion of the assumed permeability range. In 
such cases the length of unsafe holds influences the 
comparison in a manner increasingly unfavourable to the 
“new scheme” ship, as the assumed length of damage 
is reduced, and the unsafe holds form thereby an 
increasingly large proportion of the total unsafe length. 
One instance—possibly a somewhat extreme case—may 
be furnished in illustration of this. In the series under 
discussion the “‘ odds on” for loss of the 440-ft. “‘ new 
scheme ”’ ship are 1-77 times those of the corresponding 
Convention ship with 10 per cent. damage. With 5 per 
cent. and 24 per cent. length of assumed, the 
ratios are 1-97 and 2-71 respectively. Fig. 2 (page 403) 
shows “‘odds on” for the series, assuming 5 per cent. 
damaged length. 

Up to this point it has been taken for granted that, 
whatever be the assumed permeability during any 
voyage, it is the same in every hold: it may now be of 
interest to compare a Convention and a “‘ new scheme ” 
ship, in which differences of permeability exist within 
the ships themselves. In the 440-ft. ships the “ odds 
on” for loss of either vessel, with cargo of 60 per cent. 
in every hold, are 1-0 to 1-0 with 10 per cent. damage, and 
0-33 to 1-0 with 5 per cent. damage. If, now, two holds, 
forming about 37 per cent. of the “ new scheme ” ship’s 
length, be assumed to have a permeability of 65 per cent. 
(this being compensated for by low permeability in the 
remaining holds, so that the average of 60 per cent. still 
holds good), the “odds on” for loss become 2-06 to 
1-0 (é.e., doubled) with 10 per cent. damage, and 1-1 
to 1-0 (#.e., more than trebled) with 5 per cent. damage. 
The Convention ship, being a safe ‘‘ one-compartment ” 
ship up to a permeability of nearly 80 per cent., her 
“odds on” for loss with the foregoing variations remain 
unaltered. 

The question of range of permeability has received 
attention, and Table I gives “odds on” for loss, at 
four permeability ranges, of three pairs of Convention 
and “new scheme ” ships, viz., those of 410 ft. 495 ft., 
and 570 ft. length. These lengths were selected as 
being typical of the ends and the middle of the series, 
and thus representing those portions of the series at which 
are found (1) the greatest superiority of the Convention 
system, (2) the greatest superiority of the “‘ new scheme,” 
and (3) no material difference between the two systems. 
In the first pair of ships it appears that the difference 
in favour of the Convention ship, although considerable 
in nearly every case, becomes decidedly less with 
increase of range. Between the permeabilities of 55 per 
cent. and 65 per cent. four bulkheads of the Convention 
ship are safe, but only two more become safe, one being 
so at a very low permeability. Further, between the 

rmeabilities of 72-8 cent. and 74-9 per cent. four 

olds, totalling 56-7 per cent. of the ship’s length, become 
unsafe, In the “ new scheme ” ship, on the other hand, 
all the main holds become e at relatively low 
permeabilities ; in addition, only one bulkhead (at fore 
end of machinery space) has practically any influence as 
a safe bulkhead between 55 cent. and 65 per cent.— 
hence the high “ odds on ” between these permeabilities. 
With the widening of the range to 20 per cent. and 30 per 


becoming safe is soon felt. 

In the case of the 495 ft. ships the Convention one has 
between 55 per cent. and 65 per cent., five unsafe 
bulkheads, and four of these subsequently become safe 
for a portion of the increased ranges. The “ new 
scheme ”’ vessel has four safe bulkheads between 55 per 
cent. and 65 per cent., but with increased range only one 
additional bulkhead becomes safe, and that at quite a 
low permeability. Co uently the Convention ship 
appears in a much more favourable light at the larger 
ranges of permeability. Between the results for the 
570-ft. ships no really marked difference is obtained at 
any range. 

Variations in Draught.—In his paper, ‘‘ Subdivision 
of Passenger Vessels,’’* discussed, together with that of 
Sir Westcott Abell, at the Liverpool Summer Meeting 
of this Institution, Mr. G. Webster included a table 
showing, among other things, the actual variations in 
draught and permeability recorded for a number of 
voyages, taken at random, of different vessels. The 
average reduction in draught was in the neighbourhood 
of 10 per cent. 

Two diagrams (Fig. 3 and Fig. 4, page 403), similar 
in style to Fig. 1 and Fig. 2 (page 403), have been 
prepared with a view to showing the effect of draught 
reduction on the relative safeties of the three systems 
of subdivision. Ten per cent. damage in each case is 
assumed. With 5 per cent. reduction the Convention 
system is seen on the whole to be safer than the “‘ new 
scheme,” and the Board of Trade “ alternative” safer 
than either. With 10 per cent. reduction both Board of 
Trade and “ new scheme ” are inferior to the Convention, 
the latter especially so. 

It occurred to the writer that it might be of interest 
to compare the three systems of subdivision in the light 
of the information contained in Table II of Mr. Webster’s 
paper, by assuming for three ships of a = length the 
same variations in draught and permeability. Seventeen 
examples are given in the table referred to, and two are 
omitted from the present comparison, viz., the first 
voyage of ship “‘ F ” (in which the summer draught was 
exceeded) and the voyage of ship ‘‘ H,” which is stated 
not to have been taken at random. For this purpose the 
480 ft. ships have been selected, and results are given 
in Table II. Only bulkheads require to be taken into 
account, as all are safe ‘‘one-compartment” ships 
under the assumed conditions. Only 5 per cent. damage 
was considered, consequently the “odds on” for loss 
are :— 


With one unsafe bulkhead 0-05 to l 
With two unsafe bulkheads 0-11 to 1 
With three unsafe bulkheads 0-18 to l 
With four unsafe bulkheads 0-25 to 1 


It will be seen that in no case does the “ new scheme ” 
ship show to advan The Board of Trade “ alter- 
native ” (nine bulkh ) is safest in seven cases, and in 
seven others is equally safe with the Convention ship, 


* See Trans, I.N.A., vol. xii, p. 234; 
July 16, 1920, p. 94. 
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which is safest in the remaining case. In eight cases the 
Convention ship is safer than the “new scheme ” ship, 


while in the remaining seven the systems appear equally 


safe. 

Close Subdivision at the Fore End.—A feature, which 
both the “new scheme” and the Board of Trade 
“alternative method ” have in common, is that of close 
subdivision at the fore end of the ship. The two fore- 
most holds are made much shorter than the normal 
length of main cargo compartment, this commencing 
at a length of 540 ft. in the former system and at 440 ft. 
in the latter. 

It seems worth while attempting to ascertain, if 
possible, the additional measure of safety which this 
specially close subdivision is likely to confer. In neither 
of the systems is the additional bulkhead (indicated by 
a dotted line in Fig. 5) required until it is assumed that a 
reasonably safe “two-compartment” standard has 
been established in way of the fore peak and the No. 1 
hold ; therefore the introduction of this bulkhead is not 
necessary to render the collision bulkhead safe. 

The only way by which a reduction in the “ odds on ” 
for loss may be effected is by the bulkhead at the fore 
end of No. 3 hold being made safe ; but this will probably 
necessitate a decided reduction in permeability on 
draught. In the “new scheme,” even with 570 ft. 
length of ship, 10 per cent. reduction in draught was 
needed for this b d to become safe at a 
permeability of 56-7 per cent. In the Board of Trade 
arrangement, with 5 per cent. reduction in draught, the 
bulkhead was safe in the 540 ft. ship at 57-4 per cent. 
permeability ; and, with draught reduced by 10 per 
cent., and a permeability of 55-8 per cent., this bulkhead 
was safe in the 495-ft. ship. Then, again, the very 
shortness of the two foremost holds (they may each, by 
rule, be no more than 74 per cent. of the ship’s length) 
renders the destruction of the added bulkhead by no 
means unlikely. With 5 per cent. damage, for instance, 
the “‘odds on” for loss of this bulkhead would be as 
high as 2 to 1 in the case of holds 7} per cent. long. 

oubtless instances can be given in which the extra 
bulkhead would—as almost any extra bulkhead might— 
make all the difference between survival and loss (e.g., 
maximum draught forward and aft combined with 
unusually high permeability in the fore holds); but 
the “alternative method ” aims at providing only “ an 
equivalent measure of safety of ship as a whole,” and the 
writer has felt warranted in adding to Table II results 
for a fourth method of subdivision, viz., Board of 
Trade “ alternative” with the extra bulkhead omitted, 
as in ships below 440 ft. length. The following table 
gives the lengths (as percentages) of the various com- 
partments in the 480-ft. ships considered :— 

















SHIP. 
Board of Trade 
“ Alternative.” 
Compartment. 
Con- “ New 
vention. | Scheme.” With Without 
Close Sub- | Close Sub- 
division division 
Forward. | Forward. 
Fore peak oe 5-00 5-00 5-00 5-00 
Hold... --| 14-50 16-85 8-70 16-10 
Hold 11-50 17-05 8-70 16-60 
Hold... -»| 14-90 _ 16-50 _ 
Reserve bunker — 7-00 7-00 8-20 
Machinery space 14-45 14°45 14-45 14-45 
Hold (or deep 
tank) ‘ 11-30 19-00 7°00 7-00 
Hold 11-05 15-65 15°15 15-15 
Hold... 12-30 — 12-50 12-50 
After peak 5-00 5-00 5-00 5-00 








The results as between the Convention and the Board of 
Trade may be summarised thus :— 


Board of Trade “ Alternative Method.” 





With Close Subdivision 
Forward. 


Without Close Subdivision 
Forward. 





Convention safest on 1 voyage. 


Convention safest on 4 voyages 
Board of Trade safest on 7 


Board of Trade safest on 7 


voyages. voyages. 
Systems equally safe on 7 Systems equally safe on 4 
voyages. voyages. 








And in the 15 voyages the total numbers of unsafe 
bulkheads are :— 


Convention shi ns 32 
“New scheme ”’ ship ose ass 44 
Board of Trade “ alternative ” shi 25 


Board of Trade “alternative” ship, “without 30 
close subdivision forward. 


Conclusions.—Various inferences may be drawn from 
the foregoing investigation, but the main conclusions 
arrived at by the writer are :— 


(1) That, having regard to reasonable variations in 
permeability, draught and length of damage, the Con- 
vention (or factorial) system of subdivision is, as a whole, 
distinctly safer than the “ new scheme” of Sir Westcott 
Abell; and 

(2) That the close subdivision in the foremost holds, 
required by the Board of Trade’s “ alternative method,” 


could justifiably be omitted in vessels under, say, 500 ft. 
length. 





SOME EXPERIMENTS ON TALLOWS USED 


FOR LAUNCHING SHIPS.* 
By J. J. Kuye-Saurer. 

Ir might be thought that the physical properties of 
tallows, especially when used for lie i ship 
(remembering what a very important part is taken by 
the tallow in this operation), would have been fully 
investigated and described either in works on shipbuilding 
or in papers, but, so far as I have been able to discover, 
no one dealt with this subject at any length. Prac- 
tically the only information that could be found about 
tallows being in relation to their employment in the 
industries of candle and soap manufacture. In England 
a high temperature is the exception rather than the rule, 
and shipbuilders have at their disposal firms who are 
able to supply tallow compounds to meet the prevailing 
conditions. Possibly this fact may have made it un- 
n to go into the question of what loads a given 
tallow will support under varying temperatures. In 
Australia, however, it was not possible to obtain locally 
any tallow compounds, but only pure tallows, and as 
the suppliers of these tallows had no knowledge as to 
their properties for launching purposes, and as tempera- 
tures ran high, it appeared that the best thing to do was 
to make an investigation into these properties. This 
paper sets forth the results of the experiments that were 
made. 

The experiments here recorded were made with 
natural tallows, except in one instance, when an addition 
of pure commercial stearine was made. Unfortunately 
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the latter softness. The quality depends a good deal 
ye the part of the onimal from which the fat is taken, 

e condition of the animal, and the time of the year at 
which it is killed. High-grade tallows are obtained 
from certain portions only of the animals such as the 
kidneys, gall, &c., the lower grades from other parte, 
such as the offal, &. In the trade, which supplies 
tallows chiefly to candle and soap-makers, the quality 
and the sale price is—in Australia at any ra verned 
by what is called the “titre” (pronounced “ teater” 
as in heater), The titre is the temperature at which the 
given tallow soldifies after being melted. It is not 
obtained directly from the tallow as it stands, but after 
the tallow has been put through a chemical process ; 
the compound resulting therefrom is then very 
carefully for the titre point. The process of determining 
the titre point is described in the Appendix, and from 
the table given therein it will be seen that the percentage 
of stearic acid practically governs the titre point. This 
titre varies from about 40 deg. 0. to 50 deg. C., and it 
will be noticed that the range is within very narrow 
limits, and I was informed by a ialist in the produc- 
tion of tallows that the “titre’’ was the basis of the 
quality of a tallow, and that a tallow with a high titre 
was the hardest and best. 

The following questions were, therefore, the ones I 
set out to try and determine :-— 

(1) Would the titre of a given tallow be a sufficient 
test or guide as to the quality of a tallow for launching 


urposes f 
(2) How do the a properties of a tallow 
vary with temperature titre ? 


Hardness 
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time did not permit of more extended tests. Firms 
who make a speciality in this country of supplying 
launching tallows probably supply an article which is 
compounded with other things, such as, possibly, stearine 
and/or paraffin wax, which compounds will sustain 
considerable loads even it is stated, up to 7 tons per 
square foot at temperature of about 80 deg. F. No 
natural tallow will according to the experiments recorded 
here, sustain any such load at such a temperature. 

I think it may be stated that the desired condition in 
launching is to have a layer of tallow on the standing 
ways and a thinner layer in the sliding ways, with a 
lubricant between such that the two layers of tallow 
will be sufficiently firm to stand up to the load on them 
and form sliding surfaces with the attendant lubricant, 
and not that the tallows should be the main launching 
lubricant, so that the ideal launch would be one where 
the tallow surfaces remained intact whilst the weight of 
the ship was passing over them. As evidence that such 
an ideal is not an impractical one, it may be stated that 
I realised such a condition on one occasion and partially 
on several others. On the occasion when this condition 
was realised (which was with a vessel of a launching 
weight of about 2,300 tons) the vessel glided down the 
ways, leaving the surface of the tallow absolutely intact 
until the vessel lifted. It may hardly be n to 
add that this launch was a most highly satisfactory one 
in every way. For the purpose of such an ideal it would 
appear that the tallow should be able to :—(a) Uphold 
the load, (b) have a firm consistency, (c) stick well to 
the ways, (d) remain intact, i.e., not crack. And con- 
sideration has also to be given to the quality and quan- 
tity of the lubricant between the ways, as these have a 
highly important ing on the whole question. It 
will be shown that (a) and (6) are more or less co-related, 
as also are (c) and (d). 

Tallow in its natural state is a fat obtained from the 
carcases of various animals, the best known being beef, 
mutton and bear. It has a complex chemical composi- 
tion, composed chiefly of stearic and oleic acids with 
small quantities of other organic acids, includi 
glycerine, the stearic acid imparting its hard properties, 





* Paper read at the Institution of Naval Architects, 
March 18, 1921, 





(3) In what way are the tallows affected by the source 
of supply; in other words, is the animal from which 
the tallow is obtained a matter of importance ? 

Samples of beef and mutton tallows were obtained. 
The titres were carefully determined, as described in 
the Appendix. Compression tests were then made on 
each quality at varying temperatures, and the results 
obtained have been plotted as shown in Fig. 1, above. 
Before starting the experiments one of the first points 
to be determined was the size and kind of test block to 
be used. Experiments were made with square blocks, 
4 in. thick, varying in size from 1} in. square to 9 in. 
square, this last size being the largest the testing machine 
available would take. It was found that any size of 
block within the range given gave practically the same 
test load per square foot at any given temperature. It 
was doi, however, to use the larger size, as being 
more likely to give the most reliable results, and as it 
was desired to simulate the launching conditions as 
much as peste, the test blocks were made into moulds, 
as near 9 in. square as possible, and the bases of the 
moulds were blocks of teak wood 1 in. thick. The 
top of the tallow was then cleaned off as dead level as 
possible and to a uniform thickness of } in. It was found 
that, in order to ensure, as far as possible, uniformity 
in the tests (three pairs of blocks being. sleogs used at 
any given temperature) care in the levelli of the 
surface of the ae was most essential, also that fresh 
tallow should be used for each test. Pouring the melted 
tallow into the moulds was found to be the best _pre- 
ventative against cracking and non-adherence, Even 
then somewhat divergent and inconsistent results were 
often obtained, which it was difficult to account for, but, 
as a result of many tests, it has been possible to plot 
curves upon which fair reliance can be p! \° 

Varying temperatures below that of the atmosphere 
were obtained by placing the test blocks in an ice chest, 
great care being taken to soak the blocks thoroughly 
at each temperature and to read the temperatures 
correctly. Unfortunately, means were not available for 
producing a very low temperature. It was seen, even 
in the early stages of the experiment, that tallows with 
the higher titre were able to stand up to higher load at 
any given tem’ ture; but, owing to the extremely 
limited range of the titre points and the cumbersomeness 
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of the process for obtaining these points, and also the 
difteulty of obtaining them y, it was 
lt that some readier means of determining the value of 
@ tallow for the purpose of sustaining a load was desirable. 
After considering various thods, I decided to make 
tests of ing the impression made on the surface 
of the tallow by driving steel ball into the tallow with 
a known force. Eventually a § in. diameter steel ball 
was selected as a convenient size, and the force used was 
that due to a weight of } lb. falling on the ball from a 
height ef 6 in, 1t was found that after the ball was 
struck it could not .be lifted off the tallow without 
disturbing the imp ion, so were devised of 
measuring the extent the ball had been driven into the 
tallow whilst the ball remained in the tallow, and, as a 
result, the simple instrument, combining the falling 
weight and the measuring device illustrated and described 
in Fig. 2 (see Appendix), was evolved. The scale and 
vernier measure the depth of the impression to y,y5 in., 
and it is marked off so that 100 on the scale is equal to 
ro in. actual sinkage of the ball into the tallow. 

Readings were taken with this ‘‘ hardness tester” 
on each tallow block before being tested under com- 
pression and the results obtained were most pleasingly 
consistent and uniform. These are recorded on the 
eurves of Fig. 1 as ‘‘ hardness factors.” It will be 
noticed that a hardness factor of zero indicates a hardness 
of infinity, and, therefore, the higher the hardness factor 
the softer the tallow. ‘The full lines of curves of Fig. 1 
show the results as obtained from the experiments. The 
dotted portions will be referred to later. Experiments 
were made with (1) mutton tallow (2) beef, (3) a low- 
grade beef, (4) mixture of (2) and (3), and also (5) a 
mixture of mutton and pure commercial stearine. 
From the temperature compression curves given in 
Fig. 1 it is seen in what way the titre values of different 
tallows affect their load-carrying properties. 

The answer to question (1) can now be given. It is 
that the titre is undoubtedly a true indication of the 
value of a tallow for the purposes herein under discussion, 
but that, owing to the difficulties attendant on its deter- 
mination, it is not for general purposes a convenient 
test. Turning to the temperature-hardness factor 
curves, it is seen how the tallows of different titre have 
distinct and markedly different hardness factor values, 
and that these values vary uniformly with each class 
of tallow and degree of titre. In view of the consistent 
results obtained with the hardness tester and the marked 
differences in value for each of the different qualities of 
tallow tested, I am confident in my own mind that the 
hardness test supplies a simple and ready means of 
determining the load-carrying values of any natural 
tallow and even of those compounded with stearine, 
and that it is a quite practical and reliable working 
method or test. 

The curves given on Fig. 1 supply the answer to ques- 
tion (2). The hardness tester can be applied to an un- 
known tallow and by interpolation Aare the curves 
given a very close idea can be obtained as to the quality 
of the tallow both as regards its load-sustaining powers 
and its titre value. All that is nec it to do is to 
take a sample of the tallow, melt it and cast it into a 
block 4 in. thick, level it, read the temperature carefully, 
and take two, three or more hardness readings and, 
then refer to the curves. By the use of the hardness 
tester the necessity for direct load tests on a large scale 
can, it is considered, be eliminated. From the curves 
also, knowing the compression value at any given tem- 
perature, it can be seen what loads the same tallow can 
stand up to at other temperatures. As an example 
of the use of the curves, as obtained experimentally, 
suppose at 50 deg. F. a certain tallow, when tested, 
gives a hardness factor of 60. Reading up the scale, 
the hardness factor point intersects the 50 deg. tempera- 
ture line at A. This point is seen to lie between the 
hardness factor curves for the beef of titre 45-1 deg. C. 
and the beef mixture of titre 43-25 deg. C. The tallow 
under test is, therefore, of some quality between these 
two. By interpolation between the compression curves 
for these two qualities it can be seen at point B that the 
tallow will sustain a load of about 5 tons at 50 deg. F. 
and, by following up an imaginary compression curve 
to the titre points, that its titre is about 111-5 deg. F. 
(44-1 deg. C.). Also by interpolating load and hardness 
curves between the known curves, it will be possible to 
ascertain very approximately what the given tallow 
can do at other temperatures. 

Asa result of these experiments the method of obtaining 
the right quality of tallow for a launch would be as 
follows :—Ascertain the probable temperature at which 
the launch will take place. From the curves at that 
temperature find between what limits loads per square 
foot are —— and, in conjunction with the size of 
ways available or possible, determine the suitable load per 
square foot, allowing a due margin for safety, and then 
from the curves ascertain the titre co onding to the 

uality of tallow decided upon and order the tallow from 
the makers to be of that titre. On receipt check the 
quality of the tallow by determining its ‘hardness 
factor.” It appeared during thé course of these tests 
that the firmness of the tallow and its load-supporting 
properties were co-related, i.e. that its firmness was a 
sure index to the latter. Before passing to consider 
(c) and (d), the following are a few deductions which 
can be drawn from the curves of Fig. 1 and the table 

iven in the Appendix. The higher the titre value the 
igher is the percentage of stearine (or stearic acid),and 
that the load-sustaining values are chiefly dependent 
upon the stearic acid contents. This point is strongly 
indicated when the mutton and mutton stearine mixture 











are vey rape ; but there is a limit beyond which stearine 
cannot added, as it was found that a mixture of 
mutton 70 


per cent. and stearine 30 per cent. was so 
brittle and unreliable that no satisfactory tests could 
be made with it. 





Mutton tallow has the same general characteristics 


as beef, but at the higher tem tures its load-sustaining 
properties decrease less rapidly than beef. Note how 
the hardness factor curve rises more steeply than that 
of beef, whereas, at the lower temperatures, although 
owing to its higher titre, it will carry a greater load, 
it does not otherwise differ greatly from beef. The 
eurves for the mixture of two grades of beef fall very 
approximately, according to their relative compositions, 
proportionately between the grades from which the 
mixture was obtained, indicating that a tallow whose 
hardness factor falls intermediate between the given 
curves will have intermediate values (depending upon 
the position of the hardness factor) saetine to the 
ini It will be seen that the natural 
tallows are quite capable at moderate temperatures of 
supplying lows for launching purposes without the 
necessity of compounding them with other substances, 
and other tests showed that the natural tallows were 
less liable to failure by cracking or non-adhesion, also 
that it was inadvisable to use a tallow of a higher titre 
than that sufficient to carry the proposed loads at the 

uired temperature with a reasonable margin for 
safety. What effect an admixture of wax 
would have cannot be stated, as no tests with this sub- 
stance were made. It may be noted that paraffin wax 
has a melting-point of 52-6 deg. C (126-7 deg. F.), so 
that probably it would have a not inconsiderable harden- 
ing effect for use at temperatures above 80 deg. F. 

As regards question (3): It is seen from the above that 
mutton and beef tallows have the same general charac- 
teristics, but that a high-grade mutton has a higher 
stearic acid content than a high-grade beef, and is, 
therefore, able to stand heavier —. at a higher tem- 
perature than beef. Samples of bear, or, as it is more 
ordinarily called, Russian tallow, were not available. 
nor did time permit of tests of beef with added stearine, 
As regards the dotted portion of the curves, taking the 
comparison curves above the recorded results, it is 
fairly obvious that at the titre points the compression 
values must be zero, so that, in extending the curves 
dotted, as shown, up to these points, these dotted portions 
cannot be very far from what they must be, as the 
tallow passes from the solid to the liquid by gradual 
stages. As regards the hardness curves above the 
recorded points, as the temperature rises towards the 
titre point the hardness factors must increase rapidly 
near the titre points, as at these points the tallow passes 
to the liquid state. Accordingly, the dotted portions 
have been plotted as the probable trend of these curves. 
Further assistance can be given in this direction by 
combining the two curves, of compression and hardness 
against temperature, into one curve of compression against 
hardness. Then, by working one set of curves in with 
the other a very fair approximation to the probable trend 
of these curves can be obtained. The curves at the 
lower temperatures have been treated in the same way, 
on the assumption that there is no sudden physical 
change in the tallows at these lower temperatures, and 
that, as the temperature falls, at no time can the hardness 
factor be zero. It is not claimed that these dotted 
portions are correct, but only that they are an intelligent 
anticipation. 

Turning now to the cracking and adhering questions 
[(c) and (d) above], quite a considerable number of 
experiments were made on a large scale, viz., with 
standing ways 1 ft. wide and about 20 ft. long and a 
sliding portion 8 ft. long, loaded with pig ballast to give 
the load per square foot required, to investigate the 
reasons of cracking and non-adhering, and, incidentally 
to test lubricants, but no absolutely satisfactory con- 
clusion was arrived at. As regards cracking and adher- 
ence, on one day the same tallow would stick well and 
not crack, and on another it would crack badly and 
come off the ways in large slabs. Melted tallow on 
cooling contracts, and this is one cause of the tendency 
with large surfaces to cracking. Applications were made 
by laying the tallow on in layers with mops, and when 
liquid by pouring it on. Laying it on im layers was 
quite unsatisfactory, as the layers separated. With 
mops it was considerably better; but the best results 
were obtained when poured from the liquid state and 
allowed to cool. But the pouring method was difficult 
to apply on the sloping ways, so that dripping it on 
from mops was the general method used. Great care 
should be taken in heating the tallow not to burn it. 
During the trials one surface of tallow, which consisted 
of 70 per cent. of a proprietary tallow and 30 per cent. of 
beef, was used for sliding tests four times in succession, 
and it still remained intact. On other occasions other 
samples would plough badly, owing chiefly to not adher- 
ing. Different kinds of wood were tried for the standing 
ways—Oregon teak and Australia hardwoods—but no 
difference could be detected. Cold winds appeared to 
cause cracking more than anything else. 

One conclusion was arrived at, viz., that it is not 
advisable to attempt to use the same tallow for two 
successive launches, as, after recovering the tallow and 
purifying and remelting it seemed to lose its nature 
and to become brittle and crumbly. This recovered 
tallow was used again on one occasion, and, although it 
appeared to be all right wpe yet on the day of 
the launch the vessel hung for half an hour, and when it 
did eventually start it was only by the complete shearing 
or breaking up of the tallow surfaces. Whilst the 
sliding tests were being made, standing or static tests 
were also carried out to test the load-carrying capacity 
of the tallows and the quality of the lubricants. These 
tests were made on surfaces about 12 in. wide by 3 ft. 6 in. 
long. The piece representing the general ways had 
} in. of tallow laid on, in different ways as described 

or the sliding tests, and on that representing the sliding 
way the tallow was } in. thick. Both these surfaces 
were nicely levelled and different lubricants applied 
between the two surfaces before loading. The load was 


adjoining curves. 





left on for such a — as my occurs ey ys ™ 
setting of a shi the launching—about to 20 
hours. tt these stood up to the load satisfactorily the 
top slide was then taken off by slewing it sideways to 
simulate sliding, and the value or effectiveness of the 
lubricant was ascertained. 

Quite a number of tests of this character were made, 
and the facts that stood out most prominently were :— 

(1) The general tendency for all the lubricants to be 
squeezed out. 

(2) The t difficulty of finding a lubricant which 
would not let the surfaces of the tallow amalgamate. 

(3) The general tendency for the surfaces to amal- 
gamate. 

When they had been nicely levelled it was found that 
but little lubricant remained on separation, the greater 

rtion having been squeezed out. Most lubricants 

itherto used, such as slurry, fish-oil and soft soap, have 
a@ tendency to act upon the tallow surfaces and soften 
thus causing amalgamation. In every test made with 
soft soap, slurry and oil together, bad amalgamation 
of the surfaces occurred, but much less so with no slurry 
or oil, but with soft soap by itself only if it was smeared 
evenly over the surfaces, but if put on in dabs by itself 
the result was not so good, and amalgamation occurred 
in patches. On the actual standing ways of a ship it 
is possible to obtain a very fairly level surface, but it is 
not so with the sliding ways without a great deal of extra 
work, so that the two surfaces do not bear evenly when 
laid together, causing points of concentrated load and 
thereby a great tendency to amalgamation. 

The desirability of finding a lubricant that had no 
affinity with tallow became apparent. It appears that 

troleum greases are the most likely to afford a satis- 
Tooter solution, and trials were made with a petroleum 
compound called “ Vaxel.” This appeared to ive such 
satisfactory results that it was then thought that this 
compound fully met the case, and in the instance referred 
to above this compound was used and no other; but 
in subsequent tests it did not show up so well, as it 
broke up, the soapy base separating from the mineral 
oil, as it is a mechanical mixture and not a chemical 
compound. Subsequent tests of this compound mixed 
with soft soap in equal parts boiled together gave the 
most satisfactory results. 

“* Vaxel ” is a lime-resin oil soap softened with mineral 
oil. It does not begin to become soft till a temperature 
of 135 deg. F. is reached, and it does not saponify with 
water and has no affinity for the tallow. It will be 
admitted that amalgamation of the tallow surfaces is 
the worst thing that could happen and the one thing to 
avoid. The time the load remained on in this static 
test also appeared to have an influence. There was 
more amalgamation the longer the load stood, as might 
naturally be inferred. On subsequent ships the Vaxel- 
soap mixture was used and nothing else with most satis- 
factory results. It was applied evenly to both standing 
and sliding ways. These launches more nearly approxi- 
mated the ideal aimed at as the tallow remained on the 
ways practically intact for a considerable portion of 
their length. Shipbuilders have expressed opinions 
that the old customs that have so long prevailed and 

roved successful on so many occasions are not to be 
Fightly ut aside. It is well known that occasions have 
oce when vessels have refused to start, and even 
after starting have stopped. In the former cases I 
would venture to suggest that these failures have heen 
possibly due to improper lubricants causing amalgama- 
tion of the two surfaces of the tallow. 

The experiments referred to above indicate that 
amalgamation is very likely to occur with unsuitable 
lubricants, and so convinced have I become that some of 
these lubricants more than tend to effect that amalga- 
mation, that in all the launches of vessels, of about 
2,500 tons launching weight and under, with which I 
have had to deal, lubricants of the mineral grease order 
have been used in preference with entirely satisfactory 
results, the tallow surfaces having acted more as sliding 
surfaces and not as lubricants. Finally, the mineral 
greases are much less costly than soft soap, slurry and 
oil, as a very much less quantity is required. In a par- 
ticular case the former would have cost 50/., whereas the 
latter only cost 191. 

In conclusion, I may state that no attempt has been 
made to investigate the effect of compounding tallow 
with other substances other than the one quoted, viz., 
stearine ; but it may be mentioned that boiling a natural 
tallow for four hours will harden it to the extent that 
at about 73 deg. F. the hardness factor will decrease 
from 101 to 71. From the curves of compression at 
that temperature it will be seen, however, that its load- 
carrying power is not so very greatly increased. 





APPENDIX. 
MeEttinc (or Soxipiryina) Pornt or THE Farry ACIDS, 
Commonty Known AS THE TITRE. 

In Dalican’s work (‘‘ Moniteur Scientifique,” Paris, 
1868) minute instructions are given for testing the value 
of tallow, oils, &c., for candle-making and soap-boiling. 
It is stated that this method has been adopted as a 
standard by the tallow-melters, brokers and candle 
manufacturers of Paris, and it is claimed for it that it 
gives absolutely concordant and reliable results. The 
following is a summary of the process : (See next page). 

In an enamelled basin of at least 1 litre capacity, 
50 grm. of the tallow (or oil) is heated till it begins to 
give off vapour (about 392 deg F. [200 deg. C.]). Whilst 
this is heating, a mixture is made of 40 c.c. of pure caustic 
soda solution at 65 deg. Tw. (354 deg. B.), and 30 c.c. 
of alcohol, 40 deg. Cartier, 95 deg. to 96 deg. Gay-Lussac 
(sp. gr. 0-815). This mixture is added gradually to 
the hot tallow, the whole being well stirred, until a solid 
mass is formed ; 1 litre of water is added and the whole 
is boiled for 45 minutes. The soap solution is then 
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decomposed by the addition of 60 c.c. of sulphuric 
acid at 41 deg. Tw. (244 deg. B.), and the whole is boiled 
until the fatty acids are perfectly limpid and free from 
clots. 
To orm the “ titration,” which consists in a very 
ro determination of the melting-point, a glass tube, 
10 ec. to 12 c. long and 1} c. to 2 ¢. wide, is filled two- 
thirds full with the fatty acids, melted at as low a tem- 
perature as possible, and the tube is nded in a 
flask by a perforated cork. The bulb of a delicate ther- 
mometer, whose stem is divided into fifths of a d 
C., is placed in the centre of the mass of fatty acids, the 
thermometer being suspended for convenience of manipu- 
lation and observation. When the fatty acids begin to 
erystallise a rotary movement, thrice to the right and 














Percentage of | Percentage of 
Deg. C Deg. C 

Stearic Oleic Stearic Oleic 

Acid. Acid. Acid Acid. 
40-0 35-15 59-85 45°5 52-25 42-75 
40°5 36-30 58-70 46-0 53-90 41-10 
41-0 37-60 57-40 46°5 55°85 39-15 
41-5 39-10 55-90 47-0 58-00 37-00 
42-0 40-70 54-30 47-5 60-50 34-50 
42-5 42-30 52-70 48-0 63-00 32-00 
43-0 44-00 51-00 48-5 65-90 29-10 
43-5 45-60 49-40 49-0 69-00 26-00 
44-0 47-20 47-80 49-5 72-10 22-00 
44°5 48-80 46-20 50-0 75-05 19-95 

45-0 50-40 44-60 —_ _ — 























thrice to the left, is given to the thermometer, During 
this operation the thermometer falls slightly and then 
rises again to a point at which it remains stationary for 
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at least two minutes. This is the degree which is 
accepted as the “titre” of the tallow, and is sometimes 
called the melting-point, but is really the point of solidi- 
fication of the fatty acids. 

From the titration so obtained the percentages of 
stearic and oleic acid in the original tallow may be 
deduced from the preceding table, constructed syn- 
thetically by Dalican, from so-called pure stearic acid, 
and oleic acid perfectly freed from stearic, palmitic and 
other hard, fatty acids. In the table 1 per cent. is 
allowed for loss of water and impurities and 4 per cent. 
for loss by glycerine, contained in the original tallow. 
It is scarcely necessary to add that, if the orignal fat 
be accurately weighed, the operations carefully conducted 
and the fatty acids (freed from water by exposure to at 
least 248 deg. F. [120 deg. C.]) be then weighed, it will 
be seen at once wheter the original tallow contained any 
undue impurity or fraudulent admixture ; 50 grm. pure 
tallow should give 47-5 grm. fatty acids. For various 
other commercial tests Dalican’s book may be consulted 
with advantage. 

INSTRUMENT FOR DETERMINING THE 

The “hardness £ — e the 

e “* ess factor” m measuring 
depth a steel ball is driven into the tallow by a falling 
weight. The instrument illustrated in Fig. 2 combines 
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the steel ball, the falling weight, and the means for 
measuring the depth the steel ball has been driven into 
the tallow by the weight. It is used as follows :—The 
surface of the tallow is levelled, the steel ball is laid on 
the tallow and the instrument placed over it, the weight 
A having been first raised to the top of the column B 
and held there by the clip C, and the lever D, with its 
vernier, pushed to the extreme left. Having placed the 
instrument over the ball, and before dropping the 
weight, the lever D is pushed over to the right till the 
point of the E of the small lever is felt to touch the 
collar F of the piston or rod G, which rests on the top 
of the ball, and a zero reading is then taken. The 
weight A is then released and falls on the rod G and not 
directly on the ball. The instrument is held firmly the 
whole time and its position carefully maintained after 
the weight has fallen, the lever D is then pushed over to 
the left till the point E is again felt to touch the collar 
F. The amount of this movement gives the depth the 
ball has been driven into the tallow, and thereby from 
the scale H the “‘ hardness factor.” The scale is marked 
off so that ,, in. actual sinkage of the ball reads as 100, 
and by the vernier actual sinkage of ball is measured to 
revs in. The steel ball is § in. diameter, the weight is 
 lb., and fall of the weight 6 in. 





NOTES ON DEFLECTIONS OF BULKHEADS 
AND OF SHIPS.* 
By A. M. Ross. 
DEFLECTIONS OF BULKHEADS. 


THE application of the theory of beams to the investi- 
gation of the problem of bulkhead stiffening involves, at 
the outset, the determination of two unknown quantities, 
namely, the degree of constraint exercised upon the 
stiffeners by their end attachments and the extent of 
the strip of plating which acts in association with each 
stiffener. The first of these unknowns governs the 
calculation of the bending moment acting on a stiffener ; 
the second governs the calculation of the resisting moment 
of the stiffener. On the assumption that the beam theory 
applies, the effect of varying the two unknown quantities 
is shown by Figs. 19 and 20, page 410. The curves in 
Fig. 19 represent the deflections of a bulkhead stiffener 
under a given load, but subject to varying degrees of 
constraint. The moment of inertia is assumed to be 
the same at all the degrees of constraint. The curves 
in Fig. 20 represent the deflections of the same stiffener 
under the same load; but for the varying degrees of 
constraint the moment of inertia is adjusted, by including 
different amounts of plating, so that the maximum 
deflection is constant. The test of the application of 
the theory is made by comparing curves such as are 
shown in Fig. 20 with actual deflection curves and by 
consideration of the corresponding calculated stresses. 

The deflection curves obtained experimentally by 
the Bulkhead Committee (1915) have been brought 
under review from the standpoint indicated in the 
foregoing paragraph. Deflection curves have been 
calculated for varying degrees of constraint and for 
moments of inertia varied by including different widths 
of plating. A complete specimen calculation is given 
in the appendix (not reproduced.—Ed. E.); only the 
essential matters are here treated. 

Consider the hold stiffeners under a 26 ft. total head 
of water above base. The bending moments acting on 
a stiffener subject to varying degrees of constraint were 
calculated and the results plotted as shown in Fig. 17, 
pa 410. The variation in degree of constraint is 
indicated by variation in position of base line. For 
each bending moment curve the corresponding deflection 
curve was obtained. The next stage was the calculation 
of the value of moment of inertia of each stiffener with 
varying widths of plating. The results of the calculation 
are shown in Fig. 18. The effect on the value of y the 
distance from the neutral axis to the extreme fibre of 
the stiffener, of including varying widths of plating, is 
also shown in Fig. 18, page 410. For each bending 
moment curve, that is, for each degree of constraint on 
the stiffener, there is one value of the moment of inertia 
of the stiffener which corresponds to the observed maxi- 
mum deflection, and for each moment of inertia the 
corresponding effective width of plating and value of y 
can be obtained from Fig. 18. Knowing the corresponding 
values of the bending moment, the moment of inertia, 
and y, the corresponding stress at the extreme fibre 
can be calculated. In Fig. 6, page 408, the various 
values obtained in this manner are shown plotted in 
relation to the degree of constraint. It should be noted 
that the width of plating is expressed in multiples of 
the thickness. The next stage in the investigation was 
the comparing of the actual deflection curves with the 
calculated curves. In Fig. 5, page 408, the actual curves 
for four types of stiffeners and the calculated curves for 
60 per cent. constraint are compared, and it can be seen 
that the discrepancies are not wide. : 

Comparisons of the kind indicated, for various heads 
of water, have been made for the hold and upper ’tween 
deck stiffeners of the Board of Trade bulkhead and for 
the stiffeners of bulkhead constructed for the Hogg-Carr 
Company in accordance with the recommendations of 
the B ead Committee. In addition, curves of 
stress on the stiffeners and of effective widths of plating 
have been plotted. Consider, in the first place—Fig. 1, 
page 408—the deflection curves for the upper ’tween 
deck stiffeners under a head of water to the top of the 
bulkhead. It is seen that, for the angle stiffeners, the 
calculated deflection curves on the assumption of 60 
per cent. constraint, agree fairly well with the actual 
curves. For the flanged plate stiffener the agreement, 





* Paper read before the Institution of Naval Architects, 
March 18, 1921. 





though not perfect, is so close that the calculated curve 
could not be distinguished from the actual curve. In 
Fig. 2, page 408, are shown the curves of stress and of 
widths of plating. It must be remembered that at any 
degree of constraint within the range of the curves 
there is, for each stiffener, a value of the stress and an 
associated effective width of plating which, along with 
the bending moment proper to that degree of constraint, 
give the actual maximum deflection, and so, on the 
criterion of maximum deflection, there is a wide range of 
available assumptions. For example, for the flan 
plate stiffener the assumption of 20 per cent. constraint, 
@ width of plating equal to about 78 times its thickness, 
and a stress of 4-5 tons per inch, result in a deflection 
of 0-19 in., as was actually observed. On the other 
hand, the same deflection can be obtained on the assump- 
tion of 60 per cent. constraint, a width of plating equal 
to about three times its thickness, and a stress of 4 tons 
per inch. But the close correspondence between the 
actual curves and the calculated curves for 60 per cent, 
constraint narrows the range of available assumptions 
down to the figures corresponding to about 60 per cent. 
constraint. 

Fig. 3, page 408, shows the actual and calculated 
deflection curves for the upper ‘tween deck stiffeners 
under a 37-2 ft. head of water above bottom of bulk- 
head. The calculated curves are for 60 per cent. con- 
straint and 80 per cent. constraint. It is evident that 
the actual and calculated curves are not in ent, 
and the discrepancy is emphasised by the ts shown 
in Fig. 4, page 408. It was only possible to get one spot 
for each of the curves of stress and width of plating, and 
the spots all correspond to perfect freedom at the ends. 

The results shown in Figs. 3 and 4 seem to indicate the 
existence of direct tension in the stiffeners and plating. 
For, if there be direct tension in addition to bending 
there must be a component deflection due to the tension 
superposed upon a comp t deflection due to bending. 
If now the ny. oqo for the first-named component 
be laid upon the bending moment, as has been done in 
the calculations whose results are embodied in Figs. 3 
and 4, the effect is equivalent to assuming an increase 
in the bending moment or/and assuming a decrease in 
the moment of inertia of the stiffener. The fact that, 
in Fig. 4, stress figures can be obtained only for zero 
constraint is in harmony with the idea of an inc 
bending moment, and the reduced effective widths of 
plating, as compared with the results shown in Fig. 2, 
is in harmony with the idea of a reduced moment of 
inertia. The existence of direct tension is indicated 
also by a point raised in the discussion of Mr. Foster 
King’s paper (‘Strength of Watertight Bulkheads,” 
Transactions, 1916)* presenting the results which are 
now under review. It was pointed out that attempts 
to determine, by strain meters, the position of the neutral 
axis of stiffener plus effective width of plating indicated 
a steady movement of the neutral axis towards the 
plating. It was suggested that this movement of the 
neutral axis could be explained by a steady increase in 
the effective width of plating ; but it can explained 
also by the superposition of direct tension upon the 
bending stress. ‘ 

The results for the hold stiffeners of the Board of 
Trade bulkhead and for the stiffeners of the bulkhead 
constructed for the Hogg-Carr Company are consistent 
with the results for the upper "tween deck stiffeners (see 
Figs. 5to 16). It should be noted that, as a matter 
of convenience, the deflection curves have in these all 
been drawn to the same length of base. From these 
diagrams it is seen that at moderate heads of water there 
is fair agreement between the actual deflection curves 
and the calculated curves on the assumption of about 
60 per cent. constraint, that the corresponding stresses 
are reasonable, and that a moderate width of plating 
acts in asoociation with each stiffener. As the head of 
water is increased the calculated effective width of 

lating decreases, indicating, if the argument in the 

oregoing paragraph is sound, the increasing effect of 
direct tension. 

To sum up, it is a reasonable general conclusion that 
the beam theory does apply to the case of a bulkhead 
stiffener, subject to the assumption of about 60 per cent. 
constraint at the ends, a stress of about 8 tons inch, 
and an effective width of plating equal to about 25 times 
its thickness. It is oats noting that the 60 per cent. 
constraint corresponds to a bending moment expressed 
W xl. 








by about It is worth noting also that, as shown 
by Fig. 20, page 410, it is possible to vary the de of 
constraint tween 60 per cent. and zero without 
seriously affecting the form of the deflection curve, but, 
of course, variation in degree of constraint must be 
accompanied by variation in effective width of plating 
and, to a less de , of stress. 

The curves show that the deep lugged stiffeners 
are more effective than the shallow bracketed stiffeners, 
the deflection and the stress both being smaller for the 
former than for the latter. But it is ible that the 
deep stiffeners are not so efficient as the shallow ones. 
After all, since there must be plating on a bulkhead, it 
seems desirable to adopt a stiffener which will make the 
maximum use of that plating. In other words, it seems 
desirable to provide a required amount of inertia by 
using the maximum width of plating and the mmimum 
amount of additional stiffening material, For example, 
referring to Fig. 2, it is worth noting that the moment 
of inertia of the flanged a stiffeners plus four thick- 
nesses of plating (the effective width at 60 per cent. 
constraint) is greater than that of the me stiffener 
plus about 25 thicknesses of plating (also the effective 
width at 60 per cent. constraint). Similarly, referring 
to Fig. 14, the moment of inertia of the channel stiffener, 





* See Enarveertna, April 21, 1916, page 372. 
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plus about 20 thicknesses of plating (the amount appro- 
priate to 40 per cent. constraint) is nearly twice that 
of the bulb angle stiffener, plus about 30 ‘kteimedees of 
plating (the amount appropriate to 60 per cent. con- 
straint). It is suggested that equality of efficiency 
between lugged and bracketed stiffeners might 
obtained by the adoption of shallower lugged stiffeners 
than were used in the experiments under review. This 
suggestion obtains some support from the results for the 
- 8 in. bulb angles and 7 in. channels used as bulkhead 
stiffeners. From Figs. 6 and 8 it is seen that the stress 
on the bulb angle stiffener is less than that on the 
channel! stiffener, and that the bulb angle stiffener calls 
into play the larger amount of plating. 
My thanks are due to Mr. J. Foster King, C.B.E., for 
his courtesy in placing at my disposal the diagrams 
ee for his paper on the strength of watertight 
Bul heads. 
t» Deflections of Ships.—Observations of the deflections 
of ships for the purpose of determining the modulus of 








be | ships 


those for cases 1 and 2 being estimated from the “ regis- 
tered’ depths published. 

It is seen that the values of E range from 9,300 
tons/inch? to 11,700 tons/inch?, whereas direct tension 
tests on a piece of the material of which any one of the 





was constructed would have given a value of 
about 13,500 tons /inch?. 
In all cases the deflection was calculated from the 
expression— : 
M 
flection = 
Deflection \\# dzdz+az+b 


and the values of E were obtained by comparison of the 
actual deflections and the calculated deflections. But 
this expression gives only the component deflection 
corresponding to bending stress, and does not take into 
account any deflection corresponding to shear stress, 
and it is on that it is the omission of the effect 
of shear which accounts for the low E values obtained. 




















deflection will be relatively greater in the latter case 
than in the former. 

The case of a ship is parallel to the case of the JT beam. 
In a ship the shearing force is concentrated to a 
large extent on the two very thin webs constituted by 
the shell plating. The case is, indeed, more extreme 
than that of the J beam. Accordingly, in the ship it is 
to be mg that the component deflection due to 
shear will be a larger proportion of the total deflection 
than in the case of the [ beam, and, therefore, a very 
much larger proportion than in the case of the rectangular 


Consider now the results published above. By 
poy ery of published figures it can be shown that 
for ship No. 1 the deflection corresponding to longi- 
tudinal stress, assuming an E value of 13,500 tons/inch2, 
should be about 1-94 in. The deflection actually 
observed was 2-31 in. The component deflection 
ae to i. stress is, accordingly, 0-37 in., 

s 0°37 
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figures dag below seem toJbe the only ones recorded 
in the Transactions of the Institution. They are ex- 
tracted from two papers, one by Messrs. and 


Stanbury* and one by fessor (now Sir) J. H. Bilest :— 
Length and Depth. Condition. E. 
ft. ft. tons/inch?. 
1. 8.8.... 347 x 29-9 Sagging 11,300 
2. 8.8.... ... 300 x 23-4 ie whe 9,350 
3. H.M.S. Wolf 210 x 12-5 bs 
(Completely cradle-borne 9,500 
(Partly race 11,400 
ng. 
te age cradle borne) see 9,300 
(Partly cradle-borne) 11,700 


It should be noted that the depths are ‘‘ moulded,” 





* “On the Relation between Stress and Strain in the 
Structure of Vessels,” T. C. Read and G. Stanbury, 


Transactions, 1894, Vol. XXXV, of Si, 372, (See 
ENGINEERING, April 13, 1894, page 499, also March 30, 


1894, page 409.) 

+ “The Strength of Ships with Special Reference to 
Experiments and Calculations made upon H.M.S. Wolf” 
Professor J. H. Biles Transactions 1905, Vol. XLVII 




















elasticity of the structure have rarely been made. The! For a rectangular beam subject to a concentrated load | Whence Wi pea * 191. The length-depth ratio 
Angle stiffener, overlapping boundary bars Angle Stiffener, overlapping __ 28}, ‘aie 
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Solid curves in Figs. 3 and 7 are actual deflection curves ; dotted 


curves are ted on the 


cent. constraint. 





* Note.—" Head" signifies head of water above 
bulkhead 
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at the middle of the 
relation between the deflection corresponding to the 
shear stress and that corresponding to the longitudinal 
stress is expressed approximately by— 

Ys 23 


d\2 

Yi (x) 
where d is the depth of the beam and L is the span. It 
can also be shown that for a beam of I-section, 6 in. deep 


x 5in. X }$ in., subject to a similar load, the ratio of 
the component deflections is expressed approximately 


by— 
Y, 440 
ee SB ees 
Y: L2 


L being in inches. Taking account of the value of d this 
expression becomes— 


Ye & j0-0 (¢)' 
Yi L 


The considerable increase in the value of the coefficient, 
namely, from 3 to 12-24, is due to the fact that in the 
latter case the shearing force is resisted oy by a 
relatively thin web, the flanges not being of much value 
in resistance to shear. In the former case the whole 
breadth of the beam is of value in resisting shear. It is 





(Part I) page 80. (See Enciveerinc April 21, 1905, 
page 493.) 


quite to be expected, therefore, that the shear component 


ptions of 60 per cent. and 80 per 
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an it can be shown that the | 


Fig. 7—Horp Stieveners at 29°75 Fr. Heap. 


. d \2 1 7 d \2 
11-6, and (—-} = -—: Thus —= 25-7 (—}. 

“ and (+ ) 135 ( L ) 
For ship No. 2 the deflection co’ ding to longi- 


tudinal stress, assuming an E value of 13,500 tons/inch?’, 
should be about 0:43 in. The deflection actually 
observed was 0-62 in. The ratio of the component 


deflections, ¥ is, therefore, 0-19 _ 0-442. The 
Y; 0:43 » 
ied d 1 
1 - 12-8 ab) St een,” Tee 
ength-depth ratio is and ( L ) 165 
Ys — 72-5(4\*. 
pe L . 


Before the results from the Wolf experiments can be 
brought into comparison with the earlier results a 
correction must be made on account of a difference in 
the caloulations. In the Wolf experiments all calcu- 
lations of the moment of imertia of the cross-sections of 
the ship embodied an allowance for the effect of the 
rivet holes, whereas in the earlier cases no such allowance 
was made. As regards the effect of this allowance, let 
it be assumed that the tension area of the cross-section 
is one-half of the total area. Then the allowance for 
rivet holes reduces the total area by one-eighth out of 
eight-eighths tension area and eight-eighths compression 
area—that is, by one-eighth out of sixteen-eighths. 





Accordingly, the moment of inertia is reduced to fifteen- 
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DEFLECTIONS OF BULKHEADS AND OF SHIPS. 
a ee Stress “— 
=|" : 3 
. Rje . = 
Ln, i Fig.8—Wwra a mp a bs Inouss. 
€ ” Width of Plating : 












“40 60 -80 
Degree of constraint 


Fig.16—-H. Co.’s BULKHEAD aT 35°5 Fr. Heap. 





Top 





15" Channel f 


Solid curves are actual deflections; dotted 
curves are calculated on imptien of 
60 per cent. constraint. 













Bottom 


Fig.17.—Benvixa Moments ror Various DeGrEEs oF 


ConsTRAINT. 











Bottom 


Fig.20—Deriectiows ron Various Decress or ConstRaINt 


monised if an E value of 10,000 tons/inch? be assumed 
in the conversion of observed strains to stresses. This 
method of harmonising the results is, however, unjusti- 
fiable. The strains were measured over unpierced 
sections of plating, and the mere fact of the plates 
having been built into a structure could not cause the 
change in their physical properties represented by a 
reduction in E value from 13,500-14,000 tons/inch? 
to 10,000 tons/inch?. The results must, therefore, be 
harmonised in another way. 

The values of the bending moment on which the cal- 
culated stresses were based may be accepted in view of 
the accuracy with which curves of weight and buoyancy 


can be plotted. And the truth of the expression ? = r 


y 

may be accepted. The calculated stress figures can then 
be amended only by altering I. Now, it is stated that 
for the calculation of I the whole of the plating round the 
cross-section was taken into account, even though that 
plating was cut away to a considerable extent at openings 
in the decks. It is, accordingly, possible that the value 
of I was overstated, and so the stress understated. If 
it is assumed that the calculated stresses shown in Fig. 21 
are too small, it is necessary to make an alteration to 
the deduced value of E, -For if the value of I is over- 
estimated the value of E obtained on the basis of that 
value of I is underestimated. An alteration to the 
value of I sufficient to bring the ourves of Fig. 21 to 
agreement would have a considerable effect on the 
deduced value of E and so ou the values of a found 
above, and the results from the Wolf experiments might 
then come more into ment with the results from 
the earlier experiments. If the foregoing considerations 
are sound, the difference between the “deflection ”’ 
value of E and the “tension” value of E can be ex- 
plained. As suggested above, the difference is due to 
the effect of the shear not included in deflection calcu- 
lations. But it must be admitted that the evidence is 
not quite satisfactory and that further experiments 
are necessary before the truth of the explanation is 
established. 

An alternative explanation of the difference between 
the “deflection” and “ tension” value of E has been 
put forward. It has been argued that the structures 





anp Varyinec Moments oF INERTIA. 


dealt with in deflection experiments were riveted, and 
so not perfectly homogeneous: that there was “ slip- 
ping” at the riveted attachments which resulted in the 
observed deflection being greater than the deflection 
calculated solely on the extension of the metal. If, 
however, “slipping” had taken place, it should have 
shown itself in “ permanent set,” since a “slip” is not 
recoverable when the load causing it is removed, even 
though the actual extension of the material disappears. 
Now, such observations of deflections as have been 
made did not show signs of “permanent set,” the 
structures having returned to their shapes prior to load- 
ing. Further, Dr. Montgomerie’s experiments on 
riveted joints indicate that “slipping” does not take 
place below a stress of about 9 tons/inch?, whereas in 
the Wolf experiments the observed stresses were below 
this amount. These considerations seem to dispose of 
the argument in favour of “slip,” and so strengthen 
the alternative argument, namely, the argument above 
in favour of shear. 

This investigation has a direct bearing on one of the 
fundamental assumptions on which strength calculations 
are based, namely, the assumption that the material of 
the ship girder may be taken to be homogeneous. If 
the difference between the “ deflection” and the “ ten- 
sion ” values of E can be explained by the fact that the 
shearing force is left out of account in the expression 
for deflection, the assumption of homogeneity is justi- 
fiable. If, on the other hand, it be assumed that there 
eg slipping,” the assumption is not justifiable. The 
fact of “slipping” renders it impossible to determine 
the stress at any point, since the extent to which a 
riveted attachment may shirk its full duty and so throw 
an additional burden on adjoining material is indeter- 
minate. 

[This paper was accompanied by an appendix giving 
— calculations, which we do not reproduce.— 

D. E 





Messrs. THORNYCROFT’s 70-rr. CoasTaL MorToR 
Boar.—The trials of the largest and most powerful 
motor boat so far built for the Admiralty, were carried 
out on the 9th instant, when No. 102m, fitted with petrol 
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Solid curve is determined 
from strain-meter read- 
ings on assumption that 
E is 14,000 tons per sq. 
in.; dotted curve is deter- 
mined from calculated 
bending moments. 









Strese, Tons per sq. in. 





4 6 
Draught in feet 
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engines of over 1,600 h.p., attained a speed of 41 knots 
with a load of 14 tons and, with a full load of over 4 tons, 
37 knots. Built by Messrs. Thornycroft and generally 
similar in construction to the C.M.Bs. of 40 ft. and 55 ft. 
in length, the interesting feature of the boat in question, 
is its propelling machinery which comprises two petrol 
engines, each being the largest yet used in either a boat, 
airship or aeroplane. The two sets of Thornycroft 
Y/24 type 24-cylinder engines are each of over 800 h.p. 
and are a development of the types fitted in the C.B.Ms. 
which were utilised largely in the war—notably at the 
Zeebrugge and Ostend raids, and later at Kronstadt, 
when, as is well known, these boats sank the Bolshevik 
cruisers and battleships. The lessons learnt in these 
connections have been embodied in the latest production 
of Messrs. John I. Thornycroft and Co., Limited. 





New Meat Carryine Steamer.—There was launched 
on the 12th inst. from the shipbuilding yard of Messrs. 
Cammell Laird and Co., Limited, Birkenhead, the 
twin-screw insulated meat steamer “‘ Zarate,’® which has 
been built to the order of Messrs. Vestey Bros., Limited, 
of London, for carrying frozen and chilled products from 
Zarate to Buenos Aires. The vessel is 228 ft. in length 
44 ft. in moulded breadth, and 20 ft. 10 in. in moulded 
depth, and has a loaded draft of 7 ft. 6 in. She has been 
built to the classification of the British Corporation for 
South American River Service, and much attention has 
been devoted to her design, all the best features of craft 
already in the trade being incorporated. The refri- 
gerating machinery is in a separate compartment on the 
main deck immediately aft of the insulated ‘tween deck 
holds. The insulated chambers of about 76,300 cub. ft. 
total capacity, comprise two holds and two ’tween deck 
holds, the latter having a working space arranged at the 
fore end of each compartment. The propelling machinery 
constructed by Messrs. Cammel ird and Co. 
Limited, consists of two sets of inverted.triple expan- 
sion surface-condensing engines, having cylinders 
13} in. by 21 in. and 34 in. with a stroke of 19 in., capable 
of driving the ship at 10 knots on service. Steam 1s 
supplied by two single-ended marine return-tube type 





boilers each 12 ft. 6 in. by 11 ft. arranged for coal burning 
and fitted with Howden’s forced draught. 
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THE MASTER SHIPWRIGHTS OF THE 
16TH AND 17TH CENTURIES. 


By A. W. Jouns C.B.E., R.C.N.C., M.I.N.A. 


“Master Suipwricnt” was the official title 
formerly held by the principal shipbuilding officers 
of the Royal Dockyards, but which was changed 
in 1875 to that of Chief Constructor. The first 
master shipwright was appointed in 1572 and thus 
he and his successors held office for just over 300 
years, covering ‘a period during which the sailing 
warship was in process of evolution. Later holders 
of the post saw sails give way to steam and wooden 
hulls gradually replaced by those of iron. 

Although 1572 is the date of the appointment 
of the first master shipwright there must have been 
before this officials carrying out similar duties, for 
there were Royal Dockyards at Portsmouth, Wool- 
wich, and Deptford long before 1572 and tech- 
nical officers must have been in charge for the 
purpose of designing, building, rebuilding, refitting 
and repairing the ships of the Navy. The records 
at the yards are incomplete, but those of Portsmouth 
mention Henry Huttost, who was termed a master 
shipwright in 1537. Two others, Isaac Hatch and 
Bootes, succeeded him. 

The first appointment in connection with naval 
administration was that of William of Wrotham, 
Archdeacon of Taunton, who in 1214 was made 
“‘ Keeper and Governor of the King’s Ships.” The 
title was changed from time to time, but William 
of Wrotham’s successors can be traced continuously 
down to the present day. Samuel Pepys was by 
far the greatest of these, his title at first being 
Clerk of the Acts and afterwards, on his second 
occupancy of office, Secretary to the Admiralty, 
a title which his present-day successor also bears. 

The holders of the post generally had no qualifica- 
tions to deal with the technical questions which were 
bound to arise in connection with their charge. It 
is often stated that Robert Brigandin, Clerk of the 
Ships from 1495 to 1523, designed the “‘ Henry 
Grace a dieu,” the “great” ship of Henry VIII, 
but it is in the highest degree unlikely that this 
was the case. The design of a ship of such un- 
common dimensions must have required the ex- 
perience of a very able naval architect, and it is 
therefore probable that Brigandin secured the 
services of a prominent shipbuilder of the time 
who was either in the king’s service or in that of a 
private shipbuilding firm. His name, however, 
is not mentioned, and the records of these earlier 
times generally contain no reference to the technical 
officers. 

Mr. Perrin, in his interesting introduction to the 
“ Autobiography of Phineas Pett,” states that in 
1337 William de Kelm, the “ King’s Carpenter,” 
had delivered to him by the Prior of Blyth 40 oaks 
required for a galley building at Hull for Edward III. 
The records, however, do not state if de Kelm was 
a shipbuilder or a house carpenter who had the care 
of the royal palaces. At about the same time 
John Kech was the “‘ Master Carpenter ” of a galley 
building at Lynn and Ralph atte Green held a 
similar position on the construction of a barge 
building at the same place. The word “ master” 
is here used in the sense of a leading workman, and 
in a private shipbuilding concern. They were not 
the king’s servants. 

In 1421 a “Master Carpenter of the King’s 
Ships” is mentioned, and Mr. Oppenheim con- 
siders that he is a predecessor of the master sbip- 
wrights. His name was John Hoggekins, and in 
the year mentioned he was granted a pension of 
4d. a day because ‘tin labouring long about them 
(the ships) he is much shaken and deteriorated in 
body.” Hoggekins had been in charge of the 
construction of the Grace Dieu, a vessel of 400 tons, 
built at a yard on Southampton Water in 1416-18, 
and one of the finest ships of Henry V’s Navy. It is 
not until more than a hundred years later that 
mention is made of Hoggekins’ successors. 

In the fourteenth and fifteenth centuries there 
was no great difference between the warship and 
the merchantman. The latter could be easily and 
quickly transformed in to the former by the addition 
of light deck erections at the bow and stern termed 
castles. In the latter part of the fourteenth and 








in the fifteenth centuries guns were mounted on the 


| upper deck and also in and on the castles, and the 


merchant ship was ready for war. Besides this 
the ships of the Cinque Ports could always be called 
upon in case of war or rumours of war. There was 
thus no great necessity to keep a warship fleet in 
commission. Few warships were therefore built, 
and if built were geneally ordered of private firms. 
The records are not at all clear as to the localities 
in which earlier warships were built. 

At the beginning of the sixteenth century, 
developments occurred which at once differentiated 
the warship from the merchantmen and necessitated 
the former being specially designed for the purpose. 
Guns had been fitted on shipboard by the Venetians 
in 1370, and experience had gradually shown their 
value. This was fully recognised at the beginning 
of the sixteenth century and it was also seen that 
the greater number of guns which could be mounted 
in a ship the more powerful she became. Gun ports 
between decks were introduced by the French about 
1500, and these facilitated the mounting of a 
numerous armament. 

Henry VIII seems to have been the first English 
sovereign who appreciated the value of sea power. 
By building a strong navy he laid the foundations 
of the future British fleet. He extended the dock- 
yards and brought over Italians—then the leading 
shipbuilders—to instruct the workmen. He also 
engaged the most competent shipbuilders he could 
find for the work of designing and building the ships 
he required, and was the first monarch to attach 
a trained body of naval architects to the naval 
service. 

In 1538 James Baker, a shipwright, was granted a 
pension of 4d. a day, which was increased to 8d. in 
1544. In 1545 three shipwrights named John 
Smyth, Richard Holborn and Robert Bull, were 
each granted a pension of 4d.aday. A John Smyth 
and John Holborn are mentioned as being engaged 
on the Henry Grace a dieu in 1515, and although 
the christian name of Holborn is different in the two 
cases it seems probable that it is the same man, 
since his “‘ Wayggyde ”’ is given as 7d. a day, or that 
of a master workman. But whereas the pensions 
granted in 1545 were “for their long and good 
service and that they should instruct others in their 
feats,” that granted to Baker in 1538 was for 
services to be rendered and thus was more in the 
nature of a retaining fee. Baker and the three 
others together with Peter Pett were directed to 
proceed to Portsmouth in 1544 to inquire into the 
state of some warships there. The order referring to 
this visit describes them as being “ skilful in ships.” 
It is evident therefore they were not ordinary 
shipwrights, but held superior positions. 

During the sixteenth and up to the middle of the 
seventeenth century Woolwich and Deptford were 
the two building/vards for the Royal Navy. All 
the “great” ships were built at the former yard. 
The court was frequently in residence at Greenwich, 
and it was an easy matter for the king and court 
officials to visit the two yards and inspect the ships 
building. The launching ceremony was generally 
performed by a member of the royal family, and 
frequently the king was present. The master 
shipwrights at these yards were thus brought into 
close contact with the king and court. Chatham 
yard was used for laying up the ships and for 
preparing them when ordered into commission, 
and Portsmouth was used for a similar purpose, 
but to a lesser extent. 

During the Commonwealth a great number of 
ships was added to the Navy, the majority being 
newly built. The resources of Woolwich and 
Deptford were found inadequate and orders had 
to be given to private shipbuilders on the Thames— 
then the centre of the shipbuilding industry—and 
at Bristol, Yarmouth and elsewhere. Chatham 
and Portsmouth were also directed to build ships. 
In 1665 Pepys was at Sheerness looking into the 
site of the proposed dockyard, and in 1677 a hoy, 
named the Transporter—was built there. Plymouth 
Dock or Devonport Yard was not opened until 
the final decade of the seventeenth century, and 
little building was carried out there until the 
eighteenth. 

As time passed the relative importance of the four 
earlier dockyards altered. At the opening of the 
17th century Woolwich and Deptford were the 





two principal yards, but at the end Woolwich, 
Chatham and Portsmouth were the principal, with 
Deptford ranking with Sheerness and Devonport. 

The duties of a master shipwright were varied 
and of the highest responsibility. He had to design 
in all particulars the ship proposed to be built. 
As soon as the moulds were ready he and a few of 
his shipwrights with the moulds visited the woods 
and selected the timber most suitable for his purpose 
or chose trees to be felled in case the hewn timber 
was unsuitable. He arranged the transport of the 
timber to the shipyard, and as soon as it arrived 
the work of construction began. Probably after 
completion and trials extensive alterations were 
necessary, for in those days design was a process 
of trial and error and none could predict the qualities 
of a new ship.. After about fifteen years’ service 
ships were rebuilt. This was a more trying problem 
than building a new ship, for an attempt was then 
made to remedy the defects which service afloat 
had revealed. Generally the beam was increased 
on rebuilding to improve the stability. Ordinary 
repairs and refits also occupied his time, and 
occasionally the master shipwright had to supervise 
a case of salvage. 

These were the ordinary duties of a naval con- 
structor, but in addition he had to design, lay-out 
and supervise the construction and equipment of 
wet and dry docks, wharves, storehouses and work- 
shops and attend to the demands, receipt and issue 
of stores for naval purposes. At times the master 
shipwright had to house and victual the shipwrights’ 
working for him and transport them when circum- 
stances demandedit. He and his assistants had also 
to act as policemen and see that the workmen as 
they left the yard did not abuse their privilege 
of taking out more than legitimate chips. The master 
shipwright being the only technical officer of the 
dockyard was thus a fairly busy official. 

Up to about 1608 he alone determined the repairs 
which were to be carried out on a warship when shé 
came in hand for refit, or whether she should be 
entirely rebuilt or condemned for further service. 
At the date mentioned a committee decided that in 
future the master shipwright should, after a thorough 
examination, prepare a list of repairs which he 
considered necessary and forward these to the 
Naval Commission for decision. In case of doubt 
he had to attend and argue the case before the 
Commission and no alteration could be carried 
out without their approval and that of the Lord 
High Admiral. Thus a procedure very familiar 
at the present time was introduced. 

Although the master shipwright carried out 
duties which are now those of a number of officials, 
the pay was not extravagant. In 1570 the pay 
of three master shipwrights is given as 1s, a day, 
“each and every one of them.” In 1605 it was 
2s. a day, in addition to the Exchequer fee, and 
this was the salary paid to Peter Pett and Chris- 
topher Pett when appointed master shipwrights at 
Woolwich in 1630 and 1645, respectively. In 1686 
Pepy’s return shows that the master shipwrights 
at the five dockyards were paid 1131. a year salary 
and ls. a day Exchequer fee. In 1695 this was 
increased to 2001. a year for the master shipwrighte 
at Woolwich, Chatham and Portsmouth and to 
1501. for those at Deptford, Sheerness and 
Devonport. 

To supplement their salaries they were allowed 
to take a small number of premium apprentices. 
These were selected from amongst the most pro- 
mising youths in the district, and the best of these 
were afterwards appointed assistant master ship- 
wrights. The report of the Commission of 1618 
gives the number of master shipwrights and their 
“ servants ’’ as nine, which allowed two assistants 
to each. A report of 1686 gives the number of 
assistants at Chatham as two with salaries of 701. 
and 50l., and house rent allowance of 101., one at 
Deptford with 70/. salary and one at Portsmouth 
with 431. 10s. In 1695 we read of a second assistant 
at Portsmouth, for in that year it was decided to 
increase his salary to 50l. a year and to allow him 
101. for house rent. 

Some of the master shipwrights increased their 
salaries by building merchantmen in their own 
private yards or in yards hired by them for the 
purpose. Peter Pett, the first master shipwright 
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of the family, left his sons a private yard at Ratcliffe, 
and it was there Phineas built the Mercury and 
Spy and Peter the Second the Constant Warwick. 
The Resistance was built by Phineas in a private 
yard at Gillingham owned by a David Duck. There 
were many similar cases and at one time it was under 
the serious consideration of the naval administration 
to stop the practice and to confine the activities 
of the masters to the dockyards. 

Usually in the case of a vacancy the most pro- 
mising of the assistants was promoted. There are, 
however, several cases in which a private ship- 
builder who had performed some special service in 
building warships or merchantmen was given the 
vacant post. 

In 1629, William Burrell and Phineas Pett were 
appointed assistants to the principal officers of the 
Navy. The year following Burrell died and Pett 
was made a principal officer or commissioner. 
There was a resident Navy Commissioner at Chat- 
ham from then until 1689, and this post was usually 
filled by the promotion of a master shipwright. 
A commissioner was also appointed later at Ports- 
mouth, and in two cases master shipwrights were 
appointed to the post. The duties of these Com- 
missioners were generally similar to those now 
carried out by the Commander-in-Chief of a naval 
port and by the Admiral Superintendent of a dock- 
yard. The salary attached to the post was 5001. 

In 1672 John Tippetts, formerly a master ship- 
wright at Portsmouth Yard and then Commissioner 
there was appointed Surveyor of the Navy. His 
immediate predecessor was Colonel Middleton, but 
generally before him the post had been filled by 
a naval officer. From 1672 to 1834 it was held by 
one and sometimes two master shipwrights. 
Between 1834 and 1860 two naval officers held the 
post in succession, but at the latter date the title 
was changed to Chief Constructor of the Navy, 
and Mr. Isaac Watts was appointed. In 1863 he 
was succeeded by Mr. (afterwards Sir Edward) 
Reed. The title at the present time is Director 
of Naval Construction. 

The first few master shipwrights were not per- 
manently attached to a particular yard, but moved 
from yard to yard as the selection of the yard to 
build a new ship or rebuild an old one was decided 
by the naval authorities. At times there were two 
master shipwrights at one yard, as in the case at 
Woolwich between 1611 and 1613, when Phineas 
Pett was rebuilding the Defiance and Matthew 
Baker the Merhonour. Earlier than this it was the 
practice especially in the case of “ great” ships, 
for two master shipwrights to be engaged on the 
construction of the same ship. Warship building 
was then in its infancy, and it was considered that 
the combined experience of two was better than 
that of one in settling the many technical points 
which were bound to arise. Later, as experience 
was gained and the number of ships to be built 
or rebuilt increased, the practice was discon- 
tinued. For the same reason the number of 
master shipwrights had to be increased and one was 
permanently attached to each dockyard. At the 
beginning of the sevententh century there were 
three master shipwrights, at the end there were six. 

The records show that in some cases they were 
termed master builders and in others principal 
shipwrights. The latter term was employed when 
a yard was in process of development and before 
it had started building new ships. As soon as it 
reached the building stage the head official was a 
master shipwright or master builder. 

During the sixteenth and seventeenth centuries 
the greater number of British warships was built 
by members of three families, the Bakers, the Petts 
and the Shishs. The immediate predecessor and 
the father of the first master shipwright was James 
Baker and he and his son built many noted ships. 
The Petts, were however, the most celebrated 
shipbuilding family, for from them eight master 
siipwrights were chosen, and many others were 
private shipbuilders. The various members occupied 
prominent positions in connection with the Navy 
continuously from the middle of the sixteenth to 
the end of the seventeenth century. Fuller, in 
referring to English shipbuilders, writes, “ of which 
the Petts of Chatham are of singular regard.” 

It is a strange fact that far more information is 





available in connection with these sixteenth and 
seventeenth century masters than of their successors 
of the eighteenth and nineteenth. Phineas Pett 
in his Autobiography gives glimpses of his colleagues 
and their work, whilst later Pepys met all the con- 
temporary master shipwrights, and frequently 
alludes to them in his diary and papers. 

As already stated, James Baker was granted a 
retaining fee in 1538, which was doubled in 1544. 
He had a great reputation as a warship builder,, 
and to him was given the credit of having made it 
practicable to mount heavy guns in ships. The 
records of naval shipbuilding of his time are not 
complete, and neither the builder nor the place of 
building is generally stated. Many ships were, 
however, built between 1538 and 1549, when he 
died, and there is little doubt he was the responsible 
designer and builder of many of them. Baker was 
well known to Henry VIII, for on one occasion 
when he was in trouble, having been found in 
possession of forbidden books, the king wrote to the 
law officers: ‘‘ His Majesty thynketh you will find 
him a very simple man and therefore would that 
without putting him in any great fear you should 
search of him as much as you may.” 

Matthew Baker, son of James, was the first 
officially designated master shipwright. He served 
an apprenticeship with his father and his common- 
place book in the Pepysian Collection at Cambridge 
contains a midship section of the first ship he was 
engaged on. Robert Bull, who with two others 
was pensioned in 1545, and had his pension in- 
creased to 12d. a day in 1550, diedin 1572. Matthew 
Baker succeeded to this pension and the patent 
confirming this styles him a master shipwright. 
He was born in 1530, and was thus 42 years 
of age when appointed. He had, however, 
been in the naval service some time before this 
and no doubt had occupied a prominent position. 
He surrendered his patent of 1572 in 1584 and was 
granted a new one, in which he was joined with 
John Adye, the survivor to succeed to the post. 
Adye died in 1606. Baker built many ships, including 
the Dreadnought (450 tons), Advice and Sun (52 
tons), Charles (80 tons), Vanguard (560 tons), 
Answer and Quittance (274 tons), Dieu Repulse 
(780 tons), Mercury and Adventure. In 1564 he 
and Bright—father of a master shipwright—built 
the White Bear, of 915 tons, the second largest 
of Elizabeth’s fleet. All these ships were built at 
Deptford or Woolwich with the exception of the 
Sun, which is the first ship stated to have been 
built at Chatham. She was built in 1586, and was 
in the fleet which attacked the Spanish Armada. 
Matthew Baker and his brother Christopher were 
members of a committee which sat in 1588 or 1589 
to determine the dimensions of three new ships— 
the Merhonour, Defiance and Guardland—which 
it had been decided to build. Other members 
of the committee were Howard, Hawkings, Drake, 
Wynter and Borough (Comptroller of the Navy). 
This was the first of many similar committees or 
commissions for determining the dimensions of 
warships. Baker built the Merhonour, which he 
was rebuilding at the time of his death, in 1613. 
The Defiance and Guardland were two of the small 
fleet with which Hawkings and Drake set out on 
1594 on their last voyage. Baker formulated the 
tonnage rules used for the measurement of ships 
during the reigns of Elizabeth and James. He was 
the first master of the shipwrights’ Company, and 
in the Charter of 1605 is described as “ our servant 
and most ancientest master shipwright.” Joseph 
Pett and William Bright ‘‘ two others of our master 
shipwrights,” were wardens, and Phineas Pett, 
an assistant warden. According to Phineas Pett, 
Baker was “the most famous artist of our time.” 


(To be continued.) 





X-RAYS AND THEIR INDUSTRIAL 
APPLICATIONS. 

Ir we had not repeatedly dealt of late with the 
phenomena of radiation in general and with X-rays 
and their applications in connection with various 
papers, lectures and discussions, the series of three 
Cantor lectures, which Major G. W. C. Kaye, D.Sc., 
of the National Physical Laboratory, delivered 


and 21, would call for a longer notice than we can 
spare for them at present. Réntgen discovered 
the X-rays in December, 1895. Their real 
nature remained controversial, in spite of many 
brilliant cognate researches, until Laue, in 1912, 
found in natural crystals the diffraction grating 
wanted for the analysis of X-rays, an analysis 
which the use of the ruled grating had enabled us 
to carry so far in the case of ordinary light rays. 

The analogy between light rays and X-rays 
was one of the main lines of argument used by 
Dr. Kaye in his lectures. The visible spectrum 
comprises only one octave of wave-lengths; ex- 
pressed in Angstrom units of 10-® c.m., the wave 
lengths A range from 7,700 down to 3,600. Schu- 
mann, Lyman, and more recently Millikan, ex- 
tended the ultraviolet range down to A 200. Then 
comes an unexplored gap of four octaves ; beyond 
that follow the X-rays trom A 12 down 0-17, and 
further the swiftest X-rays from A1-4to 0-01. That 
we cannot yet bridge the gap, is due to the want of 
a suitable grating. Radiologists utilise about three 
out of the seven or eight octaves beyond the gap, 
and their troubles are largely due to the fact that 
the improved X-ray bulbs do not really yield the 
homogeneous rays which they are claimed to pro- 
duce. The difficulty of the efficiency standardisa- 
tion of X-rays is connected with this trouble. 
The X-ray bulb, Dr. Kaye pointed out, is in a 
sense a lamp, and in applying X-rays for therapy 
as well as for the examination of materials, we 
want sometiaing akin to the standard candle. The 
difficulties of the precise measurements required 
for this purpose have not yet been quite overcome. 

Though X-ray bulbs and their outfits have be- 
come varied and complicated, we may distinguish 
two types, the gas tube and the Coolidge hot- 
cathode tube. Both depend upon the action of 
electrons which are the manifestations of X-rays, 
the electrons and rays being intimately related 
to one another. In the gas tube complete ex- 
haustion is not attempted. There will be a few 
ions left in the residual gas; these ions, positive 
and negative, are driven to the two electrodes 
by the potential applied; the positive ions bom- 
barding the cathode release more electrons which 
attracted to the anode again release ions by shock- 
collisions with the molecules they encounter en 
route; the electrons hitting the target generate 
more positive ions and electrons. The positive 
ions hence also play an important part. They 
are responsible for the gradual disappearance of 
the gas from the tube, which turns “ hard,” and for 
its “‘crankiness.” The gas particles are actually 
driven into the glass walls and are entrapped there ; 
they pit the cathode and the glass and displace 
the focal spot on the target to the detriment of 
definition. 

The current increases steadily with the volts 
applied (see Fig. 1). In the hot cathode tube of 
Coolidge (1913), the vacuum is pushed to the 
utmost limit attainable, the exhaustion being facili- 
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tated by pre-heating the electrodes. The electrons 
are furnished by a (separately heated) hot spiral of 
tungsten (the filament) which is mounted within 
a focussing tube or bowl of molybdenum. The 
number of electrons depending upon the tempera- 
ture of the filament, volts and amperes can be 
altered independently by changing the tempera- 
ture of the filament and the volts applied. With 
increasing volts the current rises to saturation 
value (Fig. 1), and this saturation current is not 
so much affected by changes in the wave-form of 
the exciting potential as that in the gas tube. The 
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Coolidge tube is hence under better control than 
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the gas tube, though that is largely a matter of 
experience. At high current density, however, 
the electrons obstruct one another owing to the 
electrostatic repulsion between them. This 
‘* space-charge ” limits the current at high filament 
temperatures, and gas is then introduced into the 
Coolidge bulb as into gas bulbs. 

In describing recent developments of Coolidge 
tubes Dr. Kaye mentioned that for all-round 
qualities British tubes could not yet compete with 
the American tubes, which the General Electric 
Company, of Schenectady, make at the rate 
of 100 per day, blowing the bulbs in moulds. 
Dr. Kaye exhibited tubes in great variety; 
we “may mention two German novelties. The 
first, the Miiller “boiling tube” (see Fig. 2) 
is a gas tube. The cathode stem is_ hollow, 
and is charged with water, for which a bulb attach- 
ment serves as reservoir; the hot cathode keeps 
this water boiling, and to prevent the boiling away 
of theSwater, an inverted glass flask with a long 





K only receives the peak potential of a coil J. The 
hardness of the tube is regulated by an adjustable 
mean resistance (between K and A); P is the pump. 

In the efficiency determinations the analysis 
of the output is made by means of a Bragg spectro- 
meter, in which the rays to be examined fall on a 
crystal at grazing incidence, and are reflected into 
an ionisation chamber. The ordinates of the spec- 
tral curve (intensity plotted against wave-length d) 
then represent the intensity of the radiation of any 
particular A, and the total curve is a measure of 
the amount of the X-ray radiation. If the rays were 
fairly homogeneous, that area should be narrow. 
When we operate a tungsten Coolidge tube at a 
constant potential (40,000 volts in Fig. 4) and 
constant current (0-45 milliampere in the lower 
curve), however, we obtain a curve of considerable 
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Fig.5. X RAY SPECTRUM OF TUNGSTENAT VARIOUS 
VOLTAGES. SAME MILLIAMPS. NO FILTER. Na. CL . 
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neck is lowered into the cathode stem. The rays 
generated at high volts—up to 200,000 possibly, 
though spark-gap measurements are not reliable— 
are said to be of superior homogeneity. When 
the rays become too hard, a spark passes from the 
glass walls to the regulator mounted outside the bulb, 
igniting a small flame and emitting a puff of gas 
through an osmosis tube. The other novel X-ray 
bulb, due to Professor J. E. Lilienfeld, dating like 
the Coolidge tube from 1913, is of an intermediate 
type. The essential point is that the hot filament 
does not serve directly as cathode. The tube 
illustrated in our diagram, Fig. 3, was especially 
devised for studying electric conductance in extreme 
vacua. The discharge is started by the electrons 
emitted by the hot cathode, which can be made 
stout, in circuit with the battery H through the 
wires 3, 4; since such pencils of electrons are never 
cylindrical and would not produce a sharply-defined 
focus on the anti-cathode, these “ ignition electrons ” 
are sent up into the tubular cold cathode proper K, 
from the walls of which they liberate the “ dis- 
charge electrons ;” the latter are speeded up by a 
high potential difference between K and the anti- 
cathode A, supplied by an induction apparatus 
through the wires 1,2. Between G and K are inserted 
a wire S and the auxiliary resistances H, (between 





G and K) and Sr (between G and 8); by their aid 





Fig.6. INTENSITY DISTRIBUTION 
OF X RAY SPECTRA OF VARIOUS 
METALS. 35000 VOLTS. | MILLIAMP 
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area, showing that waves of many wave-lengths 
are generated. The abscissa point of minimum 
wave-length A, (near 0-3) can be determined with 
great precision, and as long as the volts are kept 
constant, A, does not change. The connection 
between the exciting potential V and ), is given 
by Planck’s relation Ve=hy=he, where 
e is the electron charge, vy the frequency, 4 Planck’s 
constant, and c the velocity of light. The upper 
eurve of Fig. 4 shows that when the current is 
increased to 1-15 milliampere the output is increased, 
but A, remains unchanged. When the current is 
kept constant and the volts are raised, we obtain 
a series of curves (Fig. 5) in which the A, and the 
wave length of maximum intensity are displaced 
to the left in the direction of shorter waves. The 
areas, Dr. Kaye pointed out, increase as the 
square of the volts, at any rate up to 70 kv., but 
above 60 kv. another peculiarity develops, the 
peaklets of the characteristic rays of tungsten 
(the target metal) becoming more and more distinct ; 
finally the spectrum consists mainly of these 
peaklets. Fig. 6 illustrates the similar curves of 
nickel, tungsten, molybdenum and platinum, taken 
at 35 kv. and one milliampere. Disregarding the 








characteristic radiations, the total output is 
given by the formula kNIV®, where k& is a constant 
depending upon the type of bulb and the sources of 
potential, N is the atomic number of the target 
metals—which it was noteworthy had all. the 
same \,—and I the current. The measurements of 
k prove that the efficiency of X-ray bulbs is still 
deplorably low, only of the order of 0-1 per cent. 
The advantages of the two main sources of high- 
potential currents for X-rays, the induction coil 
and the transformer, remain controversial. A. 
third source, the influence machines of the Wims- 
hurst type, has given satisfaction in the dry 
American climate ; a large motor-driven Wimshurst 
machine, with eight pairs of glass plates, was 
exhibited by the Medical Supply Association, of 
Gray’s Inn-road. Both the coil and the trans- 
former require some sort of interrupter and rectifier, 
the latter mechanical (compare Figs. 3 and 4, 
page 95, of our issue of January 28 last), or of the 
kenotron type which is itself a hot cathode tube. 


Fig 4.X RAY OUTPUT OF COOLIOGE TUBE 
(TUNGSTEN TARGET) 48,000 VOLTS. 
POTENTIAL. 0-45 8/15 MILLIAMIS 
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Transformer outfits, Dr. Kaye remarked, in his 
second lecture, were more expensive in initial cost 
and maintenance; they had the advantage of 
higher efficiency and of easier and more precise 
control; the low efficiency of the coil was mainly 
due to the interrupter, the most untrustworthy 
part of the coil outfit. Comparisons of efficiency 
and of potential wave-form were unreliable owing 
to the empirical methods of measurement in use. 
A great deal was made of long spark gaps which 
were still frequently measured between point 
electrodes, instead of between spherical electrodes, 
to yield higher figures. For current measurement 
moving coils could be used, though they were liable 
to overshoot, if checked by an electrometer or 
cathode-ray oscillograph. But the conditions should 
be comparable. To make sure that a coil and a 
gas bulb gave quantitatively and qualitatively the 
same output as a Coolidge tube and a transformer, 
we required the same equivalent spark gap and 
mean current, and for their measurement simul- 
taneous volt and ampere oscillograms in addition 
to the spectrometer already mentioned. 

Since the highest-speed electrons chiefly determine 
the composition of the X-rays we may try to 
operate either (a) at constant high potential, or at 
the peak potentials drawn from (b) sinusoidal 
transformer discharges or (c) pulsating coil dis- 
charges. The cases of the gas tube and the hot 
cathode tube have again to be kept apart in this 
consideration. For the Coolidge tube (a) answers 
best, (b) and (c) following in that order (compare 
Fig. 7). The more constant the potential, the 
smaller will in general be the number of slower 
electrons. The gas tube impresses its own character 
on the potential wave; its potential oscillograph 
always shows a succession of peaklets whether the 
source be constant or variable, and the shape of the 
spectral curve is mainly determined by the type of 
tube. We should hence either keep the potential 
of a Coolidge tube constant and high, or raise the 
frequency of the transformer; but arcing at the 
interrupter introduces a lag of the current wave 
and reduces the efficiency. In the gas tube the time 
intervals between the intermittent discharges 
facilitates the dissipation of the residual ionisation 
and of heat; Dr. Kaye considered, however, that 
the mercury break intervals, amounting to 90 per 
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cent. of the time between successive impulses, were 
needlessly long. In the case of coil excitation 
series of flat-topped peaks can also be produced by 
increasing the primary volts and the condenser 
capacity. 

One disadvantage of the shock-excitation by 
the coil is that it superposes harmonics of 
frequencies of several thousands per second on the 
waves which are reflected in the secondary circuit 
thus leads to sparking in the tube. This tendency 
is stopped by lowering the gas pressure, or by 
immersing the tube in oil, or by suppressing the 
harmonics before they reach the tube. The 
German ‘“ symmetrical coil” illustrated in Fig. 8 
was devised for this last purpose; a somewhat 
similar apparatus has, Dr. Kaye stated, been 
designed by Mr. Mortimer Codd. There are two 
separate vertical coils ; the primaries are in series, 
the secondaries also in series ; the two secondaries 
are cross-connected above through the horizontal 
gas tube, below through an enclosed rectifying spark 
gap, which has on either side a high water resistance ; 
the resistance of the secondary circuit is very high, 
but its self-induction low, to damp out the har- 
monics. 

As regards the kenotron rectifiers, Dr. Kaye 
mentioned that they are now made for the rectifica- 
tion of currents of 200,000 volts. When a middle- 
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point connection of the transformer is adopted, a 
kenotron is placed in either half; three-phase 
circuits require six kenotrons which, with the 
further aid of condensers and inductances, reduce the 
potential fluctuations very effectively. In the 
Schenectady laboratory of the General Electric 
Company Hull has rectified 150 volts alternating 
current of 2,000 cycles up to 92,000 volts with a 
fluctuation of } per cent., and 50,000 volts with a 
fluctuation of 0-1 per cent. 

However constant the potential applied, the 
X-rays generated are not homogeneous, unless the 
bulbs are operated at potentials exceeding those 
required for the generation of the characteristic 
rays, and the rays filtered through screens of the 
same element as the target, or preferably some 
element of slightly smaller atomic number, to absorb 
the slower radiations. Aluminium is the most 
commonly used filter material. The difference made 
by filtering molybdenum rays at 28 kv. through 
3 mm. of zirconium silicate is shown in Fig. 9, in 
which the dotted curve of much smaller area 
indicates the filtered rays. Tungsten rays filtered 
through tungsten would give similar curves; the 
diminution in the intensity of the radiation is very 
strong, and that is the disadvantage of the method. 
When the volts are pushed too high they give rise 
to the generation of a general short-wave radiation. 
Thus there is an optimum potential. In the case of 
tungsten (atomic number N = 74), the critical 
potential was 70,000 volts, Dr. Kaye stated, the 
optimum being 100,000 volts; a filter of tungsten 
or tantalum (N = 73), 0-18 mm. thick, would 
remove most of the general radiation, allowing the 
8 and a components of the K radiation to pass ; 
when an ytterbium filter (N=70) of equal thickness 
was used, the a component was alone left, with 
an intensity of at least 30 times that of the general 
radiation. For molybdenum (N = 42), 30,000 volts 
was the optimum potential, and zirconium (40) the 


best. filter. At the National Physical Laboratory, 
Dr. Kaye added, they used various X-ray bulbs, 
the anti-cathodes of which were made of different 
materials so that a variety of homogeneous rays 
could be obtained. 

Coming to the use of X-rays for the examination 
of materials, Dr. Kaye naturally referred in the first 
instance to the developments of the original studies 
of crystal structure. That distinct crystals were 
not essential for such experiments by the method 
of Laue was discovered in the early days of these 
researches, by Friedrich and Knipping, who com- 
pressed powdered crystalline substances into thin 
rods. By this method Debije and Scherrer investi- 
gated graphite and amorphous carbon, and others 
studied the effects of age and of the thermal 
treatment of materials. Dr. Kaye exhibited 
the simple apparatus which Hull devised for such 
experiments (Fig. 10). The rays from the target 
fall through a filter f and two slits s, and s, on to 
the pencil of powdered substance, contained in a 
fine tube (seen at T in section), about 1 mm. in 
diameter. The diffraction patterns produced appear 
in the form of rings concentric to T, and the photo- 
graphic film has the shape of a strip curved to a 
semicircle also concentric to T. The rings then 
are seen either as full circles or as arcs crossing the 





strip like bands. We reproduced some of Hull’s 
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photographs in our Figs. 5 to 7 on page 
366 of our issue of March 19, 1920. In this 
way the constituents of rocks and of salts and salt 
mixtures have been investigated, and the growth 
and decay of materials and their transition points 
been followed, without in any way injuring the 
material, which itself may be placed in a furnace 
during the examination. These studies show that 
most substances, even colloid metals and the 
particles spattered by cathode bombardment, are 
really crystalline, and that, as Dr. Kaye put it, the 
very formation of solids may be an outward sign 
of crystallisation. 

In the manifold industrial utilisations of X-rays 
for testing and inspecting materials, to which 
Dr. Kaye devoted his third lecture, the rays them- 
selves are one of the main sources of trouble. Any 
object, especially a piece of metal, placed in the 
X-ray beam, scatters secondary radiations in all 
directions from the various surfaces; the air near 
the apparatus contributes to the scattering, and the 
photographic plate is fogged. To stop the radiations 
the specimen is brought as near the plate as possible, 
and the exposures are shortened, while the distance 
between object and tube is made great. The plate 
is enveloped front and back with sheet lead, pre- 
ferably with an inner lining of aluminium; the 
hole left for the reception of the direct image is 
not made larger than necessary. When the specimen 
is not flat, it is cemented with wax to the bottom 
of a tray of aluminium or cardboard, and mercury 
and lead shot are poured around it. A Bucky grid 
may be interposed between the object and plate ; 
the faces of this rectangular grid are spherical 
in contour, and the dividing cell walls are every- 
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where radial ; the grid allows only the direct X-rays 












from the focus to pass, and is itself kept in motion 
to prevent its being registered on the plate. 

In other ways the specimen does not require 
preparation, nor is it injured by the X-rays which, 
in many cases are the only means at our disposal, 
for detecting hidden flaws. At present the prac- 
ticable depth which can be penetrated are: lead, 
5 mm.; tin, 12 mm.; carbon steel, 7-5 cm. ; 
aluminium and its alloys, 10 to 15 cm.; wood, 
30 to 40 cm. The exposures often limit the thick- 
ness; yet 1 in. of steel now requires only an ex- 
posure of less than a minute with current of 130,000 
volts and a few milliamperes. We can distinguish 
a@ wrought rivet in an iron casting, because the 
rivet is denser and the penetration or opacity 
depends upon the number and the mass of the 
atoms. 

Welds up to an inch thick and 2 ft. in length, 
may be examined in less than a minute; the 
patchiness of alloys, examples of defective solder- 
ing and brazing, hidden corrosion of ferro-concrete 
and of the armouring of cables, as well as 
faulty centring of cables are easily detected; the 
filling of shells, the internal structure of enemy 
ammunition has been safely investigated; bad 
workmanship and the disguise of faults, as well as 
the use of improper materials, cracks in metals, 
in carbon brushes, &c.,* are’ disclosed ; specks of 
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iron in the clay, which would afterwards ruin the 
pots for glass-making, can be discovered. Americans 
even use the rays to see where a boot pinches the 
foot. 

Scientific studies of plants, shells, fossils and 
organisms and kinematic X-ray photographs 
offer wide possibilities. For the engineer the 
possibilities of the progressive work is of great 
importance, and the moral effect on the men, who 
know that a successfully disguised flaw may be 
detected at any moment, is not to be under-rated. 

The general public will be interested in the dis- 
covery of spurious old brasses, pottery, books, manu- 
scripts, furniture and old masters. Dr. Kaye referred 
at some length to this study of old masters. 
Rembrandt is credited with having left 700 pictures, 
but there are nearly 5,000 “ original *» Rembrandts 
in existence. That their number is being reduced 
by X-ray tests is due to the difference between old 
and modern canvasses and wood, paper and porce- 
lain, priming and sizing (white lead is now used, 
formerly glue and carbonate of lime) and pigments 
(the old mineral paints are largely replaced by coal 
tar dyes). Zinc white was unknown 300 years ago, 
bitumen slowly turns opaque, and there are many 
other distinctive tests. 

We have passed over the great achievements of 
X-ray therapy. With all its advances, however, 
radiography is limited, and will have to be improved 
to become a commercial proposition in heavy en- 
gineering. We may aim at heavier X-ray outputs 
at much higher volts; that would require huge 
transformers and improved cooling, possibly in 
bulbs of silica or of metals. And we may improve 
the sensitiveness of screens, plates and detectors. 
Fluorescent screens are preferable to plates, for the 
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workshop and mass inspection; but the actual 
screens cannot take steel exceeding } in. in thick- 
ness. The photographic plate only registers 
1 per cent. of the rays passing through it. The 
emulsions have recently been thickened and been 
richly loaded with silver or other heavy metals. 
Exposures are shortened by backing the emulsion 
with a sheet of heavy metal (lead) and by the use 
of an intensifying screen containing a fluorescent salt 
such as cadmium tungstate. But all X-ray plates 
are much more sensitive to visible light than to 
X-rays, and the screens which are more efficacious 
with hard than with soft rays are apt to impair 
the detail owing to “grain.” The closest contact 
between the screen and the emulsion is in the 
“Impex” plate secured by incorporating the 
fluorescent salt in a superposed gelatin film which 
is dissolved off before developing. The “du- 
plitised ” films, celluloid coated on both faces with 
emulsion, mark another line of progress; several 
of these are sandwiched with their fluorescent 
screens. 

It is interesting to note that Mr. Alan Campbell 
Swinton, F.R.S., who presided at the last lecture, 
proposed the incorporation of fluorescent materials 
in his lecture of March 4, 1896—one of the 
first delivered on this subject in this country. He 
now suggested that higher efficiency might be 
obtained by working with gases as in the mercury 
vapour lamp, for instance, by letting streams of 
positive particles and of negative particles impinge 
upon one another. He has not yet tried that 
arrangement. The X-rays are only 25 years old, 
and very much undoubtedly still remains to be 
done in their development and util’sation. 





THE MANUFACTURE OF BALL 
BEARINGS. 

BALL BEARINGS, together with analogous bearings 
of the roller type, have become so well-established 
as essential components of large classes of machinery, 
and their use is extending so constantly in various 
directions that their very familiarity tends to 
obscure their engineering interest. The machinery 
maker can purchase for a few shillings a type suit- 
able for practically any duty, the designer can often 
employ them more advantageously than any other 
kind of bearing, and the ultimate user likes them 
both for their anti-friction qualities and their long 
and uneventful life. Everybody appreciates them 
from his own particular point of view and no doubt 
sometimes feels a passing wonder as to how they 
are made with that extraordinary accuracy which 
is no less characteristic of them than it is necessary 
to their proper functioning. They are really 
remarkable examples of manufacturing art, for their 
engineering excellence is accompanied by their 
production at a price which appears quite in- 
compatible with it. 

The manufacture of these bearings is, of course, 
a highly specialised industry, which is carried on by 
a comparatively few firms specially equipped for 
the purpose. The methods employed have been 
perfected as the result of costly experience, and it 
is not surprising therefore that they have been 
jealously guarded. The consequence is that the 
average engineer has little knowledge of the pro- 
cesses involved. He might make a fair guess at the 
way the rings or cages are made, because these have 
points of resemblance to other engineering articles, 
but to the question of how millions of intensely 
hard steel balls can be made, all with an accuracy 
almost beyond the limits of measurement, he would 
hardly hazard an answer. The steel ball is striking 
because it is unique, but the problems involved in 
the commercial production of the more ordinary- 
looking rings with which the balls are associated 
are perhaps more numerous and intricate. No 
ball bearing can give satisfaction in service unless 
the workmanship and quality of the races are of 
the same order of perfection as those of the balls, 
and to turn out work of such excellence by methods 
of mass production is a feat which will readily be 
appreciated by all who have experience in manu- 
facturing. 

Ball bearings have been manufactured in Newark 
for many years by Messrs. A. Ransome and Co., 
Limited, who made extensive use of them in the 
construction of their wood-working machinery. 


During the war the demand for such bearings for 
the construction of aero-engines, road vehicles, 
magnetos, &c., became exceedingly acute, and the 
shortage was so great that the Government had 
even to prohibit their use for many pre-war purposes, 
except under special sanction. The larger manu- 
facturers of such bearings were quite unable to cope 
with the requirements of the time, and the experience 
of Messrs Ransome was turned to good account in 
augmenting the supply. A firm called the Ransome 
and Marles Bearing Company, Limited, was in- 
corporated as a separate company for the purpose 
of manufacturing these bearings, and they estab- 
lished independent works at Newark alongside those 
of the parent company. The antecedent history of 
this firm eliminated most of the experimental work 
which would have had to be done by a company 







6} in., and in an equal number of metric sizes with 
bores from 10 mm. to 110 mm. Except for the 
larger sizes, the inner and outer rings are machined 
from drawn steel tubing, the alternative being to 
make them from steel bar. The tubing is of oil- 
hardening steel, but case-hardening steel is used 
for the solid bars. When the latter is employed, the 
inner ring is cut from the core of the outer ring 
in order to save material. Referring to the bearing 
illustrated, the rings are cut from tubing. The 
material used contains from 1-2 per cent. to 1-5 per 
cent. of chromium and about 1 per cent. of carbon. 
The tubes are drawn to dimensions which allow 
2 mm. inside and outside for machining, and are 
guaranteed to be accurate to size within limits of 





+ 0-25 mm. On arrival they are tested both 
for chemical composition and physical properties 
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entirely new to the processes, and consequently 
the Ransome and Marles Bearing Company, 
Limited, was able to develop very rapidly and to 
take its place at once with the older established 
companies devoted to the manufacture of ball 
bearings. The products of the firm comprise 
ball bearings and roller bearings of light, medium 
and heavy type in every commercial size, both 
English and metric ; thrust bearings with a similar 


range of duty and self-aligning plummer blocks, 


both of the roller and ball types. It would be out 


of the question for us to attempt to describe the 
whole of the processes involved in making such a 
variety of articles, so we propose to deal somewhat 
fully with the manufacture of a typical ball bearing, 


including rings, balls and cage as the nature of the 


operations described will indicate the methods 
adopted in the case of many of the other articles. 
Reference will be made later on to the roller bearings 
and other productions of the company. 


The bearing which we will choose for detailed 


description is that known as the “LJ.” (light 
journal) type, having a bore of 1-625 in. diameter, 
and an outside diameter of 3-5 in. 
in Figs. 1 to 5, annexed, with all dimensions and 
limits. Bearings of this type are supplied in 28 


It is illustrated 





English sizes, with bores ranging from } in. to 








in Messrs. Ransome and Marles’ laboratory and also 
checked as to hardness, eccentricity and size. 
Considering first the manufacture of the outer 
ring of the bearing, Fig. 2, the above-mentioned 
tube is put into a Gridley automatic lathe, in which 
the outer surface is turned and the inner surface 
bored simultaneously. The two diameters are 
machined to sizes leaving from eight to twelve 
thousandths of an inch on the diameters for grinding. 
The rings are then parted off four at a time. For 
the second operation they are taken to a Herbert 
No. 4 capstan lathe where the outside diameter is 
radiused off at each end, the bore is chamfered at 
each end, and the groove is turned for the ball- 
track. The third and last machining operation is 
a very simple one, and consists merely of cutting the 
notch between the side and the ball race through 
which the balls are afterwards inserted. This is 
done on a hand-milling machine. Whilst in the 
soft state the rings are stamped with a series of 
symbols which give the size of the bearing and 
also enable the firm at any subsequent date to 
determine the exact class of steel used, the 
supplier of the steel and the date and year of 
manufacture of the ring. It should have been 
said that practically every manufacturing opera- 
tion in the factory is carried out on a straight 
individual piecework system, which the manage- 
ment, in common with many other firms, have 
found to be more satisfactory than any system 
involving either group working or sliding scale bonus 
payments. These remarks do not apply to the 
operations in the manufacture of the balls them- 
selves, nor to the work of inspection which is carried 
out between successive operations. Such work is 
carried out by day work. The inspection system is, 
as may be imagined, extremely thorough, but it 
follows along usual lines in connection with the 
comparatively simple operations so far dealt with. 
A view of the bay devoted to the manufacture of 
ball rings is reproduced in Fig. 15, on Plate XIX. 
After the notching operation the ring is ready 
for hardening. For this purpose it is heated to the 
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correct temperature for the particular class of steel, 
usually between 780 deg. and 810 deg. C., in a 
gas-fired muffle, the temperature of which is con- 
trolled in accordance with the indications of a 
pyrometer. It is then thrown into an oil bath 
and cooled right off. The next process is to temper 
it, and this is effected by a long-continued boiling 
in water. It is somewhat surprising that so low 
a temperature should be able to cause any physical’ 
change in the steel, but it unquestionably does do 
it good probably by “ artificially seasoning ” it and 
allowing the internal stresses due to quenching to 
become relieved. Moreover, in conjunction with 
the sand-blasting operation, which is next put on, 
it cleans the surface and permits inspection for 
cracks and other defects. Fig. 6, annexed, shows 
the hardening shop. In the foreground are the 
quenching baths, and behind them the -muffle 
furnaces in which the rings are heated. 

To test the ring for hardness and freedom from 
cracks, it is dropped edgewise from a definite height 
on to a steel anvil. This is called the bounce test, 
although the height of the rebound is not the 
principal object to be determined. The correct 
height of drop for each size and type of ring has 
been, studied, and the force of the blow is such that 
it will shatter any ring which is either too hard or 
contains a flaw or crack. A clear ringing sound is 
produced by a perfect ring, and one insufficiently 
hard can be instantly detected by the noise it 
produces. A further test for hardness consists of 
a modified form of Brinell test carried out on a 
machine devised by Messrs. Ransome and Marles. 
This also is applied to every ring. 

The first grinding process consists in facing both 
the flat sides of the ring. This is done on vertical 
grinders, one of which is illustrated in Fig. 7, 
annexed, a large number of rings being placed on a 
horizontal magnetic chuck which rotates beneath 
the grinding wheel. The operation is carried out 
by wet grinding and the work is finished to the 
guaranteed limits, namely, from nominal size 
to 0-002 in. below nominal size. These limits are 
the same for all sizes of bearings. The sides having 
been finished and the ringlinspected, the outside 
diameter has next to be ground. It!is, of course, 
vitally important that the finished outside diameter 
shall be concentric with the finished internal ball 
track, and it is equally obvious that it is much easier 
to remove metal from the former than from the latter. 
It is therefore necessary that when the outside 
diameter is being ground, the ring shall be located 
by the ball track, and a special mandrel has been 
devised by which this is simply and effectively 
performed. About 10 rings are carried on such a 
mandrel, and the whole of their outside diameters 
are ground up at the same operation on an ordinary 
centre grinder. They are finished to a nominal 
size, which for rings between 3 in. and 5 in. diameter, 
is 0-001 in. below the standard size, and this nominal 
size is guaranteed within limits of plus two ten- 
thousandths and minus three ten-thousandths of 
an inch. The grinder works to a standard disc of 
nominal diameter and a corresponding gap gauge. 
This tolerance is common to rings of all sizes, but 
the nominal size varies with that of the ring, rang- 
ing from 0-0005 in. below standard size for rings 
less than 2'in. diameter to 0-0015 in. for rings over 
5 in. 

The only remaining part of the ring which remains 
to be ground is the most important, namely, the 
ball track. The radius of the track is only about 
3 per cent. greater than that of the ball which runs 
in it, this being a feature of Messrs. Ransome and 
Marles’ bearings. It has the advantages of limiting 
end play to very minute dimensions and of per- 
mitting a reasonable amount of end-thrust to be 
taken care of without fear cf jamming or crush- 
ing the balls. It also results in less concentration 
of the pressure of the balls on the track than would 
occur were the latter of a flatter curve. Return- 
ing to our subject, the grinding of the internal 
track is carried out on Ransome and Marles or Van 
Norman radial grinding machines, one of the former 
fitted up for the operation being illustrated in Fig. 8, 
on Plate XVIII. The accuracy of the form of the 
track does not depend upon that of the grinding 
wheel, but is guaranteed by the radial motion 
of the latter. The most interesting thing about the 


machines, however, is the design of the chuck which 
holds the work. The least suspicion of distortion 
by the pressure of a chuck would be fatal to the 
accuracy of a job which has to be finished to the 
ten-thousandth of an inch, and the method adopted 
by some ball-bearing makers is to drive the ring 
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into an accurately-bored hole in a solid bell chuck. 
This is by no means a perfect way, as the total 
tolerance on the outside of the ring is half a 
thousandth of an inch. 

Messrs. Ransome and Marles use a remarkably 
simple and ingenious chuck, patented by Mr. J. D. 
Scaife, their works manager. The construction 


of this chuck will be seen by referring to Figs. 9 


to 14, on Plate XVIII. 





It consists of a fairly thin 








steel plate carrying a large number of jaws 
in a circle on the front of it. Through the pro- 
jecting leg of each jaw passes an adjustable steel 
screw which is locked in position. The points of 
these screws project radially inwards and serve to 
hold the work when the chuck is tightened, as 





MACHINE FOR GRINDING Faces or Batt Rives. 


will be seen in Fig. 12. It will be noted that the 
back of the chuck is clear from the faceplate of the 
machine except round the edges where it is attached. 
From the centre of the back of the chuck a rod 
passes through the machine mandrel and terminates 
in @ screw carrying a hand wheel at the end of the 
headstock. By turning the hand wheel a tension 
is put on the rod and this distorts the chuck plate 
very slightly and causes the screw points to grip the 
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work. The latter is located endwise by three or more 
abutments with which it is placed in contact, and 
the uniform pressure of the holding screws abso- 
lutely prevents distortion or eccentricity of the 
work. Rings may be inserted or removed practi- 
cally instantaneously, and the chuck performs its 
duties so perfectly that a ring may be reinserted if 
necessary, without regard to its previous position, 
and another tenth of a thousandth of an inch 
removed from its interior. Fig. 14 shows an 
alternative design, in which the work is released by 
pressure of the centre of the back plate. Fig. 11 
shows a machine for grinding the interior of the 
outer ring of roller bearings. It is equipped with 
a chuck similar to that just described, and Fig. 9 
gives a view of the chuck and grinding wheel with 
the guard removed. 

During the grinding of the ball tracks, the work 
is lubricated with an extremely small quantity of oil, 
and a finish is obtained equal in appearance and 
superior in accuracy to that produced by lapping. 





its parallelness with the end faces of the ring are 
tested simultaneously by means of the gauge shown 
in Fig. 17. The two indicators, one showing the 
variation of the thickness of metal between the 
track and the outside diameter and the other the 
variation of the distance between the centre of the 
track and the face, are observed simultaneously as 
the ring is rotated in the instrument by means of the 
fingers. The test of the equality of distance 
between the centre of the track and the two faces 
of the ring is made separately. In this case the ring 
is gauged on another instrument, being measured at 
several points on each side and the difference, if any, 
between the readings of the indicator being noted. 

We have dealt so fully with the manufacture 
of the outer ring, that that of the inner ring may 
be dismissed fairly briefly, as the operations per- 
formed upon it are substantially the same, mutatis 
mutandis, as those on the outer ring. Like the 
latter it is cut from a tube, and the various processes 
of machining, hardening and grinding follow along 





mounted in ball bearings. This attachment was 
designed by Messrs. Ransome and Marles. The 
diamond can be rotated with the utmost ease so 
as to travel along the radius to which the wheel 
is to be trued, but it is absolutely without a trace 
of shake or end play. The methods of gauging and 
testing are substantially the same as those described 
in connection with the manufacture of the outer{ring 
and need not therefore be particularly described.}, 

We come now to the manufacture of the cage, 
which holds the balls in their working position 
between the rings. The cage has to be made in two 
parts which are inserted from each side when the 
bearing is assembled, and then riveted together 
in position. The cage illustrated in Fig. 4, on 
page 415, is made from a pair of die castings in 
white metal, both cage and cap being reinforced 
by wire round the circumference. The alternative 
method, shown in Fig. 5, is to make the cages 
from extruded brass tubing, which is machined 
inside and out and parted off into rings at one 
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Lapping has been generally abandoned for this 
work by Messrs. Ransome and Marles, as it has been 
found that the lapped surfaces are liable to hold 
small particles of the abrasive material which will 
ultimately lead to their destruction. When grinding 
out the ball track, the workman checks the progress 
of the work by an indicator gauge, the facility with 
which the ring may be taken out of the chuck and 
replaced rendering accurate gauging easy. After 
leaving the machine the ring is finished, and ready 
for final inspection. It is examined for visible 
defects, and the hardness of the ball track is tested. 
This is done by the use of a scraper made of a piece 
of silver steel rod, dead-hardened, and ground 
square across the end. The end is passed round 
the ball track and an expert inspector will discover 
with certainty by the sense of touch any relatively 
soft spot which may exist. The method is found 
to be quite reliable, and, in fact, no other seems 
possible, as anything in the nature of a scleroscope 
test would injure the surface. 

Before a ring can be passed as perfect, the ball 
track has to be gauged for form, for diameter, 
for centrality between the sides of the ring, and for 
concentricity with the rings. It must also be 
parallel with the faces of the ring. The gauges used 
to determine these points are shown in Figs. 16 
and 17, Plate XIX. The principle of the 
mechanically magnifying caliper is used for the 
measurements on the outer ring, the instrument 
being set to read zero when measuring a master 
gauge-piece, and its indications when employed 
on the actual article showing how much any 
particular dimension varies from the standard size. 
The indicating pointers read in ten-thousandths of 
an inch for the important dimensions. The con- 
centricity of the track with the outside diameter, and 
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much the same lines. The grinding of the bore is 
performed before the external ball track is ground, 
the ring being located by the bore for the latter 
operation. 

The machines for grinding the bore are illustrated 
in Figs. 19 and 20, annexed. The rings are held 
with their ground faces against the front of a chuck A 
by means of a spring clamp, and are trued in 
position by the pressure of the grinding wheel itself. 
As soon as it is seen that the wheel is cutting evenly 
all round, the clamp is tightened and the ring 
restrained from any further movement. In the 
photographs a vertical swinging arm, marked B, will 
be noticed. This carries the diamond point for 
trueing up the grinding wheel. It is thus in constant 
readiness, and the wheel may be corrected when 
required with the minimum loss of time. This 
arrangement has been found to permit of much 
more rapid work and also to result in the main- 
tenance of the wheels in a better condition. 

For grinding the ball track the ring is held in a 
Scaife chuck by the finished bore. 

The chuck is constructed on the same principles 
as that illustrated in Figs. 12 to 14, but so designed 
that the distortion of the back plate causes the 
gripping surfaces to open out and press against the 
interior of the bore. As in the previous case the 
insertion and removal of the work from the chuck 
is practically instantaneous, and the ring may 
be replaced, in any position with the certainty that 
it will run as true as if it had never been moved. 
The ball track on the inner ring is ground by a 
formed wheel which is trued after everything is 
completed. Fig. 10, Plate XVIII, shows a ring in 
position on its chuck, ready for the grinding of the 
ball track. The trueing device consists of a dia- 
mond carried behind the centre of a vertical spindle 





operation on an automatic lathe, exactly as the 
bearing rings were made. The rings are then taken 
in pairs, each pair being clamped in turn on 
a nose-chuck of a special machine and drilled 
for the rivets. Holes, of No. 14 gauge, are drilled 
axially through both rings by means of a small twist 
drill running at about 9,000 r.p.m. and fed into the 
work by hand. The drill spindle is carried in ball 
bearings, the spindle being mounted on a slide which 
is traversed by a hand lever. A very simple dividing 
arrangement is fitted which enables the boy who 
operates the machine to rotate the work into the 
position for drilling the next hole by merely moving 
a lever. It consists of a dividing plate located by 
means of a spring controlled locking pin, and rotated 
by a friction ratchet on the rim. 

The pair of rings, held together in the correct 
relative position by a piece of wire temporarily 
inserted through one of the holes, is taken to another 
machine on which the ball pockets are drilled. 
This machine is on the principle of a simple capstan 
lathe, the rings being clamped horizontally on 
the top slide of the machine, and the drill being held 
in the lathe mandrel. The drill is of the straight 
fluted type, and when the slide is moved forward by 
hand, it makes a radial hole nearly through the pair 
of rings at their face of contact. The ledge of metal 
left round the bottom of the holes forms a kind of 
seating for the balls and prevents them passing right 
through the cage. The rotation of the work to 
bring it into position for the next hole is effected 
automatically as in the case of a capstan lathe, 
by the backward motion of the saddle. When all the 
holes have been drilled the rings are completed until 
the final assembly of the bearing, when they are 
riveted together with the balls in position. 

As may be well understood, the efficient upkeep 
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of machines, tools and gauges is a matter of necessity 
in a works where such accuracy is demanded as in 
the manufacture of ball bearings. The tool-room 
therefore constitutes a very important department 
of the factory, for upon it the output is very largely 
dependent both as regards quality and quantity. 
The general appearance of the tool-room of Messrs. 
Ransome and Marles is shown in Fig. 18, on Plate 
XX. It is a comfortable and well-illuminated shop, 
as indeed all tool rooms should be, and the pre- 
ponderance of machine tools over bench accom- 
modation is somewhat striking. The tool-room 
is the last. stronghold of bighly-skilled hand work 
in a modern factory, and it is significant to note 
that even here the machine tool appears to be 
encroaching upon the domain of the handicraftsman. 


(T'o be continued.) 





GEARED MARINE DIESEL ENGINES. 

Tue introduction of gearing between the prime 
mover and the propeller is a proved success in marine 
practice, wherever conditions for maximum efficiency 
cannot be reached by direct coupling the engine to 
the propeller shaft. Only by using such gearing has the 
steam turbine been able to show to the fullest economi- 
cal advantage in most classes of vessels. So far 
wide field of application has been found by mechani- 
cal gearing with single reduction where high-speed 
vessels are concerned, this field being much extended 
when the double reduction type is applied to the type 
of vessel represented by the average cargo carrier. 
The rival system of electrical propulsion, where 
dynamos and motors replace mechanical means of 
speed reduction, has its strong adherents, particularly 
in the United States of America. 

It is only natural that, with the extending application 
of the Diesel oil engine to marine propulsion, those 
methods which have proved successful in the case of 
the steam turbine, should be considered in conjunction 
with the Diesel engine, although the case may not 
exactly be a parallel one. 

There are, undoubtedly, certain conditions, as for in- 
stance where weight and space are extremely limited, 
or where conditions of operation are unusual, when 
the claims of the Diesel engine geared either mechani- 
cally or electrically cannot be passed over without full 
consideration. 

So far as merchantmen are concerned, we must turn 
to America’s war effort in this direction when seeking 
examples of this t of installation, A number of 
mechanically and electrically geared Diesel engines 
have been installed, and this description deals with the 
design and performance of an early mechanically 
geared twin screw set which has now been in successful 
operation for over two and a half years, in the wooden 

8. Libby Maine. This vessel has the following 
dimensions, length 240 ft., beam 43 ft. moulded depth 
24 ft. with a deadweight capacity of 2,000 tons on a 
mean draught of 22 ft. 74 in. Two Diesel engines 
installed are each of 320 b.h.p. giving the vessel 
a sea speed of 6} to 74 knots. The machinery was 
built by the Dow Pump and Diesel Engine Compan 
of Alameda, California. The engines are illustrated 
in persp?ctive in Figs. 1 and 2 on Plate XXI and 
the arrangement of gearing in Figs. 3 and 4 on 
the same plate. These Diesel engines are manufac- 
tured under licence from the English Electrical Com- 
pany (late Messrs, Willans and Robinson) of Rugby, 
the well-known manufacturers of Diesel engines, and 
in the main features represent standard land practice. 
The engines work on the four-stroke cycle principle. 
In each cylinder head are :—starting, fuel, inlet and 
exhaust valves, the cylindera and columns forming one 
casting of A frame type into which separate inter- 
changeable cylinder liners are pressed. The pistons 
are of the trunk type, no separate crossheads being 
provided, The valves are operated by the usual cams 
from a camshaft driven by spiral gearing from the 
crankshaft through a vertical shaft in the centre of the 
engine. To this standard engine has been added 
reversing gear, as will be seen. Each valve has two 
cams one for ahead and one for astern, and the valve 


levers are mounted eccentrical y on their fulcrum | 


shafts. Rotation of these shafts in the desired sequence 
lifts the rollers off the cams, when the camshaft can be 


displaced fore and aft, bringing the desired cam into | 


line with its lever when the rollers are again replaced 
onthe cams. The way in which this reversing gear has 
been added to a land type of engine is extremely neat. 

For supplying injection air a Reavell quadruplex 
three-stage high pressure compressor is driven from the 
forward end of the main engine crankshaft. The main 
engine cylinders are six in number of 12 in. diameter by 
18 in. stroke, giving 320 b.h.p. at 250 r.p.m. working 
at a m.e.p, of 83-5 lb. per square inch on a brake horse 
power basis, or giving 428 i.h.p. at the same speed, thus 
showing 75 per cent. mechanical efficiency. These 


| are the full power figures. The consumption is 0-42 lb. 
| per brake horse power per hour at full power and the 
| engines have operated during their two and a half years 
of service at an average figure of 87 per cent. of full 
power of 72 lb. per square inch mean pressure on a 
brake horse power basis. 

| Chief interest will, however, no doubt centre in the 
‘reduction gearing. At the after end of the engine as 
will be seen from the illustrations is a flywheel of very 
ample proportions considering the relatively high 
| speed of the main engine of 250 r.p.m., this serv- 
| ing to damp out any cyclic irregularity due to the 
uneven turning moment. Between the flywheel of 
| the engine and the gear-box is a Nuttall flexible coupling 
further to prevent any crankshaft deflection or shock 
| from coming upon the mechanical gearing. The gear 
| is of the double helical type manufactured by the Falk 
| Company of Milwaukee, Wisconsin, U.S.A. Both the 
| high and low speed gears are of cast and not of forged 
| steel as is now usual here. The pinion has 31 teeth 
;and the wheel 77 teeth giving a reduction ratio of 
| approximately 2} to 1, the propeller shaft running at 
| 100 r.p.m. The teeth are on the large size being of two 
| diametral pitch, and the total face width is 15} in. 
| in the case of the pinion, and 16} in. in the case of the 
wheel. This gives at sea a pressure per inch run of 
| approximately 600 lb. The gear is housed in an oil- 
tight gear case and lubrication is provided by a self- 
| contained pump-over system which supplies a con- 
a flow of oil to the gear teeth. The engines are 
|outward turning, giving inward turning propellers. 
| The propellers are four-bladed and built up. Driven 
| from the low-speed shaft on each side are bilge and 
circulating pumps, and abaft the gear cases are the 
ordinary horseshoe type of thrust blocks. 

The Libby Maine went into commission on June 17, 
1918, and up to date has covered over 65,000 miles on 
various voyages in and across the Pacific. The log 
of the ship throughout this period shows very con- 
sistent running at an average s of 6-72 knots and 
238-2 r.p.m. The consumption of fuel has worked 
out at less than 2} ton per day, or 66 nautical miles 
per ton of fuel, showing that the consumption of 0-42 Ib. 
per brake horse-power per hour has been well main- 
tained. The engines and gears have required exceed- 
ingly little attention. The reduction gears were last 
inspected on December 28, 1920, and were found then 
to be in good condition. 








CHEMICAL INFLUENCES IN THE FAILURE 
OF METALS UNDER STRESS.* 
By Ceom H. Descu. 

THERE are two directions in which the failure of 
metals under stress may be influenced by chemical 
conditions, the first being heen 9 the composition of 
the metal or alloy, and the second through contact with 
a substance which is capable of reacting chemically 
with the metal. The first of these has not been syste- 
matically investigated. The form of failure known as 
“season cracking" appears to be confined to a limited 
class of alloys, principally the brasses and the alloys of 
copper with zinc and nickel. In the brasses, the lia- 
bility to crack under continued stress appears to increase 
with increasing zinc, and to be favoured by the intro- 
duction of iron or tin. On the other hand, inter- 


y | crystalline failure under the application of stress may take 


place in many other metals, including steel, in such 
circumstances as to indicate a relation to season crack- 
|ing. Brasses composed of the beta constituent occasion- 
ally crack in the cast condition, without the application 
of external stress, and this form of failure is always 
associated, in the writer’s experience, with the 














resence 
| of aluminium in the brass. om goes t of brittle- 
| ness described by Rosenhain and ArchbuttT is confined 
| to a certain range of composition in the copper-alum- 


|inium-zine series, and it is probable that similar cases 
| would be discovered in other series of alloys if a syste- 
| matic search were made, Scarcely anything is known 
| of the relation of the chemical composition of alloys to 
| failure under stress, although within limited classes of 
| technical alloys certain workshop rules have become 
known. 

The influence of corroding agents has been rather 
|more fully studied, especially in the last few years. 
|The most striking feature of this action is its specific 
| character. In the case of severely cold-worked metals 
|in a state of internal stress cracking may be produced 
| by contact with solutions of mercury salts or with 
ammonia, but only rarely by any other reagent, although 
acids may attack the metal much more rapidly than 
|either of these. The difference between reagents in 
this respect does not appear to be merely one of degree, 
but the strictly selective action of certain compounds is 
| very remarkable. 

It is clear that chemical action in metals frequently 
advances along the surfaces which separate the crystal 
grains more rapidly than through the mass of the metal, 
and that such a course is more likely to occur when the 
portion of the metal which is exposed to the reagent is 
in a state of tension than when it is in compression or 
in an unstressed condition. At the same time, this 





* Abstract of a paper read at a joint meeting of the 
Faraday Society with other institutions on April 6. 
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process is not observed with all reagents. Strong acids 
attack most metals in a more indiscriminate fashion, the 
action being so powerful that the minor differences 
between the crystal boundaries and interiors are obli- 
terated. It is rare for the mode of action of a strong 
acid to be inter-crystalline, although this may haps 
be the case when the metal attacked is in a highly cold- 
worked condition. On the other hand, the passage of 
gases into metals, or their escape from them, appears 
to follow the boundaries in most cases which have been 
studied, and the same may be said of the action of some 
weak electrolytes. It is too much to say, however, that 
the action of weak electrolytes is usually intercrystalline 
since the action is only clearly observed in the case of 
certain ific agents. No other reagent has been 
discove which acts so powerfully in separating the 
crystal grains as mercury. This is readily understood 
when it is remembered that mercury is the only sub- 
stance capable of dissolving metals at the ordinary 
temperature, forming a liquid amalgam, and wetting the 
metal perfectly. At higher temperatures tin and other 
fusible metals behave like mercury, and produce fracture 
in the same way. Even mercury can never produce an 
intercrystalline weakness which does not previously 
exist, but only reveals, either a state of stress, as in the 
cold-worked metals which are subject to season cracking, 
or a state of weakness of unknown origin, as in some 
large castings of propeller alloys. Whether the selective 
action is due to the properties of an intercrystalline 
cement or to the effect of the reagent on the surface 
tension of the adjacent ins, is a question which it is 
— to answer in the light of our existing know- 
ledge. 





FAILURE OF THE LEAD SHEATHING OF 
TELEGRAPH CABLES.* 
By L. ArcusoutTt, F.I.C. 


In August, 1908, I received from Mr. J. Sayers, Tele- 
graph Superintendent of the Midland Railway, several 
short lengths of lead-covered cable removed from wood 
boxing carried on posts by the side of the line near to 
Blea Moor tunnel. This cable was laid in 1896 and had 
developed defects. The lead covering was not cor- 
roded, but was cracked in several places, and my opinion 
was asked as to the cause. Analysis showed the lead 
to be almost chemically pure. A determination of the 
lead as sulphide | ty 99-94 per cent. The brittleness 
was found to be due to a want of cohesion between the 
crystalline grains, and not to any brittleness of the lead 
itself. Fine cracks were visible on the inside of the 
sheath when opened out, and fresh cracks appeared 
when the metal was bent. These cracks ran easrcon 
the grains, which were not unusually large. I con- 
cluded at the time that the defect was probably due to 
some impurity, such as lead oxide, which had become 
trapped between the grains and prevented their perfect 
adhesion, although the quantity must have been exceed- 
ingly minute. Lead, very rich in silver, which has been 
remelted a t many times to remove the silver, is 
said to be liable to prove defective when made into sheets, 
and I thought something of the kind might have caused 
the defects in the lead from which this sheath was made. 

In November, 1910, I received from Mr. Sayers a 
piece of lead sheath from a 7/15 conductor (power) 
eable, which was the only lead sheathing which in his 
experience had not shown signs of deterioration by crack- 
ing or corrosion after being in use for several years. 
This cable had been in use for six or seven years, most 
of it in iron pipes underground, some passing into brick 
chambers where portions were alternately wet and dry. 
A careful analysis of this lead showed it to be of remark- 
able purity, no single impurity being found in weighable 
quantity. 

In 1912 a piece of lead-covered cable was sent to me 
which had been laid in soil about forty years previously, 
and when dug up was found to be as good as when laid 
in. I found the lead to be by no means chemically pure. 

The soil in which this cable was laid was a porous, 
sandy loam, free from carbonates. It contained very 
little organic matter and very little soluble matter. 
The aqueous extract was quite neutral to litmus. 

In March, 1918, I received from Mr. Sayers specimens 
from a number of cables used in connection with auto- 
matic signalling between Keighley and Steeton. These 
cables were mostly laid in wooden boxing, supported 
on wooden posts about 2 ft. above the ground and about 
8 ft. distant from the rails, and had been is use about 
ten years. ‘During the previous January, fractures had 
appeared in the shasdliding of these cables leading to a 
breakdown of the insulation, and on examining the cables 
a large number of smaller cracks or incipient cracks 
were detected. The cables, which were laid together 
in the boxing, were of different sizes, the thickness of 
lead ranging from 0-1 in. to0-04 in. All the cables were 
affected, the largest least and the smallest most, the lead 
covering of the smallest cable being reported to be 
fractured every few yards. A photograph of a typical 
defect in one of the cables is shown in Fig. 1. On open- 
ing out the lead sheathing of this cable, the metal 
showed a network of fine cracks on the inside, some of 
which had penetrated through the metal, shown in the 
photograph, Fig. 2, under a magnification of nine 
diameters. There were no signs of corrosion. 

The cracks, as in the case first-mentioned, appeared 
to be intercrystalline. 

Pieces of lead were cut from a part of the cable where 
there was no visible defect, also from a badly disinte- 
grated part, and analyses of these are given in the 


a 
urther estimations were made of the oxygen in pieces 
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cut from different parts of the sheat and also from 
a piece of new plumber’s lead pipe: oxygen was 
estimated by the loss of weight on melting the metal in 
hydrogen and also by weighmg the water formed. The 
amount of oxide found in this lead sheath, where not 
defective, was the same as in the new lead pipe, and the 
higher percentages found in the defective part did not 
seem to be more than might be accounted for by surface 
oxidation which had occurred since the cracks developed. 

Freezing-point determinations by the thermo-couple 
method showed no difference between the sound and 
defective portions of the lead. 

All the above-mentioned determinations having been 
made with special care and having thrown no light on 
the cause of the’ failure, attention was again directed 
to the micro-structure, and it was found that in all the 
defective places examined, not only were the cracks 
intercrystalline, but the shape and size of the crystals 
were remarkably different in the defective places and 
in the sound part of the sheath. It will noticed 
that in the defective part the crystals are, as a rule, 
much larger and have straighter and smoother boun- 
daries than in the undamaged part. The cracks follow 
the course of these boundaries, the crystals being arranged 
so that the intercrystalline joints run more or less in 
straight lines. Being puzzled how to account for these 
fractures, I mentioned the matter to Dr. Rosenhain, and 
he suggested that they could be explained on his theory 
that an intercrystalline cement exists in metals which can 
be caused to flow under stress, leading to a gradual 





Fig. 1. 


separation of the crystals from one another. The theory 
is explained in detail in the paper read before the Royal 
Society by Dr. Rosenhain and Mr. 8S. L. Archbutt* 
in which reference is made to. this icular cable failure 
after the authors had examined a piece of the lead sheath- 
ing which I sent to them. Arising out of this sugges- 
tion, I have made a number of experiments, and have 
also examined several other fractured cables. 

The experiments have consisted in suspending pieces 
of sound lead sheathing from the Keighley-Steeton No. 3 
cable in a vertical position, with a weight attached to 
the lower end of each piece, and observing the effect. 
Preliminary tests showed that when pieces of the sheath- 
ing were pulled in a tensile testing machine, elongation 
commenced in the case of three different pieces under 
loads of 109 lb., 116 lb. and 126 lb. respectively. The 
breaking loads ranged from 260 Ib. to 296 lb., and the 
elongation at fracture, measured on a length of 6 in., 
amounted to from 45 per cent. to 53 per cent. 

The first suspended test piece was weighted with 112 lb. 
After one aiedt had elongated about 8 per cent. on a 
length of 30 in. and had developed surface markings 
showing the crystalline grain contours of the metal. 
Microscopical examination showed evidence of incipient 
intercrystalline fracture. A second, shorter test piece, 
weighted with 100 lb., was kept under careful observation, 
and the elongation measured at intervals on a length 
of 6 in. In 14 days, surface markings had developed, 
and after 39 days the specimen fractured near to one 
end, after elongating 23 per cent. between the test 
marks, The fractured end was cut off, opened out 
and etched. The crystals seemed to be all quite small 
and their boundaries irregular. Nothing could be made 
out by examination of the fractured edges. Incipient 
cracks had developed near the fracture. 

To ascertain the effect of vibration, to which the frac- 
tures in these cables are generally attributed, two test 
pieces. were suspended, each with a weight of 70 Ib. 
One was placed at one end of a room where there was 
no perceptible vibration, and the other between two 
file-testing machines in the same room, working day 
and night and causing a visible tremor in the test piece. 
The piece under vibration began to develop surface 





* “ On the Intercrystalline Fracture of Metals under 
Prolonged Application of Stress,” Proceedings, Royal 
Society, A, vol, xevi, 1919. 
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in 65 pe and broke in about 308 days, 
ngating only 15 per cent. .The other piece 
some indications of surface markings in 155 
days, but not very distinct until after 365 days. It 
had not been broken through, ‘but had begun to crack 


after 
sho 


and, showed marked evidence of disintegration at the: 


end of 483 days, when the experiment was discontinued. 


The elongation amounted to only 8 cent. Micro- 
graphs from the etched inner surface of the piece broken 
er vibration showed evidence of general disintegra- 


tion throughout the whole length between the test marks. 
Careful examination showed the fractures in this speci- 
men to be partly inter-crystalline and partly not. 

To confirm the effect of vibration further tests are 
being made, but are not yet completed. The test pieces 
are in duplicate, and the tests were started on Sep- 
tember 11, 1920. The two pieces under vibration have 
again begun to show surface markings before the others, 
and are stretching more rapidly. In 179 days the pieces 
under vibration have stretched from 6 in. to 7-10 in. 
and 7-19 in., respectively ; the two pieces not under 
vibration have stretched to 6-90 in. and 6-95in. Vibra- 
tion, therefore, has a very perceptible effect in accelerat- 
ing the rate at which the Toe elongates and eventually 
breaks under stress, but it is not the primary cause of 
fracture, which is due to stresses in the metal, assisted in 
some cases by a weak type of crystalline structure. This 

uliar structure is not found in all cases of fracture, 
ut I have generally found it where the fractures have 
been markedly inter-crystalline. 








Fig, 2. 


Lead-covered cable supported on brackets some feet 
apart is liable to crack, generally near a bracket. A 
specimen of lead showing a fracture of this kind was 
sent to me in 1919 by Mr. McMahon, Power Superinten- 
dent of the London Electric Railways. It had a single 
erack about } in. long and another smaller crack, both 
open cracks, but no network of cracks. Microscopical 
examination failed to show any evidence of inter- 
crystalline failure, and the cracks appeared to have been 
caused by excessive stress at the point of support. 

Another specimen, sent in 1919 by Lieutenant-Colonel 
Leigh, Chief Electrical Engineer of the London and 
North-Western Railway, was from one of two 10-pair, 
dry core cables, laid in separate grooves one above 
another in wooden boxing in 1903 in a shallow cutting 
at Leyland, the boxing being supported on ts distant 
about 12 ft. horizontally and 8 ft. vertically from the 
nearest rail. The posts were fixed in a bank supported 
by a retaining wall. The lengths of cable affec were 
perfectly straight and had no bends. The defects 
occurred chiefly in the upper of the two cables, at 
irregular intervals throughout the length, and consisted 
of a network of cracks as in the two Midland Railway 
cables, but the evidence of inter-crystalline failure is 
not so plain. 

An entirely different type of failure occurred in a 
eable laid in boxing on the Midland Railway viaduct 
crossing the river Lune at Lancaster, the boxing being 
clipped to the parapet of the viaduct. This cable was 
laid in 1910 and was reported in 1919 to be. fractured 
at intervals throughout the whole ye oe of 240 yards, 
I made a careful examination of the defects in this cable 
and found that, instead of forming a network, the cracks 
were roughly parallel to one another and rather scat- 
tered. No markings were visible on the outer surface 
of the lead sheath, and the cracks had probably been 
formed before the markings had time to develop. The 
appearance is quite different from the before-mentioned 
cases of inter-crystalline failure, and it can be seen that 
the lead has been torn through the crystals and not 
broken by the crystals themselves being pulled rt, 
although some of the cracks are inter-crystalline, There 
was good evidence that severe stresses existed in the lead 
of this cable, and there would also be much vibration, 

It is evident that the long continued action of a stress 
in lead, much less than that necessary to cause immediate 
elongation, will cause the crystals gradually to lose their 





cohesion and come — and this t of failure seems 
to be connected with a weak type of crystalline struc- 
ture. I have recently examined several pieces of lead 
sheathing cut from cables of different diameters at the 
point where an annular mark is made by the die when 
the press is stopped and re-started after being charged 
with more lead. There is a marked difference in «the 
size of the crystals at this point. In two. out of three 
specimens examined, crystalline growth had taken 7 
in the lead which had passed through the die and had 
been kept heated by contact with the press, the crystals 
being much larger on this side of the die mark than on 
the other side within the press. In the third imen 
the reverse was noticed. feel no doubt that’ the pecu- 
liar t of structure observed in several of the defective 
sheaths to which I have referred, is developed in the 
process of extrusion and that the cable makers should 
investigate to discover the conditions which give rise 
to it. 





INTERNAL STRESSES IN RELATION TO 
MICRO-STRUCTURE.* 
By J. C. W. Homrrey, O.B.E., B.A., M.S8c., M.Eng. 

Srupy of the micro-structure of metals and of the 
mechanism of their behaviour under plastic deformation 
indicates that internal stresses between one crystal and 
another, due to a previous overstrain or thermal treat- 
ment, must play a large part in determining the sub- 

quent hanical properties: It is found that if a 
metal is overstrained in tension and allowed to “ recover " 
its elasticity, then, in addition to the elastic limit in 
tension being raised, the correspondi elastic limit in 
compression is lowered; vice versa if the elastic limit in 
compression is raised by overstrain in compression, then, 
at the same time, the elastic limit in tension is lowered. 
The two elastic limits appear in fact always to move in 
the same absolute direction together, metals ing 
a certain elastic range, which, while it may vary in extent 
yet reaches certain limiting values. 

Consider a bar (such as shown in Fig. 1 a) made up of a 
series of alternate firmly welded strips of two materials 
A (dark) and B (light) having different mechanical 
properties. In Fig. 2 let the curves AOA, BOB, 
represent the stress—strain relations of single strips of A 
and B respectively over a range of tension and com- 
pression exceeding the elastic limits (which curves we 
will suppose have been determined by previous ex- 
periments upon isolated strips). Knowing the relative 
areas in a cross section of the bar occupied by A and 
B we can deducet from these two curves the stress strain 


i Fig.!. b 
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relation for the bar, which will be some intermediate 
curve COC, 

Now assume that the bar is loaded in uniform tension 
and the ing is continued until’ the point X is 
reached, and the load is then . If unconstrained 
by the adjacent pieces of other material the strip of A 
would return to zero stress at a permanent extension 
OM and those of B at a permanent extension O N. 
Owing, however, to their attachment to one another 
in the bar they are prevented from assuming, unequal 
lengths and therefore the bar assumes an intermediate 
extension O P such that the strips of A are under a 
tensile stress P Q, and the strips of B under a compressive 
stress P R. Suppose the bar is now allowed (by lapse 
of time or suitable treatment) to ‘‘ recover "’ its elasticity 
and is again tested. Assuming intrinsic increase of 
hardness due to overstrain, the elastic limits of both 
materials have been raised both in compression and 
tension, and the stress—strain curves will now follow the 
lines A’ Q A’ and B’ R B’ respectively. On again plot- 
ting the stress—strain curve for the bar we find that 
the-elastic limits no longer lie equally on either side of the 
zero of stress, but that the tension limit is considerably 
higher than the compression limit. 

We thus see that in a bar built up of two materials 

ing different mechanical properties, uniform strain- 
ing will set up internal stresses which have the effect of 
roducing @ symmetry in the position of the elastic 
imits, similar to. that which has been found in the 
actual experiments upon metals. It would appear 
reasonable, therefore, to deduce that the heterogeneous 
structure of metals was responsible for this particular 
phenomenon. 
For the sake of clearness a simple laminated structure 
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and some Troubles Oaused Thereby,” Inst. of Metals, 
May Lecture, 1914. 
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in the bar has been assumed, but it is obvious that more 
complex structures will lead to similar results. £.g., 
one may i i one material to be distributed in 
irregularly curved lamine (Fig. 1 6) or as a network or 
honeycomb (Fig. 1 c) structure within a mass of the 
other. In such case deformation may take place by 
bending of the lamin rather than by pure tension or 
compression, but the final results will be the same. 
If only deformed by bending the one constituent could 
evidently be of a considerably harder and more brittle 
nature than the other, while still allowing of large plastic 
deformation of the maas. 

As referred to above, in pure metals the author con- 
siders that the intercrystalline boundaries are the chief 
cause of heterogeneity of structure. Microscopical 
study of the effects of strain show clearly how in a normal 
metal the boundaries offer a definite barrier to the 
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propagation of continuous slip between one crystal and 
another, and that in fact each crystal in a mass of metal 
behaves as if it were enclosed in a thin but hard skin 
which can only deform by elastic bending. * 

In alloys (and jially in such cases as the carbon 
steels, where we ve two constituents, ferrite and 
cementite, of widely varying mechanical properties) 
the heterogeneity is more evident, and it is obvious that no 
vem deformation can take place without comparativel 
arge stresses being left betweer. the different crysta’ 
or lamine. 2.g., microscopical examination of severely 
strained pearlite will show that the cementite laminz 
lying in the direction of the strain have been doubled 
up into waved forms, Knowing as we do the hard and 
brittle nature of this substance it is obvious that such 
deformation must be purely elastic and the whole grain 
left in a condition of severe internal stress. 

A _ photomicrograph illustrating this deformation of 
pearlite is'shown in Fig. 3 taken from a cylindrical test 
piece of about 1-2 per cent. carbon steel (etched with 


a - “The Influence of Inter- line 
Cohesion upon the Mechanical Properties of Metals,” 
ons and Steel Inst. Carnegie Scholarship Memoirs, Vol. v, 
1913. 





boiling sodium picrate) after compressing to xi- 

mately half ite original length. The centre grain es- 

= 'y shows ‘the pronounced bending up of the 
2. 

The setting up of internal stresses due to unequal 
co-efficients of contraction has been referred 
to by Seaton and Jude and by Rogers. Experiments 
by the former writers indicated that in the case of steel 
the ferrite had a 10 per cent. lower co-efficient than the 
poe It was pointed out by Rogers this would 
ead to the ferrite being put into compression during 
cooling (and not as suggested by Seaton and Jude into 
tension). 

This—considering the ferrite as the weaker member— 
would raise the elastic limit in tension while reduci 
it in compression. The author has been unable to fin 
the results of any experiments in which the elastic 
limits in tension and compression have been carefully 
determined on the same samples of steel, but it would 
be an interesting point to find whether any difference is 
usual. We do, however, know that the elastic limit as 
determined by alternating stress tests is considerably 
lower than that obtained in tensile tests, which certainly 
indicates that such difference is probable. 

In putting forward the above brief suggestions as a 
contribution to the present symposium, the author 
wishes chiefly to draw attention to a factor in the strength 
of materials which does not appear adequately to have 
been studied, 








AIRSHIP SHEDS AND THEIR ERECTION.* 
By Luxe Hamizton Larmuts, Assoc.M.Inst.C.E. 


At the commencement of the Great War in August, 
1914, Great Britain had only six sheds actually built or 
building for the construction and housing of non-rigid 
and rigid airships. At an early date the German sub- 
marine menace emphasised the need for rapid expansion 
in the production of airships for eonvoying merchant, 
troop and passenger ships, and also for observational 
duties in conjunction with the Navy. This necessitated 
the construction of stations or bases equipped with housing 
for , Toads, i , water, electric light and 
power supplies, plant for manufacturing hydrogen gas 
and the provision of sheds for housing the airships. 
Some 61 airship sheds were manufactured during the 
period 1914-1919; they vary in span from 45 ft. to 180 ft., 
in height (clear headroom) from 50 ft. to 130 ft., and in 
length from 150 ft. to 840 ft. The total floor area covered 
by these sheds is approximately 78 acres. Full details 
are given in this of the allowable stresses on the 
different materials used in the construction of the 
sheds, and the conditions under which they were designed. 

Sheds for Non-Rigid Airships.—The sheds for non- 
rigid airships are of two types, permanent and semi- 
permanent ; the former are mostly of steel construction 
throughout, and the latter of timber or timber and steel, 
covered with canvas or corrugated steel sheeting. Details 
are given of two semi-portable sheds for non-rigid ships, 
one in steel and the other in timber construction. These 
sheds are 50 ft. span, 56 ft. clear height, and 175 ft. 
long; they are assembled at practically ground level, 
and only winches and small tackle are required for their 
erection. It is estimated that the latter type (timber) 
can be completely erected in 10 hours by 40 men. Both 
these sheds are suitable for erection on sites having a 
gradient of 1 in 20. The largest of the sheds for non- 
rigid shins, é.e., of spans about 110 ft., length 350 ft., 
and height 80 ft., are of the three-pin arch design, con- 
structed in steel, with the lower pin joints either at ground 
level or springing from the tops of braced trestles. These 
sheds were erected with travelling steam derrick cranes 
running on tracks at ground level, or by portable steel- 
lattice masts with winches and blocks and tackle. 

Sheds for Rigid Airships.—The sheds for rigid airships 
are constructed of steel, and were designed with the 
intention that they would remain as permanent structures 
after the war. Eleven steel-framed sheds were designed, 
constructed and erected ; eight of these sheds are of the 
three-pin arch type on trestles, one is a two-pin arch 
springing from ground level, and the other two of braced 
roof girders on high trestles. The latest design is a shed 
of two equal spans, each 150 ft. wide, 130 ft. clear height, 
and 750 ft. long; it covers an area of 8} acres, and is 
probably the largest building in the world. A full 
description and drawings are included in the paper. 

The rigid sheds have longitudinal gangways in the roof, 
with cross gangways at suitable intervals ; access stair- 
ways are provided, generally three on each side of the 
shed. Gangways are also provided externally at the 
eaves. In each shed not less than five runway beams for 
l-ton claw travellers are provided; these are located 
one under each eaves externally, and the remainder 
inside the shed just below the lower boom of the main 
roof frames or tie beams. An observation cabin is pro- 
vided for each shed ; it is situated at one end and above 
the ridge. ‘The trestles which carry the roof are ceiled 
over at a suitable height, and walled in for use as offices, 
workshops, &c. In the centre of each shed a hydrogen 
trench, with movable covers, is constructed to take the 
gas mains, valves and draw-off points. 

Airship Shed Doors.—With one or two exceptions the 
sheds are provided with doors at each end; a few of 
these doors are of the ordinary type of vertical sliding 
door, rolling on rails at ground level and steadied at the 
top between guides on an overhead girder. Most of 
the doors are, however, of the A-frame, ballasted, self- 
supporting type, running on a broad-gauge track on 
concrete foundations. The latest type of door, of which 
full particulars are given, is semi-ballasted, i.c., it is 
only stable in the first instance for one-half of the 








* Abstract of paper read before the Institution of 
Civil Engineers, Tuesday, April 5, 1921. 





maximum wind pressure; when this is exceeded sus- 
pending links with rollers transfer the uplifting force 
to the concrete foundations of the door-track. The door- 
leaves to the sheds for rigid airships vary in weight from 
200 tons to 320 tons, and considerable difficulty was 
experienced in regard to the gears and running wheels. 
The doors are operated by winches or me gerne and spare 
gearing ; in some cases they are hauled along by wire 
ropes or chains. 

Erection of Large Sheds.—Generally fgocking all the 
large sheds were erected by cranes mounted on a travelling 
staging and moving along tracks laid down the centre of 
the shed. In a few cases the door framework was erected 
and used as a travelling staging before being finally 
placed on the permanent tracks. In the case of the 
two-pin arch design, the centre portion of the roof was 
assembled, in situ, piece by piece on a platform raised 
to the required height above the ground; the side or 
vertical portions were assembled near the ground with 
the lower pin joints coupled up. When the parts of 
two main frames had been assembled in this manner 
the vertical portions were rotated from their recumbent 
position to the vertical and connected up, at staging 
level to the centre portion. 

Expansion Joints.—The author points out that no 
provision has been made for expansion and contraction 
except in the case of the large twin shed previously 
referred to. He gives the results of some tests on two 
of the sheds which indicate a longitudinal expansion of 
ys-in, in 700 ft. for a rise of 1 deg. in the temperature 
of the air in the roof of the shed ; in a transverse direction 
the increase is about ;s-in. in a span of 180 ft. To pro- 
vide for this expansion the bolt-holes in all the members 
in two bays are slotted; these bays are arranged to 
—_— the length of the shed into approximately three 
eq \~ 

Mast.—A moori: 


parts. 

Mooring mast for airships is described 
and illustrated. In principle, the gear consists of a tall 
steel mast or tower, of such a height that when the ship 
is attached by the nose to the mast, she rides on an even 
keel at a height of upwards of 100 ft. above the ground. 
The top portion of the masthead, to which the vessel is 
attached, is i to rotate, so that the ship, when 
moored, may always lie directly head to wind. 

Wind Pressure.—With one exception, no account has 
been taken in the calculations of negative pressure on 
the leeward side. The author suggests that investiga- 
tions be made of actual wind pressures on one of the 
largest of the existing sheds, as the tendency is to 
demand much sheds in the future. 

The whole of the airship sheds and subsidiary works 
described in the paper were carried out under the Civil 
Engineer-in-Chief (formerly Director of Works) to the 
Admiralty. : 





A CatTatocur IN FrEencu.—The reproach so often 
levied against British firms of neglecting to consult 
the convenience of foreign buyers becomes continually 
less justified, and a new catalogue issued by Messrs. 
Jones and Shipman, Limited, of New Century Works. 
Leicester, would appear to a long way to remove it 
altogether, so far as the Fascias of that firm with 
French speaking countries is concerned. Their catalogue. 
entitled ‘‘ Jones-Shipman Machines & Rectifier de Haute 
Precision,” describes grinding machines and apparatus 
for all the ordinary purposes of the machine shop. It 
is fully illustrated. The descriptions of the various 
machines and appliances are given in French and all 
dimensions are stated in the metric system. It is an 
example which might well be followed by other firms 
desirous of cultivating an export trade. 





E.ectrican DEVELOPMENTS IN NEW ZEALAND.— 
The New Zealand Gazette for January 20 (No. 6) contains 
Orders in Council (1) giving consent to the raising of 
a loan by the Auckland City Council of 500,000l. for 
the purpose of extensions to the city electrical station ; 
(2) authorising the erection of electric lines at Waiwera. 
The Gazette for January 13 (No. 3) publishes an Order 
in Council authorising the Inangahua County Council 
to erect electric lines at Waiuta, whilst the issue for 
February 3 (No. 9) notifies that similar authorisation 
has been given for electric lines at Thames, Hokitika, 
Westland County, and Gore, and for a transmission line 
in Mataura and Southland County. The same issue 
(No. 9) notifies that local approval has been given to 
the raising of a loan of 60,0001. to be devoted principally 
to the erection of electric power transmission lines at 
Springs-Ellesmere. 





Firrs Swiss Traps Exarsrrion 1m Baste.—The 
fifth Swiss Trade Exhibition will be held in Basle from 
the 16th to 26th inst. The Swiss Trade Exhibition is a 
very old established institution, founded on the ancient 
fair which has been held in Basle at regular intervals 
since the 15th century. Basle, which from time imme- 
morial has been a great commercial centre, is par- 
ticularly well placed for such an enterprise, lying as it 
does on the very border of Switzerland, within easy reach 
of two adjoining countries. It has, moreover, the 
advantage of being a great international railway junction, 
served by numerous express trains. The best proof 
of the steady development of the Swiss trade exhibi- 
tion will be found in the following progressive figures: 
1917: Exhibitors, 831; space, 6,000 square metres. 
1918: Exhibitors, 990; space, 9,000 square metres ; 
buyers, 18,000. 1919: Exhibitors, 1,377; space, 
17,000 square metres; buyers, 45,000. 1920: Exhi- 
bitors, 1,209; space, 19,000 square metres; buyers, 
50,000. The exhibition is essentially Swiss in character. 
Its object is to promote the sale of Swiss products in the 
home markets and to encourage exports. It will also 
tend to foster the resumption of normal international trade 
relations so much needed at the present time. 
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INTERNAL STRESSES IN BRASS TUBES.* 


By R. H. N. Vacprey, B.Sc., Assoc.M.Inst.C.E., 
and W. E. Battarp, M.Inst. Met. 


Tu1s paper deals exclusively with brass tubes of 
circular section containing 70 per cent. of copper or 
thereabouts. The line of investigation was suggested 
owing to a peculiar failure discovered in a special size of 
tube. The defect took the form of an apparant stratifi- 
cation of the wall of the tube which was shown by ex- 
panding on a conical plug. This expansion is a usual 
commercial test. The fracture of the defective samples 
usually showed at least two layers, one dark and tarnished, 
the other normally crystalline. Occasionally, however, 
the inner layer was left projecting as shown in Fig. 1 below. 
Generally speaking, the outer edge was coloured dark 
but exceptions did occur. Under a low magnification 
this form was well observed in the torn edge. In 
polished and etched samples (however near the prepared 
surface approximated the plane of failure) distinct 
cleavage lines could not be detected even under high 
powers. 

Fig. 2 below shows the fractured edge magnified 15 
diameters. 

It was primarily suggested that the cause of the failures 
lay in the casting shop but from consideration of the 
results of experimental work this was rejected. The 
origin therefore lay in the processes of annealing or 
drawing. Consideration of the drawing of a tube 
is complicated by the fact that there are two distinct 
factors of reduction, (1) reduction in internal diameter 
which in the “‘ trade ’”’ is known as sink, (2) reduction in 
wall thickness. Tubes that have been subjected to 
the action of the first factor only, that is drawn through 
a die without any form of internal support, are known to 
the trade as being “hollow sunk.’”’ Such samples are 
well known to be subject to fire cracking on rapid heating 


Outside edge. 





and to season cracking and therefore must be under 
large unbalanced internal stresses. They therefore form 
a natural starting-point for the investigation of failures 
due to working effects. 

A tube 1} in. external diameter and 1} in. internal 
diameter was annealed and drawn through a die of 
13? in. bore thus yielding a “‘ hollow-drawn ” specimen. 
A piece of the tube about 3 ft. 6 in. long was left on a 
table for four days and at the end of this period it had 
deformed } in. from the straight. This is evidently due 
to the action of longitudinal stress which manifested 
itself through the tube being slightly out of gauge. 
However, that this stress is not the major one is shown 
by the fact that tubes always suffer most severe dis- 
ruption parallel to the longitudinal axis, 

A rough comparison of the unequal intensity of internal 
stresses can be obtained by observing the time taken 
for specimens to crack when immersed in an acid solution 
of mercurous nitrate (Moore and Beckinsale, Jour. 
Inst. Met., Vol. xxiii, No. 1, 1620). A series of experiments 
were undertaken to endeavour to locate the areas of 
maximum circumferential stress by this means. Lengths 
of 2 in. of the above hollow-sunk tube were prepared 
in a lathe and immersed totally in the mercurous nitrate 
solution, the interval of time before the appearance of 
the first cracks being noted. The results are shown in 
the table :— 

Number of 


Minutes 
Description of Sample. Immersion 
before 
Fracture. 
Tube as drawn ... oss eee ode eee 1-5 
Tube with ,', in. turned off from the inside ... 1 
Tube with , in. turned off from the outside... 5 





* Abstract of paper read at a joint meeting of the 
Faraday Society with other Institution on April 6, 1921. 








Tube with ,. in. turned off from the inside 


and outside ... poh wee od Sak 18 
Tube with J, in. turned off from the inside 
and outside eae nee én . 25 


A 6-in. length of the tube was immersed in the mercury 
salt solution for a depth of 2 in. The outside surface 
exhibited a meshwork of small cracks although the main 
failure was in a longitudinal direction. The main 
failure only was shown by the inside surface. 

The next series of experiments were conducted on 
a tube drawn from the same original size, through a die 
1%} in. bore, the inside being supported by a 1} in. 
diameter mandril bar. Two sets of experiments on 
2-in. lengths of these tubes were undertaken. Two dis- 
tinct tubes were used. The mercurous nitrate solution 
used in the two series was different but each member 
of a series was treated with a similar solution. The 
results are given in the paper. 

Some of the above experiments were repeated on a 
tube 1} in. by 14 in. as before drawn through a die of 
1; in. internal diameter and on to a mandril bar 1} 
in. diameter. This tube has had its wall thickness 
reduced by ;$, in. 

The results obtained were :— 

Number of 
Minutes 
Immersion 
before 
Fracture. 

Tube as drawn ... me eee aa 1-5 
Tube with ,\, in. turned from inside ... oe QD 


Description of Sample. 


Tube with |, in. turned from inside ... 3-5 
Tube with ,', in. turned from outside 6-5 
Tube with ,', in. turned from outside did not 
crack 
Tube with |, in. turned from inside and outside did not 
crack 


Fig.3. 
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A l}-in. by 1{-in. tube was drawn with the least 
possible amount of “ sink ” through a die of 144 in. bore, 
the bar having a diameter of 1j} in. The reduction 
of area was as near as practically possible equal to the 
reduction of area of the samples above. Samples 
machined similarly to those above failed to fly after 
long immersion in the crack-developing solution. 

The above results although consistent in themselves 
do not lend themselves readily to a simple explanation. 
It is not, therefore, the intention of the authors to put 
forward .definite theoretical conclusions, but rather to 
suggest an explanation and hope that the data given 
will promote discussion. For reasons already given 
the stresses to be considered are circumferential in 
character. 

Considering first the wall of a hollow-sunken tube it 
seems probable that the circumferential stresses are 
concentrated near the surfaces. The intensity of the 
stresses rapidly falls to zero on one side, changing sign 
and rapidly increasing on the other side, Fig. 3. This 
assumption would explain the results obtained with the 
“ hollow-sunken ” specimen as removal of both the skins 
tends to give a tube of greater stability whereas the 
removal of the inside layer only tends to disturb the 
equilibrium. The difference of behaviour of the inner 
and outer skins is accounted for by the property pos- 
sessed by a hollow circular solid to resist any reduction 
in internal diameter. An examination of the micro- 
structure of such a tube also supports this theory, the 
crystals at the edges are smaller than those in the interior, 
and slip bands are a predominant feature of the edge 
structure. The effect of any small amount of work 
such as in the tube made with ,}, in. reduction in wall 
thickness, is to deepen the stressed zone on the inner 
surface, Fig. 4. 

An alternative suggestion that the skin at the outer 
edge of these tubes was really acting as a —— and 
not as 8 highly stressed area was disproved by taking 





2-in. lengths and gently polishing the surface of the 


rotating specimen with fine emery paper. By this 
means it was possible to remove a very thin layer. 
The polished specimens were then treated in a mercury 
solution as usual, 
Number*of 
Minutes 
Immersion 
before 
Fracture. 
Tube as drawn ods osé aes sos 4 
Tube with ,,\,. in. removed 4-5 
Tube with ,,',, in. removed 5-0 
Tube with ,,5,5 in. removed 6-0 


A further reduction of thickness such as used in the 
tube drawn through the die of 1}? bore will add to the 
thickness of the internal layer giving rise to a product of 
greater stability. It will be seen that these assumptions 
are borne out by the experimental results, Coming 
now to tubes manufactured ‘with little or no sink and 
therefore thoroughly stable, it is assumed that they 
have become equalised by the thickening of the surface 
layers until the diagram of the intensity of stresses takes 
the form shown in Fig. 5. 

If the assumptions explained above are correct a tube 
which has been subjected to a larger sink without suffi- 
cient reduction in thickness has a tendency to separate 
into layers. The tubes whose failures promoted this 
investigation had been subjected to a greater sink than 
was advisable, and on this being rectified the failures 
ceased. Experiments on hollow-sunken tubes show 
that the pickle of commerce will occasionally act in a 
similar manner to an acid mercurous nitrate solution, in 
other words, promote cracking in unduly stressed areas. 
It was found that the over-stressed outside layer of the 
batch of defective tubes was being cracked by immersion 
in the pickle and by the action of sudden application of 


Tube as drawn. 





heat on annealing. The flaws so produced are so minute 
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as to be invisible on ordinary inspection. 
test caused failure along these flaws and the original 
cracked surface ommeent coloured dark by acid or fire. 
Working along these lines it was found possible to 
produce these failures in tubes of a similar nature. 


The expansion 





Forcinc Curome Nicket STeeLt.—An account of 
extensive forging tests made with steels containin, 
0-2 per cent. of carbon, about 4 per cent. of nickel, an 
from 0-5 per cent. to oo cent. of*chromium is given 

oO 


by Dr. Inge Erdman thny, of Traisen, in Lower 
Austria, in Sahl und Eisen of February 17 last, 214 
to 223. It was found that this steel should he forged 


at temperatures from 1,200 deg. C. down to 900 deg 
Heating above 1,200 deg. is to be avoided, especially 
when the steel contains more than 0-5 per cent. of 
chromium. Heat treatment at 600 deg. can cure over- 
heating. Sometimes, however, white spots —- 
apparently due to the closing up of blisters by the 
mechanical treatment; when the steel is turned, these 
spots appear as hair cracks. 





Pusiic Works in New ZEALAND.—Orders in Council 
appeared in the New Zealand Gazette of January 13 and 
20 and February 3 (Nos. 3, 6 and 9) giving consent to 
the raising of a number of loans, including :—(1) 81,6001. 
by the Invercargill Borough Council for tramway and 
street improvement, waterworks, electricity, &c. (2) 
125,0001. by the Tauranga Harbour Board for the 
improvement and development of the harbour. (3) 
3,000. by the Franklin County Council for purchasing 
road-making machinery and plant. (4) 2,500/. by the 
Whakatane Borough Council for the same pe gone (5) 
110,0001. by the Hamilton Borough Council for drainage 
works. The Gazette for January 13 (No. 3) also contains 
notifications that certain proposals to raise loans had been 
carried by polls of ratepayers, among them being :— 
(1) 98,0002. by the Thames Borough Council for a 
works, and 70,3501. for street improvements. (2) 
13,0001. by the Avondale-road board for sewage works 
and 14,0001. for waterworks. (3) 129,5001. by the 
Stratford Borough Council for i , waterworks, 
street improvements, &&. (4) 40,0001. by the Rangi- 
tikei County Council for road and bridge making and 





rovision of necessary plant and machinery. (5) 30,000/. 
Ey the Waimea County Council for similar purposes. 
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Tue silencing of the exhaust on vessels driven | 
by internal-combustion engines is a matter of con- 
siderable importance, and the means of accomplish- 
ing it often involve the utilisation of .a good deal 
of space, and a good deal of weight added to the 
vessel. With a view to overcoming these objections 
to the usual type of silencer, appliances which we 
illustrate in Figs. 1 to 4, herewith, have been devised, 
in which the energy of the exhaust gases is employed 
to put in motion a comparatively large body of coding 
water or air. é 

In principle the water-cooled types of silencer 
shown in Figs. 1 and 2, and in Fig. 3, are similar. 
The idea in both is to force the exhaust gases to issue 
at a certain velocity from below a large spring-loaded 
valve, the stream being directed between two flooded 
plates so that the water in which the plates are sub- 
merged is entrained by the gases, and is forced to 
circulate, in which process the liquid assists to some | 
extent in withdrawing the gases, at the same time 
cooling them rapidly. This will be clear from Fig. 3, 
which shows a twin installation for two sets of 1,500 
brake horse-power engines. The two exhausts combine 
in one outlet as shown controlled by a single spring- 
loaded valve, the lip of which will be observed to be 
situated between two plates, the arrows showing the 
direction taken by the water. The spring on the valve 
ensures a practically uniform velocity for the issuing 
gases, and the only resistance offered is that of the 
weight of the valve, the light spring load, and a few 
inches of water. The upper end of beade p o>. and the 
valve spindle are supported by a perforated dished plate. 

Figs. 1 and 2 show independent exhausts on sub- 
marines, on which these silencers have been fitted, for 
engines ranging from 200 brake horse-power up to twin 
installations of 2,400 brake horse-power. In this 
instance the cooling water from the engines is utilised 
in jackets for the exhaust pipes, and circulates in the 
exhaust tank. The exhaust valves are spring-loaded 
and in action are similar to the case already described. 
The tank is built on the deck of the vessel, and is kept 
filled by scoops reaching down the sides to below the 
water line. The tank is free to overflow. In the 
installation shown in Fig. 3, fitted to an ordinary ship, 
the tank is — suppliea by water through a special 

ipe, while a large diameter drainpipe prevents any 

arge accumulation in the box, other than inside the 
basin containing the valve. 

About 10,000 brake horse-power in marine installa- 
tions have been fitted with this type of silencer, and it 
is now being applied to other 5,000 brake horse-power. 
It has been designed by Mr. W. H. Martin, of Messrs. 
F. A, Pullen and Co., Empire Works, Vauxhall, 8.E. 11, 
and the same principle has been, applied to air-cooled 
exhausts in several forms, ons of which is shown in 
Fig. 4. 

the latter, the exhaust, aiter passing the spring- 
loaded valves, entersan expansion boxcontaining baffles. 
It then passes up into a combining tube, drawing with 
it a large quantity of cold air, and expanding again 
in the upper part of the funnel to practically atmo- 
spheric pressure. At the top of the funnel is arran, 
a set of funnel-shaped louvres terminating at the down- 
turned cone apex in a pipe led off to the bilge, to which 
any water caught on these baffles is drained. This 
pipe serves to support the baffles in the expansion box 
at the base of the funnel. The lower of the com- 
bining cone may be extended to the deck and put in 





communication with the engine-room when ive 
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means of withdrawing the hot gases from the latter 
results. This type of exhaust has been working satis- 
factorily on twin-screw vessels of 1,500 brake horse- 
power, and has also been installed in a Diesel-driven 
shipyard power-house with very good results. The 
loaded valve which is a feature of these. silencers 
ensures a high velocity of the gases independently of 
the volume, t.e., at any power of the engine, and also 
serves in the water-cooled types to prevent water 
entering the exhaust pipe when the engine is stopped. 
The amount of the opening may be adjustable, but 
in any case the valve is furnished with a stop pre- 
venting excess movement, and in submarines means are 
provided for holding the valve closed when running 
submerged. 





THE LATE MR. T,. E. GATEHOUSE. 


By the death of Mr. Tom Ernest Gatehouse, who 
passed away on March 31 after a very short illness, 
the ranks of technical journalism have lost a respected 
leader and very many engineers a personal friend. 
Mr. Gatehouse was born at Eye, in Norfolk, and in the 
year 1870, being then a lad of 16, he became a pupil 
of Robert Sabine, one of the very earliest pioneers of 
the electrical industry, which then amounted to little 
more than the development of telegraphy. Thus he 
became associated with men like Sir Charles Wheat- 
stone and Sir Samuel Canning, and laid the foundation 
for many enduring friendships among those who after- 
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wards became leaders in electrical matters. It takes 
one’s memory back a long way to be reminded that 
Mr. Gatehouse assisted in the famous illumination of 
the Thames Embankment by means of “ Jablochkoff 
Candles,” a feat which was carried out on December 10, 
1878. How young the electrical industry then was 
can hardly be appreciated by the present generation. 
The familiar incandescent light was in an embryonic 
state, and within a month of the Embankment experi- 
ment Professor Sylvanus Thompson stated in a public 
lecture “ this I can tell you as the result of all ex- 
perience, that any system of lighting depending on 
incandescence will utterly fail from an economic point 
of view and will be the more uneconomical the more 
the light.is subdivided.”’ For the active life of one man 
to have spanned the time from the days when such 
opinions were held by those best qualified to forecast 
the future of electricity, until super-power stations with 
individual units of 30,000 kw. capacity are common- 
places of engineering is surely striking evidence of the 
rapidity of electrical progress. Towards this develop- 
ment the subject of our memoir contributed not a little, 
not so much perhaps by direct association with the work 
as by the diffusion of knowledge amongst those engaged 
with the industry. As quite a young man, Mr. Gate- 
house was invited by Mr. H. R. Kempe, who later on 
became chief electrician to the Post Office, to join him 
on the staff of The Telegraph Journal and Electrical 
Review, of which paper Mr. H. Alabaster -was the 
proprietor. In 1881, Mr, Gatehouse -took upon his 
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shoulders the editorship, and two years later the 
well-known partnership of H. Alabaster, Gatehouse 
and Co. was founded. 

It was as editor of T'he Electrical Review for nearly 
forty years, that Mr. Gatehouse was best known to the 
public. He was fearless and outspoken in his opinions 
and an uncompromising enemy of al] kinds of fraud 
and imposture. His sense of duty to the public was 
shown by his successful exposure of the “ electropathic 
belt’ quackery, which involved his journal in long 
and costly libel actions. His ideals of journalistic 
honour were in accordance with the highest traditions, 
and whatever opinions he expressed were known to be 
free from any suspicion of commercial interest. So 
important did he feel it that he should be free from any 
kind of outside influence that he would hold no shares 
in any electrical company, nor would he even serve 
on the council of any society connected with the 
industry. In his earlier years his services were sought 
in a consultative capacity, but after a short time he 
withdrew himself entirely from such work lest it might 
unconsciously influence his decisions in respect of matter 
submitted for publication. It is not to be wondered 
at that under such direction our contemporary should 
have earned the confidence which it holds among all 
sections of the profession. 

Mr. Gatehouse’s abstention from public work related 
only to matters with which he felt that it was contrary 
to his principles that he should be associated. Other- 
wise he took an active part in movements of interest 
or benefit to the industry. He acted as Juror at the 
Milan Exhibition of 1906, and several exhibitions at 
the White City, and was also a life governor of the 
Electrical Trades Benevolent Association. He was 
a corporate member of the respective Institutions of 
Civil, Electrical and Mechanical Engineers, and a 
Fellow of the Royal Society of Edinburgh. He was 
a man of sterling character, kindly and broadminded, 
and free from every trace of affectation. One of his 
great hobbies was that of music, and his exceptional 
skill as a violinist, coupled with his goodnatured readi- 
ness to give his services at social gatherings will long 
be remembered by his friends. 





AIRSHIP MOORING GEAR. 

In our lasteissue, on page 399, we made a brief 
reference to the experiments recently carried out at 
Pulham airship station, under the direction of Major 
G. H. Scott, on the mast mooring of airships. We now 
propose to describe the arrangements in greater detail 
with the aid of drawings courteously placed at our 
disposal by the Air Ministry, reproduced on page 426. 
It should, be made clear at the outset that the 
apparatus actually employed at Pulham is of a 
somewhat makeshift character, and is not such as 
would be used with a mast specially designed for a 
passenger-carrying airship service. For the most part, 
gear available at the Station, or readily obtainable at 
a low cost, has been employed. The main object of 
the experiments has been to prove, by practical 
demonstration, that a large rigid airship can be moored 
in the open for a lengthy period and, more particularly, 
that it can be detached from the mast to proceed on a 
journey, and be secured to the mast on its return, under 
any ordinary weather conditions. This object has, we 
think, been largely, if not completely, attained. Cer- 
tainly it has been found possible to make numerous 
flights in weather conditions in which an airship could 
not have been taken from, or returned to, a shed 
without grave risk of destruction. 

The importance of mast mooring from a commercial 
point of view is, firstly, that it would enable an air- 
ship service to be run to scheduled times under all 
usual weather conditions, and, secondly, that the 
number of men required to handle the ships would be 
greatly reduced. A third advantage is that, although 
the need for sheds would not be eliminated, the number 
required for any given service would be materially 
reduced. With an efficient mast mooring system it 
would only be necessary for an airship to be taken into 
its shed for structural examination or repairs, since 
all ordinary running repairs can be effected while 
the ship is moored to its mast. The shed would thus 
bear much the same relationship to an airship as a 
graving dock does to a steamer, instead of being 
employed mainly as a harbour of refuge as has been 
the case hitherto. 

The mooring mast at Pulham, as mentioned in 
our previous reference to the subject, is the same 
structure as was used for mooring experiments with 
R, 24, the length of which was only 535 ft. as 
compared with 639 ft. 5 in., the length of R. 33. 
Its eight, which is 120 ft., is therefore less than 
is desirable, and had it been erected expressly for 
the recent experiments, that dimension would have 
been increased to about 160 ft. It is a steel lattice 
structure, 3 ft. square in plan, supported by a pin 
jomt on @ concrete foundation and stayed by guy 
ropes. An elevation of the upper end of the mast 
is given in the illustration, Fig. 1, page 426, and 


from this it will be seen that the lattice structure 
carries a steel-plate pedestal the lower part of which 
is cylindrical while the upper part is conical. Angle 
bar stiffeners are riveted on to the exterior of the 
pedestal as is best shown in the plan reproduced in 
Fig. 2. Surrounding the base of the pedestal is a 
circular platform supported by plate brackets seen 
in Fig. 1. The platform may be reached from the 
ground by means of a ladder fixed inside the mast and 
a short external ladder connecting the upper circular 
platform with another small platform fixed on the side 
of the lattice structure about 7 ft. 6 in. lower down. 
It is hardly necessary to add that more convenient 
means of access to the platform would be provided 
on a mast used for passenger service. 

The upper part of the pedestal is fitted with a pair 
of gimbal rings, and the inner ring supports a steel 
telescopic tube which, when fully extended, has a total 
length of 14 ft. 9 in., including a part 4 ft. 9 in. long 
enclosed in the pedestal. The gimbals allow the tube 
to be inclined in any direction to an angle of 30 deg. 
with the vertical, and a series of strong helical spring:, 
in compression, fitted inside the tube and clearly 
shown in Fig. 1, keep it mormally extended as far as 
possible. Three spring catches, shown in Fig. 1, at 
a slightly higher level than the head of the man on 
the platform, are fitted in the outer telescopic tube, 
and these, engaging with a ring on the lower end of 
the inner tube, prevent the latter from being forced 
out by the action of the main springs. After the tele- 
scopic tube has been inclined, for a reason to be ex- 

lained later, it can be restored to the vertical position 
= means of four wire ropes attached to eyes on the 
lower end of the tube inside the pedestal and marked 
“centring wires’’ in Figs. 1 and 2. The arrangement 
of the ropes is, however, most clearly shown in the 
latter illustration, and from this it will be seen that 
all four ropes, after passing round a series of sheaves 
and rollers, terminate in a single eye to which the 
hook of a differential pulley block is attached. The 
other hook of the block is secured to the mast, so that, 
by hauling on the working chain, all four centring 
wires can be tightened simultaneously to bring the 
telescopic tube into the vertical position or slackened 
off to allow it to incline. This arrangement, it need 
scarcely be mentioned, is an improvisation which 
would be considerably modified in future designs. 

The only other detail of the telescopic tube which 
need be referred to at present is the bell-mouthed 
conical cup fitted at the upper end. This cup, as 
shown in Fig. 1, is formed with a flange at its lower 
end and the flange is bolted to a similar flange on a 
cylindrical tube which is free to rotate on ball thrust 
and radial bearings fitted in the telescopic tube. Fig. 1 
also shows the fitting carried on the nose of the air- 
ship. This fitting consists of a short horizontal out- 
rigger to which is hinged a male cone having a taper 
corresponding to that of the cup on the telescopic 
tube. The outrigger is also provided with a small 
sheave over which a wire rope passes from the air- 
ship down through the axis of the cone. By means 
of this rope the cone on the airship is drawn into the 
cup on the mast in the operation of mooring which 
we now propose to describe. 

For this operation a steam ploughing engine is em- 
ployed, and a wire rope from the winding drum of 
this engine passes up through the centre of the mast 
and telescopic tube and out through the cup. When an 
airship is to be moored about 1,000 ft. of this rope, 
which we shall refer to as the hauling-in rope, is paid 
out by hand, brought down to the ground and laid 
out to the leeward of the mast from which direction 
the airship approaches. The telescopic tube, it should 
be mentioned, is also inclined in this direction. The 
end of the rope is marked by a flag, and when the 
airship, which has descended to a height of about 
500 ft., is vertically over the flag, a wire rope from the 
nose fitting, above referred to, is dropped to the 
ground. The end of this rope is attached to the 
hauling-in rope by a specially designed coupling of 
the interrupted-thread type, and, as soon as this has 
been done, the airship rises, by discharging water 
ballast, lifting the rope from the ground so that it 
comes more or less in line with the telescopic tube 
in its inclined position. The airship, trimmed down 
by the tail so that the wind tends to lift it up away 
from the mast, is then hauled down by winding in the 
rope, and, at first sight, it would appear that the 
mooring operation could be completed by merely 
continuing this operation. 

This, however, is not the case, since it is found that, 
as the airship approaches the mast, it has a tendency to 
swing forward into the wind and generally to surge 
about in a dangerous manner. To prevent this a 
simple but ingenious expedient has been adopted by 
Major Scott. Arranged round the mast in a circle of 
500 ft. radius are 12 concrete foundation blocks placed 
30 deg. apart, as indicated in the rough pernere 
diagram, Fig. 3. A ring is fixed to each of the concrete 








foundations so that pulley blocks can be attached to 


any of them. When mooring an airship, pulle 
are attached to each of a pair of foundation blocks 
120 deg. apart and situated, as nearly as possible, 
at equal distances on either side of the radius over 
which the ship will proceed towards the mast. A wire 
rope from each of two independent winding drums:on a 
portable motor-driven winch is then passed round 
each of the two pulley blocks, the ends of the ropes 
being left lying on the ground until required. 

When the ship has been hauled in by the main rope 
to a height of about 300 ft. above the mast, two 
other wire ropes attached to the nose are dropped 
down. These guide ropes, as we may call them, are 
connected with the two on the ground, and the motor 
winch started in order to wind them in. This operation 
is continued simultaneously with the main hauling 
until marks on the guide ropes reach the pulleys on 
the ground, when the motor winch is stopped. The 
position is then somewhat as illustrated in Fig. 3, 
the two guide ropes forming the sides of an isosceles 
triangle of which the base would be formed by a line 
joining the pulleys, It will be evident that as the 
main rope continues to be hauled in, the nose of the 
airship must now describe an are of a circle the centre 
of which is on the base line of the triangle formed by 
the guide ropes. The length of the latter is chosen 
so that the telescopic tube on the mast is a tangent 
to the circle described, and thus the cone on the nose 
of the airship is drawn straight into the cup. Forward 
longitudinal movement of the ship, it will be noticed, 
is prevented by the two guide ropes, while the main 
hauling-in rope prevents any backward movement ; 
there is therefore no possibility of the ship colliding 
with the mast. It is, however, free to adjust itself 
to any slight variations in wind direction by swinging 
about its nose in a horizontal plane. 

When the cone is pulled right home in the cup, it is 
held there by three spring catches in the side of the 
latter, which engage with a groove on the cone, as will 
be understood by referring to Fig. 1. The reason for 
making the tube telescopic will also now be apparent, 
since it will be evident that there would be a heavy 
shock on the ship’s structure and the hauling-in ro 
would probably be broken when the cone was stopped “ 
the cup unless the hauling in was stopped at the exact 
moment of contact. With the arrangement described, 
however, the only effect of overwinding is to compress 
the spring in the telescopic tube. The final part of the 
hauling-in is continued by hand gear until the cup is 
drawn down into the position indicated by the chain- 
dotted lines in Fig. 1, the inner tube being held in 
this position by the three lower spring catches which 
now engage with the ring lettered a. The tube is 
then brought into the vertica] position by the means 
described above and fixed in this position by bars 
fitted and adjusted between the lower end of the tubs 
and the base of the pedestal. The airship being secured 
in the cup by the upper spring catches, the hauling-in 
rope can then be released and that part of the rope 
which belongs to the ship’s equipment can be drawn 
up into the vessel. Another wire rope, known as a 
releasing pendant, which is attached to the nose of the 
ship by means of a small bridle, is then passed down 
through the.cone and telescopic tube and attached to 
mast structure by the stretching screw indicated in the 
lower part of Fig. 1. Thus secured, the ship can ride 
at the mast for an indefinite period, swinging round 
freely with the wind. The mast, telescopic tube and 
nose fitting, it may be mentioned, are all designed to 
resist a horizontal pull of 4 tons, Petrol, water and 
gas are supplied to the ship through pipes fixed to the 
mast, and the crew can leave or return by means of a 
rope ladder connecting the circular platform on the 
mast with a trap door in the nose of the vessel. The 
trap door forms an entrance to the walking gangway 
in the airship’s hull and gives access to all parts of the 
vessel. One or two members of the crew always 
remain on board to adjust the trim by admitting or 
discharging water ballast. This is necessary mainly 
owing to the expansion and contraction of the gas 
due to the temperature variations between night and 
day. The loss of gas at the mast is — slight “ay 
some, of course, permeates through the fabric; the 
amount naturally varies according to the condition of 
the gas bags. ’ 

The method of releasing the ship from the mast is 
extremely simple and expeditious. The first operation 
is to tighten up the stretching screw thereby relieving 
the pressure on the catches. The three spring catches 
in the cup can then be withdrawn, the ship being 
temporarily secured by the rope, and, as soon as the 
pilot is ready to start, the ship is released by knock- 
ing back a slip link on the stretching screw. Having 
previously been lightened by discharging ballast, the 
ship immediately rises clear of the mast, carrying with 
it the short length of rope from the interior of the 
telescopic tube. When the ship is clear the tube can 
be extended and inclined ready for its return. The 
extension is effected by withdrawing the three bottom 
spring catches, the upward movement of the tube 
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being controlled by means of a steel-plate fitting, 
shown in Fig. 4, which is placed in the cup, and a rope 
passed through the tube to the winding gear below. 
This arrangement is also used to pull the hauling-in 
rope up through the telescopic tube and out of the cup 
before paying it out on to the ground ready for the 
airship’s return. 

The new passenger-carrying airship R.36, recently 
completed by Messrs. Beardmore, has been provided 
with a nose fitting similar to that described above, 
and this vessel, which arrived at Pulham from 
Inchinnan on Sunday last, will be used mainly for 
long distance flights from and to the mast. It 
may also be added, in conclusion, that experiments 
with R.33 have shown that it is quite possible 
for an airship to leave the mast, and also to return 
to it, during the night, the necessary communi- 
cation between the airship pilot and the personnel 
on the mast being conducted by means of signalling 
lamps, while small landing lights were used to indicate 
the position of the mast. As already mentioned, im- 
provements are possible in many directions in the 
gear in use at Pulham, but enough has, we think, 
been said to justify the remark at the conclusion of 
our note in last week's issue that the experiments 
will have an important bearing on the development 
of airships for commercial purposes, 





HARDENING, MEDIA FOR TOOL STEEL. 
To THe Eprror or ENGINEERING, 

Sim,—In your issue of April 1, under ‘‘ Notes on New 
Books,” you make the following comment on Joseph G. 
Horner’s ‘‘ Smithing and Forging ”’ :— 

“One finds, however, one statement which appears to 
reflect more accurately the tradition of a blacksmith than 
to be based on actual fact. We read, for instance, that 
‘some waters will not harden at all, others but in- 
differently.” The essential condition for hardening 
carbon steel is, of course, that it shall be cooled rapidly 
from a temperature above the critical period, and we 
believe that the almost superstitious beliefs as to the 
virtues of various hardening liquids have little justifica- 
tion in fact.” 

You are quite correct in this concluding statement, 
but when tool steels other than carbon steels are being 
considered other quenching media than water play an 
important part. 

As regards carbon tool steel a possible explanation 
of the belief that some waters will not harden at all and 
others indifferently, may be that the temperature of the 
water has not always been taken into account. This is 
quite an important factor. It has been found, for 
instance, that water exerts its most efficient hardening 
action when at a temperature of about 38 deg. C. If 
hotter than this, say from about 83 deg. to 93 deg. C., 
it does not harden steel so keenly. In fact, it resembles 
the hardening power of oil. This is merely a suggested 
origin of the old tradition which probably had some basis 
in fact. 

Yours faithfully, 
Epgar ALLEN AND Co., Lrp. 

Sheffield, April 5, 1921. 





CONTACT PRESSURES AND STRESSES. 
To THe Eprror oF ENGINEERING. 

Srr,—In your report of my remarks on Professor 
Coker’s paper on the above subject, on page 364 of 
your issue of March 25, the overall length of the uni- 
formly loaded beam, in the example referred to, should 
have been given as I, the supports being at distances 
respectively of a from each end. Then, under the condi- 
tions stated in your report, it can be proved mathemati- 
cally (ignoring contact effects) that there are three points 
of cqual maximum stress, namely, at the two supports 
and in the middle. 

Yours truly, 


April 2, 1921. H. 8. Here-Suaw. 





“PREFERABLY UNMARRIED.” 
To THe Eprror or ENGINEERING. 

Srr,—One constantly sees advertisements in your 
columns, and also in The Times, mostly on behalf of the 
Crown Agents for the Colonies, for men required to fill 
engineering positions who must be unmarried. The 
salaries offered in most of these cases are, I should 
imagine, quite sufficient for the support of a wife under 
the conditions prevalent in the overseas dependancies. 
This, however, is not the point. The question is why 
are these (in many cases well paid) appointments re- 
served for unmarried men, who need them least ? The 
conditions of residence cannot in all cases be impossible 
for a white woman. Take, for instance, the advertise- 
ment in to-day’s Times. In the land where “every 
prospect pleases and only man is vile’ would not the 
oresence of a lady tend to make things more amenable ? 

‘he fact that the tour or term of service may be for two 

or three years has nothing to do with it. Are naval 
officers debarred from marrying ? And would not the 
interests of the service suffer severely if they were ? 

Now it will probably be infe that the writer is 
personally affected in this matter. Not at all. In 
taking this up he is actuated solely by consideration of 
what appears to him to be the unfairness and unpatriotic 
attitude of those ultimately responsible for advertise- 
ments of the character in question. It seems to be for- 
gotten that we are in the -wer period. In the 
* duration ” the women of Britain rendered magnificent 
service to the state; and yet, in limiting so many 





appointments to unmarried men, the State is showing 
its gratitude by virtually depriving nearly as many women 
of husbands, and at a time when there is a greater excess 
than ever of women over men. 

One of the principal functions (if not the chief) of the 
overseas dominions of the Empire and the Crown Colonies 
is to afford an outlet for the congested population of the 
United Kingdom to expand, increase, and multiply. 
In — of this, restrictions are imposed upon men who 
would go to the Crown Colonies, tending to uate 
out there the artificial conditions in over-crowded Britain, 
which prevent many marrying until they reach middle 
age. Generally speaking, conditions under which 
married persons have to live in the Crown Colonies are 
no more worse than in the Canadian North-West, or in 
the mining districts of Northern Ontario near James 
Bay, where the writer, although married, was employed 
for some time. Conditions for married life in Upper 
Burmah cannot be better than in other dependancies of 
the Crown, and yet it is a fact that there are a number 
of married people living on rubber estates there at a 
great distance from civilisation. And all honour to 
them, because they do it, in many cases, on a smaller 
income than is offered to the bachelor in the advertise- 
ment complained of. 

It would be interesting to know whether the restrictions 
which form the subject of this letter have the approval 
of the new Secretary of State for the Colonies. In any 
case, representations ought to be made in that quarter 
on the subject by the Institutions of Civil and Mechanical 
Engineers, who are supposed to have the interests of the 
profession at heart. 

Yours truly, 

March 28, C. O. Tuomas. 





PROPERTIES OF STEAM. 
To THe Eprror or ENGINEERING. 
Srr,—In reading through your very interesting articles 
on Callendar’s new book in ENGINEERING of January 21, 
1921, and January 28, 1921, I notice that you state we 


cannot write 4Q 
dQ 
&@Q = (——) dT aan @ 
o= (a¥), *+(a¥). 
but this is usually done (see Ewing Thermo-Dynamics 
for Engineers, page 273). 
Can you explain what appears to be a contradiction ? 
Yours faithfully, 
J. W. Kersnaw. 
6, Highnam-crescent-road, Sheffield, 
March 29, 1921. 
[As general expressions aQ and I have no definite 
meaning since Q cannot be expressed in terms of P and 
T only. Hence our statement is quite correct. If, 
however, we specify the conditions in which the heat 
is added, then we can find definite values for the above 
artial differentials, and it is under such conditions that 
ofessor Ewing uses them. He specifies at the outset 
that the heat is to be added at constant pressure. In 
the analogous case of a pedestrian climbing a mountain, 
we cannot specify the length of his journey unless we 
know the path fchewel—Ihe. E.] 





THE USE OF LIMITS ON DRAWING 
DIMENSIONS. 
To THE Eprror or ENGINEERING. 

Srr,—In reply to a letter by Mr. James McIntosh on 
“The Use of Limits on Drawing Dimensions,” on page 
334 of your issue of March 18, may I be permitted to 
point out a few mistakes in his letter, regarding the 
simple drill jig which he refers to. 

I was responsible for inspecting the jig in question and 
am therefore in the position of being able to clear up the 
points which he has raised. 

1. In the first place he states that the jig was for 
drilling clearing holes, this is incorrect as the holes were 
tapping size. 

2. He states that no limits were specified, this is also 
incorrect as the toolroom manager was supplied with a 
definite limit of + 0-06 mm., measured between any of 
the tapping size holes. 

3. In his sketch of the jig, he has missed out the most 
important point, on which the whole accuracy of the 
jig depended, viz., the two locating bushes which were 
situated between the two rows of holes, and which were 
limited to + 0-025 mm. The sketch is so like the jig 
in question that I have assumed it is such, although all 
the dimensions and number of holes are incorrect. 

Yours faithfully, 
D. P. MurrHeap. 

24, Kilmailing-road, Cathcart, Glasgow. 





Tue Use or Execrricatty-Driven Coat-CuTtTine 
Macuines.—His Majesty’s Trade Commissioner at 
Sydney has forwarded to the Department of Overseas 
Trade a copy of the report made to the New South Wales 
Minister for Mines, by the committee appointed to 
inquire into the question of the safe working or otherwise 
of the electrically-driven coal-cutting machimes at Mount 
Kembla Colliery. In their report to the Minister the 
committee recommends the withdrawal of these machines 
until such time as safe conditions can effectively be 
established, and give it as their opinion that it is not 
safe to work them in the Mount Kembla Colliery at 
present. Although the committee concluded its delibera- 
tions in September, 1920, copies of the report were not 
available until January of this year. A coy. of the report 
in question may be consulted by United Kingdom firms 
interested, on application at the Inquiry Room, j= 
ment of Overseas Trade, 35, Old Queen-street, West- 
minster, 8.W. 1. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The advent of the coal strike is 
quickly withering what little life remained in the heavy 
engineering sections. The task of renewing expiring 
contracts at satisfactory prices was difficult enough 
before, but it is vastly increased now that it is impossible 
to guarantee delivery at specific dates. Manufacturers 
are holding on as long as possible, with little hope in 
the majority of cases of extending operations beyond a 
fortnight. A few of the larger firms possessing excep- 
tional stocking facilities may be able to proceed at 
reduced pressure for three months or more, if this should 
be necessary. Sheffield’s total of 32,000 at present idle 
will be considerably augmented by this week end. The 
most prosperous section at the moment is that dealing 
with railway material and rolling-stock. Unless con- 
tracts are cancelled as a result of the fuel crisis, several 
of the biggest makers have sufficient work in hand to 
carry them over the next six months. Business in 
tramway points and crossings is dull. There 1s a marked 
falling-off in inquiries for mining, agricultural and 
automobile steel, while the tool trades, though better 
placed for orders than the heavy branches, have the 
greatest difficulty in securing payment for work done, 
and hesitate to embark on fresh contracts of any magni- 
tude. Prices are subject to quick variation owing to 
the fuel position. Nominal quotations for raw and 
semi-finished materials are as follows: West Coast 
mixed hematites, 10/.; East Coast mixed numbers, 
91. 15s.; Derbyshire foundry iron, 8/. 10s. to 8l. 15s. ; 
Derbyshire forge, 81. 7s. 6d. to 81. 10s.; Bessemer acid 
billets, 197. 10s.; Siemens acid billets, 201.; soft basic 
yp 151. to 181. 108.; iron hoops, 23/.; steel hoops, 
Ol. , 


South Yorkshire Coal Trade.—The rationing of supplies 
has again brought business on the open market to a 
standstill. Stocks at works are generally sufficient to 
last from ten days to a fortnight. Gas and electricity 
concerns can supply power and lighting at reduced 
pressure for a considerable time. The glut of slacks 
in stock at collieries will feed pumping engines for an 
indefinite period where labour is available. House coal 
supplies locally are limited to about 500 tons in corpora- 
tion possession, and a similar quantity in the hands of 
merchants. This will be redistributed at an increased 
charge of 5s. per ton to cover extra carriage and interest 
on capital expended. Nominal uotations :—Best 
branch handpicked, 37s. 2d. to 38s. 2d.; Barnsley best 
Silkstone, 37s. 2d. to 37s. 8d.; Derbyshire best brights, 
358. 2d. to 36s. 2d.; Derbyshire house coal, 32s. 8d. to 
33s. 2d. ; Derbyshire best large nuts, 32s. 8d. to 33s. 8d. ; 
Derbyshire small nuts, 3ls. 8d. to 32s. 8d.; Yorkshire 
hards, 32s. 8d. to 33s. 8d.; Derbyshire hards, 32s. 8d. 
to 33s. 8d.; rough slacks, 23s. 2d. to 24s. 2d.; nutty 
slacks, 22s. 2d. to 23s. 2d.; smalls, 18s. 2d. to 19s. 2d. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is next to no 
business passing in Cleveland pig-iron, prices of which 
have been further reduced this week by 30s., bringin 
them down to practically the same levels as importe 
irons, The fall was quite expected. Nearly all the 
blast furnaces here are now inoperative, so that pro- 
duction of pig-iron is on an exceedingly small scale, 
but stocks are heavy, and makers are keen sellers at the 
lowered rates, which are several pounds per ton below 
cost of output of the iron in stock. For home purposes 
No. 1 Cleveland pig-iron and silicious quality are 125s. ; 
No. 3 G.M.B. is 1208.; No. 4 foundry, 119s.; No. 4 
forge and mottled are 117s. 6d.; and white iron is 
115s. For shipment to foreign destinations prices are 
still put at 5s. above home rates, but it is understood 

that purchases can be made on rather easier terms. 


Hematite Iron.—No change has been made in values 
of ‘hematite iron, but the export trade is now free from 
any form of price control. For home consumption, 
No. 1 is 182s. 6d. and mixed Nos. are 180s. With 
makers at liberty to negotiate foreign business on what 
terms they please, one or two odd sales to the Continent 
have occurred at up to 15s. less than rates ruling for 
home purposes. 


Manufactured Iron and Steel.—Scarcely any of the 
manufactured iron and steel works here are now running, 
and what little uirements have to be dealt with 
are met from stock. The following are among the 
principal market quotations :—Steel boiler plates, 25/. ; 
steel ship, bridge and tank plates, 19/.; steel joists, 
angles and sections, 171. 10s.; heavy steel rails, 18. ; 
fish plates, 23/.; hard steel billets, 15/.; corruga 
alvanised sheets, 24/.; common iron bars, 23/.; and 
iron rivets, 311, 


Shipments of Iron and Steel.—The shipments of iron 
and steel from the port of Middlesbrough last month 
totalled only 35,127 tons, 4,859 tons being pig-iron, 
4,888 tons manufactured iron, and 25,380 tons steel. 
Of the pig-iron shipped, 4,379 tons went abroad and 
480 tons to coastwise customers ; of the manufactured 
iron loaded, 3,528 tons went forei and 1,360 tons 
coastwise ; and of the steel cli 24,025 tons went 
abroad and 1,355 — coastwise. Belgium was by - 
the largest recipient of pig-iron, taking 2,775 tons, an 
India was the ven — of both manufactured iron 
and steel, importing 2,093 tons of the former and 9,767 
tons of the latter. 


Ironstone Miners Wages again Reduced.—A few weeks 
ago the Cleveland ironstone miners submitted to a 2s. 
per day reduction in wages, and they have just accepted 
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a further reduction of 3s. per day. The latter decision 
was the outcome of a joint meeting of mine owners and 
men’s representatives at Middlesbrough this week. 
Notice had been given by the employers of their intention 
to terminate the payment of the war wage and the 
Sankey award as from March 31. This would have 
meant a reduction in wages of 5s. per day. The miners 
resisted the proposal, and when negotiations were 
entered upon the owners agreed to continue the payments 
until Saturday last. This week’s settlement holds 
good for a month, and a further joint meeting will be 
held on April 25 to consider future wages. 





NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Coal Trade.—All the collieries in South Wales are 
idle and business on the coal market is at a standstill, 
because of the drastic restrictions in force with a view 
to conserving available supplies for essential require- 
ments. The District Coal and Coke Supplies Committee 
has been revived, and it is impossible to ship a ton of 
coal as cargo or bunkers, or deliver to home consumer, 
without the authority of this committee. The stocks 
have been taken ion of by the committee, and the 
railway and colliery companies have been instructed 
that they must not unload or move wagons without 
the sanction of the committee. In respect to ship t 
on board vessels, whether bound for home or foreign 
ports, pre-entries must be passed by the Customs, but 
such authorisations are subject to the confirmation of 
the District Committee. There is no restriction on 
sales or prices, but delivery in all cases is forbidden 
—— under permit. There are over 500 vessels in the 
South Wales docks. Up till today British vessels 
were allowed to continue loading cargo, but were not 
permitted to take on board bunkers. This apparently 
anomalous position was caused by the fact that a vessel 
intending to,go to South America would require, say, 
1,000 tons of bunkers, but might be required to 
to a home port for which perhaps 100 tons would G 
needed, and there would thus be a surplus of 900 tons 
on board. With a view to conserving supplies the 
authorities refuse to bunker British vessels until the 
destination is definitely known. In the case of foreign 
ships there is no restriction on their leaving the various 
ports. Many steamers are, however, unable to proceed 
to sea because of a lack of bunkers and the fact that 
the Customs will not pass pre-entries for supplies for these 
vessels. Only coal unsuitable for home needs is allowed 





to be shipped, either as cargo or bunkers. The same 
a 


restrictions apply to patent fuel and coke, and are being 
rigidly enforced. The attitude of the rank and file is 
indeed menacing. Not only are the colliery workers 
out but the maintenance men, who are responsible 
for the safety of the pits, have been compelled to cease 
work, and even the officials have been warned that they 
attend to the working of the machinery at their own 
peril. In one case the men even refused to allow the 
ostlers to feed the horses. The attitude of some of the 
workers will be realised from the terms of the following 
resolution adopted at a mass meeting of the Rhondda 
district: “‘That every man, irrespective of grade, 
including the managing directors, must be withdrawn 
from the collieries, and that pickets from each colliery 
shall be selected to see that this is carried out. In the 
ease of collieries where horses are still in the mine, 
24 hours’ notice shall be given to bring them to the 
surface, after which no man shall be engaged in or about 
the mine.” In this district there is a grave possibility 
of great damage being done to the collieries in the event 
of pumping operations being suspended, even for a short 
time. It is apprehended that the pillars dividing the 
different properties will not be sufficiently strong to 
resist the enormous pressure of water resulting on 
flooding, and that the consequence would be disastrous, 
for incalculable damage would be done. 





Tue Port or RiceBoroveH.—It is announced that the 
purchase of the Port of Richborough from the Disposals 
Board has lately been completed. The purchasing 
company, the Port of Queenborough Development 
Company, Limited, undertakes to keep the port open 
and run it on commercial lines, to develop the trade of 
the port, and increase the accommodation. The cross- 
Channel ferry service for goods traffic will, it is hoped, 
be maintained with Dunkirk or Calais, and also possibly 
to Zeebrugge.., 





ANNUAL CONFERENCE OF THE INSTITUTION OF QUARRY 
ee first annual conference of Se eee 
tion of Quarry Managers is to be held at the Building 
Trades Exhibition, Olympia, from the 20th to 23rd inst., 
inclusive. The first day, Wednesday, will be occupied 
with informal meetings of members, while on Thursday 
morning Mr. H. N. Casson will deliver a lecture in the 
Princes Room on “Industrial Efficiency in the Quarry- 
ing Industry.” On Thursday afternoon lectures will 
be given by Professor J. W. Hinchley on “ Crushing and 
Sifting” and by Mr. A. Winter-Gray on “ Industrial 
Accidents.” On Friday morning, the annual business 
meeting of the Institution will be held, while in the 
afternoon of that day there will be a lecture and demon- 
stration on ‘‘ Petrological Methods,” by Professor C. G. 
Cullis, and a lecture on the ‘ Geological Characteristic 
of Road Stones,” by Professor P. G. H. Boswell, both of 
which will be delivered at the Imperial Co of Science 
and Technology, South i . Finally, on 
Saturday morning, a visit will be paid to the National 
Physical Laboratory. Further information as to the 
arrangements can be obtained from the general secretary 
9 eaten, Mr. 8. McPherson, Clynnog, Llanwnda, 

° ’ 





NOTICES OF MEETINGS. 


THe Mryixe Instirvre or Scortanp.—Saturday, 
April 9, at 3 p.m., in the Royal Technical College, George- 
street, Glasgow, Annual Meeting. The following papers 
will be open for discussion: “ Nir. H. M. Cadell’s paper 
on “Coal-Mining in Spitsbergen”; Professor Briggs’ 
paper on “ Physical Work and the Human Machine ” ; 
a paper will be read by Mr. George Oldham on “The 
‘Oldham’ Electric Cap Lamp.” 


Tue INsTITUTION OF MECHANICAL ENGINEERS : 
GrapvuaTes.—Monday, April 11, at 7 p.m., a meeting 
of the Graduates will be held at The Institution, Storey’s 
Gate. Paper: “Electrolysis as Applied to Engineer- 
ing,” by L. H. Bedford, B.Sc., Graduate, of London. 


Tue Surveyors’ Instrrution.—Monday, April 11, 
a paper will be read entitled “‘The Forestry Directorate 
in France,” by Mr. Leslie 8. Wood (Fellow). The chair 
will be taken at 8 p.m. 


Tue Royat Socrery or Arts.—Monday, April 11, 
at 8 p.m.: Cantor Lecture, Lecture I—‘* Recent Appli- 


cations of the —— and the Spectrophotometer 
to Science and ndustey,” oy Mr. Samuel Judd Lewis, 





D.S8e., F.1.C., Ph.D., Lecturer in Spectroscopy at 
University College, London. Wednesday, April 13, at 
8 p.m.: Ordi Meeting, “Low Temperature Car- 


bonisation and Smokeless Fuel,” by Professor Henry E. 
Armstrong, Ph.D., LL.D., D.Sc., F.R.S. Sir Arthur 
Duckham, K.C.B., M.Inst.C.E., will preside. 


THe InstirvTe or INDUSTRIAL ADMINISTRATION.— 
Tuesday, April 12, at 7 p.m., at Central Hall, West- 
minster. ‘‘The Principle of Centralised Control of 
Staff,” by Miss G. A. Burlton, B.A. Chairman, Lieu- 
tenant-Colonel Louis Tebbutt, T.D., D.L., J.P. 


Tue InstirvTion or ELecrricaL ENGINEERS: 
Scorrish CENTRE.—Tuesday, April 12, at 7.30 p.m. 
at the Roonis, 207, Bath-street, G a et when a Lecture 
will be delivered by Major Jas. ine Murray, on 
“The Uses of Wireless, Past and Future,” with lantern 
slides and some experiments. 


THe Royat AERONAUTICAL Socirety.—Tuesday, 
April 12, at 8 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C. 2. >t G. I. Taylor will deliver 
the Wilbur-Wright Memorial Lecture, the subject being 
“* Scientific Methods in Aeronautics.” 


THE InstrruTion oF ELecTRICAL ENGINEERS: NORTH 
Mipianp CeNnTREe.—Tuesday, April 12, at 7 p.m., at the 
Metropole, King-street, Leeds, paper by Mr. F. Creedy, 
Associate Member, on ‘“‘Some Developments in Multi- 
Speed Cascade Induction Motors.” 


Tue InstirvTion or Crvit EnGrIneers.—Tuesday, 
April 12, at 5.30 p.m. Special General Meeting of 
Corporate Members and, time permitting, on the con- 
clusion of the Special Meeting, Ordinary Meeting ; 
ae to be further discussed, ‘‘ Airship Sheds and Their 
Srection,” by Mr. Luke Hamilton Larmuth, Assoc. 
M.Inst.C.E. Students’ Meeting, Friday, April 15, at 
6.30 p.m. Paper to be read, ‘‘ The Increased Efficiency 
of the Locomotive,” by Mr. Eustace Alfred Phillipson, 
Stud.Inst.C.E. Mr. A. J. Hill, C.B.E., M.Inst.C.E., 
will occupy the chair. 


Tue InstiruTIOoN OF AUTOMOBILE ENGINEERS,— 
Wednesday, April 13, at 8 p.m., at the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, 
London, 8.W. 1, Mr. George Watson will read a paper 
entitled: ‘‘A Suggested Fehgeamase for Automobile 
Research.”’ 


Tue InstiruTion oF Rartway SiGNAL ENGINEERS.— 
Wednesday, April 13, at 3 p.m., at Midland Grand Hotel, 
St. Pancras, mdon. Resumed discussion on ‘‘ Some 
Problems of Track Circuit Lay-out,” by Mr. W. C. 
Acfield (vice-president). 


Tue Newcomen Socrety.—Wednesday, April 13, 
at 5 p.m., at Caxton Hall, Westminster, Room 15, 
Paper to be read and discussed: ‘“‘The invention of 
Roller Drawing in Cotton Spinning,” by Mr, A. Seymour- 
Jones, Member. 


Tue AssocriaTION oF ENGINPERS-IN-CHARGE,— 
Wednesday, April 13, at 7.30 p.m., at St. Bride’s Insti- 
tute, Bride-lane, Fleet-street, a er will be read by 
Mr. A. Arnold, A.M.I.Mech.E. (Member) on “ Oi] and 
Colloidal Fuel.” Mr. W. H. Booth, F.G.S., 
M.Am.Soc.C.E., in the chair. 


Tue InstTiITuTION oF Crvit ENGINEERS: YORKSHIRE 
AssociaTion.—Wednesday, April 13, at 7.30 p.m., 
Students’ Meeting in the Philosophical Hall, Leeds, when 
Mr. J. W. Liversedge, Assoc.M.Inst.C.E., will read his 
paper entitled “‘ Reinforced Concrete Road Construc- 
tion.” 


Tue InstirvtTion or Brrrish FouNDRYMEN: LONDON 
Brancu.—Thursday, April 14, at 8 Rn. at the Cannon- 
street Hotel. Mr. C. Heggie, of Oldbury, will deliver 
a lecture, illustrated by lantern slides, on “The Pro- 
duction of Pattern Plates for Floor or Machine.” 


Tue Oprticat Soctery.—Thursday, April 14, at 7.30 
p.m., at the Imperial College of Science and Technology, 
when the following papers will be read: ‘‘ An Inter- 
ferometer for the Testing of Camera Lenses,” by Mr. F. 
Twyman; “The Testing of Heliograph Mirrors,” by 
Mr. W. Shackleton. 

Tue InstirvTion or Exxcrricar ENGINEERS.— 
Thursday, April 14, at 6 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 8.W. 





““Magnetos for Ignition Purposes in Internal-Com- 
bustion Engines,” by Mr. E. A. Watson. 


Tue Junior InsttruTion or ENGINEERS.—Friday, 
= 15, at 8 p.m., at Caxton Hall. Ordinary Meeting, 
“The Metering of Steam,” by Mr. C. R. Sams, 
Assoc.I.M.M., Member. 


THe Royat Ixstirvution or Great Brirarn.— 
Friday, April 15, at 9 p.m., “‘ Wolsey as a War Minister,” 


by . Ernest Law, C.B. Afternoon Lectures, at 
3 om Tuesday, April 12, Professor R. A. Sampson, 
F.R.8., Astronomer Royal for Scotland, on (IT) “ The 
Measurement of Starlight"; Thursday, April 14, 


Mr. C. T. .R. Wilson, F.R.S., on “Thunderstorms” 
(Lecture II) (the Tyndall Lectures); Saturday, April 16, 
Mr. H. H. Dale, C.B.E., M.D., F.R.8., on “ Poisons and 
Antidotes ”’ (Lecture II). 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The conditions in the steel 
trade of Scotland have been bad enough of late, but now 
they are considerably worse owing to the strike of the 
miners, and the results may be far-reaching. It was 
estimated lately that not more than one-fourth of the 
available plant was employed and very shortly there 
will be considerably less in operation with the t 
of a complete stoppage altogether on an cally te, 
unless an immediate ag t is reached in the coal- 
mining industry. The continental producers’ prices 
are in easier and many orders are being diverted 
in their direction, and the present troubles now prevailing 
here will cause other contracts also to be placed on the 
continent. Since the last report the demand has been very 
poor for all classes of steel material, and even the cut 
in prices of black sheets last week has failed to bring 
forth much new business, while galvanised sheets are 
also in poor request. The following are the current 
prices: Ship plates, 19/. per ton; boiler plates, 251. 
per ton; and sections, 17/. 10s. per ton, all net, delivered 
Glasgow station or equal. 


Malleable Iron Trade.—The state of the malleable 
iron trade of the West of Scotland is one of no little 
pg Bp to the trouble in the coal industry 
and a number of the works have already ceased operations. 
Business had lately been very difficult to do as the 
continental prices were so much below those for the 
locally turned out bars, and although certain buyers 
weak have nothing else but “Crown” quality their 
orders were not nearly sufficient to keep all the estab- 
lishments going. Inquiries in the market do not amount 
to any great tonnage. The latest quotation for “Crown” 
bars is 231. per ton, net, delivered Glasgow station, 


Scottish Pig Iron Trade.—The demand for Scottish 
pig-iron is very poor and more furnaces have been blown 
out with the corresponding result that there is a very 
small output. Stocks on d are ample for require- 
ments which are much smaller this week on account of 
the general closing down due to the miners having ceased 
work. A gees trade has been done in foreign pig-iron 
which is offered round a couple of pounds per ton under 
the local make, but even that business will now be 
considerably curtailed. Prices have not come down 
quick enough to suit the home buyers but on cost charges 
have continued so high that no great reduction can be 
made until everything eases off. The following are the 
current quotations : Hematite, 9l. per ton, net, delivered 
at the steel works ; foundry iron, No. 1, 8l. 10s. per ton ; 
and No. 3, 8l. 5s. per ton, both net, free on trucks at 
makers’ works. The outlook is not very encouraging 
at the present time and before many days are past there 
is not likely to be one furnace left in blast. 


Scottish Shipbuilding.—Despite the depression which 
has overtaken the business of the country some oaney 
prevails throughout the shipbuilding industry althoug 
most of it is entirely due to the numerous orders given 
out after the armistice. The excessive cost of new tonnage 
has caused the cancelling of many orders and very few 
contracts have been booked during recent months, with 
the result that there are now a fair number of empty 
berths, These latter have been again added to during the 
past month by the launching of thirty-eight new vessels, 
and if only the cost of construction—material and wages 
would ease off there would be some prospect of order 
books being filled up once more, For the month of 
March there was quite a good output from the different 
yards throughout the country, the figures being :-— 





Vessels. Tons. 

The Clyde tae a a 56,410 
The Forth ... oe pee 3 7,773 
The Tay Dol iad oa 2 1,550 
The Dee and Moray Firth ... 3 5,330 
Total ... 38 71,063 


As these figures complete the output for the first quarter 
of the year it is interesting to note an increase not only 
over the corresponding period of last year, when the 
output was 54 vessels of 111,941 tons, but over the out- 
put of the year 1912 when the record of 76 vessels of 
142,874 tons was put up. The Clyde total of 56,410 
tons for last ntl is the highest h output since 
1913, and makes the first quarter’s total 149,841 tons, 
which is a new record for the first three months of the 
yor oe the previous best was 135,340 tons in 1912. 

he only new contract reported during March was that 
of.a 206-ton hopper barge booked by Messrs. Allen and 
McLellan, Limited, Polmadie, for the Government of 
the Union of South Africa. 
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AIRSHIP MOORING GEAR AT PULHAM. 


(For Description, see Page 423.) 
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PERSONAL.—We are informed that the Oriental Tube 
Company, Limited, West Bromwich, Birmingham, has 
recently been acquired by the General Electric Company, 
Limited, 67, Queen Victoria Street, London, E.C.— 
Messrs. Herbert Morris, Limited, Loughborough, state 
that their Sheffield branch office has been removed from 
Cairns Chambers, St. James’-street, to more commodious 

mises at Montgomery Chambers, Hartshead, Sheffield. 
a telegraphic address and telephone number are as 

ore. 





German Trapre.—When a country can import in 
eleven months, as Germany did from the Uni States 
for the period ended with November, an amount of 
merchandise valued at 253,000,000 dols., compared with 
imports of 93,000,000 dols. for all of 1919, there appears 
to be in that country plenty of increased activity, says 
The Iron Age, New York. Characteristic rman 
thoroughness of preparation is shown in a recent welding 
together of German ¢: into an association with 
headquarters in Berlin, to work particularly for exporting 
machinery and so-called engineering products where 
competition with the United States and Great Britain 
is keen. Besides being unrepentant over the war, 
Germany seems to be overplaying her hand. 
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PLATE XVIII. 


THE MANUFACTURE OF 


THE 


BALL BEARINGS. 


RANSOME AND MARLES COMPANY, LIMITED, 


BEARING NEWARK.ON-TRENT. 


(For Description, see Page 415.) 
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THE MANUFACTURE OF BALL BEARINGS. 


THE RANSOME AND MARLES BEARING COMPANY, LIMITED, NEWARK-ON-TRENT. 


(For Description, see Page 415.) 














Fig. 15. GENERAL View oF Semi-AuToMATIC MACHINE Bay. 
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GEARED MARINE DIESEL ENGINES. 


CONSTRUCTED BY THE DOW: PUMP AND DIESEL ENGINE, COMPANY,!!|ALAMEDA, CALIFORNIA, U.S.A. 


(For Description, see page' 418.) 
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NOTICE. 


A few months ago the Proprietors of “ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to. ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 

transport and 


"NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation'of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers ; therefore 

' readers who wish to be sure of obtaining “ENGI- 

NEERING” each week should place an order for 

the Journal with a eesenpene or pocmmramens clerk. 
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TENDENCIES IN MARINE OIL ENGINE 
PRACTICE. 


During the winter session now drawing to a 
close, there have been a number of notable technical 
papers read before the learned Societies dealing 
with all branches of engineering, and where marine 

engineering is concerned perhaps the two most 
important, have been “‘ The Present Position of the 
Marine Diesel Oil Engine,” by Mr. James Richard- 
son, B.Sc., read before the Institution of ineers 
and Shipbuilders in Scotland ; and that on “‘ Mech- 
anical Gears of Double Reduction for Merchant 
Ships,” by Mr. R. J. Walker, C.B.E., and Mr. 8. 8, 
Cook, B.A., before the Institution of Naval Archi- 
tects. Selection of these papers is made for the 
reasons, firstly, that they deal with the two 
most modern developments in marine propulsive 
machinery, and, secondly, because we desire to 
draw attention to the trend of the discussions 
that ensued in both cases. 

First, to deal with the oil engine question, as 
was perhaps inevitable, considerable attention was 
focussed on the relative merits of engines work- 
ing on the four-stroke and the two-stroke cycles. 
Very definite statements were made in the paper 
on this subject, to the effect that most of the pub- 
lished data referring to power output obtained with 
two-cycle engines were incorrect, and these engines 
were credited with a power capacity that could not 
be sustained continuously at sea. This view was 
supported by reference to the submarine engine 
practice adopted in several important navies. 
Conditions in such service make imperative the 
reduction to a minimum of the space and weight 
of the main machinery, and it was noted in the 
paper that the four-cycle engine held a predominant 
position for satisfying these. conditions. 

On the theoretical side the author maintained 
that the limiting factor in respect of the power 
obtainable from any given size of combustion 
cylinder. is the quantity of heat that can be passed 


>| through unit thickness of cast iron per unit of time 
®\for a given maximum temperature at the inner 


surface of the metal. The limit on this basis is 
largely independent of the piston speed. For 
instance, with a high mean effegtive pressure a low 
speed of revolution may give a reasonable figure 
of heat transfer through the metal surrounding 
the combustion zone, and conversely, a low mean 
effective pressure will permit safely of a high speed 
of revolution. In support of this contention, it 
may be noted that two-cycle engines, which have a 
higher mean effective pressure than is general 
with four-cycle practice, are mostly designed to 
run at a lower speed of revolution. Naturally in 
making comparisons on a mean pressure basis the 
| mean effective pressure is that for the whole cycle. 
In the case of the four-cycle engine the cycle extends 





over two revolutions or four strokes, whilst with 
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|the peonieiere engine ‘there is an explosion every 
revolution, or every two strokes. 

The limiting rate of heat transfer is, of course, 
dependent on the material in use. Certainly for 
convenience of machine work and for general 
reliability, it is reasonable to assume, for the 
present at any rate, that an ordinary grade of good 
hard grey cast iron, will be adopted and the limiting 
temperature of the inner face of the casting must 
not be such as to cause serious disintegration of the 
metal through the graphite plates and consequent 
liability to cracks, &c. Practice, at any rate with 
large four-cycle engines, has now reached such a 
stage that standardisation has almost set in, and 
practice at sea has served definitely to give a safe 
figure for this question of heat transfer. Assum- 
ing, that the proportion of the heat of the fuel 
that has to be abstracted from the burning gases is 
more or less constant, and that the stroke-bore 
ratio can be assumed as fixed, so that the area of 
the piston is practically an exact fraction of the 
total area of the combustion chamber, then the 
limiting condition can be expressed as pounds of 
fuel per hour consumed per square inch of piston 
area. 

Taking the total amount of fuel per hour consumed 
in any cylinder and dividing it by the piston area in 
square inches the quotient should not greatly 
exceed 0-2 lbs. per square inch per hour. This is 
certainly, a conservative rating, referring primarily 
to large engines and it could no doubt be safely ex- 
ceeded for small cylinders. Large marine four-cycle 
practice over a number of years of continuous opera- 
tion at sea, however, amply confirms the desirability 
of being conservative in this respect,, indeed it 
was noted in Mr. Richardson’s paper that even with 
the progress in design made within the last few years 
there has been generally a measurable increase in 
the weight and the space occupied by the slow- 
speed marine Diesel engine per horse-power de- 
veloped continuously, This is due largely to the 
reduction in the rate of heat transfer. 

The mean effective pressure for two-cycle engines 
ona brake horse-power basis appears from the table 
of mercantile engines given by Mr. Richardson to 
average about 66 lbs. per square inch. The 
highest figure quoted is 73-5 Ib. and the lowest 55, 
but the author held that it was very doubtful if 
a mean pressure higher than 55 lbs. per square inch 
on a brake horse-power basis could be continuously 
sustained at sea. Three examples of two-cycle 
marine engines cited gave mean effective pressures 
of 73, 66 and 73 lbs. per square inch on a brake 
horse-power basis, and the rate of heat transfor was 
equivalent to a fuel consumption of 0-39, 0-315, 
0-345 Ibs. per hour per square inch of piston area. 

Corresponding to these figures certain stresses are 
developed in the material. On certain assumptions, 
it was concluded that the stresses arising from 
unequal expansion may in the three cases quoted 
amount respectively to 24,000, 14,900, and 15,000 
Ibs. per square inch, the highest stress occur- 
ring in the largest engine. It is quite obvious 
that fractures in cast iron cannot be a matter of 
surprise -when such stresses are imposed. As 
already mentioned the safe rate of heat transfer 
corresponds to a fuel consumption of 0-2 lb. per 
square inch of piston area per hour. Hence, if 
the two-cycle engines be reduced in power output 
to the same basis the mean effective pressure will 
fall to a very moderate one of less than 55 lbs., 
and there will be, Mr. Richardson maintains, 
little, if any, gain in space or reduction in weight, 
as compared with the four-cycle engine. 

To examine a little further this all important 
question which is raised in this paper, and so fully 
pursued in the discussion, it cannot, owing to lack 
of published definite data, be said to be conclusively 
proved that the rate of heat transfer equivalent to 
the combustion of 0-2 Ibs. per hour per square inch 
of piston area is altogether established as the limit 
apart from the question of the quality of the fuel 
and the maintenance of the exhaust valves, matters 
which are not exactly common to engines of both 
cycles. 

With a low grade of fuel oil, exhaust valve main- 
tenance may be so onerous as to demand a reduction 
in power output with the four-cycled engine, apart 
from the heat transfer question proper. On the 
other hand, two-cycle cylinders with exhaust ports 
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on one side and scavenging air inlet ports opposite, 
where cool air enters to clear out the hot gases, 
are certainly highly stressed, during full power 
running at a high rating, in this particular part of 
the cylinder, as it must be borne in mind that the 
necessarily high velocity of the issuing exhaust 
gases involves a high rate of transfer of heat to the 
cooled exhaust bars, and adjacent parts. 

No doubt the quality of the metal surrounding 
the hot gases will be gradually improved. Much 
research to this end is now in progress, and in due 
course the results so obtained will be translated 
into foundry practice. To such metallurgical im- 
provements, engine design and performance will 
quickly respond. The special point we wish to 
urge is the fact that no data giving definite in- 
formation regarding the two-cycle engine were 
given in the paper or discussion although there was 
ample testimony to the satisfactory performance 
of four-cycle engines. If there are two-cycle ships 
operating at sea with good results and working 
at high mean effective pressures and heat transfer 
figures, it would be greatly to the benefit of 
progress in marine, engineering that the facts should 
be widely known. 

Coming to the second paper it is probable that 
no marine engineering paper of recent times can 
have been so eagerly looked forward to as that of 
Messrs. Walker and Cook on “ Mechanical Gears of 
Double Reduction for Merchant Ships,”’ as there 
have been so many rumours of failures of me- 
chanical double reduction gearing. Little en- 
lightenment on a number of factors, however, was 
. given by this paper, other than a certain amount of 
very interegting information on the one subject of 
torsional shaft vibration. It is, however, cheering 
to have the statement given by Engineer-Admiral 
Sir George Goodwin that failure was much less fre- 
quent than it had been twelve months ago, but 
whether a lessening of the tooth pressure or the 
exercise of greater care in workmanship, or both 
are responsible was not elicited. In this paper the 
authors quoted that in Great Britain and other 
countries (excluding America) the number of ships 
with double reduction gears built and under con- 
struction is about 220 representing a total of 
1,150,000 h.p. As successful examples only three 
designs—five ships—are quoted having constants 
in the equation for pinions over 10-in. diameter, 


viz., constant = <a varying from 195 to 238. 


The statement that a constant between 180 and 
220 is good practice, is made, although the authors 
hold that there is nothing to show that considerably 
higher loads than represented by the constants, 
could not be adopted. It is a well-known fact 
that a number of ships with double reduction gear 
are operating at sea at a fraction of full power, and 
so with a very much smaller tooth pressure than that 
designed, as was well pointed out in the discussion 
by Captain Onyon, M.V.O., R.N. Are there any 
double reduction gears running at sea continuously 
with constants of 220 or higher? Again, the 
questions involved are of such importance as to 
demand a solution which can only be obtained by 
the recording and publishing of actual details of 
performance. If a high standard of workmanship, 
materials and lubricants are the critical factors, 
then it is necessary that standards of such accuracy 
should be formulated, and definite means for securing 
these be made general. We do not desire at 
present to deal in detail with this question. It 
is evident, however, from the two discourses which 
are the subject of this article that nothing but 
gain can accrue from a close co-operation between 
the engineer and the shipowner. What is desir- 
able is a free expression of experience and a 
complete recording and publication of full facts of 
performance. Along this path, and only by such 
means can these absorbing and highly important 
questions be raised from the present level of un- 
certainty and doubt to the realm of established 
experience. 





THE COAL DISPUTE. 

AvrTHovaH it has been the fashion to explain all 
labour troubles of the last few years as manifesta- 
tions of war reaction we are afraid the time has come 
when some deeper cause even than this must be 





sought. That such a deeper cause exists, there 
ean be no doubt, and although we are not now 
concerned to trace its generation and growth its 
manifestation in a somewhat vague and formless 
aspiration has been very clear of late years. This 
aspiration may, or may not, be called socialism, 


depending on one’s definition of the word, but its 


practical effects have all been in the direction 
of attempting to force socialistic movements forward. 
The present calamitous coal strike, or as the Miners’ 
Federation prefers to call it, the coal lock-out, 
is a direct manifestation of this aspiration and cannot 
profitably be looked upon as an isolated event. 

The dispute ostensibly turns on the reluctance 
of the miners to accept wage reductions which have 
been proposed in the various coalfields. Actually, 
however, the point at issue is the question of a 
national wage as opposed to district wages. This 
fact is so obvious that it requires no demonstration. 
The proposed new wages put forward by the colliery 
owners have been the subject of no effective dis- 
cussion, and as far as we know no attempt has been 
made by the miners’ representatives to indicate 
what they consider should be the basis of the 
national wage they ask for. As they admit them- 
selves that “the mining industry is virtually 
insolvent,” we assume they will admit that some 
adjustment is necessary. The absence of any attempt 
to bring matters of this kind forward for discussion 
before the strike was called illumines to what extent 
this strike turns on the question of forcing on a 
national wage rather than on the adequacy or 
otherwise of any particular wage. The strike is but 
the latest form which the socialistic aspirations of 
labour has taken. 

Although this is a dispute about an ideal rather 
than a dispute about money, it is not suggested 
that the wages actually offered are likely to satisfy 
the miners. The percentage reductions proposed 
are very considerable, and one has no difficulty in 
understanding that the support of say a South 
Wales working miner was easily obtained by his 
executive when he was told that it was proposed to 
reduce his weekly wage by 35s., or 40 per cent. 
South Wales is, however, the district in which the 
greatest reductions are proposed, and in Lancashire, 
for instance, the corresponding figures are some 
18s., or 22 per cent., while in Yorkshire no reduc- 
tion is in contemplation. These differences, in 
themselves, are probably not looked at very favour- 
ably by the Miners’ Federation, since they may be 
considered to encourage the possibility of the more 
favoured districts breaking away. 

It is not possible without a long and detailed 
analysis, for which neither time nor complete data 
are immediately available, to state the average 
percentage reductions proposed either for the 
country as a whole, or for the districts separately ; 
while such figures, even if worked out, would not 
be of much service owing to the number of different 
grades involved and the unfair impression which 
may be given owing to the effect of boys’ wages. 
In a general way, however, the figures quoted above 
may be taken as indicative of the order of reduction 
proposed. It must be pointed out that these 
figures are those published by the Miners’ Federation, 
and while not suggesting that they are not accurate, 
in a complicated matter of this kind by slightly 
modifying the way of computing the average it is 
possible that a speaker for the other side might work 
them out differently. 

The actual weekly wage which is now offered to 
the men is something in the order of 3!. to 41. a week, 
which, however, in the great majority of cases can 
be greatly increased by the men themselves taking 
proper advantage of the piecework arrangements 
and bringing output somewhat nearer the 1914 
level. No greater criticism of the miners themselves 
is possible than lies in the mere statement that while 
the wages per worker have increased 135 per cent., 
the wages per ton of coal have increased 300 per 
cent. These two figures contain the gist of the 
whole coal trouble. We have no wish to suggest 
that the very serious fall in output per worker is 
entirely due to the men, but if the men would 
eliminate merely the loss which can be laid at their 
door they would introduce a remarkably different 
prospect for the whole coal industry. Things being 
as they are, however, and the industry being 





“virtually insolvent,” the sensible procedure for 
those connected with it- would appear to be the 
adoption of such measures as are necessary to restore 
its solvency. ‘The mine-owners offer appears to be a 
genuine attempt to do this, and contains the valuable 
feature that 80 per cent. of any profits which may 
be made in the future goes to the men. The mini- 
mum wages proposed coupled with the possibilities 
of greatly increasing them by improved output, 
compare very fairly with the wages of the transport 
workers and railwaymen who are asked to support 
the miners in their opposition. 

We have suggested that the miners are not likely 
to be satisfied with the proposed rates, but many 
of us have at the present time to suffer things with 
which we are not satisfied and the miners will 
greatly strengthen. their position if during the 
negotiations they show a willingness to discuss the 
present offer on will bring forward their own wage 
proposals, The lack of any indication of anything 
of this kind being done before the strike was called 
can be explained only by the matter to which 
we referred earlier, the fact that this dispute is not 
about wages at all, but about an ideal. That ideal 
is a national wage, which is a milestone on the road 
to nationalisation. We do not desire to discuss 
now either the ethics or the sagacity of attempting 
to force nationalisation of anything on a side issue, 
or by threats, instead of attempting to carry it in a 
constitutional way, which contemporary events 
suggest would be no impossibility for a wise and 
able Labour Party in the course of comparatively 
few years. We do, however, desire to indicate 
what a very clear light the whole matter throws on 
the subject of socialism in practice. 

As we pointed out in our issue of March 11 last, 
it is unfortunate for the socialists that any industry 
or public service which is taken out of private hands 
seems fated to change from a revenue-producer 
to a revenue-consumer and in the limit, when every- 
thing is nationalised, all industry and every activity 
apparently will have to be subsidised from public 
funds which will have no source. We rather suspect 
that a very practical realisation of this state of 
affairs has had something to do with the Govern- 
ment’s hasty abandonment of many of the “con- 
trols” which they were exercising. Practically 
all the country’s experiments in nationalisation 
have been what one may at least call singularly 
unfortunate from a financial aspect, and if to 
these the coal industry is to be permanently added 
the outlook from the point of view of paying our 
way will become very unattractive for any Govern- 
ment. It is broadly correct to say that in all 
nationalised industries the employees from top 
to bottom are paid more than they earn. This may 
not be true in every individual case, but, taken over 
the whole of. what should be a productive industry, 
it must be true if the industry consumes instead of 
produces. This effect is obscured in most cases, 
but it is being boldly stated and claimed as a right 
in the case of the mining industry. It is really 
hardly necessary to accentuate the absurdity and 
impossibility of this claim. If it is allowable in 
mining why not extend it to railways and transport. 
to power supply, to shipbuilding and so on through 
the whole gamut until the country is living on the 
profits made from Mr. Chamberlain’s “jam and 
pickles.” The true nationaliser would, of course 
ultimately annex these delicacies; after which, 
in the absence of bread and butter, we could all but 
sing ‘‘ dulce et decorum est pro patrid mori.” 

It is unfortunate that any vital and far-reaching 
questions should have to be faced, and in some 
degree settled during the disturbance consequent 
on a big strike, but even in the present condition 
of the mining centres and the natural desire to end 
it we cannot think that the present, or any other 
Government would be prepared to admit the right 
of the coal trade to public subsidy. The objection 
to such subsidy is not at bottom a matter of political 
doctrine or opinion at all. It is a matter of simple 
arithmetic. The system of the country running 
industries instead of industries running the country, 
which it represents, will in the end lead to a mathe- 
matical absurdity which even the most brilliant 
Fabian would be unable to get round. This 
admitted, it cannot be denied that in some districts 
a heavy reduction has been sprung on the working 
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miner very suddenly and if some definite under- 
taking bearing on a settlement could be obtained 
from the Miners’ Federation a good case might be 
made out for some temporary extension of control. 
But the miners’ executive continue obdurate. In 
inviting on Wednesday night the representatives of 
owners and workers to meet him, the Prime Minister 
insisted on the miners’ executive ordering the 
workers to allow the pumps to be kept going to 
prevent the mines being flooded. At a meeting next 
morning with Mr. Lloyd George the men’s represen- 
tatives refused. Negotiations have again broken 
down; but there still remains the common law of 
the land. Destruction of property is a criminal 
offence. Let the law take its course and constitu- 
tional government be enforced. 





NOTES. 
LUBRICATION. 

Ir is now some three or four years since Mr. R. M. 
Deeley made the experiments which convinced him 
that the difference between a good and a bad 
lubricant lay in the fact that a good lubricant was 
capable of uniting firmly with the bearing surfaces, 
by a quasi-chemical action. This view has since 
received very ample confirmation, and in a com- 
munication which we have recently received from 
Mr. E. G. Acheson a very similar view is taken as to 
the behaviour of the colloidal graphite which con- 
stitutes the effective ingredient of oildag. The 
latter consists generally of some form of petroleum 
holding in colloidal suspension from } per cent. to 
1 per cent. of its weight of graphite. This addition 
to the petroleum hardly affects its viscosity, but 
does have a marked effect on its value as a lubricant. 
The colloidal graphite, Mr. Acheson states, is 
adsorbed by the bearing surfaces just as good 
lubricants were in Mr. Deeley’s experiments. In 
both cases the film is so adherent that once formed 
it can only be removed by grinding. As illus- 
trating the endurance of this graphite-coated 
surface, Mr. Acheson states that in some experi- 
ments a 7-in. shaft running at 400 r.p.m. in 
Babbitted bearings was lubricated with oildag. 
After sufficient time had elapsed for the film to 
be properly formed, the rate of supply of oil was 
gradually reduced and finally totally stopped, there- 
after the shaft ran for 2} hours without further 
addition of lubricant before failure occurred. The 
load carried was 900 lb. per square inch; yet 
there was no rise of temperature until the final 
breakdown. 


Or, Fort mn AUSTRALIA. 


In a paper read by Admiral Sir Wm. Clarkson, 
K.B.E., C.M.G., before the Melbourne Section of the 
Junior Institution of Engineers, the author em- 
phasised the importance of oil fuel for naval pur- 
poses, and deplored the lack of local sources of 
supply. He gave reasons, however, for believing 
that a thorough exploration might prove successful ; 
and in fact fairly copious supplies of natural gas have 
been struck in several parts of Australia. So far, how- 
ever, it appears only four holes have been put down 
in search of oil. Of these, that at Robe attained a 
depth of 4,504 ft., but no payable supply was found. 
Sir William, however, expressed the opinion that 
it would be advantageous to sink a second bore hole 
between this and the coast, but the promoters 
selected a site at Tantamoola, where clayey shale 
was reached at a depth of 1,165 ft. Here, however, 
an accident occurred, the string of tools was lost, 
and the hole has not yet been cleared. A third 
bore hole was sunk at Kingston by different under- 
takers. Here a depth of 1,160 ft. was attained, 
but the work was then suspended and has not yet 
been resumed though it is surmised that oil in 
quantity was struck. The fourth bore, at Black- 
ford, has been carried to a depth of 1,360 ft., where 
hard shale was reached, but work was then aban- 
doned. Natural gas in fair quantities was met with 
in the case of the three bore holes first mentioned, 
and sand containing oil was also found. Further 
explorations may prove more successful and Sir 
William considers that the occurrence at different 
parts of the coast of asphaltum and a waxy sub- 
stance resembling paraffin wax, justifies the hope 
that gushers may yet be tapped on the Australian 
Continent. A promising locality, he considers, is 





the South-Eastern District of South Australia, 
where there is, he holds, ample justification for 
an immediate and systematic search. 
Tue Commercial Motor. 

Arithmetical evidence is hardly necessary to con- 
vince one of the growth of the commercial motor 
service of the country, but it is none the less in- 
teresting to note that during last year the net 
membership of the Commercial Motor Users’ 
Association increased by 2,374, compared with 
566 in 1919 and 252 in 1918. The trade boom 
which followed the war was obviously partly 
responsible for the great progress of last year, but 
weight must also be given to the growing influence 
and importance of the Association. An indication 
of this influence and importance was afforded by 
the list of distinguished guests which the Association 
was able to compile for its annual luncheon at the 
Savoy Hotel on the 6th inst., and it was matter for 
regret that coal and its attendant troubles prevented 
Sir Eric Geddes from attending and speaking. Sir 
Eric met the situation in so far as he was able by 
writing a long letter to Mr. E. 8. Shrapnel-Smith, 
the President, which was read to the company. 
In this Sir Eric expressed the hope, which will be 
received with mixed feelings, that had he been able 
to attend his speech would have been his last as 
Minister of Transport. We cannot follow the 
details of the letter in its account of the develop- 
ment of a national system of roads, but the figures 
he gave of the classification of roads, which has now 
been completed, are of interest. The figures for 
England and Wales are :—First-class roads, 11+6 per 
cent.; second-class roads, 7 per cent. For Scot- 
land :—First-class roads, 17:9 per cent.; second- 
class roads, 13-1 per cent. We should like, in 
concluding this note, to pay a tribute to the humour 
and good sense of the speech made by Sir W. Ryland 
Adkins, Chairman of the County Council’s Associa- 
tion. Able after-dinner speaking is too rare in this 
country for such an excellent example to be ignored. 


Tae Wacss (Temporary Recuiation) Act. 


The Divisional Court of the High Court of 
Justice gave judgment on the 5th inst. in a 
case, Briggs (of the Amalgamated Engineering 
Union) against the Great Northern Railway Com- 
pany, which was raised with the object of getting 
over-ruled the judgment of Mr. Roche, referred 
to in our issue of December 31, 1920. The 
union had brought a complaint against the railway 
company before the local Munitions Tribunal at 
Leeds, under the Wages (Temporary Regulation) 
Act, 1918, as amended and continued by the 
Industrial Courts Act, 1919. The case was heard 
and decided by the tribunal on September 30, 1920, 
and the judgment was against the railway company. 
The company appealed, but Mr. Justice Roche came 
to the conclusion that the jurisdiction of the tribunals 
under the Act, and of himself as Judge of Appeals 
from the tribunals, came to an end on September 30, 
1920, and that he could not deal with the appeal. 
In order to have the matter tested further the union 
applied to the tribunal for a distress warrant to 
enforce the tribunal’s order, but the tribunal, in 
view of Mr. Justice Roche’s judgment, refused 
to issue the warrant. The union then made an 
application to the High Court for an Order on the 
tribunal to issue the warrant. After a full hearing 
the Court came to the same conclusion as Mr. 
Justice Roche, viz., that the jurisdiction of the 
tribunal under the Act, ended on September 30, 
1920, and they held that the tribunal was right in 
refusing to issue the distress warrant, as it had no 
longer any power to do so. Unless the case is 
carried further and this judgment reversed, the 
functions of the munitions tribunals under the 
Wages (Temporary Regulation) Act may be 
regarded as at an end. 





THE FAILURE OF METALS UNDER 
INTERNAL AND PROLONGED STRESS. 

Tue joint discussion on “ The Failure of Metals ” 
which was held in the afternoon and evening of 
Wednesday last, in the hall of the Institution of 
Mechanical Engineers, was organised on an unusually 
wide scale. The initiative had been taken by the 
Faraday Society, and in addition to the Institution 
of Mechanical Engineers, the Iron and Steel Insti- 





tute, the Institute of Metals, the North-East Coast 
Institution of Engineers and Shipbuilders, the West 
of Scotland Iron and Steel Institute, and the Insti- 
tution of Engineers and Shipbuilders in Scotland 
participated in the conference. With the number of 
institutions interested the number of papers pre- 
sented had naturaliy increased. There were seven- 
teen papers on the list, and two more had been 
received after drawing up the programme. Though, 
apart from the Faraday Society, only engineering 
institutions were conferring, several of the com- 
munications dealt with were decidedly chemical in 
character, and one may perhaps say that the main 
subject discussed was the share of mechanical and 
of chemical causes in the failure of metals. 
In the light of modern researches, according to which 
electrons hold together molecules as well as atoms, 
we begin to see, though hazily so far, the connection 
between cohesion and chemical combination. The 
conference had no time to devote to these ultimate 
problems. 

As in the general discussion™on “ Colloids,” 
arranged by the Faraday and the Physical Societies 
and held also at Storey’s-gate last October,* the 
meeting was opened punctually at 2.30 p.m. Before 
Professor A. W. Porter, F.R.S., could take the chair 
as President of the Faraday Society, however, 
Capt. H. Riall Sankey, C.B., intervened, as President 
of the Institution of Mechanical Engineers, to 
welcome the members of the cognate societies 
assembled for this most important conference. 
Its inauguration, he said, was due to the Faraday 
Society, and especially to its secretary, Mr. F. 8. 
Spiers, and such joint conferences were of great im- 
portance, because they enabled members of several 
institutions, working to a certain extent in water- 
tight compartments, to e.large their own particular 
fields of view. 

Professor Porter, in briefly responding, weloomed 
on his part the opportunity given to physicists 
to confer with engineers. He then called on 
Dr. W. Rosenhain, F.R.S., to give his introduc- 
tory address. During the remainder of the first 
session Capt. Sankey presided while the first five 
papers, of a general character, were communicated 
in abstract. 

A little after 4 o’clock the meeting adjourned 
until 4.45 p.m. for tea and the inspection of exhibits. 
When the meeting was resumed, Dr. J. E. Stead, 
F.R.8., took the chair during the second session 
devoted to a general discussion. Then came a 
dinner interval, and at 8 p.m. the third session, 
under the chairmanship of Vice-Admiral Sir George 
Goodwin, K.C.B., President of the Institute of 
Metals, was held for the reading and discussion 
of papers dealing more particularly with failures of 
brass and steel. The exhibits, we should mention, 
were all specimens illustrative of points emphasised 
in the papers, and they were, indeed, of a kind to 
impress anybody inclined to underrate the serious- 
ness of the failures discussed. 


Intropuctory Apprress By Dr. W. RosENHAIN. 


In presenting his survey of the nature of the 
problems before the meeting and of their actual] 
position, Dr. Rosenhain stated that the phenomena 
had become known under the distinctly inaccurate 
term “season cracking,” but he had generalised 
the title so as to include a number of more or less 
analogous occurrences. Failure under internal 
stress, generally recognised as the operating cause 
of season-cracking, was strictly analogous to failure 
under externally-applied stress operative for a very 
long time. But it should be realised that prolonged, 
i.e., continuously-applied stress, was something 
entirely different from the alternating or repetition 
stresses associated with “fatigue.” Though failure 
under prolonged stress might also be described as 
fatigue, technical usage limited this term in the 
sense indicated. 

In ordinary tension testing the time element 
entered but very slightly into the result. At 
ordinary temperatures the rate of loading made very 
little difference, apart from velocities such as 
occurred in certain impact tests and in the use of 
projectiles. It had, therefore, come as a great 
surprise to discover (Rosenhain and Archbutt) 
during the investigation of season-cracking that the 





* See ENGINEERING, October 29, 1920, page 580. 
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strength of certain materials depended, under certain 
conditions, very largely upon the time during which 
the load was allowed to act. The table which Dr. 
Rosenhain exhibited showed that an aluminium 
alloy having a tensile strength of 24 tons per square 
inch would rupture under that load in two minutes, 
but would bear loads of 16 tons, 14 tons and 
13 tons per square inch for 9 mins., 31 mins. and 
56 mins. respectively. This time effect, however, 
was only associated with one kind of fracture, the 
intercrystalline fracture, and any explanation of the 
phenomena under discussion would have to account 
for this and similar facts. Practically the discovery 
that a time effect might exist in tensile loading 
was of grave importance. It was regarded as an 
axiom of engineering that a piece of metal bearing 
a static load for a short time would bear that load 
indefinitely, and that was borne out by practical 
experience. In the most widely-used material, 
however, viz., steel, the rate at which that fracture 
could be produced by prolonged stress was very 
slow indeed, and, moreover, a very large factor of 
safety was employed in engineering designs. Thus 
this discussion had not as its object the sounding 
of an alarm. Yet a few cases of failure of roofs, 
boilers, bridges, &c., suggested the existence of 
fatal operative stresses, though those stresses were 
not recognised working stresses, but due probably 
to exceptional circumstances. 

These intercrystalline fractures were mostly the 
results of internal stresses. Yet Moore, Beckinsale 
and Mallinson had produced similar effects by 
prolonged external stress, and the effects could only 
indirectly be ascribed to cold work and deformation 
which set up the internal stress. In cold drawing 
the external portion of the rod underwent greater 
extension than the core, which was put under 
tension ; on relaxing the pull, the internal portion 
tended to contract, setting up compression in the 
exterior. When the outer layer was cut away, the rod 
as a whole would contract, as Heyn had shown in 
his May lecture of 1914 ; when the rod was not cut, 
the stresses remained operative, and the rod cracked. 
A simpler way of looking at the question of internal 
stress was by bending strips of metal to U shapes. 
If the ends were clasped by a spring, a tension was 
produced in the fastening. In a strip bent to a ring, 
as in a tube, the stress existed at the points of 
junction; thus there must be a circumferential 
stress in a cold-worked tube. A cup or a carttidge 
case might be regarded from the same point of view ; 
Dr. Rosenhain showed a cup formed by radial strips 
clasped by a ring. Those stresses could not exceed 
the elastic limit of the material in the finished 
condition ; but it was very difficult precisely to 
ascertain the elastic limit in that condition. A bent 
material underwent plastic deformation, and as a 
result the elastic limit was raised beyond its value 
in the unstrained material; the actual stress 
distribution was, however, too complex for accurate 
calculations. When the specimen was allowed 
to spring back, moreover, it was by no means free 
from internal stress, and for that reason the springing 
back was incomplete. It was not surprising, 
therefore, that materials whose tensile strength was 
not supposed to exceed 30 tons per square inch 
(as ordinarily tested), sesmed to be under stresses 
of 40 tons; the formule applied were not reliable. 
There were, however, internal stresses of considerable 
magnitude in many cases, and they were the most 
fruitful causes of fracture of the manufactured 
article, after short or possibly very long times. 
Moore and Beckinsale had removed or relieved these 
stresses in cartridge brasses by annealing between 
200 deg. and 300 deg. C. This result had been con- 
firmed at the National Physical Laboratory, though 
without completely eliminating the stress; and it 
was important, in view of suggested explanations of 
season cracking, to note that this annealing was not 
accompanied by appreciable recrystallisation. 

Until the publication, in 1919, of the researches 
by Archbutt and himself, Dr. Rosenhain continued, 
the investigation of season-cracking had been 
limited almost entirely to brass and to some 
nickel-silvers (copper-zinc-nickel), They had then 
observed this deterioration in aluminium alloys, 
lead, steel and some other metals. In 70/30 
brass cracking occurred with operative stresses 
of 6 tons or 8 tons per square inch, while 





the ultimate tensile strength exceeded 20 tons 
(Moore). While, in normal fracture metals, broke 
across the crystals, this cracking was, as stated, 
an intercrystalline fracture, unaccompanied by 
marked deformation. In explanation Hatfield and 
Thirkell had in 1919 suggested the “‘ simple stress ” 
theory, according to which the actual stress in the 
brass was said to come up nearly to the normal 
breaking strength so that a small amount of 
corrosion or some incidental surface damage 
sufficed to bring about rupture. Dr. Rosenhain 
did not trust the stress calculations said to support 
this hypothesis, and he pointed to Moore’s stresses, 
undoubtedly of lower order, to refute this simple 
stress theory. 

According to a second theory spontaneous 
cracking was the result of severe cold working 
leaving a large amount of metal in the hard amor- 
phous condition, unstable at ordinary tempera- 
ture and prone to recrystallisation with change of 
volume. But there was no microssopic evidence 
whatever of recrystallisation in brass. A third, 
simple corrosion theory was favoured in America, 
where season-cracking was indeed called “ corrosion- 
cracking.” But general corrosion did not facilitate 
cracking (Moore) which, moreover, would not 
account for the intercrystalline fracture, though a 
localised chemical action was of importance (Moore). 
An entirely different explanation could be deduced 
from the amorphous cement theory, according to 
which a thin layer of amorphous metal was present 
in the intercrystalline boundaries even of cast or 
fully-annealed metals. Though Moore and his 
colleagues did not agree with Dr. Rosenhain as to 
the behaviour of this cement, they accepted the 
important part played by it; Moore confined him- 
self to brass, whilst Dr. Rosenhain’s explanation 
held generally. Beilby’s amorphous layers produced 
by polishing, &c., were analogous to the amorphous 
substances like glass, vitreous silica, etc., which passed 
from the liquid condition at high temperatures into 
a quasi-solid state of undercooled liquids without 
definite solidification. While remaining essentially 
amorphous, the substance might undergo slight 
changes in physical properties at ordinary tempera- 
ture. We had no precise information about these 
changes ; but the allotropic modifications indicated 
changes. Severely-undercooled vitreous substances 
might possess a very high degree of viscosity, 
enabling them to behave like brittle elastic solids 
towards forces applied with some speed, and to 
undergo gradual deformation under the prolonged 
action of forces insufficient to cause immediate 
fracture. In materials of high viscosity, viscous 
flow in the true sense might be small. But these 
materials would undergo a visco-elastic deformation, 
large compared with the ordinary elastic deformation 
and rapid compared with the slow permanent true 
viscous flow; these materials would also differ 
widely from the same material in the crystalline 
form, since properties such as the defects of elasticity 
met with in ordinary metals were absent from pieces 
consisting of only one single crystal. It was, there- 
fore, justifiable to say that the amorphous inter- 
crystalline material, if existent, must be subject to 
displacement arising from the viscous character of 
the amorphous matter. 

Dr. Rosenhain suggested that even under the 
action of relatively small forces, when applied 
for a long time, sufficient displacement would occur 
at the crystal boundaries under suitable circum- 
stances to lead to fracture. If the viscosity and 
the resistance to displacement were high, the effects 
of relatively small forces would be too small or too 
slow; if the resistances were comparatively low, 
conditions would be favourable to season-cracking. 
It did not follow that the resistance to viscous flow 
or visco-elastic displacement must be high merely 
because a metal was very hard or could be rendered 
very hard when in the amorphous condition. 

The second determining condition for minute 
displacement was the configuration of the crystal 
boundaries. When these boundaries were smooth 
and plane, displacement would be easy ; when they 
were jagged or irregular, displacement would be 
resisted. In the former case flow or visco-elastic 
displacement would not involve deformation of the 
crystals themselves; with irregular or jagged 
boundaries the slightest amount of movement 





would necessitate deformation or even rupture of 
crystals. In this respect it was of importance that 
in aluminium alloys and also in lead (L. Archbutt), 
both being subject to season-cracking with smooth 
crystal boundaries, this cracking might be pre- 
vented by bringing them into a state in which the 
intercrystalline boundaries were rough and irregular. 
Dr. Rosenhain’s photographs brought this out 
clearly. Annealed Al alloys (3 per cent. of Cu, 
20 per cent. of Zn) showing crystals with smooth 
regular boundaries were easily cracked; the same 
material treated so as to make the boundaries 
irregular, would, not. undergo intercrystalline crack- 
ing under any circumstances. 

In support of these arguments Dr. Rosenhain 
pointed out that ordinary wires would, if twisted, 
not quite re-acquire their original position when 
released; but if the wire consisted of a single 
crystal (H. von Wartenberg) the return was im- 
mediate and complete, because there was no seat 
for viscous phenomena in any _ intercrystalline 
boundary then. In his final remarks Dr. Rosen- 
hain referred to the weighty objections of Moore 
that intercrystalline cracking in brass was always 
the result of chemical reactions, concentrated upon 
the intercrystalline material. In ordinary brass- 
cracking such localised chemical action was cer- 
tainly a vital factor, and in the total absence of 
chemical action, season-cracking of brass might 
indeed be very slow. But chemical action was 
after all only an accelerating and not a primary 
cause. When the aluminium alloy mentioned was 
annealed at 250 deg. C. (after hot or cold rolling) 
it was completely immune from cracking; when 
annealed at 400 deg. C., it was exceedingly liable to 
cracking. Now these alloys did not require treat- 
ment with mercury salts to produce. rapid cracking 
(as was the case with brass); air, moist or dry, was 
sufficient to call it forth. When one half of a bent 
specimen was annealed in air, and the other in 
hydrogen, both halves underwent the same crack- 
ing on subsequent straining or exposure. But when 
exposed in a vacuum, the cracking did not set in for 
days instead of hours. These experiments showed 
that cracking took place even in the absence of 
chemicalaction. In any case there was not sufficient 
evidence to prove that there was no cracking 
without the intervention of chemical action. The 
chemical acceleration effect, moreover, seemed to 
require that the metal was under tensile stress in 
order to separate the crystals from one another, 
and that again showed the need of invoking some 
form of movement in the boundary material. 

PAPERS OF A GENERAL CHARACTER. 

The following papers, of which we print abstracts 
elsewhere in this issue, were read in abstract by their 
authors: ‘‘ Chemical Influences in the Failure of 
Metals under Stress,” by Prof. Cecil H. Desch (page 
418); “Failure of the Lead Sheathing of Tele- 
graph Cables,” by Mr. L. Archbutt (page 418) ; 
and ‘“‘The Mechanism of Failure of Metals under 
Internal Stress,” by Dr. W. H. Hatfield (page 425). 
“* Internal Stresses in Brass Tubes,” by Mr. R. H. N. 
Vaudrey and Mr. W. E. Ballard, was read in abstract 
by the former and is reproduced on page 421. 
A paper on “Internal Stresses in Relation to 
Microstructure,” by Mr. J. W. C. Humfrey was also 
read in abstract by the author, and is given on 
page 419. 

The discussion on the above-mentioned papers 
was commenced at 4.45 p.m., after an interval for 
tea, Captain H. R. Sankey taking the chair, in the 
unavoidable absence of Dr. Stead, who had tele- 
graphed expressing his regret. 

The first speaker was Mr. Harold Moore who 
thanked Dr. Rosenhain for the fair reswmé he had 
given of the position as regards the subject of 
internal stress in metals, and particularly for the 
clear and persuasive manner in which he had 
described the theory of intercrystalline flow. This 
did not explain all the phenomena, but in general 
the speaker agreed with Dr. Rosenhain’s views. 
During the last few years a good deal of knowledge 
of the structure of metals had been acquired. 
Ammonia appeared to attack the crystal junctions 
in brass, and to induce cracks when the metal was 
in tension. The action, however, was compara- 
tively slow. If ammonia was in contact with the 
surface of brass, it would weaken the bond between 
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the crystals, and tension would extend the crack so 
formed, with the result that the ammonia would 
penetrate deeper and deeper. This action did not 
depend on any theory of viscous flow. In steel a 
similar effect might be produced, the chemical 
action, of course, being different. Dr. Rosenhain 
had indicated that the time-effect was an essential 
feature of a viscous flow, but a progressive chemical 
action also involved a time element, so that the 
presence of a time-effect did not necessarily support 
the theory of viscous flow. It should also be 
remembered that there were cases of season cracking 
where chemical action was absent, as in the case of 
the lead pipes referred to in Mr. Archbutt’s paper. 
Nevertheless there was no doubt that chemical 
action was often a contributory cause. Was it not 
possible that no general explanation could cover 
all cases of intercrystalline fracture ? The phenome- 
non of viscous flow would naturally be expected 
to be more pronounced at high temperatures, as 
at ordinary temperatures the viscosity must be 
extremely high. In Dr. Hatfield’s paper it had been 
shown that at 600 deg. C. a copper test piece in 
tension developed surface cracks. But was Dr. 
Hatfield sure that the cracks were the effect, and 
not the cause of oxidisation. The speaker had 
had experience which indicated that such might be 
the case. 

There were many difficulties in the amorphous 
phase theory but so there were in any alternative 
theory. There might be molecules between crystals 
which were unable to orient themselves, and this 
would cause a stress. In the prevention of season 
cracking the reduction of the internal stress in metal 
was important, and the speaker saw no reason why 
more attention was not given to this point. 

Sir James A. Ewing, who spoke next, said that he 
had been much struck by Dr. Hatfield’s objection 
to the existence of 4n amorphous layer between the 
crystals. But some such layer seemed inevitable. 
There was no simple geometrical arrangement be- 
tween the molecules of one crystal and those of its 
neighbours. If it were a fact that the last layer of 
molecules in one crystal was the first layer of 
another, then there could only be a limited number 
of geometrical relationships between the planes of 
the two crystals. This was illustrated by what 
occurred in twin crystals. But in ordinary metallic 
crystals there was no such common layer of mole- 
cules. We must inevitably have layers of atoms 
which were not belonging to either crystal-formation, 
and this constituted the amorphous phase. Amor- 
phous simply meant that the molecules had not the 
orderly grouping which constituted a crystalline 
formation. 

At Cambridge it had been shown by Dr. Rosen- 
hain and himself that the ordinary process of 
yielding in a bar under stress was really a process 
of slipping inside the crystals, and that only when 
cracking occurred did the crystal boundaries play 
any part. It seemed that at low temperatures metal 
would fail by slipping occurring in the crystals them- 
selves, while at high temperatures it would fail by 
the failure of the cementing material between the 
crystals. For a slip to occur a regular arrangement 
of the molecules was essential, so that no slip could 
take place in amorphous material. At low tempera- 
tures we had fracture by slip, while at high tempera- 
tures the amorphous layer showed something of the 
nature of fluidity because the amplitude of the 
thermal vibration was increased. 

Professor Lowry said that objection had been 
raised to the amorphous theory on the ground that 
the amorphous material was required to be both 
harder and softer than the crystalline material, 
If, however, we considered water at 0 deg.C., the 
water was more fluid than the ice crystals it con- 
tained, whereas if the temperature was still further 
lowered the amorphous part of the substance became 
harder. 

Captain Bengough remarked that both the two 
last speakers had dealt with the same point, namely, 
that. at high temperatures fracture took place 
between the crystals, while at low temperatures 
the crystals themselves failed. That had been con- 
clusively proved to be so by experiments.. It was 
probable that over a certain range of temperature 
failure might occur sometimes by one and some: 
times by the other method. This point, however, 





did not carry us very far as regards an explanation 
of season cracking, which might, of course, occur at 
low temperatures. Much had been said about this 
being started by chemical action. Dr. Rosenhain 
had stated that chemical action would not penetrate 
very deeply between the crystals because the pro- 
ducts of corrosion would become concentrated and 
protect the metal from further action. That might 
occur in certain cases, such as lead, but with copper 
immersed in a chloride solution, the cupric chloride 
formed would be continually reduced by the copper 
and the process of corrosion would be continuous. 
The speaker could show any number of specimens 
where the corrosive action had cut deep grooves in 
the metal, and had so loosened the crystals that 
groups of them could be picked out. As Dr. 
Rosenhain had stated, corrosive action was a great 
contributory cause of season cracking but it was 
not the principal one, which was the nature of the 
work done on the original metal. 

The next speaker was Colonel Belaiew, who said 
that in the case of burnt steel the boundaries of the 
crystals were attacked by oxygen more than the 
crystals themselves. The latter, indeed, even 
became detached, by the action. When any crystal- 
line aggregate was attacked by oxygen the action 
was concentrated on the boundary faces. There 
was no way to escape from the idea that in mild 
steel we had a crystalline structure, from which 
when the excess of ferrite or cementite was thrown 
out, these substances stayed at the boundaries of 
the crystal grains. From this point of view the 
amorphous theory was interesting. With regard 
to cold working, the speaker was not convinced 
that mechanical causes alone were sufficient to 
change a crystalline into an amorphous structure. 

Professor C. F. Jenkin referred to the remarks on 
the effect of vibration which had been made in Mr. 
Archbutt’s paper. It was dangerous, in the opinion 
of the speaker, to attribute to vibration any effect 
other than that of increasing the stress. With 
vibration one did not really know what the true 
stress was, and for this reason vibration should be 
avoided in experiments such as were being con- 
sidered. 

Dr. Seligman could not agree with Dr. Rosenhain 
that the products of corrosion would tend to pro- 
tect the metal and thus bring the action to a stand- 
still. All experiments showed that these products 
promoted further corrosion. Vibration certainly 
seemed to promote fracture, but was this anything 
more than the effect of reversal of stress ? 

Mr. H. L. Heathcote said it was interesting to 
try to visualise the state of the molecules in the 
intercrystalline space, and illustrated his remarks 
by assuming the members of the audience to be like 
seried rows of molecules in a crystalline structure. 
If the members in the back half of the room faced 
in one direction, and those in the front half faced 
in another direction, the condition would be some- 
what similar to that when two crystals were in 
juxtaposition. 

Sir James Ewing remarked that the division 
between two contiguous crystals could not be 
regarded as limited to a single layer of molecules. 
One would have to penetrate a little way into each 
crystal before the formation became regular. In- 
stead of the intercrystalline layer being comparable 
to a single bench of members, it was more probably 
analogous to the whole of the collection of members 
in the rooms. 

Professor Porter found it rather difficult to accept 
everything that had been said about crystals. 
Ammonium nitrate formed crystals of the rhombic 
form which were extremely plastic. You could 
take a single needle-like crystal and tie a knot in 
it. There was no evidence whatever that such 
distortion was accompanied by any slipping within 
the’ crystal. It had been suggested that such a 
crystal became fluid at certain points under the 
action of the stress, and then became converted into 
@ new crystal of the same system but of a different 
shape. If one observed the “ eyes”’ formed when a 
crystal of ammonium nitrate was subjected to 
polarised light, and then bent the crystal, the 
appearance of the “ eyes” showed that it was still 
one crystal, all that had happened was that the 
plane containing the optic axis had become curved. 
Such a crystal possessed all the properties of a 


plastic solid. This was a kind of change of form 
which was different from any that had so far been 
mentioned and it might occur in metallic c . 

Professor Lowry pointed out that one could draw 
out a single tungsten crystal into a wire. It had 
taken him a long time to realise how false wax 
the popular conception of a crystal as something 
that would not bend. One could distort the whole 
space lattice without causing slip or fracture. 

Professor Porter added that a crystal might 
behave like a semi-liquid substance, and possess a 
slight elastic field. 

Mr. C. E. Stromeyer considered that if iron crystals 
had different coefficients of elasticity along different 
axes, those crystals which were overstrained would 
give way before those which received the streas in a 
more advantageous direction. Mild steel with its 
typically large crystals had a low elasticity, while 
high carbon steel had small crystals and high 
elasticity. As to the suggestion that the brittleness 
of steel which had been worked at a blue heat was 
greater at low temperatures, the speaker had never 
been able to detect any difference. The blue heat 
temperature might be the point where the steel was 
equally likely to crack through the ‘crystals as 
between the boundaries. We were unfortunately 
in for a battle between the chemical and non- 
chemical theories of season cracking. The all- 
important question was why did steels behave in 
such curious ways. The speaker had received very 
definite evidence of the “ageing” effect with 
steels. Several samples were nicked, and it was 
found that the older the sample the more easily 
it cracked at the nick. Artificial “‘ ageing” could 
be produced merely by boiling the metal. The 
speaker had a piece of boiler plate rolled to §-in. 
thick. When new, samples from this plate could be 
bent double without cracking. Samples taken a 
few days after rolling cracked at the edges when 
bent double. In a month, the metal would only 
stand bending to 90 deg., while twenty years after- 
wards it was found to be glass hard. The metal 
was Bessemer steel, and the experiments showed a 
very distinct ageing effect. It was important to 
find out which metals showed such an effect, and 
which did not. 

Captain H. R. Sankey referred to a sample of mild 
steel of a very ductile nature, which when raised 
to a red heat and hammered when nearly cold 
broke off short like a carrot. It was always a 
source of wonderment to him why and how the 
materials the engineer used ever held together at 
all. 

Mr. C. E. Stromeyer thought it would interest the 
meeting to describe a peculiar occurrence in con- 
nection with boiler plate. The crown of a furnace 
had bulged down very badly on account of over- 
heating due to shortness of water. The engineer 
heated the bulge as well as he could with a blowlamp 
and then jacked it back into place. The next 
morning he thought he could improve the shape a 
little more, and started to use the jack again, but 
instantly he did so the whole of the bulged piece of 
plate broke out from the rest. The explanation 
seemed to be that the bending involved in rectifying 
the bulge had taken place in a part of the plate 
which was at a blue heat and the work put in the 
metal at this temperature had made it extremely 
brittle. 

Mr. W. H. Patchell referred to the advantages, 
to all the Institutions concerned, of a joint dis- 
cussion on so important a subject, and hoped that 
the mechanical engineers present would avail 
themselves of the opportunities afforded them. 

Mr. Spittall expressed his disappointment at not 
hearing someone tell them how season-cracking 
could be avoided. One gathered the impression that 
all cold worked metal must crack sooner or later, 
and yet it did not seem to. Our bridges and other 
structures stood up for indefinite periods as if there 
were no such thing as season-cracking. 

Mr. L. 8S. Pendred said he was extremely glad 
that the last point had been raised. As an 
engineer listening to the discussion the impres- 
sion left on his mind was that all material 
was subject to “season-cracking”"—a deplorable 
term, which was misleading as to the true nature 
of the phenomenon. - “ Ageing” was a much more 





suitable word to use. The explanations of Dr. 
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Rosenhain and others as to what happened to the 
structure of a metal when stressed, applied just as 
much to sound and healthy material as to that 
which had been injured by temperature or over- 
working. Why should metal crack under some 
circumstances and not under others, and why 
should not all our bridges fail and condenser tubes 
split ? 

Sir Gerard Muntz said that it was desirable to 
keep a sense of proportion with regard to the 
prevalence of “ season-cracking.” The amount of 
trouble due to this cause only affected less than 
half of 1 per cent. of the brass tubes, &c., manu- 
factured, and makers were ashamed even of that 
percentage. It was due to faulty workmanship, 
usually attributable to faulty supervision. There 
need be no trouble at all from season-cracking if the 
metal were treated properly during its manufacture. 
The discussion, so far, had in his opinion been 
rather in the clouds. Whether or not an amorphous 
phase existed between crystals was not so important 
as the discovery of some way to stop season-cracking. 
Why did not copper suffer from an amorphous 
phase, exactly as brass is thought to do. 

Mr. O. W. Ellis thought that all season-cracking 
was partly due to corrosion. Last week he had 
looked out a rod of metal which had lain three 
or four years in the stores and had found it cracked 
half way down its length. The sound part of the 
bar was subjected to mercury treatment, and that 
then developed signs of cracking. The action of 
the atmosphere on the metal was partly the cause, 
but one certainly found a large number of cases of 
season-cracking which could be ascribed to internal 
stress apart from any effect of corrosion. 

Mr. H. N. Brayshaw pointed out that hardened 
tool steel often cracked after a long period. He had 
had a tool jump in two with sufficient force to cut 
the hand in which he was holding it. There was no 
doubt that sometimes a secular change took place 
in metal. The ancient Damascus blades ought to 
be stable by now, and they had acquired stability 
without cracking. If the progressive change which 
we knew occurred in steel was accompanied by a 
change in volume, this would account for every- 
thing. If in course of time austentite changed into 
martensite there would be a dimensional change, 
and if martensite changed into pearlite there would 
be a further change in size. The change in size 
of a piece of hardened steel could be watched going 
on for a month, and a 6-in. bar would change half 
a thousandth of an inch in length by boiling alone. 
The change took place in a part of the steel and not 
in the whole, and this predisposed to cracking. 
It was well known that two pieces of steel could be 
treated in different ways and then both hardened the 
same way, with the result that one would crack and 
the other would not. In fact, steel could be pre- 
pared in such a way that one could say with certainty 
whether or not the same hardening process would 
crack it or not. Season-cracking was really due, 
in the speaker’s opinion, to the stresses caused by 
change of volume due to molecular rearrangement. 

In reply to the discussion, Mr. Vaudrey remarked 
that either a 10 per cent. solution of commercial 
oil of vitriol or a solution of aqua fortis would bring 
about the cracking of tubes in the manner shown 
by the examples on the table. He held that low 
temperature annealing was an unnecessary and 
expensive process particularly as if tubes were 
properly made there was nothing to be gained by it. 

Mr. Humfrey claimed to be a ‘“ whole hogger” 
as regards theories, believing as he did in the 
amorphous phase, in chemical action and in plastic 
deformation. The speaker remarked that Dr. 
Rosenhain had said that the time effect with regard 
to stress was inobservable. Le would remind him, 
however, that in a joint paper by Dr. Rosenhain 
and himself, it had been shown that a mild steel 
wire which would break at 40,000 Ib. per square 
inch when applied slowly, would stand 42,000 lb. 
when the stress was rapidly applied. Turning to 
the question of chemical action, the speaker thought 
it must be obvious that unless the crystals became 
deformed, which they did not, an intercrystalline 
crack due to corrosive action must soon become 
plugged by the products of corrosion, and the process 
would cease. He thought Dr. Hatfield’s conclusions 
were based on too few experiments and disregarded 
the work of others. 


Dr. Hatfield reminded the audience that Dr. 
Rosenhain had claimed that a: smooth crystal 
boundary surface necessarily involved weakness of 
structure.. High speed tool steel, however, had 
perfectly smooth crystal boundaries and yet its 
properties were entirely different from those that 
Dr. Rosenhain attributed to such a structure. In 
reply to Mr. Humfrey’s remarks, Dr. Hatfield 
said that in engineering work we were considering 
the properties of metals at ordinary temperatures. 
(Captain Sankey reminded him of gas engine 
cylinders). In the cylinders of gas engines, even, 
the metal itself was not at a very high temperature. 
If Mr. Moore would expose iron or copper to a high 
temperature under such conditions that the surface 
could not be stressed, he would find that the oxide 
would penetrate into the body of the metal. Sir 
James Ewing’s remarks made it seem that Dr. 
Rosenhain’s viscous flow postulates could not be 
true. Fracture in crystals took place by slippage, and 
amorphous materials resisted slip. The speaker 
thought that unless there was chemical attack there 
was no failure due to season cracking. Weuld 
Sir James Ewing state the thickness of film which 
could exist between crystals. It had been claimed 
that crystalline structure could be detected in a 
layer of molecules only two molecules thick. 

Mr. Archbutt referred to the remarks of one 
speaker who had deprecated tests made under 
conditions of vibration. One reason why he had 
made such tests was that the manufacturers always 
attributed the failures of the cables in question to 
vibration, and it was therefore advisable to find out 
what effect vibration really had. The failure could 
be accounted for without vibration, but the latter 
certainly accelerated it as the experiments proved. 
With regard to the question whether corrosion would 
automatically stop by reason of the crack between 
the crystals becoming filled with products of 
corrosion, might it not be the case that these would 
have a larger volume than the original metal, and 
so force the crystals apart and continually extend 
the damage ? 

Dr. Desch said he found difficulty in conceiving 
an amorphous film. If it was amorphous it must 
be due to the fact that the molecules could not 
take up the positions peculiar to crystals, and the 
forces preventing them so doing must be exerted 
in some way by the crystal molecules. How far 
could such a molecular constraint extend from the 
space lattice of the crystals. It was definitely 
proved that crystals could exist which were only 
two molecules thick. 

Dr. Rosenhain in closing the discussion, thought 
the prevalence of season cracking was greater than 
had been estimated by Sir Gerard Muntz. If it 
was so easy to produce metal free from this defect 
it was a pity that the knowledge of how to do so 
was not more generally diffused. In reply to Mr. 
Pendred’s question, there were two reasons why 
our engineering structures did not fall, firstly be- 
cause the rate of movement due to viscosity was so 
very slow, and secondly because the working stresses 
were so small as compared with those necessary to 
show much effect on the amorphous material between 
the crystals. It might be that there might be a 
critical value for the stress below which value the 
amorphous material would not flow at all. With 
regard to Dr. Hatfield’s remarks about the structure 
of tool steel, the configuration of the crystal boun- 
daries was very important in relation to the strength 
of the material, and if Dr. Hatfield would try to 
make'a spinning out of tungsten steel, he would 
realise the point better. As regards the effect of 
products of corrosion, some would protect the metal 
and others would not. Aluminium owed its very 
existence to the protection of a film of oxide which 
was a corrosive product. With regard to what 
might go on in the intercrystalline interstices, one 
must remember that things there would be much 
different from those on open spaces. The viscosity 
of liquids in such thin layers would be enormously 
high, and other physical phenomena would be 
affected by the almost molecular dimensions. 

The magnetic permeability of steel was almost 
entirely a function of the crystal size, and was 
affected principally by the resistance of the crystal 
boundaries. It was a pure assumption that metals 
would crystallise to the bitter end. We had in 
Nature all kinds of materials, solid, fluid, plastic, 











&c. We need not be anxious about the permanency 
of materials. Glass had stood unchanged from the 
time of the Romans. 

On the motion of Captain Sankey, the meeting 
sent a message to Dr. Stead expressing regret that 
he had been unable to be with them. 


(To be continued.) 





INDUSTRIAL NOTES. 

In a former issue, see page 333 ante, we gave an 
outline of the miners’ scheme for regulating wages and 
profits. We wish to put on record their full scheme, 
which reads as follows :— 

1. For the purpose of securing the most effective 
means for the distribution of profits and wages in the 
industry there shal] be established a National Board— 
to be known hereafter as the National Coal Board— 
and all powers and duties of the several District 
Conciliation Boards now in existence relating to the 
fixing of the general district rates of wages shall here- 
after be exercised by the National Coal Board. 

2. The National Coal Board shall consist of repre- 
sentatives of the owners and workmen, 26 of whom 
shall be representatives of the owners and 26 shall be 
representatives of the workmen, the manner of their 
election to be determined by the parties to this agree- 
ment. 

3. The National Coal Board shall determine all ques- 
tions of wages and profits affecting the coal-mining 
industry as a whole. 

4. In lieu of the standard basis or minimum wage 
of each workman prevailing at the respective collieries 
prior to the date of the signing of this agreement, a new 
standard wage for each workman shall be established 
by incorporating therein the whole of the existing 
district percentages, provided the alteration in such 
standard, basis, or minimum wage shall not in itself 
cause a change in wages. 

5. The new standard thus created shall be known 
as the standard wage which shall operate as a minimum 
wage during the lifetime of the agreement. In the case 
of those workmen for whom the’ advance in wages of 
20 per cent.—known as the March 12, 1920, advance in 
wages—did not yield an advance of 2s. extra per shift 
in the case of adults, ls. per shift for persons of 16 up 
to 18 years of age, and 9d. per shift for persons under 
16 years of age upon the gross earnings, exclusive of the 
war wage and Sankey wage, a percentage shall be in- 
corporated which will result in 2s., 1s. and 9d. respec- 
tively being incorporated in the new standard before- 
mentioned. Wages known as the War Wage and 
Sankey Wage, and any other flat rate advances in 
addition to the 1921 standard, and which were m 
existence on or before March 31, 1921, shall be com- 
bined into one flat rate, to be added to the 1921] 
standard, until such combined flat rate is advanced or 
reduced in accordance with the terms of this agreement. 
That portion of the war wage payable for time lost 
through circumstances at the colliery over which the 
workmen have no control shall not be incorporated 
in the new combined flat rate, but shall be continued 
as heretofore in accordance with the rules governing 
the payment as set forth in the war wage agreement of 
September 17, 1917, and any subsequent orders and 
decision issued by the Coal Controller or the Ministry 
of Mines. Where the customary number of war wage 
or Sankey wage payments are in excess of the actual 
number of shifts worked by the workmen, such addi- 
tional war wage or Sankey wage payments shall be 
included in the combined flat rate payment hereafter 
to be paid in addition te the 1921 standard. The 1921 
standard wage shall be reckoned as the principal 
element of the cost of production and to be payable 
before any profit is allocated to the coalowners. 
Additional wages in excess of the standard wage to be 
payable in accordance with the principles set forth in 
this agreement. Any advance in wages above the 
1921 standard or reduction in wages to the standard 
made in accordance with the terms of this agreement 
shall be in the form of additions to or deductions from 
the combined flat rate in excess of the standard as 
flat rate advances or flat rate reductions, respectively. 

The colliery owners shall receive in the aggregate as 
profits one-tenth of the amount paid as wages. When 
wages are at or on the standard the owners shall receive 
as a minimum one-tenth of the aggregate wage paid 
at the aforesaid standard. Where, however, the 
quarterly certificate of the joint auditors shows that 
the balance available for distribution as profits after 
costs have been met as set forth in the first schedule 
to this agreement, does not previde a sufficient sum to 
ensure a payment of one-tenth of the aggregate wages 
standard as profits, the owners agree to forego their 
minimum profit -until subsequent ascertainments show 
available balances sufficient to enable them to pay any 
arrears of profit due from previous quarters. The 
workmen undertake to make no application for wage 
advances above the standard as long as arrears of 





owners’ minimum profit remain unpaid. The amount 
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payable in wages in excess of the standard, which 
standard is an element of cost, as set forth in Schedule 1 
of this agreement, shall be that proportion of the 
income above costs which with 10 per cent. added 
thereto equals such income, such 10 per cent. be 
payable to the owners as profits in addition to the 


minimum profits as set forth in theforegoing. The|T 


owners agree to maintain in production by the means 
of a National Profits Fund all the existing collieries and 
all colheries hereafter to be developed until such times 
as the National Coal Board decided te the contrary, 





The following are a few examples of the way in which 
the new district rates would affect the miners’ 
wages: The coal owners of Cannock Chase put before 
their operatives last. week a scheme,’ according to 
which wages in their district for the present month 
were to be 135 per cent; above the 1911 basis, with 
the additional 14-2 per. cent. on piece tates to com- 
pensate for the reduction in hours ftom.éight to seven 
per day. Under the scheme, every man and boy 
would receive a daily wage equal to about two and a 
quarter times the amount for July,-4914. ° Taking the 
two extreme figures, 2s. per day on the 1911 basis 
becomes 4s. 8d. per day, and 7s, 1}d. per day 16s. 9d. 
per day, during the present month. “The engine winders 
were to receive 16s. 5d. per day, the chargemen stokers 
lls. 9d., the assistant stokers lls.’ The principle of 
overtime rates would remain the same. The scheme 
applies to 25,000 men and boys in the Cannock Chase 
and Pelsall areas. The terms announced to the miners 
of South Wales were to embody the 1915 standard 
plus 55-83 per cent. Those to the Durham operatives 
were 155 per cent. on existing basis rates, the average 
reduction being about 5s, 6d. per shift, including surface 
and piece workers. Those to the Cumberland men were 
the present basis rates plus 33} per cent., corresponding 
to a reduction of about 47*. per week. The notice 
given to the Northumberland miners stated that the 
new rate was to be the existing basis rate plus 166 per 
cent., all the special advances granted during the 
Government control, ending on March 31, being 
cancelled. 

Last week the Executive of the Miners’ Federation 
had an interview at the Board of Trade with Sir Robert 
Horne, when Mr. F. Hodges demanded that the State 


should subsidise the coal industry and provide the |: 


means to pay wages greater than the proceeds of the 
coal industry could, in the present circumstances, 
yield. He further asked that an arrangement be set 
up by which the profits of the industry should be 
pooled, so that the coal pits which could not be 
operated except at a loss should be. subsidised by 
the more profitably-managed collieries. 

Sir Robert Horne, on behalf of the Government, 
stated that it was impossible that the State could 
provide any subsidy for the coal industry. Subsidies 
in themselves, he added, were no remedy for such 
difficulties, and even if they were, it was entirely 
outside the capacity of the State at the present time 
to provide such help. Most of the other great industries 
were now in a worse position than the coal industry. 
In many of them the workpeople were not only unable 
to get their previous rate of wages, but were unable 
to get any employment at all. It was impossible to 


tax the other already crippled industries of the country 


in order to provide a grant-in-aid for the coal trade. 

Following this meeting, the Miners’ Federation 
decided to withdraw all workers from the coal mines, 
including the engine-men and pump-men. The 
decision came in effect early last Friday, the men 
generally adhering to the Federation's scheme of a 
National Board for regulating wages in the mining 
industry. 

As stated in our last issue, conferences have been 
taking place between the miners and the Triple Alliance. 
At the close of the meeting on. March 31, Mr. C. T. 
Cramp stated that “as far as the National Union 
of Railwaymen is concerned we have heard the state- 
ment from the miners, and our Executive are deeply 
impressed with the gravity of the situation. They 
regard the position as being a prelude to a general 
attempt to destroy national negotiations and reduce 
wages. They have decided that all.our branches be 
informed of the position and that a special. delegate 
meeting be called for Wednesday next in-order to decide 
what action shal] be taken.” 

Speaking on behalf of the Transport Workers, 
Mr. H. Gosling said: “‘ In the case of the Transport 
Workers we. regard this as not only a miners’ 
question, but as an attempt to get back to the old days 
of district negotiations, rather than national negotia- 
tions, which will affect us in the same way as it does the 
miners. We regard it as so grave that we want the 
assistance of our larger constituents, ‘and ate calling 


upon the Executives of all the unions in the Federation | f 


for the purpose of déaling with the matter.” 


a 





At these later meetings of Railwaymen and Trans- 





port Workers it was decided to support the miners in 
their action, although in the case of the Transport 
Workers some indecision prevailed at first. On the 
evening of Wednesday the Prime Minister invited the 
owners’ and miners’ representatives to re-open negotia- 
tions, “safety men” being returned to the pits first. 
he miners’ representatives appear to think this 
condition unnecessary to the re-opening of the diszus- 
sion, and they have 1efused to instruct pump and 
enginemen to resume work. Negotiations are “ off.” 





In the course of a statement he made last Monday, 
Mr. Evan Williams, president of the Mining Association, 
said that in the case of South Wales, during the past 
three months, when the coal industry as a whole 
had been subsidised to the extent of some 5,000,000. 
per month, pit after pit has been stopped for want of 
trade, and men have been idle for two, three, four 
and even five days per week. Unemployment will 
go on increasing until coal can be produced at a cost 
which will enable our foreign markets to be recovered. 
What earthly chance, he added, does South Wales 
stand of recovering its foreign markets when Yorkshire 
ean produce coal at 25s. per ton less cost? How 
can it retain its home market in its own locality when 
the Midlands can send coal to South Wales at a less 
price? An equal reduction in wages would leave 
the relative. position much the same. He firmly 
believed that although the owners’ offer meant a big 
reduction in the daily wage in South Wales, the total 
earnings of the men will be greater than if the March 
wages were to continue. The owners were not out 
to grind reductions in wages out of the men. They 
had. offered ail. that there was in the industry, and 


even more, they were prepared to suffer loss in that)‘ 


they took the whole risk of the fall in prices month 
by month. ‘A fall in prices of 2s. per ton as between 
April and February would leave the owners with a 
loss of 4d. in the aggregate, and we knew that the 
drop in price had already been much greater than 
2s. per ton. In some districts, he would be surprised 
if it were not more like 10s. per ton. The amount of 
reduction in wages must be greater in some districts 
than in others. This could not be avoided. The 
owners deplored the necessity, and it was in the 
districts where the reductions were greatest that the 
owners were making the biggest sacrifice. 


Speaking on March 30 at the annual meeting of | f 


Hadfields, Limited, held at Sheffield, Sir Robert 
Hadfield appealed to the Executives of the different 
unions and to the men themselves to make it as eas 
as possible for the management to carry on in ab 
unexampled times of perplexity. He made bold to 
state that if the unions would leave individual employers 
to settle their labour arrangements amongst themselves, 
it would be possible to do something mutually satis- 
factory. If something of the kind was not done, 
Labour would kill the goose which laid the golden 
eggs and produced their wages each week. The workers 
should be ready to increase production and help the 
employers to run the works on reasonable lines. If they 
did that this country would soon show the world what 
it-was capable of. In America the workers were 
reaching a position where they were ready to give a 
fair day’s work for a fair day’s pay,.and to abolish 
restriction of output. ; 

Following upon the ascertainment of the net selling 
price of steel plates,at Consett for December, January 
and February last, and in accordance with the agree- 
ment entered into on March 30, 1896, the wages to be 
paid to the steel millmen during April, May and June 
of this year, according to the Board of Conciliation 
and Arbitration for the Manufactured Iron and Steel 
Trade of the North of England, will be 190 per cent. 
above the standard, or, in other words, 30 per cent. 
below the wages prevailing during the preceding three 
months. Wages had risen until the end of last year, 
when they were 220 per cent. above the basis of 1896. 

The same Board om certified the net selling price 
of bars and angles for the two months ended February 28 
at 26/. 198) 7d., as against 29/. 10s. 8d. for the pre- 
ceding two months, and according to the sliding scale 
there is a reduction of 25 per cent. on puddling, forge 
and mill wages. 





For a candid criticism of the.Labour Party one 
must read the Labour Press, says The Morning Post 
for the 2nd inst. (whose reference we abridge). 
Many critics of Labour have never suggested that a 
Labour Government would make bribery and corrup- 
tion the basis of its policy. It is only the “‘ comrades” 
who bring such base charges against the Labour Party. 
Solidarity (the “‘ official organ of the pe Stewards’ 
and Workers’ Committee Movements”’) of March 25, 
under the heading, ‘‘ Our Fitness to Govern,” has the 


llowing :— 

~- Imagine a Labour majority. Imagine the 
bribery and corruption that will be brought into the 
Labour movement. They will give us ‘ work or main- 





tenance’ without a doubt. We shall get 2/. a week 
all right, but they'll take good care to vote themselves 
800/. a year each as a minimum wage. The evidence 
that we now have of the conduct of the ex-worker, when 
he becomes a superior official, points inevitably to the 
fact that a Government by the present Labour caucus 
would result in no advantage to the working- 
ete 

The secretary of the London Iron and Steel Exchange 
in reporting on the meeting of that body held last 
Tuesday, says that the chaotic condition of the indus- 
trial position in the United Kingdom has reduced 
commercial activity to a minimum. An expansion in 
the volume of business offered from Far Eastern 
markets is, he adds, a feature of the position; but 
under existing conditions practically all the orders 
placed go to French and Belgian works. British 
manufacturers claim that, unless a reduction in their 
fuel costs takes place, they cannot quote low = 
prices to secure export trade, The Continental works 
appear fully alive to the precarious situation to which 

British industry has been brought by the coal 

strike, and are quoting extremely low prices in order 
to obtain whatever business comes into the market. 
The demand for railway material seems to have tem- 
porarily relaxed ; but recently an order for 10,000 tons 
of rails for Manchuria was placed in the United States, 
although a number of British houses competed. In 
the home market business is at a standstill, and little 
hope can be entertained of a revival until the dis- 
turbance to trade occasioned by the industrial troubles 
has subsided. 
At the Civil Engineering Construction Conciliation 
Board held on March 22, a settlement of wages for all 
classes of labour employed in the industry was arrived 
at by consent of all parties to the Board. The Unions 
making the agreement were :— 

The Public Works and Constructional Operatives’ 
Union (late Navvies’ Union), The National Union of 
General Workers, The Amalgamated Society of Gas, 
Municipal and General Workers, The Dock, Wharf, 
Riverside and General Workers’ Union, The Workers’ 
Union, and The National Amalgamated Union of Labour ; 
while employers were represented by the Federation of 
Civil Engineering Contractors and the Committee of 
Municipalities carrying out waterworks, After a very 
rank discussion as to the present serious position of 
the industry and unemployment in it and the chaos 
which would ensue should the Board fail to come to an 
agreement upon the matter, a sliding scale was drawn up 
which will give to the lowest paid man in the industry, 
should the Board of Trade. cost-of.living figure fall to 
the 1914 level, a wage varying according to the general 
economic conditions applicable to district in 
which the work is situated, from 8d, per hour to 10}d. 
=i hour—a ‘substantial increase on pre-war wages. 

hile the cost of living remains above pre-war level 
an addition of 4d. per hour for every 7} points, or part 
thereof, above zero in the index figure was agreed. to 
be paid. Adjustments of rates of pay to spread the 
fall of wages which the scale requires over a period 
were also agreed to. These mean an initial reduction 
of from 3d. per hour to ld. per hour according to the 
present rating of the districts, and further reductions 
of ld. per hour at the expiration of each subsequent 
period of four weeks, until the scale is reached, More- 
over, the hours to be worked generally were agreed 
upon, giving an average over the whole year of 48 per 
week, It\is hoped that the effect of this agreement 
will be to stimulate the industry and relieve unemploy- 
ment. A system of registration of public works men 
is to be inaugurated with the object of decasualising 
labour in the industry as far as possible. 





Vatve DraGrams ror RecrprocaTiInc ENnGInEs.— 
The Association of Engineering and Shipbuilding 
Draughtsmen of 96, St. Georges-square, London, 8.W. 1. 
have just issued a useful phiet on *‘ Valve Diagrams,” 
compiled by Mr. 8. Mellvenny, explaining clearly and 
concisely methods of solving valve problems likely 
to be met with in practice. 





Groves Memoriat Prizes ror THE Royal AIR 
Force.—The Air Ministry announces that a sum. of 
money has been placed at the disposal of the Air Council 
by the relations of the late Air Commodore R. M. Groves, 
C.B., D.8.0., to a annually during the next 
ten years in the aw of prizes intended to foster the 
spirit of esprit de corps and devotion to duty in all 
branches and ranks of the Royal Air Force. Three, 
prizes, each of which includes a set of bound volumes 
and a sum of money, will be awarded, tively, to 
the best all-round pilot leaving the Royal Air Force 
(Cadet) College, the officer who out highest from 
the aerial navigation course at Calshot, and the officer, 
non-commissioned officer or man who, in the opinion 
of the Air Council, has done most during the year to 
advance tical sci on the technical and 
research side. Four prizes will also be awarded for an 
essay entitled “A Forecast of Aerial Development,” 
which will be set each year and will be open to all ranks 
of the Royal Air Force. 
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THE MECHANISM OF FAILURE OF METALS 
FROM INTERNAL STRESS.* 


By Dr. W. H. Hatrretp (Brown-Firth Research 
Laboratories, Sheffield.) 


TuHat metals rupture without the necessary externally 
applied stress is established. For instance, “season 
cracking ” in brass, smashing of castings from internal 
stress, the rupture of ingots, of hardened steel parts, &c. 
Have these phenomena a common cause? It would 
appear that they have and that the direct cause is the 
presence of internal stress from one cause or another 
sufficient to exceed if only locally, the breaking load of 
the material. When cracking takes place in cold 
worked materials we have to consider the properties 
induced by the cold work and the mechanism whereby 
local concentration of stress can be introduced. We 
have before us the necessity of providing a working hypo- 
thesis whereby we can visualise the relationship of the 
diverse experimentally established facts now available. 
It has been sought to provide such a general working 
theory by postulating the possibility of the existence 
of the amorphous, ¢.e., non-crystalline phase of metal 
either between the crystals or as a result of cold work, 
at temperatures ranging from the freezing point to the 
normal. As one who has given much consideration to 
the amorphous theory, the author proposes sympa- 
thetically to consider it in the light of established experi- 
mental data. In this connection it is interesting to 
consider the properties of cold rolled and annealed brass. 
In Table 1 will be found the full mechanical properties 
which clearly disclose in a quantitative manner the well- 
known effect of cold work in increasing the hardness, 
reducing the ductility and in extending the true elastic 
range of the material. The Wohler values are of par- 
ticular interest as definitely establishing the fact that 
cold work enables higher values in tension and com- 
pression to be successfully resisted. 

In Table II will be found the result of cold rolling 
some of the same brass from 1} in. diameter to } in. 
without any annealing operation being interposed 
together with the results of subsequent annealing at 
gradually ascending temperatures. 

In Table [II will be found the result of cold drawing 
the brass to 4§ in. diameter, from 1} in. diameter bar 
without further annealing, together again with the 
influence of subsequent annealing at gradually ascending 
temperatures. 

This experimental evidence shows that progressive 
cold work increases the hardness number according to 
the Brinell method from 69 in the annealed state to 207 
in the 4§ in. diameter material. A progressive hardening 
and increase in strength occurs as the amount of cold work, 
and presumably the proportion of the amorphous phase, 
is increased. As regards the effect of annealing, that is 
referred to elsewhere, but it is to be noted that it would 
appear that the temperature at which softening begins 
is lowered as the cold work is increased. 

To turn now to the amorphous film in non-cold worked 
material which is capable according to Rosenhain and 
Archbutt of viscous flow under low stresses applied for 
a long time; this would mean that slowly applied 
stresses would result in a lower breaking load. Experi- 
ments have been performed in the Brown-Firth Research 
Laboratories on 0-10 per cent. carbon steel, duralumin, 
and the annealed brass before mentioned with the 
following results :— 


TasLe I.—Brass. 
(Cold rolled from 1} in. to 1} in.). 















































Per cent. 
Copper 65 
Zine 34-6 
Annealed at 
— As Cold 600 Deg. for 
Rolled. 2 Hours. 
Tensile— 
Elastic limit, tons/sq.in. .. 15-0 4:5 
Yield-point, tons/sq. in. _ 21-3 5-8 
Maximum stress, tons/sq. in. 24-5 20-0 
Elongation, cent. i 34-0 72-0 
Reduction of area, per cent. 58-6 70-0 
Torsion— 
Elastic limit, tons/sq. in. .. 13-9 4-1 
Maximum stress, tons/sq. in. 19-1 18-7 
Degrees twist ae 1,163 1,344 
Izod impact, ft.-Ib. 33, 34, 32 37, 40, 38 
Charpy, ft.-lb. . 19 27-5 
Stanton blows 1, 258 
Arnold reversals a 220, 240 426, 400 
Sankey energy, ft.-Ib. .. 3,067 . 
Brinell Hardness No. 120 69 
Wohler rotary bend— 
+ 19-5 tons/sq. in. .. 136,700 --- 
+ 15-0 tons/sq. in. .. a 1,079,700 — 
+ 10-5 tons/sq. in. .. ..| 11,600,000 1,025,900 
+- 8-25 tons/sq. in. ° _ 3,580,000 
+ 6-0 tons/sq. in. .. — 11,000,000 
Taste II. 
a Su | §os/8 
OFF Se sea =8e\se 
ol SE | 62 | g8 | 858) 8s 
ne ¥% 7 -e*) e< ra 5 5a 
g* | 82 | 358/43 
As received .. eo] 27°2 27-8 21-0 59-0 137 
Annealed 2 hours at 
100 deg. C. -+| 26-7 28-3 27-0 64-0 135 
200 deg. C. eo] 23°5 27-8 | 25-0 54-6 131 
250 deg. C. 25-9 26-9 28-0 63-0 129 
300 deg. C. os G's 25-7 31-0 62-9 117 
450 deg. C. en 6-7 20-0 65-0 70-0 69 
600 deg. C. 8% 6-2 19-6 64-0 72-0 67 
750 deg. C. ee 5-9 19-0 71-0 73-0 2 
Taste IIT. 
>| 8). ladle IB Is 
Bi) S| §s|281/85/8.] 8 
so | @ |Sels./eei\es! © 
_ = —£ | e8is2/ oc iF2| é& 
3 = Suis 3 2 | mss ° 
s| = |sk/eq|28|s*| x 
ry * =| 2 = e 
- | Boia 3 1 
As received .-/49-0 [53-3 | 6-5 [30-0 | 207 | 3,245) 12 
Annealed 2 hours at 
100 deg. C. .-|49-0 |52-3 | 8-0 [36-0 | 207 | 1,933] 20 
200 deg. C. 52-0 |54-0 | 0-5 | 0-5 | 230 | 2,823) 15 
250 deg. C. 22-0 |33-33/21-0 |42-0 | 139 —_ — 
300 deg. C. 18-0 |26-0 |40-0 |68-0 92 | 3,485) 50 
450 deg. C. 18-0 |26-0 |36-0 [56-0 72 |2,811) — 
600 deg. C. 15-0 |26-0 |52-0 [52-8 67 | 2,160) 32 
750 deg. C. 9-9 |25-0 |52-0 [52-0 | 64 | 1,659) — 
































Rapid. Ordinary. Very Slow. 
Fs le] « (26 Se Ey lee 
; = = rs) = = © Eg izes 
— |2| de |e&| & |S€ \es| & | S8) a8 
& | am (Ss) © | ga |5e| & | s2|\ Es 
= B = rs] = |p 
0-1 per 8-5/26-32 |34-1) 130 |26-26/32-0) 1 hr. |26-34/33-0 
cent sec. sec. 
carbon 
steel 
Duralumin | 5-0/28-5 |14-7| 72 /29-01/14-7| 34 /29-53|14-7 
sec. sec. min. 
Brass -|15-0/19-465/64-0) 160 |19-81/67-3| 110 |20-91/63-3 
sec. sec. min. 


























It will be seen that, to consider the annealed brass, 
the effect of increasing the time from 15 seconds to 110 
minutes has not resulted in a lower breaking load. It 
may be answered that 110 minutes is not long enough, 
and the objection may be valid to an extent, but it is 
considered by the author that the evidence is contra 
to the idea of viscous flow. Additional and more sub- 
stantial evidence lies in the fact that many metals are 
stressed at high values for indefinite periods without the 
occurrence of rupture. 

During recent months experiments have been made 
by the author with the assistance of Mr. R. Staton 
with the object of obtaining some light upon the effect 
of corrosion and various reagents on the crystal boun- 

aries of metals. F 
_ The metals used in the experiments were wrought 
iron, brass, and silver. 

In the first place it was thought that some light on 
corrosion would be obtained by varying the strengths 
of the reagents used for etching purposes until they were 
very weak, and the etching results were of much interest. 

Polished surfaces of wrought iron wete etched in sul- 
phurie acid of the following strengths, 0-02 per cent., 
0-5 per cent. for seven days, and it was found that the 
oa effect was greater with the more dilute nt. 
Careful microscopic examination showed the crystal 


_* Abstract of a paper read at a joint meeting of the 
Faraday Society with other institutions, April 6, 1921. 





boundaries very well marked, but also showed that the 
different crystals were at different levels and a subsequent 
sectioning, at right angles to the surface etched, revealed 
no evidence of attack between the a or even 
towards the crystal boundaries, but simply a differential 
solution of the various crystals. 

Samples of this wrought iron etched with 2 per cent. 
nitric acid gave similar results. 

Whilst discussing iron it may be recorded that the 
following experiments were done :— 

(1) Alternate wetting and drying. 

(2) Rusting in water. 

(3) Rusting in atmosphere. 

In all cases rusting proceeded indiscriminately over 
the surfaces, and in no case was corrosion found to be 
localised at the crystal boundaries. 

The experiments performed with brass consisted of etch- 
ing in 0-02 per cent. ammonium persulphate solution and 
0-5 per cent. ammonium persulphate solution for seven 
days. The etching eftect in both instances resulted in 
the removal of the surface material as in the case of the 
wrought iron. Much longer time with the 0-02 per cent. 
ammonium persulphate solution resulted in the appear- 
ance of true corrosion as distinct from the etching effect, 
and this corrosion effect seemed to follow, in some cases, 
the crystal boundaries. Whilst discussing the brass, 
however, we should record the interesting fact that if 
a section is cut through a round, turned or ground bar 
of brass and the section submitted to 0-02 per cent. 
ammonium persulphate, there is evidence of attack in 
the crystal boundaries closely under the surface of the 
bar. This would point to a mechanical disturbance of 
the boundaries rendering very active the chemical or 
corroding influences. In a similar way the effect of a 
Brinell impression on the material lying under it was to 
facilitate the attack of the crystalline material in the 
locality of the crystal boundaries. 

Samples of annealed brass were exposed to weathering 
influences and over a considerable period of time sub- 
sequently corroded. Sections cut through such surfaces 
revealed no evidence of a discriminating attack at the 
crystal boundaries. Similar experiments were performed 
with silver, the etching reagent being 10 per cent. 
chromic acid solution. There was no evidence of 
selective attack at the crystal boundaries. 





Conclusions.—The author would sum up his own views 


by stating that except in certain cases where selective 
chemical or physico-chemical action causes a se} tion 
of the remains of crystals from each other, fractures 
such as those under discussion are due to internal 
stresses introduced during pr of facture. 
Such stresses may not be high enough, initially, to pro- 
duce rupture, but rupture occurs when weaknesses 
introduced by chemical or other influences lead to 
increased local concentration of stress or in some cases 
where changes in temperature in themselves lead to 
accentuation to the breaking stress. 








SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTICE.* 
By K. Baumann. 
PART I. 
SumMMaRY OF DEVELOPMENT. 

(1) Introduction.—In 1912 the author read a papert 
before the Institution describing the development of the 
steam turbine up to that date. The object of this paper 
is to give a general outline of turbine practice during the 
interval, based on the published records and other 
information which has come to the author’s notice 
and also to review the circumstances which resulted 
in developments which can be best described as the 
“race for the maximum output at the highest possible 
8 ” 

In the earlier paper, the technical limitations affecting 
the increase in the maximum possible output at a given 






Maximum continuous kVA reduced to 1500 rpm. 


(6803. A) 
Year 

Fie. 1. Growts or Maximum Continvovs 

Kva. Rating or LarcE ALTERNATORS, 
REDvuCED TO 1,500 R.P.M. 


in circles refer to 
item Numbers in Table 2. 


Maximum continuous KVA reduced to 3000rpm 


sos) 12 
ear 


Fie. 2. Growrn or Maxmum ContInvovus 
Kva. Rating or Lance Hieu-Sprep ALTER- 
NATORS, RepDucED TO 3,000 R.P.M. 


speed was fully described in anticipation of the progress 
which has since taken place. This paper descri how 
this progress has been made possible, and, in view of the 
importance of large efficient turbines required for the 
power stations of the future, the —— in connection 
with this particular type of turbine are dealt with in 
detail. 

(2) General Trend of Development.—The general trend 
of development towards the maximum ssible output 
at the highest possible speed is justified for several 
reasons, the most important of which relate to reliability, 
thermal economy and first cost. All of these factors 
are fully dealt with in this paper This development 
towards large capacities is conditional on a correspondi 
development of the driven machine with which the 





* Paper read before the Institution of Electrica 





, April 7, 1921. 
+ Journal I.E.E., 1912, vol. xlviii, page 768. 
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RECENT DEVELOPMENTS IN LARGE 


TABLE I.—List or Larce Turso-ALTERNATOR SETS. 


STEAM TURBINE PRACTICE. 















































































































































1 | 2 Las | 4 5 6 7 | 8 | 9 10 1 | 12 | 13 | “u | 16 | 17 | 18 | | 2 | 2 
6a Comparison of Generators on Com; nm of Turbines on 
_ | Rating in Kw. Le Maximum Continuous Rating. momical Rating. 
= : 2.| 3 : Exha 
‘ Reference. Manu- Customer and Power 3 3 3 338 a z 84 . ‘ Sy. oe pe 
S facturer. Station. z Bs - |e=e| @ | § &| £ 3 For 1 In 
2 5 es 5 aa. ; |38| Kw., | Power) K.V.A., at “te sz ws Reduced ‘Abs. 
s 3 | #e 2 ge2 Fy = | Actual. |Pactor| Actual.| SES | SS 3a © 3 | Actual. foltn. | v's00 
; o>, 6 : 
= » | 2S k S&<| & lZc ues Z20|\2n|\28 (H8)| 5 p.m. 
1 |'Elec. World | 18/0/18 |G.E. .. Commonwealth, Fisk-street, | 1912 | 20,000 | 15,000 | 1-0 | 1,200] 1 20,000 | 0-85 | 23,500 | 15,100| 1] 1] 11 15,000 | 15,000} 9,600 
Oo 
2 |BNornkERING| 17/10/13 | Parsons Commonwealth, Fisk-street, | 1912 | 25,000 | 20,000 | 1-0 750} 1] 25,000| 1-0 | 25,000} 6,250| 2] 1] 2] 10,000| 10,000] 2,500 
0 
3 Elec. World Is/lo/s GE. .. Commonwealth, North West,| 1914 | 30,000 | 25,000 | 1-0 | 1,500| 1 | 30,000 | 1- 30,000 | 30,000} 2| 1 12,500 | 12,500 | 12,500 
ower ee 6 ‘ 
4 | Elec. Journal| June Ns Westing- | Interboro’ Rapid T., 74th- | 1914| 30,000 | 25,000 | 1-0 | 1,500] 2) 15,000] 1-0 | 15,000| 15,000] 2| 2] 2| 12,500| 12,500] 12,500 
Power --| 19/8/13 house street, New York 750 
5 |ENGINEERING 17 Aons Parsons Unde und,  Lots-road,|1915| 18,000 | 15,000} 1-0 | 1,000} 1 | 18,000 | 0-95 | 18,950] 8,400| 2| 1] 2] 7,500| 7,500] 3,340 
on 
6 | Mech. Eng 19/6/14 G.E. ..| Philadelphia Electrical Co.| 1915} 35,000 | 25,000 | 1-5 | 1,200} 1 35,000] 1-0 | 35,000| 22,400] 2] 1] 1) 25,000 | 20,400 | 13,050 
7 | NELLA April‘16 |G.E. ..| Philadelphia Electrical Co.| 1915} 30,000 | 22,500 | 1-5 | 1,500] 1] 30,000] 1-0 | 30,000] 30,000| 2] 1] 11] 22,500| 18,350] 18,350 
8 | Elec. 7/4/16 |G.E. ..| Boston Elevated Railway, | 1917| 35,000 | 25,000 | 1-0 | 1,500] 1 35,000 | 1-0 | 35,000 | 35,000| 1/| 1] 1 25,000 ; ; 
Boston ut! 
9 | Power pane G.E. ..| Windsor Power Station ..|1917| 30,000 | 22,000 | 1-0 | 1,800} 1 30,000 | 1-0 | 30,000] 43,250] 1| 1] 11 22,000 | 22,000] 31,700 
[ 
10 | Elec. Journal] June ‘18 Westing- Commonwealth, North West,| 1917} 30,000 | 25,000 | 1-0 | 1,200} 1 30,000 | 0-85 | 35,300} 22,600} 2] 1 12,500 | 12,500 | 8,000 
ouse 
11 | Power 1s/4/16 Westing- Provilince, Narragansett ..|1917| 40,000 | 33,000 | 2-0 |1,800| 2] 20,000 | 0-95 | 21,000 | 30,300} 2| 2| 2] 16,500 | 11,650 | 16,800 
i ouse 1,200 
12 | Power 19/2/18 | G.E. Detroit Edison, Connors |1918| 45,000 | 35,000 | 1-0 | 1,200] 1 45,000 | 0-90 | 50,000 | 32,000| 1]| 1] 1 35,000 | 35,000 | 22,400 
13 | Elec. Journal] Feb., 1918 | Westing- | Interboro’ Rapid T., 74th- | 1918 | 60,000 | 40,000 | 1-0 | 1,500| 3 | 20,000 | 1-0 | 20,000! 20,000} 3] 3| 4] 10,000 | 10,000 | 10,000 
May, 1919; house street, New York 
14 | Author _ Westing- Commonwealth, Fisk-street, | 1918 | 35,000 | 25,000 | 1-0 | 1,500} 1 35,000] 1-0 | 35,000 | 35,000] 2] 1] 2) 12,500 | 12,500 | 12,500 
ouse ‘0 
15 | Power sens rn Commonwealth, North West,| 1918 | 35,000 | 25,000 | 1-0 | 1,500] 1 35,000| 1-0 | 35,000] 35,000| 1] 1] 1 25,000 | 25,000 | 25,000 
‘0 
16 | Author — G.E. ..| Commonwealth, Fisk-street, | 1918] 30,000 | 22,500 | 1-0 | 1,800} 1] 30,000 | 0-85 | 35,300 | 50,800] 1] 1] 1] 22,500 | 22,500 | 32,400 
icago 
17 | Power 2ens G.E. ..| Cincinnati 1918 | 30,000 | 22,500 | 1-0 | 1,800} 1) 30,000 | 0-85 | 35,300} 50,800} 1| 1] 11 22,500 | 22,500 | 32,400 
/ 
18 | Z.fdg.T. ..| 30/4/18 | A.E.G. | Rheinisch Westfilische | 1919 | 50,000 | 40,000 | 2-0 | 1,000} 1 50,000 | 0-83 | 60,000 | 26,600} 1} 1) 11 40,000 |; 28,300 | 12,600 
Kraftwerke, Cologne 
19 | Power 25/3/19 Westing- Muscle Shoals 1919 | 60,000 | 50,000 | 1-0 | 1,800} 3] 20,000 | 0-85 | 23,500 | 33,800] 3| 3| 41 12,500] 12,500 | 18,000 
jouse 1,200 
20 | Author _ BW. Met- Manchester Corporation 1919 | 22,000 | 20,000 | 2-0 | 1,500} 1] 22,000 | 0-80 | 27,500 | 27,500} 1| 1] 11 20,000} 14,150 | 14,150 
21 | Author _ Met.= Glasgow Corporation 1919| 18,750 | 15,000 | 0-9 | 1,500} 1 18,750] 1-0 | 18,750 | 18,750] 1] 1] 11 15,000] 15,800 | 15,800 
ers 
22 | Z.f.dg.T. .. 4/20 | B.T.H. | Rotherham . .| 1921 | 30,000 | 25,000 | 1-5 | 1,500} 1] 30,000 | 0-75 | 40,000 | 40,000} 1{ 1] 1) 25,000 | 20,400 | 20,400 
23 | Author Met Manchester Corporation 1921 | 27,500 | 25,000 | 0-9 | 1,500] 1 | 27.500 | 0-80 | 34,400 | 34,400] 1] 1] 1 25,000 | 26,400 | 26,400 
24 | Author _ Zoelly Paris (Gennevilliers) 1921 | 35,000 | 30,000 | 1-05 | 1,500} 1 | 35,000 | 0-80 | 43,700 | 43,700 | 1] 1] 1 30,000 | 29,200 | 29,200 
ype 
25 | Author one Parsons Lots-road, London .. 1921 | 18,000 | 15,000 | 1-0 | 2,000} 1] 18,000 | 0-95 | 18,950 | 33,700} 2| 1| 2| 7,500] 7,500 | 13,300 
an et.- 
Vickers 
26 oy op Nov., 1919) G.E. Proposed practice for 1921..| — 34,000 — — |1,800| 1 | 34,000 | 0-85 | 40,000 | 57,500 | — 1j— _ — = 
TABLE II.—Larce Hieu-Spesp TursBo-ALTERNATOR SETS. 
iftit Le 5 |}e| 7 | m | 8 | 9 | |u|] wz | 1 | w-| 1 Se bt haat | 2 | 2 
I e . a Comparison of Generators on ison of \~— on 
¥ Rating in Kw. ge. ; Maximum Continuous Rating. a Rating. 
z a —|" aa) a 
; “ P Manu- Customer and Power 3 22 |= = s*E) a 3 $¢g g|- é ae 
6 erence. lacturer. tation. 2 * a or a < 
z S| 22 /|38t| € Eg2| = |Su| Kw., | Power) Kv.A., 43+ Iss 3g| 32 Reduced| 40. tg) 
a ¥| Be | tse s |6a~ z = §| Actual. [Factor Actual. | 523 | -5|< | S| Actual. | toi In. "3% 
= | BS | Sam] & [Pad] a [a8 Mas |Se\Se|Sa Abs.(Hg)| p/P M. 
1 | Author | — | B.B.C. ..| Sehlettstadt 1911} 3,000 | 3,750t] 3,000 | 1-5 | 3,000] 1] 3,000 | 0-8 3,750 | 3,750} 1]| 1] 1] 3,000| 2,450] 2,450 
2 | Elee Feb., | Westing- | Consumers’ Power Co.,|1912| 4,500 '500*| 3,500 | 1-5 | 3,600} 1] 4,500 | 0-8 5,625 | 8100} 1] 1] 2] 1.750| 1,425] 2,050 
Journal 1918 house St. Paul, Minn. 
3 | Author} — Met.- Stager Mai Manufacturing Co.,|1913| 4,400} 5,000*| 4,000 / 1-3 | 2,400} 1] 4,400 | 1-0 4,400| 2,820} 1] 1] 1] 4,000] 3,510] 2,250 
ers 
4| Author} — Met.- Vickers, ‘ieow.. 1914} 3,300] 3,750*} 3,000| 1-5 | 3,000] 1] 3,300 | 0-8 4,125} 4,125] 1] 1] 1] 3,000] 2,450] 2,450 
ers 
5 | Author _ Westing- Evansville Public Service | 1914] 5,000 | 6,000*} 4,000 | 1-0 | 3,600| 1] 5,000 | 0-8 6,250} 9,000/ 1| 1] 2] 2,000] 2,000] 2,875 
ouse 
6 | Author — |}BBO.i. For Swiss Federal Exhibi-|1914| 5,000 | 6,250t| 5,000 | 1-5 | 3,000} 1] 5,000| 0-8 6,250| 6,250} 1| 1] 1] 5,000| 4,080] 4,080 
on at Berne 
7 | Author . Met. Manchester Corporation ..|1915| 5,500 | 6,250*} 5,000 | 2-45 | 3,000| 1] 5,500] 0-85| 6475] 6,475| 1] 1] 1] 5,000] 3,190] 3,190 
rs 
8 | Author _ Met. Newcastle Electric Supply | 1915| 6,600 | 7,500*} 6,000 | 1-25 | 2,400| 1] 6,600] 0-75] 8,800] 5,620} 1] 1| 1] 6,000| 5,370] 3,430 
ers 
9 | Author} — | B.B.C. ..| Geertruidenberg .. 1916] 6,000 | 7,500t} 6,000] 1-5 | 3,000} 1] 6,000 | 0-8 7,500 | 7,500| 1] 1] 1] 6,000| 4,900} 4,900 
10 Blee. 9/7/20 | Parsons Newcastle Electric Supply,| 1916 | 11,000 | —— 10,000 | 1-0 | 2,400} 1] 11,000 | 0-75 | 14,680 | 9,400| 2] 1] 2] 5,000] 5,000] 3,200 
eview Vv 
11 | Author | — Met South Metropolitan 1917} 5,500} 6,250*| 5,000 | 1-25 | 3,000] 1] 5,500 |. 1-0 5,500 | 5,500| 1| 1] 1] 5,000] 4,475 | 4,475 
ers 
12 | Author|. — | B.B.C. ..| Heerlen 1918| 6,800 | 98,500t} 6,800/ 1-5 | 3,000] 1] 6,800 | 0-8 8,500} 8,500} 1| 1] 1] 6,800} 5,550] 5,550 
13 | Author} — Westing- Sand Springs, Limited 1919| 6,250] 6.250%} 5,000] 2-0 | 3,600} 1| 6,250 | 0-8 7,800 | 11,200} 1] 1] 2] 2,500| 1,765| 2,520 
ouse 
14 | Author B.B.C. ..| Heerlen ..| 1919} 10,000 | 12,500t} 10,000 | 1-5 | 3,000} 1] 10,000] 0-8 | 12,500] 12,500] 1| 1] 11 10,000] 8,160] 8,160 
15 Proc. Nov. G.E. Regina .| 1920] 5,000 | 5,000} 4,500 | 1-5 | 3,600} 1] 5,000 | 0-8 6,250] 9,000} 1| 1| 1] 4,500] 3,670} 5,300 
16 | Author| — | B.B.C...| Amsterdam ..| 1920] 12,000 | 16,000*} 12,000 | 1-2 | 3,000} 1] 12,000 | 0-8 | 15,000] 15,000} 1] 1] 11 12,000| 10,950] 10,950 
17 | Author} — | A.E.G. | Amsterdam -.  ..| 1920] 13,500 | 16,000*| 12,000 | 1-2 | 3,000! 11 13,500 | 0-8 | 16,900 | 16,900] 1] 1] 1] 12,000 | 10,950 | 10,950 
18 | Author} — Met Liverpool Corporation ..| 1920] 13,750 | 15,625*| 12,500 | 2-5 | 3,000] 1] 13,750 | 0-8 7,200 | 17,200} 1] 1] 1] 12;500| 7,900] 7,900 
ers 
19 | Author | — fot. Practice in 1920 .. — | 18, - 10,250 | 0-75 | 3,000} 2| 6,400] 0-75| 8,550| 8,550) 1] 1] 1] 10,250] 11,800] 11,800 
ers 
20 | Author _- Parsons | Mersey Power -+| 1921 | 12,500 — 10,000 | 1:0 | 3,000; 1) 12,500 | 0-8 15,620 | 15,620 1 1 2 5,000 5,000 5,000 
21 | Author| — Met. Stepney .| 1921} 11,000 | 12,500*} 10,000 | 1-4 | 3,000} 1] 11,000] 0-8 | 13,750] 13.750] 1| 1] 11] 10,000] 8,450| 8,450 
ers 
22 | Author| — Met. Sydney Corporation .| 1921 | 13,200 | 15,000*} 12,000 | 2-0 | 3,000) 1 13,200 | 0-8 | 16,500} 16,500/ 1| 1] 1] 12,000| 8,475 | 8,475 
ers 
23 | Author} — | A.E.G. Proposed practice for 1921} — | 16,000 | 16,000 | 12,000 | 1-2 | 3,000] 1) 16,000] 0-8 | 20, 20,000 | 1] 1] 11 12,000] 10,950 | 10,950 
24 | Author| — | B.B.C. ..| Proposed for 1921| — | 15,000 | 15,000 | 12,000 | 1-2 | 3,000} 1] 15,000| 0-8 | 18,7 18.750 | 1] 1] 11 12,000 | 10,950 | 10,950 
25 | Author| — Met Proposed practice for 1921| — | 16,000 | 16,000 | 12,500 | 1-2 | 3,000} 1] 16,000 | 0-8 | 20,000] 20,000} 1| 1] 11 12,500 | 11,400} 11,400 
ers 
26 Pree. Nov... .E.  ..| Proposed practice for 1921| — | 7,500| — oe — | 3,600] —| 7,500 | 0-8 9,375 | 13,500|—}—|—| — — — 
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turbine is directly connected, or, alternatively, of the 
gear used for transmitting the power to the driven 
machine. 

The only machine which comes under the first category 
is the turbo-alternator. From a purely electrical point 


of view, the development of the high-speed alternator is 


3. 
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frame 





pinion, reduced to 3000 
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wiz Bs) 


Year 


Fic. 3. Maxrmum Power TRANSMITTED BY 
Onz Pryton, Repvucep to 3,000 R.p.m., 
GIVEN IN Kw. at GENERATOR TERMINALS. 


(Numbers in circles refer to item numbers in 
Table III.) 
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REDUCED To 4 Vacuum oF 1 In. Ass. (Ha) 
AND 1,500 R.P.M. 


3. 


© General Electric 

x Westinghouse Electric 
e Parsons 

6 Metropolitan-Vickers 
@ Brown Boveri 


12 
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Economical ratings m kW per exhaust for 1inch 


1912 

Year 
Fig. 5. Growrs or Economicat Ratine or 
Larce Hicu-Sprep Tursrnes in Kw. PER 
Exuavust, Repucep to a Vacuum oF 1 IN. 
Ass. (Ha) anp 3,000 r.p.m. 


not justified. The high-speed alternator is less efficient 
than the low-speed alternator, and its first cost is 
practically the same. Nevertheless, the advantages 
of the high-speed turbine fully justify the special 
Se ~¥ a designers to overcome the 
obstacles with which they may be faced in i 
with turbine development. . ee 
Table I gives a list of turbo-alternators built by 





various makers during the last ten years. The largest 
alternator, with a speed of 1,000 r.p.m., was built by 
the A.E.G. in 1918. This set is very expensive and 
future progress will be towards increasing the output 
of 1,500-r.p.m. machines, rather than developing 
1,000-r.p.m. sets. The largest 1,500-r.p.m. machine at 
present in operation has_a capacity of 35,000 k.v.a. 
(maximum continuous rating), and most manufacturors 
are willing to build an alternator of this size. A 
35,000-k.v.a. alternator has been built for a speed of 
1,800 r.p.m., and the capacity of this machine is equiva- 
lent to 50,800 k.v.a. at 1,500 r.p.m., on the basis that 


lutionised turbine practice for small outputs, and 
the time is not far distant when even the 1,000-kw., 
3,000-r.p.m. turbo-alternator will be replaced by a 
turbine running at a high speed and driving the alternator 
through gears. 

As in the case of the alternator, the development 
of the reduction gears towards a maximum possible 
output at a given speed is justified only from the turbine 
point of view. For a given in revolutions per 
minute of the low-speed shaft, the cost of the gear 
increases with increasing pinion speed, but the more 
expensive is fully justified by the higher efficiency 





the maximum possible capacity varies inversely as the 


Tasre IIl.—Maxmmum PowER 


of the high-speed turbine and its lower cost. Whilst 


TRANSMITTED BY ONE Prnron. 


Reduced to 3,000 r.p.m. given in kilowatts at Generator Terminals. 


















































































































































Maximum 
Continuous 
: Rating. 
x Kw. 
5 Reference and Date. Manu- Type. Customer Year Sues Reduced 
3 facturer. Kw. at | R.P.M. St 
" B.H.P, |Genere- BF M. 
minals. 
1 | ENGINEERING..| 26/5/16 | Westinghouse | Floating) Cleveland Electric Illu- 1912 5,500 3,850 1,800 1,380 
Machine Co. | frame mina’ Co. 
2 | Author -- Westinghouse | Floating} Metropol - Vickers, 1915 2,140 1,500 3,750 2,350 
Machine Co. | frame ord Park 
8 ENGINEERING. .| 26/5/16 | Westinghouse | Floating} Swedish Twin Screw 1917 5,500 3,850 3,600 5,550 
ine frame Cruiser (H.P. ae 
4 | Tostevin before | 26/3/20 _ Rigid | Destroyer Trini 1918 6,250 4,380 3,000 4,380 
I.N.A. gear (H.P. Turbine) 
ENGINEERING..| 9/4/20 
5 | Tostevin before | 26/3/20 | John Brown| Rigid | Battle Cruiser Hood, 1919 | 17,500 | 12,250 1,497 3,060 
I.N.A. and Co. gear (H.P. Turbine) 
ENGINEERING. . 9/4/20 
TABLE IV. 
Reference Year Economical] Vacuum Reduced 
Type. Installation. Installed. | Rating. | Absolute. Speed. Rating. 
Table I. 3 
| kw. in. r.p.m. kw. 
16 G.E. > oe Chicago 1918 22,500 1-0 1,800 $2,400 
24 Zoelly .. se acl as ..| Paris we 1921 30,000 1-05 1,500 29,200 
23 Metropolitan-Vickers multi-exhaust..} Manchester 1921 25,000 0-9 1,500 26,400 
TABLE V.—DeveLormMent or LarGe TURBINES MADE BY THE WESTINGHOUSE ELECTRIC AND 
MANUFACTURING ComPpaNy, LIMITED. 
1| 2 3 4 5 6 7 - 9 1") 13 
— — —|—|— | — | ——_—__ 
% | RatinginKw. |. Bee 
| 3. 3 | —s-—~s4ae 8 is.) € lk. 
Zz ae 3 g « “os SE £) | or 
;| 2 Customer and Power % Eg a; |BEwe| Speed, | 3S| % |\sB) Arrangement of 
§| ES Station. S | ges ee HEE R.P.M. 33 | Sis Turbines. 
= Zee | 4 — ar 
“2 ¢ | 20g| 2 Sea s"\F"| 3% 
| al = wea | 
ones sduetl - — ee APR —- 
1 4 | Interboro’ Rapid T., 74th- | 1914 | 30,000 | 25,000 1 1,500 /750 2 2) 2| 2 Cross compound. 
| street New York | j 
2) 10 | Cae, North-west | 1917 | 30,000 | 25,000 1 1,200 1 2 1| 2 | Tandem compound. 
go 
3) 11 Providence, —". ome 8 1917 | 40,000 | 33,000 2 1,800/1,200 2 | as 2 2 | Cross com d. 
4 13 | Interboro’ Rapid T., 74th- | 1918 | 60,000 | 40,000 1 ,500 8/ 3) 8! 4/| Triple cylinder, 
| street, New York | | cross compound. 
5| 14 Se oie, 1918 | 35,000 | 25,000 1 1,500 1| 2{| 1) 2 | Tandem compound. 
‘0 | 
6 19 | Muscle Shoals 1919 | 60,000 | 50,000 1 1,800/1,200, 3) 8/ 83| 4 , Triple cylinder, 
} | | cross compoun 
TABLE VI.—DevetormMent or THe Brusu-LsunestRim TURBINE. 
1 2 3 4 | 5 6 7 8 9 
Rating in Kw. vues 
al 
Item Customer and Power Year Ns E {i Speed Power 
No. Station. Installed) aniline Rating, | R.P.M. | Factor. 
aximum ver ‘or In. Abs. 
Continuous. | Two Hours, | 2eonomical. (Hig.). 
1 North Met. E.P.S. Co., Willesden..} 1912 1,000 1,250 1,000 2 3,000 0-8 
2 Marshall and Sons, Gainsborough..| 1918 1,600 1,875 1,500 1k 3,000 0-8 
3 Ipswich Corporation, Ipswich --| 1919 3,000 3,750 3,000 2 3,000 0-8 
4 Luton es Luton --| 1920 5,000 6,250 5,000 2 3,000 0-8 
5 Stockport Corporation, Stockport..| 1920 5,500 6,050 5,500 1¢ 3,000 0-8 
square of the speed (revolutions per minute). Fig. 1, the gear is lagging behind the turbine in the race for 


shows the growth of the maximum continuous k.v.a. 
rating reduced to 1,500 r.p.m., diagrammatically. 

Table II gives a list of turbo-alternators running at 
high (2,400 r.p.m. and above) which have been 
built during the last ten years. The capacity has 
increased in this country from about 3,000 k.v.a. in 1912 
to 17,200 k.v.a. maximum continuous rating in 1921. 
Fig. 2 shows the growth of the maximum continuous 
k.v.a. rating reduced to 3,000 r.p.m. diagrammatically. 

ae the past few years, the direct-current generator 
driven directly from the turbine has disappeared from 
the market. Its place has been taken by the moderately 
low-speed generator driven by mechanical reduction 
gear up to units of 4,000 kw., and for larger units by 
turbo-alternators in conjunction with rotary converters. 
The development of the reduction is also responsible 
for the disappearance of the direct-driven 25-period 
alternator running at 1,500 r.p.m. up to capacities of 
4,000 kw. 

The mechanical reduction gear has completely revo- 





maximum power, the fact must not be lost sight of that 
the gear is in the early stage of its development. 

Table III shows the development of the reduction 
gear in respect of the maximum power transmitted per 
pinion reduced to a speed of 3,000 r.p.m., and Fig. 3 
shows the development diagrammatica! b. 

The most ec ical arrang t of the geared 
turbine for large capacities is the ‘‘ two-pinion "’ arrange- 
ment, one _ being driven by the high-pressure 
turbine, and the other by the low-pressure turbine. 
In such a case the output which can be transmitted 
through the pinions very nearly approaches the maximum 
output which can be obtained from the turbine when 
designed for a 29-in. vacuum. 

The importance of the reduction gear for the future 
developments of turbine practice is fully recognised, but 
the author does not propose to deal with this question 
any further in this paper. 

In reviewing the general trend of turbine development 
during the last ten years, reference must be made to 
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Fie. 6. Brown Bovert Tursine (1918), 10,000 Kw. Maximum Continuous RgtTING 
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LARGE STEAM TURBINE PRACTICE. 
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the increase in size of units quite apart from the speed 
of the turbine. In view of the increase in the size of 
— stations, there has been a considerable demand 
or turbines of large capacities. In this country progress 
in this direction has been retarded mainly on account of 
the war, and the development of large units has taken 
place mainly in the United States. 

Table I gives full particulars of the turbine develop- 
ment during the last ten years. From the designer's 

int of view the development of the economical rating 

or each exhaust is of particular interest. This is given 
in columns 19 to 21. The rating reduced to a basis 
of 1 in. absolute back pressure and a speed of 1,500 r.p.m. 
is shown diagrammatically in Fig. 4. For the reduction 
to this basis the following relationships are applied :— 

(a) The rating varies as the square root of the back 
pressure. 

(b) The rating varies inversely as the square of the 
speed (revolutions per minute). 

The turbines with the largest capacities for a single 
exhaust are to-day as shown in Table IV. 

Table II gives corresponding particulars of high-speed 
turbines (above 2,000 r.p.m.) of relatively large capacities 
during the same period, and Fig. 5 shows the development 
diagrammatically. 





Parsons TANDEM Reaction TurBiNE (1916), 11,000 Kw. Maximum Continvous Ratine at 2,400 R.P.M. 


(Table II, Item 10.) 


(3) Development of the Reaction Turbine.—The principal | idea of subdividing the turbine into separate cylinders. 


manufacturers of the reaction turbine are 
Brown Boveri and the Westinghouse 
Manufacturing Company, Limited. 

In 1910 the combined Curtis-Parsons turbine was 
introduced by Brown Boveri, and this type has since 
become their standard design. It is built as a single- 
cylinder unit in every case. 

ig. § shows a 10,000-kw. turbine manufactured by 
Brown Boveri and installed at Pedro Mendoza Station 
(Buenos Ayres). The low-pressure end is built up of 
dises, the peripheral speed of the rotor being too high 
for use on drums. 

In this country, and in America, the development of 
the reaction turbine has proceeded on different lines, 
Parsons in this country standardised the two-cylinder 
design for large capacities, the high and low-pressure 
elements being arranged in separate cylinders. The 
two cylinders are arranged in tandem for driving a 
single generator. In order to cope with large volumes 


Parsons, 
Electric and 


of exhaust steam, the low-pressure element is generally 
of the double-flow type. Fig. 7 shows a representative 
design of the large Parsons turbine. 

The Westinghouse Electric and Manufacturing Com- 
pany, Limited, in America have further developed the 








In order to improve the efficiency of the turbine and 
to deal with the demand for increased capacities, some 
of their units were built for driving more than one 
generator, thus evolving the multi-shaft arrangement. 

The development of the turbine practice of the 
Westinghouse Electric and Manufacturing Company has 
been fully described by Hodgkinson,* and full particulars 
with regard to the various arrangements used are given 
in Table V. A turbine of the tandem compound type 
is shown in Fig. 8. 

During the period under review, the Ljungstrom 
turbine has been put on the market. The first turbine 
of 1,000 kw. capacity was installed in 1912 by the 
North Metropolitan Power Company, London, and since 
then considerable progress has been made with regard 
to the increase in capacity per unit. Table VI gives a 
summary of this development. 

A Ljungstrém turbine of 30,000 kw. maximum 
continuous capacity is at present under construction 
in the works of the General Electric Company at 


Schenectady. 
(To be continued.) 











* Electric Journal, 1918, vol. xv, page 57. 
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Fie. 8. WestincHouse TanDEM Torsine (1918), 35,000 Kw. Maxrtmum Continvovus Ratine at 1,500 R.P.M. 


THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on March 11, Professor Sir W. H. Bragg, President, 
in the chair, the sixth Guthrie Lecture was delivered 
by Professor A. A. Michelson, of the University of 
Chicago, who lectured on ‘‘ Some Recent Applications 
of Interference Methods.” The lecturer said that since 
the Armistice he had been interested in three questions : 
The measurement of the earth tides, a redetermination 
of the velocity of flight, and the measurement of the 
diameters of fixed stars. In the first of these problems 
the experiment reduced itself to the measurement of 
the difference in the movements of the free surfaces of 
water at extremities of a long pipe submerged in the 
ground. Preliminary work was carried out with micro- 
scopes, but the final records were obtained from the 
movements of interference fringes. Records were taken 
at intervals of two hours on a cinematograph which 





worked continuously for a year. The results obtained 
were plotted, and found to agree very closely with those 
calculated from theory. 

In the redetermination of the velocity of- light, the 
arrangement to be ultimately employed was the same 
as he had previously used, except that a much longer 
distance—say, 25 miles—was contemplated. This was 
to permit a larger movement of the rotating mirror, 
which in this case consisted of an octagon of glass 
rotating at about 1,000 revolutions per second. If the 
speed was so adjusted that the octagon described 45 deg. 
during the time taken by light to pass to the distant 
mirror and back, the returning beam would be unde- 
viated. This condition could be determined to a much 
higher degree of precision than was possible for the 
angular measurements involved in previous determina- 
tions. The application of interference to this work lay 
in the mathod of making the angles of the octagon very 
accurately equal. 

The third problem, that of measuring the diameters 
of the stars, was solved on lines which he had applied 
many years ago to the measurement of the separation 
of double stars. The method consists in varying the 
separation of two slits in front of the object glass of a 
large telescope until the visibility of the parallel diffrac- 
tion fringes seen in the focal plane of the telescope is a 
minimum. No existing telescope is of large enough 
aperture for this condition to be reached in the case of 
single star; but by attaching an arrangement of mirror 
in front of the large 100-in. telescope at Mount Wilson 
Observatory, which, in effect, increased its aperture to 
20 ft., it had been possible to obtain a result from the 
star a-Orionis, the fringes from which disappeared when 
the slits were separated by about 10 ft. This corre- 
sponded to an angular diameter of just under a twentieth 
of a second. 

A vote of thanks to the lecturer was proposed by Sir 
Arthur Schuster, who recalled that the late Lord Ray- 
leigh had advised astronomers to cover up all but the 
outer zones of their telescopes, and thereby double the 
resolving power. The Astronomer Royal, in seconding 
the vote of thanks, said the measurement of ¢-Orionis 
was a great achievement, and came as a striking con- 
firmation of the theoretical deductions of Professors 
Russell and Eddington. 





INSTITUTION OF MUNICIPAL AND County ENGINEERS.— 
A South-Eastern District Meeting is to be held at 
Dorking on Saturday, the 16th inst., when several 
places of interest will be visited, followed by a discussion 
on the paper “ Municipal Works at Dorking,” by Mr. 
8. 8. Gettings, A.M.Inst.C.E., member, surveyor, Dorking 
Urban District Council. 

















CONTACT PRESSURES AND STRESSES.* 
By Professor E. G. Coxer, M.A., D.Sc., F.R.S., Member ; 

K, C. Cuaxxo, M.Se., and M. S. Anmep, M.Sc., of 

University College, London, 

(Continued from page 389.) 

DistTRIBUTION OF StTREssS IN BLocks LOADED OVER THE 
Wore Extent OF THEIR UPPER AND LOWER 
SuRFACEs. 

The importance of this t of loading has been 
noted earlier, and the cases already examined naturally 
lead to the inquiry whether it is possible so to load a 
short rectangular block as to produce uniform com- 
pression throughout. It is sometimes assumed, where 
a central load is —_ to the ends of such a block, by 
thick distributing plates such as are usual in most forms 
of testing machines, that it is uniformly stressed through- 
out, but this is not usually the case, for if the materials 


Fig. 78. PRESSURE DISTRIBUTION IN I INCHx 
J INCHx0-254 INCH BLOCK WITH SECONDARY 
PRESSURE PLATES 0-41NCH DEEP. 
LOAD APPLIED 260L8. 


Distrib ti 


€788.M) 


pressed together are of a different nature, the stress 
distribution is apparently always non-uniform, no matter 
how well the faces may be prepared, This is illustrated 
by the case of a square block pressed between brass 
ylaem, which shows zones of non-uniform stress at the 
ends which only disappear when the distance from the 
contact surface is appreciable. The pressure between 
these dissimilar materials apparently gives rise to 
considerable tangential stress at the common boundary, 
and lateral expansion is prevented. If, however, a very 
extensible material, such as a thin sheet of rubber, is 
interposed, the tangential stress is reversed and the 
lateral strains become abnormally great, especially near 
the central vertical section; they are, however, fairly 
uniform throughout the depth. The tangential forces 
over the end boundaries produce considerable tensional 
stresses in the material in the direction of the thickness 
of the plates. This disruptive effect has been frequently 














(Table I, Item 14.) 


observed in compression tests of stoneblocks, when 
the faces under load are covered by thin sheets of lead.* 
The experimental evidence therefore goes to show that 
in order to obtain pure compression stress in a block 
the contact faces must be similar and equal and of the 
same material. These conditions are approximately 
fulfilled by interposing similar end plates of sufficient 
length as may be shown in the polariscope when a square 
is compressed between two plates of like material and of 
the same cross section. When loaded in this manner 
an approximately pure compression stress is obtained, 
but even with these — it may not be perfect, 
as the e imental analysis of Table IX helow 
shows. With a total load of 260 lb. corresponding to 


TaBLE IX.—Measurements on 1-in. by 1-in. by 0-252-in. 


Block with Secondary Pressure Plate 0-4-in. deep. 
Applied Load, 260-Ib. 



























































Mea- 
y | © | @ |pt+a}p-a| pw | @ | fered lerror. 
in. in. | deg.| Ib. Ib. Ib. | Ib. Ib. | perc, 
(| 0-1] © | 1,001 | 1,027 | 1,014 |—13 
|| 0-2] © | 1,069 | 1,038 | 1,054 | +16 
4] 0-3 | © | 1,042 | 1,038 | 1,040 |+ 2] \262-5| +1-0 
|| 0-4] © | 1,069 | 1,060 | 1,065 |+ 5 
{| 0-5 | © | 1,050 | 1,060 | 1,055 |— 5 
0-1] 0 1,027 | 1,009 |—19] | 
0-2 | © | 1,075 | 1,038 | 1,057 |+19 
0-3 | 0 | 1,077 | 1,088 | 1,058 |+20| \262-9| +1-1 
0-4} 0 | 1,068 | 1,060 | 1,064 |+ 4 
0-5 | O | 1,036 | 1,060 | 1,048 |—12) ) 
0-1 | © | 1,020 | 1,016 | 1,018 |+ 2] ) 
0-2 | © | 1,042 | 1,027 | 1,035 |+ 8] | 
0-3 | O | 1,089 | 1,038 | 1,064 | 426] 263-0) +1-2 
0-4 | © | 1,045 | 1,060 | 1,053 |— 8] | 
0-5 | O | 1,084] 1,060 | 1,072 | +12) } 
0-1] 0 912 | 1,006] 959 |—47 
0-2 | © | 1,012] 1/016 | 1,014 |— 2) | 
0-3 | O | 1,062 | 1,038 | 1,050 |—38| \253-4) —2-6 
0-4 | 0 | 1,054 | 1,060 | 1,057 |— 3 
0-5 | 0 | 1,085 | 1,060 | 1,048 |—13 
0-1] 0 111| 995] 953 |—42/ | 
0-2] 0 960 | 1,016] 988 |—28 
0-3 | 0 | 1,001 | 1,038 | 1,020 |—19 | 953.8 —2-6 
0-4 | ©O | 1,004 | 1,060 | 1,032 |—28] | 
0-5 | 0 | 1,046 | 1,060 | 1,053 |—27]| } 
0-1) 0 917| 995| 956 |—39] ) 
0-2!) 0 948 | 1,006| 977 |—29] | 
0-304} 0-3 | 0 969 | 1,038 | 1,004 |~35] }248-3) —4-5 
|| 0-4] 0 | 1,007 | 1,060 | 1,034 —27] | 
(| 0-5 | 0 | 1,012 | 1,060 | 1,036 |~24 
(\0-1] 0 906| 984| 945 |—39) | 
|} 0-2] 0 923 | 1,006| 970 |—42! | 
0-402/0-3] 0 957 | 1,038 | 998 |—41/ }248-0| —4-6 
||} 0-4] 0 964 | 1,060 | 1,012 |—48| | 
(|0-5] 0 960 | 1,060 | 1,010 |—50| ) 
(\o1] 0 938| 984] 961 |—23! | 
/}/02] 0 942 | 1,006| 974 |—32| | 
0:50, }0-3 | 0 942 | 1,038| 990 |—38| }248-0) —4-6 
i104] 0 942 | 1,060 | 1,001 |—59| | 
(105] 0 929 | 1,060 | ‘995 |—66| ) 














a mean stress of 1,030 Ib. per square inch, there is nearly 
pure compression stress at the upper and lower boundin, 
surfaces, although not quite uniform, as the plot 
values of Fig. 18 indicate. The cross stress q is insigni- 








* Paper read before the Institution of Mechanical 
Engineers on Friday, March 18, 1921. 


* “The Testing of Materials.” 


W. ©. Unwin, F.R.S. 
lst edition, page 417. 
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ficant, but towards the centre this latter becomes 
appreciable tension, and has an approximately b 


an | square 


inch of the actual section at fracture, which latter 





distribution as the 
at the centre of the b 
of the numerical value of the applied pressure. 


d at a gauge point, although every care possible 


shows, with a maximum value | was taken to avoid this by using very minute centres 
of rather more than 5 per cent. | for _ support of the Ewing extensometer employed. 


test, therefore, does not show the true strength of 


Fig.19. HADFIELD S TEST BAR, 4.8725. INITIAL CONDITION OF SPECIMEN: 
SURFACE FINISHED. SMOOTH BY GRINDING 
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Data of Fig. 19. 














- Initial. Final. 
in. in. 

Distance between gauge points 8-00 12-04 
Mean diameter es ee 0-4324 0-3532 
Modulus (between 0-2 and 1 ton) | 28-5 x 106— Ib. per sq. in. 
Elastic limit .. oe (2 tons 30,520 Ib. per sq. in. 
First yield-point (3-2 tons) 48,850 Ib. per sq. in. 
Breaking stress .. (9°65 tons) 147,300 lb. per sq. in. 
Equivalent elongation in 8 in. 

4-08in.) .. ee >< 51 per cent. 
Minimum diameter at fracture 0-323 in. 
Reduction in area .. - es 43 per cent. 
Ultimate stress at minimum section 

away from int of fracture 

(diameter 0-35 in.) “7. bf. 224,650 Ib. per sq. in. 





Character of fracture .. 
Place of fracture ee 
Temperature of laboratory 
Date of test .. os 


Fibrous with silky lustre. 
Lower gauge points. 
55 deg. F. 


April 1, 1920. 





A block of one-half this depth gives rather better 
results, and when loaded in this manner almost perfectly 
pure compression stress is obtained. 


Tue INFLUENCE oF Contact STRESSES IN THE TESTING 
or MATERIALS. 


It is a well-known and often disconcerting circum- 
stance in experiments on the tensile strength of materials, 
that metal bars and rods often fracture at the gauge- 
points or even outside these limits, especially in hard 
materials. The reasons for the latter type of fracture 
have been examined recently,* but so far as the authors 
are aware, the exact effect of the minute indentations 
required for the attachment of extensometers has not 
been examined. Although fractures at the gauge points 
are frequent in unyielding material, they also occur in 
cases where the Plas Areen, Sines very plastic, and this is 
well shown by a specimen of forged manganese steel 
kindly sent to me by Sir Robert Hadfield for examina- 
tion. This specimen was in the form of a round bar 
with enlarged ends, Fig. 19, machined to fit the shackles 
of a 10-ton Buckton testing machine at University 
College. Owing to the high tensile strength of the 
material, it was found necessary to make the specimen 
of rather small diameter, in order to carry the test to 
completion. The salient features of the test are recorded 
in Fig. 19 of the load extension diagram, from which it 
appears that this material has a high elastic limit and 
yield point, and a great capacity in the plastic condition 
for stretching oe load, coupled with a very high 
ultimate stress. The remarkable quality of this material 
is indicated by the data obtained, from which it will be 
observed that the total elongation at fracture, measured 
on an 8-in, length, amoun to 51 per cent., and was, 
moreover, distributed very uniformly throughout its 
length, as the figure shows. The specimen broke at a 
load of 9-65 tons, corresponding to a stress of 147,300 Ib. 
per square inch of the original section and 224,650 lb. per 





* “ Photo-Elastic Measurements of the Stress Distri- 
bution in ion Members used in the Testing of 
Materials.” E. G. Coker, Proc. Inst.C.E., vol. ceviii, 
Part II, 1918-19. 
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Fig.7, ISOCLINIC LINES AND LINES OF 
PRINCIPAL STRESSES IN A TENSION 
MEMBER. 
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the material?at fracture, owing to the effect of the small 
indentations, causing a break at a definite place fixed by 
the conditions im: by the test. It is also ible 
that the cross-sectional area at fracture is affected by the 
same cause. 

This example is typical of the general difficulty which 





occurs in this kind of testing, and it has led to various 





devices for avoiding indentations or scratches in test 
pieces. The problem, in fact, presents a case of contact 
stress of practical importance, which appears to warrant 
further investigation, in order to ascertain the changes 
in stress distribution caused by various methods used in 
determining the tensile strength of materials. A form 
of gripping device to imitate the action of point or line 
grips was therefore constructed, in which the pressure, 
applied laterally, could be measured. This consisted of 
a U-shaped frame, shown in side and end elevation, 
Fig. 20, to grip a tension member A. The frame B is 
made in two parts connected by a thin steel plate 
fulcrum C, and at a convenient distance from this latter 
there is a pair of adjustable screws D, the inner ends of 
which are bored out to receive various types of grippin 

devices. Those shown in the figure are small cylindrica 
steel pins, but others were also used, such as knife-edges, 
cylinders and flat plates of various widths. 

A measurable load is applied to the grips by a rod E 
screwed at one end and furnished with an adjustable 
nut F bearing inst a pivoted washer G to onsure axial 
loading. At the opposite end, the rod E is attached to a 
calibrating spring, the compression of which measures 
the applied load, while a micrometer scale, not shown on 
the , indicates when the long arms of the frame 
B are exactly parallel, and therefore producing oppositely 
directed loads. For convenience the holes in the frame 
B are so that the screws D and the load measur- 
ing device E, F, G, can be interchan; to give a greater 
range for experiment. The weight of the gripping 
device is also balanced by counterpoise weights applied 
to the screws D. 

The lateral loads due to screw points gripping the 
specimens not only injure the specimen and often deter- 
mine the place of fracture, but they may also change the 
stress distribution, and this is well shown in Fig. 21, 
in which lateral pressures of 15 lb., appli by 
knife-edges having an angle of 60 deg., change the 
character of a simple tension stress due to a total load 
of 45 lb. into a distribution of considerable complexity. 
In this case the lines of equal inclination, determined 
experimentally, are shown on the left-hand side, and from 
these are drawn the orthogonal curves of principal stress. 
In a simple tension test, these lines should be parallel 
and perpendicular to the straight contours of the specimen 
and the actual lines show how very great is the change in 
the type of stress due to the lateral pinch, and demon- 
strate that simple tensional stress is only regained at 
an axial distance from the loading of rather more than 
half the width of the bar. The experimental values in 
this case are important as indicating the character of 
the disturbance in the stress conditions, and the way 
failure is likely to occur at the section under the com- 
bined effects of the lateral stress due to a permanent 
indentation combined with longitudinal pull. 


(To be continued.) 





University OF LONDON, UNIVERSITY COLLEGE.— 
During the year ending February, 1921, the total number 
of students enrolled was 2,833 (1,587 men, 1,246 women) : 
of these, 2,157 (1,363 men, 794 women) were taking day 
courses, 389 (128 men, 261 women) evening courses, 
and 287 (96 men, 191 women) vacation courses. The 
day course students included 388 (282 men, 106 women) 
post-graduate and research students. Of the total 2,833, 
2,350 came from homes in the United Kingdom, 150 
(including 44 post-graduate and research) from various 
parts of the Empire, India sending 58, South Africa and 
Australia 20 each, New Zealand 13, Canada 12. Of 
European Countries, France sent 108, Holland 33, 
Norway 31, Denmark 21, Switzerland 18, Italy*13 and 
Sweden 12. There were 12 from the United States ; 
of other countries the largest number (20) came from 
Japan, of whom 16 were doing post-graduate and 
research work. One hundred and fifty-nine degrees and 
diplomas were taken during the year, of which 28 were 
higher degrees. The college has for many years taken 
an active part in promoting adult education by pro- 
viding for the general public lectures that are open with- 
out fee. Nearly 6,000 persons attended these lectures in 
the season 1919-20. 


REPoRT OF THE UNITED STaTes COMMITTEE FOR 
Arronavtics.—The fifth annual report of the United 
States National Advisory Committee for Aeronautics 
for the year 1919, a copy of which has recently come to 
hand, is a bulky volume of 870 quarto pages mainly 
composed of reprints of Technical Reports Nos. 51 to 82 
inclusive. These reports have, however, all been 

reviously issued separately, and the majority of them 
fave been referred to in our columns soon after publica- 
tion. They cover very extensive investigations on 
sparking plugs, silencing aero engines, radiators, air- 
screws, aircraft timbers, wind tunnel work, stress and 
stability calculations and many other matters of aero- 
nautical interest. The main conclusions of the report, 
which was submitted to Congress on December 2, 1919, 
were as follow: That liberal support should be given 
to the estimates and programmes for the development 
of military, naval and postal air services; that greater 
support should be given to the National Advisory 
Committee ; lle ocege steps should be taken to 
encourage foreign e in aircraft ; that every encourage- 
ment should be given by the Government to the estab- 
lishment of aerodromes near the various centres 0! 
activity ; that legislation should be enacted for the 
regulation of civil aviation; and that a continuous 
programme for the construction of aircraft for the various 
governmental services be authorised so as to ensure the 
existence of a nucleus of an aircraft industry capable of 
expansion to meet mili needs in an emergency. 
Several of these recommendations might well be acted 
upon by our own authorities. 
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THE PRINCIPLES OF LIMIT GAUGING. 
By A. A. Remryeton, M.I.Mech.E. 

Tue subject of limit gauging is attracting con- 
siderable attention at the present time, and it is 
not necessary to show that the adoption of some 
satisfactory standard basis for limit gauging would 
be of great value to the engineering industries. 
A paper read recently by Sir Richard Glazebrook, 
quoted extensively from a memorandum by the 
author, this memorandum having for its subject 
the title of the present article, and being circulated 
by the British Engineering Standards Association. 
In the memorandum an attempt was made to 
indicate how it was possible to build up a logical 
system of limit gauging from first principles. 

In building up such a logical system of limit 
gauging definition of the various terms that are 
used is a most important matter, and this question 
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has for some time had the serious attention of the 
British Engineering Standards Association,: who 
have published in several of their reports a series 
of most useful definitions. To assist those who 
may not be familiar with them, it may be stated 
that the various definitions thus adopted as far as 
they apply to the limit gauging of plain cylindrical 
work, have meanings as follows :— 

Tolerance.—The tolerance is a difference in dimen- 
sions permitted in a part or between a number of 
similar parts to “tolerate” unavoidable errors in 
manufacture. There are two tolerances, the toler- 
ance on the hole and the tolerance on the shaft. 

Limit.—A limiting dimension is termed a “‘ limit.” 
There are four limits, the limiting dimensions of the 
tolerances, namely :— 

(a) The maximum limit of the hole. 
(6) The minimum limit of the hole. 
(c) The maximum limit of the shaft. 
(d) The minimum limit of the shaft. 

Allowance.—The allowance is the difference in 
dimensions allowed to provide the required class 
of fit. Allowances can be positive, as in clearance 
fits, or negative, as in interference fits. 

In dealing with gauging the allowance is the 
minimum difference permitted between the shaft 
and the hole, i.e., in a clearance fit it is the difference 
between the maximum shaft and the minimum hole, 
and, therefore, in a uni-lateral system is the mini- 
mum departure from nominal size permitted in the 
shaft, and should strictly be termed “ minimum 
allowance.” In dealing with work in a uni-lateral 
system, the departure of an actual shaft from the 
nominal size is frequently termed an “ allowance.” 

Clearance.—The clearance is the difference in 
dimensions between an actual shaft and an actual 
hole. Clearance can be positive, as in clearance 
fits, or negative, as in interference fits. 

Bi-lateral system.—In the _bi-lateral system of 








tolerancing the mean hole is nominal size, and the 
tolerance is disposed equally on each side of it, 
thus a hole made to a coarse tolerance may be 
either larger or smaller than a hole made to a fine 
tolerance. 

Uni-lateral system.—In the uni-lateral system of 
tolerancing the minimum hole is nominal size, and 
the tolerance is disposed outwards, thus a hole 
made to a coarse tolerance may be larger but not 
smaller than the smallest hole made to a fine 
tolerance, and the average coarse tolerance hole 
is likely to be larger than the average fine tolerance 
hole. 

In both systems the finer the tolerance, the nearer 
the permissible hole approaches nominal size. 

Fig. 1 shows these definitions plotted graphically 
in their general application, and in Fig. 2 is shown 
their application to a clearance fit in a uni-lateral 
system. 


Fig.3. DIAGRAM OF GRADES OF FIT. 
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The basis of any system of limit gauging is the 
provision of “ tolerances” to provide for unavoid- 
able errors in manufacture, and of “ allowances ” 
to enable the desired tightness or slackness of fit 
to be obtained, and the tolerances and allowances 
must be so arranged that work of the desired quality 
can be produced as economically as possible, there- 
fore a system of limits to be logical should take into 
account the conditions of service and the method 
of manufacture, and also provide the greatest 
possible freedom as regards tolerances, consistent 
with obtaining the required degree of accuracy 
and length of serviceable life. 

It seems logical to assume that a hole when pro- 
duced to a given nominal diameter, whatever 
tolerances are permitted, should admit a plug gauge 
made exactly to the nominal diameter, and that a 
shaft when produced to a given nominal diameter 
should fit a ring gauge made exactly of the nominal 
diameter with the degree of tightness it is intended 
shall be produced in practice. 

Furthermore, it is desirable on ethical grounds 
that a hole of a given nominal diameter shall be as 


nearly as possible really of that diameter and logical | allo 


to expect that the average of a number of holes or 
shafts made to fine tolerances shall be nearer the 
nominal diameter than the average of a number of 
holes or shafts made to coarser tolerances. 

The relation of the dimensions of the various 
elements to each other depends on the function to 
be performed, and the following cases have to be 
dealt with :— 

(a) When the pair of elements are required to 
move in respect to each other while performing their 
proper function. 

(6) When they do not move, but are ordinarily 
detachable. 

(c) When they remain permanently paired after 
assembly. 


The various cases can be broadly divided into 
three categories :— 

(a) Clearance fits, when there is a positive allow- 
ance between the largest permissible shaft and the 
smallest permissible hole. 

(6) Interference fits when there is a negative 
allowance between the largest permissible hole and 
the smallest permissible shaft. 

(c) Transition fits which come midway between (a) 
and (6), and cover all cases between— 

(1) Cases where the smallest permissible shaft 
is coincident with the smallest permissible hole, 
and 


(2) Cases where the largest permissible shaft is 
coincident with the largest permissible hole. 

The nomenclature to be adopted to express the 
various grades for a complete series of fits com- 
prising the above groups may be conveniently 
arranged, starting with the slackest :— 

(a) Running fit. 
(b) Push fit. 

(c) Key fit. 

(d) Light drive fit. 
(e) Drive fit. 

(f) Force fit. 

(g) Shrink fit. 


These seven grades of fit and their relations to the 
above-mentioned three main divisions are shown 
graphically in Fig. 3. 

In connection with a running fit, the limit to 
correct functioning, is the tightest fit permitted when 
the largest permissible shaft is paired with the 
smallest permissible hole, and this is when the 
minimum allowance is provided, and any tolerance 
providing a larger hole or a smaller shaft has the 
same effect as wear, that is to say, it makes the 
fit slacker in the same way that wear does and 
shortens the ultimate useful life of the parts in 
question. 

Considering the various cases in detail, the tightest 
fit in the different groups ‘s permitted under the 
following conditions :— 

(a) Clearance fits, which cover broadly, running, 
sliding and push fits. The tightest fit (which is 
governed by the minimum allowance) must be such 
as to provide proper lubrication and absence of 
seizure under service conditions. 

(b) Transition fits, which include keying and light 
drive fits. The tightest fit must allow of the parts 
being assembled and dis- eesembled without diffi- 
culty or damage. 

(c) Interference fits, which include drive, force and 
shrink fits of varying degrees of tightness. The 
tightest fit must be such as to permit of the assembly 
of the elements without seizure or 

To go to the other extreme, the slackest fit is 
obtained when the smallest shaft is paired with the 
largest hole, and the requirements in cases (a), (6), 
and (c) referred to in previous paragraph, are as 
follows :— 

(a) The limits must be such as to leave the largest 
margin for wear that it is practicable. The ulti- 
mate slackest fit is obtained when the maximum 
“ allowance ” or clearance that will function pro- 
perly exists, i.e., when the parts in question are just 
on the point of being worn out. 

(6) The limits must be such as to ensure proper 
registration and restraint of relative movement 
between the elements paired, having regard to the 
purpose for which they are used. 

(c) The limits must be such as to ensure a proper 
grip between the elements paired and absence of 
slip under service conditions. A minimum negative 
wance, or minimum difference between the 
largest hole and the smallest shaft, of suitable value 
is required to fulfil this condition. 

As already shown, tolerances can be considered as 
a shortening of the life of the parts to assist manu- 
facture and, in connection with parts liable to wear, 
should start from the minimum allowance and 
absorb a definite proportion of the total permissible 
wear of life, i.c., as far as possible be proportionate 
to the total permissible wear. 

A logical system of limits should, therefore, pro- 
vide the minimum allowance when minimum holes 
and maximum shafts are paired (and this should be 
the ideal as providing for maximum life), and such 
tolerances on holes and shafts as will facilitate 





manufacture and avoid scrap or undue cost of 
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manufacture to the required extent without undue 


shortening of life in service. 

The method of manufacture to be adopted requires 
it to be taken into account in proportioning the 
maximum allowance or clearance and its division 
between the tolerance on the hole and the tolerance 
on the shaft, as in general it is easier to make 
standard holes than variable ones. 

The starting point or basis of a system is in prac- 
tice of little importance, as it matters little to anyone 
using limit gauges of certain nominal sizes and 
grades of fit what the actual dimensions of the 
gauges may be, but it is certainly desirable although 
obviously, not essential, to comply with the logic 
of the case as has already been discussed, and also 
to maintain actually the difference between one 
dimension and another that is expressed by the 
difference in the nominal dimension. For example, 
it is desirable that a 2-in. hole shall be twice the 
diameter of a 1-in. hole, so that if a l-in. shaft will 
enter a l-in. hole, two 1l-in. shafts shall enter a 
2-in. hole, and so on. 

In arranging for different amounts of tolerance 
to suit different accuracy requirements it is logical 
to provide that the closest average fit will be obtained 
in conjunction with the finest tolerances, and that it 
will be impossible for the closest fit permitted with 
coarser tolerances to be tighter than the closest fit 
permitted by fine tolerances. 

To comply with all the foregoing conditions, it is 
clear that no hole can be permitted that is smaller 
than the nomina] diameter, but holes may be per- 
mitted as small; that the largest hole permitted by 
coarse tolerances shall be larger than the largest 
hole permitted by fine tolerances, and that the 
smallest hole permitted by coarse tolerances shall 
not be less than the smallest hole permitted by fine 
tolerances, but may be as small. 

It is easy to see that the only arrangement of 
hole tolerances that will comply with these condi- 
tions is the system that has become known as the 
uni-lateral, in which the minimum hole for all 
grades is of the nominal dimension and the toler- 
ances permit only larger holes, the extent to which 
a larger hole is permitted or “ tolerated ” depending 
on the fineness or coarseness of the tolerance. 

For a given grade of fit it is, of course, essential 
that the amount of the tolerance increases in some 
ratio of the diameter, following a well-known law 
which need not be discussed, and this increase of 
tolerance with increase of diameter is usually 
arranged in convenient steps, Assuming this step 
arrangement, the position of the nominal diameter 
and disposition of the tolerances for holes of differing 
grades will be as shown in Fig. 4. 

As already shown, the various grades of fit that 
will be necessary must be so arranged that when a 
part made to a lower grade of tolerance is paired 
with a part made to a higher grade of tolerance, it 
cannot produce a tighter fit than when two corres- 
ponding parts both made to the finer grade of toler- 
ance, are paired together, and this should hold good 
in any one class as well as between different classes 
of tolerance or quality of work. 

Shafts can be considered in precisely the same way 
as holes. In the case of clearance fits, the largest 
permissible shaft must be smaller than the smallest 
permissible hole, é.e., than the nominal dimension 
by the amount of the minimum allowance, and, 
therefore, all shafts will enter a gauge of “‘ nominal ” 
diameter with a clearance fit of the required order. 

The shaft tolerance for clearance fits will be 
necessarily all on the minimum side, so that tolerance 
has the same effect as wear in shortening the useful 
life of the part, and a large tolerance will be equiva- 
lent to more loss by wear than a small tolerance. 
To obtain a slacker grace of fit, it will only be 
necessary to adopt a larger minimum allowance, 
but in conjunction with a larger allowance it is 
usually permissible to provide a larger tolerance. 

It is now possible to plot diagrams of shafts that 
will provide clearance fits in the “logical” holes, 
and three grades of clearance fits are shown in 


for at least nine grades of fit for each class or 
quality of work, namely :— 

(1) Third grade running fit. (The slackest.) 

(2) Second grade running fit. 

(3) First grade running fit, or sliding fit. 

(4) Push fit. 

(5) Key fit. 

(6) Light drive fit. 

(7) Drive fit. 

(8) Force fit. 

(9) Shrink fit. (The tightest.) 
Although all grades need not necessarily be pro- 


Fig.4. DIAGRAM OF GRADES OF HOLE. 
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5.DIAGRAM ILLUSTRATING LOGICAL EFFECT 
MODIFICATIONS IN ALLOWANCES AND 
TOLERANCES IN A UNI-LATERAL SYSTEM . 
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vided for each class, nor need every grade cover the 
full range of diameters, yet it will certainly be 
necessary to recognise and provide for more than 
one quality or class of work, when it is considered 
that limit gauges are used in such a large range of 
engineering activities, including :— 
(a) Optical instruments, aero engines, motor cars, 
(b) Machine tools, general engineering work. 
(c) Heavy engineering, marine engineering. 

_ (@) Agricultural machinery, structural engineer- 


ing. 

To establish a system of limit gauges on the fore- 
going F samapsatipe ions will require the determina- 
tion of :-— 

(a) The minimum allowance for each diameter in 
each grade so as to determine the maximum shaft 
and minimum hole. 








(b) The suitable tolerance for the hole, so as to 
define the maximum permissible hole. 

(c) The suitable tolerance for shaft, so as to 
define the minimum permissible shaft. 

To use the system when defined will require means 
for interpreting the requirements on drawings, and 
to meet all needs it will be necessary to provide 
for more than one method of doing this. Three 
systems, all quite logical, are in general use at the 
present time, namely :— 

(a) To express the various grades by a series of 
symbols. 

(6) To show the absolute figures. 

(c) To show the nominal dimension and the 
tolerance permitted as plus or minus departures 
from the nominal] dimensions in plain figures. 

All three systems have their -utility and advan- 
tages for particular cases. Fig. 6 shows at A, B 
and C respectively, the same simple part figured by 
each of the three methods. 

The question of tools has to be considered as well 
as gauges, and the tool requiring primary considera- 
tion is the reamer. Under the system developed, 
the size of new reamers will require to be greater 
than the nominal by the amount of tolerance per- 
mitted, so as to provide maximum life, and the 
minimum permissible size of a reamer will be 
reached when it has become reduced to the nominal 
size. 

A reamer for producing work to coarse tolerances 
will when new be larger than one for producing 
work to fine tolerances, and this is perfectly logical, 
as it means that a reamer for coarse tolerances will 
have a longer life than one for fine tolerances, and 
reamers should, therefore, be made large enough to 
produce the coarsest grade of work, as high grade 
work shortens the life of the reamer. 

Closely inter-connected with the tolerances for the 
work is the question of tolerances for the gauges, 
and four grades of gauges require consideration in 
connection with some classes of work, and in some 
cases each will require different tolerances :— 

(a) Standard gauges. 
(6) Reference gauges. 
(c) Inspection gauges. 
(d) Shops gauges. 

Fundamentally, the permissible tolerance on 
gauges—with the possible exception of inspection 
gauges—is a sacrifice of a proportion of the toler- 
ance permitted on the work, and the amount of work 
tolerance to be so sacrificed should be defined and 
taken into consideration in deciding on the gauge 
tolerance: and also on the tabulated permissible 
total tolerance. 

It appears probable that loss of work tolerance 
due to gauge inaccuracy will be proportionately 
greater in small sizes than in large sizes, and, there- 
fore, if inevitable the gauge tolerances must be 
arranged to effect this, small sizes will require pro- 
portionately greater tetal permissible tolerances 
than larger sizes, or in other words, in small sizes a 


‘| greater proportion of the total life of a part will be 


absorbed in tolerance than will be the case in larger 


sizes. 


Tolerances on the various grades of gauges should 
be so arranged that all inspection gauges will pass 
all work that shop gauges will pass, up to and 
including the greatest inaccuracy permitted by the 
most inaccurate shop gauges that are within the 
prescribed limits. Therefore, for inspection work, 
the tolerance should be plus on the high gauge and 
minus on the low. 

Other systems of arranging the disposition of the 
tolerances and allowances, while possibly quite 
workable in practice, introduce illogical results, 
showing a lack of conformity to principle, for 
example, it is illogical to pass as correct to size, & 
hole into which a plug gauge of the nominal size will 
not enter, as will be the case if either the mean or 
the maximum hole is made “ nominal” diameter, 
the former condition representing what bas become 
known as the bi-lateral system. 

Also, as will be gathered from what has already 
been shown, the bi-lateral disposition of tolerances 
ill, if the tolerances are fully used, provide cases 
a tighter fit will be obtained by adopting @ 

‘olerance than will be obtained with a fine 
and if pressed to extremes, a shaft made 
ing fit in connection with a fine tolerance hole, 
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may not be able to enter a hole made to coarser 
tolerances, as shown in Fig. 7. 

As regards reamers, the bi-lateral system like the 
uni-lateral system requires a new reamer to be 
larger than the nominal size, if the maximum pos- 
sible reamer life is to be obtained, and also permits 
the ‘use of larger reamers for coarse tolerances, but 
it also permits the anomaly that while a new reamer 
made to maximum size is suitable for coarse toler- 


Fig.7 DIAGRAM SHOWING ILLOGICAL& 
IMPERMISSIBLE EFFECT OF MODIFICATIONS IN 
TOLERANCES IN ABI-LATERAL SYSTEM. 
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ances, as it gets smaller it becomes first suitable 
for fine tolerance work, and then when still smaller 
and too small for fine tolerance work, again becomes 
useful for coarse tolerance work, as a coarse toler- 
ance hole is “ tolerated ” when it is smaller than the 
smallest hole permitted by finer tolerances. 

In reviewing the whole matter, therefore, on a 
logical basis, there appears little doubt as to which 
system conforms most nearly to first principles, and, 
therefore, which system will ultimately survive. 


(T'o be continued.) 





THE FAILURE OF METALS UNDER 
INTERNAL AND PROLONGED STRESS. 
(Concluded from page 432.) 

On the meeting reassembling in the evening of 
Thursday, the 6th inst., Sir George Goodwin, 
President of the Institute of Metals, who occupied 
the chair, referred to the fact that in the afternoon 
some of the engineers present had expressed them- 
selves, in the light of what they had heard, as rather 
dubious of the work which had been done in the past. 
His (the speaker’s) experience showed that such a 
feeling arose in the case of all engineers when they 
came into contact with metallurgists for the first 
time ; they becamealarmed. He thought, however, 
that if engineers were prepared to pick up any 
reference in the papers and discussions which they 
could put to good purpose they would find that 
there was no occasion for alarm. 

Sir George announced that the papers on steel 
would be taken first for reading and discussion, 
followed by those dealing with non-ferrous metals. 

The first paper read was entitled ‘‘ Notes on 
Fractures in Locomotive Boiler Tubes,” by Sir 
Henry Fowler, followed by four others in the order 
given, namely, “ Inter-Crystalline Fracture in 
Steel,” by Mr. D. Hanson; “The Presence of 
Internal Fractures in Steel Rails and their Relation 
to the Behaviour of the Material under Service 
Stresses,” by Mr. Henry 8S. Rawdon, Washi n, 
D.C, ; “ Intererystalline Cracking of Mild Steel in 
Salt Solutions,” by Mr. J. A. Jones; and “ The 
Failure of Metals through the Action of Internal 
Stress Irregularities, with Special Reference to Tool 
Steels,” by Mr. W. J. Neil Greenwood. We repro- 
duce the first paper in full on page 466, and others 
in ages on pages 467 to 474. 

iscussion was opened by Sir George Goodwi 
who said that the boiler, orbs avaky riveted 





joints referred to by Mr. Hanson, was not a common 
one in the Navy where the rivetted joints used were 
usually three-ply. The part in question which was 
stated to have failed might perhaps be the D-shaped 
water pocket of a water-tube boiler, and those 
pockets (subject to internal pressure) were subjected 
to high stresses, which might be called external or 
applied stresses. Metallurgists had given a large 
amount of information as to how to remove the 
internal stresses during the processes of manu- 
facture, and the complementary data given by 
Mr. Hanson were very interesting and useful. 

Mr. F. W. Harbord thought that the question of 
internal stresses, while of no specially great interest 
to engineers, was a most interesting one, and he 
added that when one went to the bottom of the 
cases of fracture their cause could be traced back 
to the working of the metal, to riveting and other 
processes of manufacture. But fractures were also 
due to the mysterious internal stresses in the material 
itself, upon which nobody could dogmatise in the 
present state of our knowledge. The failures due 
to mechanical stresses in working-up, riveting, 
were well-known to engineers, and they could be 
corrected by heat-treatment; in many instances, 
however, one could not apply heat-treatment, as in 
that, for example, of a completed boiler. But 
in the stage at which what he might term the manu- 
facturing stress occurred, one could heat-treat the 
material and get it in a uniform condition. The 
speaker cited the case of a special material which 
broke up into five or six pieces under the drop test. 
It was an alloy steel, and the brittleness was due 
partly to internal stresses and partly to stresses 
set up by the rolling temperatures ; this brittleness 
was, however, completely removed by heat- 
treatment. 

Dr. W. H. Hatfield, who followed, referred first 
to Sir Henry Fowler’s paper and said he had had 
the opportunity of examining the boiler tubes 
in question; they formed one of the very few 
examples he had met of really, truly brittle steel. 
He had been in the boiler and had been able to 
smash off pieces with a hammer. He would have 
expected to meet small incipient cracks, and there 
were some at parts, but at others the fracture was 
perfectly clean, this indicating true brittleness. 
It was difficult to explain why such was the case, 
but he thought the author had got as near to the 
truth as was at present attainable. In regard to 
the facts, these particular tubes, had a high phos- 
phorus content ; by the manner they were placed in 
position they were internally stressed to some 
degree, and this, coupled with the ups and downs in 
temperature to which they were submitted, led 
to their becoming truly brittle. The occurrence was 
a very rare one in the metallurgy of steel. In 
regard to Mr. Hanson’s paper, he (the speaker) 
thought that the author should lay more emphasis 
upon the point that the cementite occurring in the 
crystal boundaries had an auxiliary or contributory 
influence in causing the intercrystalline weakness. 
It must be admitted that corrosion between the 
crystal boundaries did take place under such ‘con- 
ditions as the author had postulated. But he (the 
speaker) recalled a discussion which took place at a 
meeting of the Iron and Steel Institute, at which 
it was clearly brought out that if rivet holes were 
examined it would in a number of cases be found that 
there were numerous incipient cracks. He would 
ask the author whether some of these cracks in the 
microsections were not pre-existent to the corroding 
influence. As for the cracks occurring between the 
crystals, that was probably so in the case of the 
author’s specimens, but in nine cases out of ten, 
in hardened steel, the crack was, as often as not, 
through and not round the polygonal grains. 
Unsymmetrical heating or cooling was generally 
responsible for cracking in hardened steel parts ; 
the heat was not equally distributed, perhaps 
by design or owing to the method employed in 
heating and cooling. He congratulated Mr. Jones 
on his work dealing with the cracking of mild steel 
in salt solutions. 

Professor C. F. Jenkin asked whether there was 
any suggested difference between external and 
internal stresses. He gathered that there was no 
difference, but some authors said or implied that 
there was a difference. In regard to the cracks in 





the hardened steel and referring to Mr. Hanson’s 
paper, he asked whether the cracks were invariably 
inter-c i or sometimes not, since Dr. 
Hatfield had referred to cracks occurring across the 
crystals. Was there a difference if the fracture 
occurred quickly or slowly? He (the speaker) 
that when the crack occurred quickly 
there would be sudden fractures across the crystals. 
Cracks going on for days might be between the 
. It might be of assistance to know whether 
the cracks occurred in planes icular to the 
stress or in planes inclined, at 45 deg. to 
the stress. Did the cracks, he also asked, occur in 
parts under compression, or under tension, or, 
again, in pure shear ? 

Mr. Archbutt said he had had to investigate 
some time ago the case of a steel barrel, full of 
rectified spirit, which through rolling over stone 
setts had cracked two-thirds of the way round, 
so that a great deal of the spirit was lost. The steel 
proved to be most exceedingly brittle. That 
crack, he thought, was largely inter-crystalline. 

Mr. O. W. Ellis stated that during the war he 
had carried out a large number of “ hardening 
tests’ on samples of steel, with a view to ascer- 
tain whether manufacturers were supplying 
material manufactured, or not, from the sound 
portion of the ingot. In every case where samples 
of 6-in. square steel had been supplied, and where 
they had been hardened, rupture took place in a 
few hours if there had been any piping in the billets 
supplied. In one instance he hardened 6-in. cubes 
and on entering the laboratory two days after he 
found that one of these had burst, a piece just 
missing one of the lady attendants. This process 
constituted a method of testing for finding out 
whether makers were supplying the right quality 
of material, as it revealed the presence of non- 
metallic inclusions, likely to be present in piping. 
If the steel ruptured, as was rarely found when 
non-metallic inclusions were not present, there 
would be no need to go further into the matter. 

Dr. Rosenhain said the question of the forming 
of inter-crystalline cracks in steel was an important 
one, and it could not be dismissed as summarily as 
Mr. Jones had done. Mr. Jones’s paper threw light 
upon the phenomena which might occur when steel, 
under stress, was exposed to certain types of 
chemical action ; but to conclude, as he had done, 
that so long a period as 14 weeks’ exposure in 
certain solutions did not lead to cracking, and that 
therefore some specific chemical action was needed 
to bring about cracking, was unduly rash. It 
remained to be proved that steel might not crack 
under a prolonged stress. Internal stresses were 
continuous in their action and working stresses were 
nearly always intermittent. In small sections of 
the material the question, of course, was the intensity 
of the stress and its duration, and how it got there 
was immaterial. He could not see how the mode of 
origin could affect matters, except that internal 
stress was constant in its action and applied stress 
frequently was not. That was a point of great 
importance. In the boiler examined by Mr. 
Hanson, the cracking was more marked in the outer 
portion than in the inside where there had been 
contact with water. It was difficult to think that 
chemical action due to the water or its contents 
had anything to do with the cracking in that case ; 
this remark applied to the rivet heads, There 
might have been some chemical action outside, 
but that was unlikely. The failure of this boiler, 
which was very old, might be said to furnish an 
example of failure not connected with chemical 
action. How far the occurrence happened without 
chemical action was an important feature, and that 
would have reference to all structures. One 
point which Mr. Hanson had not mentioned was 
that some tubes exposed to a nitrate solution had 
a behaviour analogous to that reported by Mr. 
Jones, this showing that chemical action played an 
important part. Some tubes exposed in a nitrate 
bath failed and some did not. Those that failed 
had been annealed at temperatures below the 
critical point, and had fairly large ferrite crystals 
with the cementite in a more or less “ patchy” 
condition ; those which had not failed were pearlitic 
in structure, having been normalised before the last 
pass, 
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Professor Porter referred to his experience with 
ordinary evaporating pans used for sodium chloride ; 
when so used, for evaporating salt, they gradually 
rusted through and were used until they became as 
thin as a sheet of paper. If these pans, after they 
had been used for a long time for common salt, 
were taken for evaporating sodium nitrate, they 
cracked, sometimes in a few hours, sometimes 
days ; they did not rust, but cracked, in one instance 
100 ft. across. He knew of dozens of cases of such 
cracks. It was quite certain that the action of 
sodium nitrate brought about the cracking. With 
sodium carbonates, calcium chloride, &c., no such 
cracking occurred. Mr. Jones’s paper had illustrated 
this action of the nitrate solutions. (Here Dr. 
Hatfield asked whether the cracks in the pans were 
numerous or a single crack. Professor Porter 
replied that they were long cracks which went 
across from one plate to another without “ paying 
attention to the rivet holes.’’) 

Mr. E. H. Saniter said the question of brittle- 
ness in mild steel boiler tubes had come under his 
notice. He saw once on the scrap heap at his works 
a\Swedish steel tube, 6-in. in diameter with a }-in. 
wall, which was split from end to end. He had a 
piece broken off and found that it was dead mild 
steel containing 0-05 per cent. of phosphorus ; it 
was brittle, although it could bend to 180 deg. 
without fracture, but it broke when the ends touched 
each other. That tube had been drawn to death 
on the mandrel, all the life had been worked out of 
it cold and it showed a much reduced. tensile 
strength. As for the fractures in steel rail heads, 
the point had been discussed for many years in 
America, The granular structure was a pseudo- 
structure caused by cooling. The Americans 
carboned their rails to a great extent, and we did not 
go to the same hardness in this country. In regard 
to the salt pans, the process of salt manufacture 
precipitated sulphate of lime on the bottoms of the 
pans, which caused them to be grossly overheated 
for a considerable time giving rise to a structure 
liable to attack by chemical action. Much had 
been heard about quenching steels and about soft 
steel. In guns made of 3 per cent. nickel steel 
having a tensile strength of 40 tons per square inch, 
the material was in some instances in a state of 
great stress which was very difficult to remove. 
Unless this stress could be got rid of it would inter- 
fere with getting the specification results required. 
He (the speaker) experimented with a 7-in. round 
of nickel steel which would not give the bending 
results, nor the required elongation in the transverse 
tests. He cut it in a dozen test-pieces; those 
having the odd numbers were treated in an oil 
bath for 1 hour at 250 deg. and stood the bending 
test. All the others broke. It was a pure question 
of direct stress in the steel and he maintained— 
the amorphous theory notwithstanding—that this 
stress was removed by heating at the temperature 
mentioned for 1 hour. 

Mr. Greenwood, in the course of his reply, said 
the only difference between internal and external 
stresses was that the internal ones were due to forces 
between the atoms, actually derived from internal 
stresses, whilst the external stresses were due to 
any tension or compression stresses externally 
applied. It could be seid that compared with 
an internal stress causing fracture an equal external 
force would also cause a fracture, but it was difficult 
to estimate the extent of an internal stress at any 
particular point; it could only be averaged out 
for the cross-section of the piece. As for the method 
advocated by Mr. Ellis for inspection, that method 
was rather unfair on the manufacturers since it 
would not only pick out bad specimens but good 
ones also. Non-metallic inclusions, in thin strips 
especially, were a cause of weakness; the same 
occurrences, however, might be found when they 
were manufactured from non-piped ingots, but 
embodying a source of weakness due to cold or hot 
rolling. [In reply to a question by Sir Henry 
Fowler, the speaker said that the carbon percentage 
was anything from 0-8 to 1.] 

Mr. Hanson, replying to the discussion, said a 
question had been asked as to whether cracks 
existed at the rivet holes in the boiler plates ex- 
amined ; he could not reply to the point since it 
was not anticipated that the boiler was going to 


crack and they did not examine the riveting first. 
With reference to intercrystalline cracking, Dr. 
Hatfield gave the impression that this type of failure 
was unusual [Dr. Hatfield here remarked that he 
had stated that in nine cases out of ten the fracture 
went sometimes across and sometimes through the 
crystal boundaries]. His (the speaker’s) experience 
was of a contrary nature. Most of the fractures 
of hardened steel which occurred in use were rapid 
fractures, and these were not intercrystalline; they 
had a characteristic silky fracture passing through 
the crystal grains. He referred to a cracking which 
took place gradually, and could not say that it was 
always intercrystalline; rapid fractures as a rule 
were trans-crystalline and slow ones intercrystalline. 
He could not say what was the relation of the 
cracks in hardened steel to the stress in the article, 
since he had chosen a very complicated piece of 
steel to harden, because he wanted it to crack. 
Presumably the metal at the points at which the 
cracks started was in tension. 

Sir Henry Fowler asked Mr. Saniter for a micro- 
section of the tube he had referred to. He would 
also like to see an analysis of the rail dealt with in 
Mr. Rawdon’s paper. He (the speaker) had had 
experience in America with the defect known as 
“snow flakes” in rails. He would ask whether 
the initial trouble with the rails under discussion 
was the same as in the case of these “ snow flakes.” 
Dr. Burgess had examined numbers of these flakes 
and had found no lack of continuity in the con- 
stituents up to the plane of fracture and beyond it. 

Mr. Jones thanked the members for the discussion 
on his paper. He was glad that Mr. Harbord had 
pointed out that internal stresses in the steel were 
removed by heat-treatment; but, as he had also 
said, one could not remove them all from a com- 
pletely manufactured article. In regard to Dr. 
Rosenhain’s remarks, he (the speaker) did not say 
that the plates referred to would not crack although 
he was strongly of that opinion ; he saw no reason 
for Dr. Rosenhain’s allegation that this was a rash 
statement. Some of the specimens in a nitrate 
solution cracked in 2 days, and in the calcium 
chloride solution they had not cracked after 105 
days, a ratio of 1 in 50, and others were still going 
on. In the matter of the action of the nitrates 
he could not say more in addition to Professor 
Porter’s remarks ; he had only suggested that the 
active agent was nitrogen. 

The meeting then dealt with the papers referring 
to non-ferrous metals. These papers were read in 
the following order :—‘‘ The Spontaneous Cracking 
of the Necks of Small Arm Cartridge Cases,” by 
Mr. W. C. Hothersall; “‘ The Prevention of Season 
Cracking in Brass by the Removal of Internal Stress,” 
by Mr. H. Moore and Mr. S. Beckinsale; ‘ Ex- 
periences of Season Cracking during the Great 
War,” by Mr. Owen W. Ellis; “‘ Note on Phosphor 
Bronze Bars,” by Mr. John Arnott. We also 
reproduce these papers in abstract in our present 
issue. 

Mr. H. L. Heathcote opened the discussion, 
saying that in the afternoon sitting Mr. Pendred 
had deplored certain omissions. He (the speaker) 
asked whether in some instances there was no 
possibility of turning the internal stresses to 
account. He had in mind the case of a gun with its 
internal stress round the inner tube produced by 
winding the wire in high tension; that was an 
instance of internal stress being usefully applied. 
In the case of ball bearings at the point of contact 
the stresses were very great, but even then it 
might be possible to succeed in producing a state of 
initial stress in the metal opposite to that produced 
by the loading. There was a useful side, apart 
from the seamy side in the question. 

Mr. Robinson, who followed, said that both 
metallurgists and engineers welcomed the papers 
and discussions. He had been associated since 
1914 with the inspection of materials and had 
investigated the question of intertial stresses. 
In 1914 also, an interesting lecture was de- 
livered in that same room by Heyn on the 
internal strains in cold-wrought metal. This 
same problem had _ been investigated by 
Woolwich and other establishments. Mr. Ellis 
had carried out for him (the speaker) work on 





brass rods. In the afternoon sitting reference had 





been made to manufacturers being able to make 
brass rods without internal stresses ; they could do 
so, the speaker said, but they did not. It was 
notorious that during the war a great deal of 
material was inspected at the makers’ works which, 
on being stored, went to pieces. That was why 
Woolwich had decided to inspect the material in 
the Arsenal, and he and Mr. Ellis had taken bars out 
of store and had dealt with them as Mr. Ellis had 
said in his paper. The bars were put into the fur- 
naces, then allowed to go down to the requisite 
temperature, and left to remain over the week-end. 
He (the speaker) believed that sufficient attention 
had not been paid to the question of ingot defects, 
and he felt convinced that if manufacturers would 
only consider brass ingots with the same care with 
which they considered steel ingots, a marked im- 
provement would be arrived at. There was in 
addition to defects due to spills and inclusions, 
a chilling effect in brass ingots, and some ingots 
had not a sufficiently large cross-section. The 
making of a quick-firing cartridge case differed 
from the making of a brass tube or rod, and the 
process of making the cartridge case led to a heavy 
stress developing under the head. The cartridge 
case was not stressed during the actual firing, but it 
was stressed during its actual manufacture, and 
with a judicious treatment a large amount of the 
stresses could be removed. He showed on the 
screen an illustration of a gas-fired furnace for heat- 
treatment at temperatures of 260 to 280 deg. a 
result of experiments carried out by Mr. Moore. 

Sir Henry Fowler said that he had charge for some 
time of the inspection under the Ministry of Muni- 
tions, of brass rods for the manufacture of fuses, 
and his experience was different from that of Mr. 
Robinson and Mr. Ellis. He had not experienced 
trouble from cracked brass rods. although he had 
had some proceeding from spills and piping. 

Professor Jenkin asked Mr. Moore whether he 
considered the method of testing internal stresses 
by mercurous or other treatment was fairly accurate, 
and one which ought to be capable of measuring 
the actual stresses in the material ; in other words, 
whether merely by putting in test pieces under 
stresses the pieces could be compared with the 
stressed material in a cartridge case, and give an 
accurate estimate of what the stresses in the 
cartridge case actually were. He could hardly 
imagine that this had not already been done. 

Mr. O. W. Ellis referred to a recent paper by 
Professor H. M. Howe, where he found in relation to 
the rolling of strips placed in contact with one 
another, that the strips bent towards the rolls as 
they passed through. Mr. Woodward, in discussing 
that paper, referred to the experiments he had made 
on the cold rolling of very thin strips of brass, and 
this might be of interest to Mr. Moore in regard to 
the latter’s strips. The strips were rolled, covered 
with paraffin wax on one side and on the ends, 
following which they were treated by nitric 
acid in such a way that the thickness of the 
strips was reduced by half, then it was found 
that quite a considerable bending had taken place 
in the strip ; it was not implied that the amount of 
bending approached that which occurred when two 
strips were rolled side by side. Mr. Woodward 
had also stated that examination had revealed the 
fact that by cold rolling strips tensile stresses were 
set up in the direction of rolling and compressive 
stresses at right angles to the direction of rolling. 
In reply to Mr. Fowler, in regard to the difference 
experienced between the Ministry of Munitions 
and Woolwich, he stated that the actual figure at 
Woolwich was 1 per cent. 

Mr. Dodo, who was indistinctly heard, having 
spoken from the back of the hall, questioned figures 
quoted for the physical tests of bars annealed and un- 
annealed. 

Mr. Moore, in the course of his reply, stated that 
the question of utilising internal stresses was receiv- 
ing marked attention, but the case which had been 
quoted of a wire-wound gun could hardly be taken 
as an illustration, unless the gun were considered as 
a whole piece of metal. The inner tubes were 
retained in a state of compression by the wire and 
by the outer tubes, each tube, and the wire itself, 
being constrained by external stress. He was glad 
that reference had been’ made to the excellent 
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work carried out by the ordnance factory for the 
removal of internal stresses, and also that emphasis 
had been laid on the trouble arising from those 
stresses by season-cracking. Although 1 or only 
4 per cent. of material were suspicious, that was 
sufficiently serious for consideration. He (the 
speaker) did not agree with Mr. Robinson to the 
effect that ingot defects were the cause of season- 
cracking. He (the speaker) had never found 
cracks to be associated with defects in the ingot. 
Ingot defects, however, were a source of trouble in 
other directions, but there was no strong evidence 
that they occasioned season-cracking. Professor 
Jenkin had asked whether the mercurous test might 
not be made quantitatively. He (the speaker) 
had already taken the point in hand with Mr. 
Beckinsale, but it was a difficult question. The 
suggestion was that by applying the mercurous 
nitrate solution to brass which was in a state of 
tension, and observing the effects it might be 
possible to determine the stresses in stressed brass 
by comparison. While, however, we could deter- 
mine to some extent the minimum stress which 
would cause the brass to fail, he doubted the 
possibility of going further than that. The time 
element came into play in the mercury and ammonia 
tests, and their effects increased with the time. 
The question was also affected by the hardness of the 
brass, which was not known when testing for the 
presence of external stress. If brass cracked in the 
solution one could say that there was a stress to 
the order of five to six tons per square inch ; but 
even that was greatly affected by the hardness of the 
brass. With reference to Mr. Ellis’s remarks, the 
point was whether the strips had any initial stress, 
and he might say certainly that there was no 
appreciable tension in the external layers of the 
brass strip. The strip showed no tendency to 
crack under the action of’ mercurous nitrate or 
ammonia. One point in connection with Mr. 
Arnott’s paper was as to whether anybody had 
come across season-cracking in phosphor bronze. 
In a state of stress phosphor bronze would crack 
under the action of mercurous nitrate, but the 
speaker had not experience of actual cases of 
season-cracking in phosphor bronze. 

Sir George Goodwin thanked all the authors for 
their contributions and all who had taken part in 
the discussion. Captain Sankey and Sir George 
Goodwin received the thanks of the meeting for 





having presided at the sittings. The Institution”of 
Mechanical Engineers were also thanked for the loan 
of their premises. 





THE MANUFACTURE OF BALL 
BEARINGS. 
(Concluded from page 418.) 

TE greatest interest for the ordinary engineer 
lies in the manufacture of the balls themselves, as 
the product is unique amongst engineering articles 
and the methods of manufacture have been hereto- 
fore considered as trade secrets. By the courtesy 
of Messrs. Ransome and Marles, however, we are 
able to publish very full details of their methods 
and to describe the complete series of operations 
by which the raw material is converted into the 
finished ball. The raw material is in the form of 
wire or rod according to the size of ball required. 
It consists of chrome steel, the proportion of 
chromium varying with the size of the ball. Fora 
}-in. ball the percentages of the important alloys 
would be about as follows: Chromium 1-28, 
carbon 1-06, manganese 0-5 per cent. Originally 
it used to be the custom for the first operation to 
consist in turning the balls from the rod in a lathe, 
and this practice is still followed by some makers. 
Messrs. Ransome and Marles, however, always forge 
their balls, as this not only saves material, but 
improves the quality of the material by reason of the 
mechanical work done upon it. If balls of both 
respective kinds are strongly etched with acid, the 
forged balls are attacked less severely and over a 
smaller area, the difference in the corrosion being 
sufficient to enable the method of manufacture to be 
determined with practical certainty. The corrosion 
is always worst on the end grain of the material, 
and the areas of the grain are smaller in the ease 
of the forged balls, while the grain is denser because 
of the deformation of the metal by the dies. 

The material from which the balls are to be made 
is of course put through the usual chemical and 
physical laboratory tests before it is issued to the 
works. It has to be correct as to composition and 
crushing strength, and furthermore a piece cut from 
the bar, one and a half diameters long, has to 
stand crushing cold to two-thirds of its original 
length without showing any sign of flaw or splitting. 
Balls of }in. diameter, and over, are forged hot, 
the first operation being to shear the’ bar ‘irito 











slugs, each of sufficient length to make one ball. 
This is done cold. These slugs are then heated 
in a gas-fired muffle, and placed one by one in 
the fixed hemispherical die of the stamping 
press. The ram contains an exactly similar die, 
and one blow converts the slug into a sphere with 
a thin fin of extruded metal round ite equator. 
The ball is ejected from the die and rolls 
down an inclined shoot into a tray beneath the 
adjoining press. The operator here pieks it up 
with tongs while still red-hot and places it on the 
flashing die. The descending ram forces it through 
this die, thus shearing off the “flash ” and leaving 
the ball practically spherical. A pair of forging 
and flashing presses are shown in Fig. 21, on the 
present page, and these will turn out about 3,600 
one inch balls in a day of 8 hours. 

The forged balls are next annealed in gas-fired 
muffle furnaces and then rough-ground all over. 
This is one of the most interesting processes from 
the manufacturing point of view. The machines on 
which the operation is performed have a vertical 
spindle carrying a large annular grinding wheel, 
the upper flat face of which does the work. Imme- 
diately above this wheel is a fixed annular plate, 
the inner edge of which is bevelled to an angle of 
about 45 deg. When the machine is working a 
circular bevelled plate occupies a position centrally 
in the fixed outer ring, so that between the edges of 
these plates there remains an annular vee-shaped 
groove, open at the bottom. A photograph of the 
machine is reproduced in Fig. 22 and a sketch to 
show the arrangement of the essential parts is given 
in Fig. 23. The annular groove is filled with a row 
of the forged balls, upon the top of which a heavy 
horizontal wheel descends, pressing them into the 
groove. This wheel rotates, causing the balls to 
roll round and round the groove, and the portion 
of them which projects through the open bottom of 
the groove is acted on by the grinding wheel running 
‘ata high speed immediately beneath. The grinding 
wheel is fed upwards by a micrometer feed, which is 
automatically tripped at a predetermined point. 
The spindle of this wheel is mounted eccentrically 
to the ball groove,'so that the wearion the wheel 
takes place evenly across its face. The eoventfitity 
of the grinding wheel together with the fact that the 





path’ of the ball on the inner #idé of the groove is 
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longer than its path on the outer side, causes the 
ball to spin about a vertical axis as well as roll about, 
a horizontal one, and the consequerice ‘is that it is 
effectively ground all over. The work is,done dry, 
the dust being removed by an exhausting arrange- 
ment fitted to each machine. Each machine will 
tak@ about one hundred }-in. balls, and will rough 

ind them im_about twenty minutes. They are 
removed by lowering the centre bevelled plate by 
means of a lever at the side, when the balls of course 
runout. The next operation is to finish-grind them, 
which is done on precisely similar machines using 
a finer, grade of stone. The balls are then about 
0-006 in, "over the finished size and are, of course, 
in the soft’ condition.- 

To make the account of ball-making complete, 


‘tions carried out on both types are identical. 
and 


their interior a hollow spiral. pipe, 


employed in 


furnace so slowly that they remain for’a long time 





we must now return to the manufacture of the 





Fig, 24. 


smaller sizes of ball, which, as we have said, are not 
hot forged. The steel for these balls is used in the 
form of coils of wire or rod, and the balls are first 
formed on cold-heading machines. The wire, which 
for the }-in. ball suitable for the bearing which we 
have previously described would’ be 0-275 in 
diameter, is automatically and intermittently fed 
through the machine by means of a ratchet device. 
It emerges through a quill, and the projecting end 
is sheared off by a knife fitted with spring fingers 
which hold the slug and carry it forward to the dies. 
As these close on it, the fingers are withdrawn, and 
the “slug is pressed into a ball having a fine fin 
around its centre, The balls, so formed, drop 
into a tray as the dies separate, and are then 
annealed. in gas-fired muffles, The next opera- 
tion. is, to. remove: the fins, or flash as it is 
termed. For this purpose the balls are put into 
a knurling machine in. which they are repeatedly 
rolled between the fixed and moving faces of a 
pair of case-hardened steel plates. The opposing 
faces of these plates are furnished with annular 
semi-ciroular grooves having knurled concave sur- 
faces, between which the balls roll. The plates are 
mounted on a horizontal axis, one being stationary 
and the other driven by the machine. The stationary 
plate has a parallel gap from the edge to the centre, 
this gap being horizontal when the plate is mounted. 
The balls being rolled round the; grooves by the 
motion ot the running plate, descend to the top of 
the gap and escape from the machine into a spiral 
shoot, down which they flow and are conducted to the 
ends of the grooves on the lower side of the gap. 
They become mixed in the shoot so that they enter 
different. grooves for their next revolution, and 
this process is continued until they have all their 
fins and scale removed. These same machines are 
used for the subsequent lapping of the balls, the 
knurled gap-plate being then replaced by a gap-plate 
with in grooves and a grinding wheel being 
substituted for the running plate. After knurling, 
the cold forged balls are rough-ground, and finish- 
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at the; “soaking” heat, and -finally fall out 


Fic. 


Fig. 26STEEL BALLS SCLEROSCOPIC HARDNESS. 
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(6758.K) Diameter of Bail in Inches. 


into a bath of oil or water according to size, 
in which they are quenched. An electric pyro- 
meter enables the temperature of the furnaces to 
be maintained at a degree which has been found 
experimentally to suit the size of ball and the class 
of steel of which they are made, the usual tempera- 
ture being in the neighbourhood of 800 deg. C. 
After hardening, the balls are tempered by being 
boiled in oil or water, according to the size, and the 
results required. They are then descaled by being 
run in tumbling barrels along with a mixture of 
potash and grit, and a second course of barrelling 
witb potash and fine abrasive finishes their surfaces 
sufficiently for the hardness test. This test consists of 
crushing to destruction in a hydraulic press 10 balls 
from every batch. Each ball is crushed separately 
between a pair of hardened steel dies, the pressure 
required to do this being noted on the hydraulic 
gauge. Bags are wrapped around the dies before 
the pressure is put on and the operators are further 
protected by means of a movable steel guard as a 
properly hard ball bursts under the pressure with 
almost explosive force, and the flying fragments 
might cause serious injury. Should any of the balls 
be soft, or should they not all show the same hard- 
ness within reasonable limits, the whole batch is re- 
hardened. 

It is curious to note that should a ball be sub- 
jected to a pressure greater than about half the ulti- 
mate crushing pressure, and then be removed from 


ground exactly as described in the case of the hot- 
forged balls, and from this point onwards the opera- 


The next operation is to harden the balls. They 
are heated in rotary furnaces by a continuous 
process. The furnaces, which can be seen in the 
background of Fig. 6 (page 416%ante), have in 
at 
every revolution the inlet end of the pipe re- 
ceives a certain number of balls which gradu- 
ally roll towards the outlet end as the furnace 
rotates. The principle is in fact similar to that 

the Archimedean screw. The spiral 
pipe is kept heated by gas flames playing into the 
interior of the furnace, and the balls traverse the 


the machine, it will almost certainly fly to pieces 
suddenly and spontaneously within a space of time 
varying ‘from a few minutes to a few hours. An 
examination of the fragments of a crushed 
ball is also interesting. At the points between 
which the pressure is applied a sharp pointed cone of 
crushed metal seems to be formed, and the driving 
of these cones into the body of the ball appears to be 
the ultimate cause of its bursting. It may be 
mentioned at this point that the scleroscope hard- 
ness test conveys practically no useful information 
as to the hardness of a ball. The rebound of the 
hammer, which gives the scleroscope reading, is 
much more dependent upon the size of the bal] than 
upon its hardness, and in fact if a series of balls of 
equal hardness be tested under the scleroscope, the 





size of any ball can be fairly confidently stated 


. 





26. VisuaL Inspection or BALLs. 


if the respective’ scleroscope reading is known. 
The scleroscope number, moreover, is not by any 
means a simple function of the size of the ball. 
Small balls give a high scleroscope number which 
diminishes to a minimum for balls of about % in. 
diameter, and then increases more slowly as the 
size of the ball tested increases. 

Fig. 25, annexed, shows the actual scleroscope 
readings of a series of balls of gradually increasing 
size, from 4 in. diameter to 1 in. diameter, and all 
of equal hardness within commercial limits. The 
shape of the curve is very curious. The value for 
a yz in. ball is just about the same as would be 
obtained for a ball of equal size, but in the soft state. 
The reason for the strange results of the scleroscope 
test when applied to balls is not yet fully explained. 
It appears to be due to the reflection back of the 
pressure wave produced by the blow, the reactive 
effect on the hammer depending upon the phase 
of the returning wave. This will, in turn, depend 
upon the size of the ball. 

Returning once more to questions of manu- 
facture, the balls when passed for hardness have 
next to be “lapped.” This word is really a mis- 
nomer, or at any rate it does not convey any idea 
of the process to an ordiuary engineer. The lapping 
machines are the same machines as used for the 
knurling process, described above. Fig. 24 shows 
a photograph of one of them, with a grooved plate 
standing in the foreground. The plate is of chilled 
cast-iron and the grooves are semicircular in cross- 
section, with a narrow rectangular trench cut back 
into the plate at the centre of each of them. The 
grinding wheel is a disc, one of the flat faces of 
which presses the balls into the grooves and drives 
them round the fixed plate by its rotation. Asin the 
case of knurling, the balls escape at the place where 
the slot occurs in the fixed disc, and pass down a 
spiral shoot to re-enter the grooves below the slot. 
A stream of paraffin plays on the balls passing down 
the shoot. The grinding wheel is forced against 





the balls with a pressure of from 400 lb. to 600 Ib., 
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the exact pressure being indicated by a gauge on 
each machine. 

There are altogether three separate lapping 
operations, all exactly similar to each other, except 
that the stones are successively of finer grade. 
The balls leave the first lapping machine from three 
to ten thousandths of an inch over size. They leave 
the next machine about one ten-thousandth of an 
inch over size and leave the last machine practically 
dead to size and with a high finish, A good deal 
more has to be done to them, however, to obtain 
the perfect polish which is characteristic of the 
commercial article. The operation next after 
lapping consists in tumbling the balls in a barrel 
containing rouge powder and scraps of leather. 
This is continued for many hours and the balls 
emerge from the process highly polished. They are 
next given a final shine in another tumbling barrel 
containing a solution of potash, remaining in this 
barrel for perhaps 8 hours to 16 hours. There is, 





inspector has to reveal is the presence of soft spots 
in the otherwise hard balls. 1b i hob clots here 
these can occur, but they do. Their existence is 
shown by a kind of brown cloudiness on the surface 
of the ball, which would never be noticed, or its 
significance suspected, except by the trained 
inspector. The softness is only relative to the glass- 
hard surface of the rest of the ball, but if the ball be 
tried for hardness with a file, it can be seen under the 
microscope that while the normal surface is abso- 
lutely unaffected, the soft spot has been marked by 
the file teeth. The microscope also shows the 
reason for the visibility of a soft spot. The surface 
there is minutely pitted, and lacks the high polish 
which the various operations have produced on the 
harder parts. It need hardly be said that absolute 
cleanliness is necessary for visual inspection to be 
practicable. The inspectors all wear gloves of soft 
chamois-leather, and also have chamois-leather 
cloths to place the balls on, as the slightest trace of 


Although the accuracy of the balls 
is within + 0-0001 in, of size, the actual variation 
in size between the balls in any bearing manu- 
factured by Messrs. Ransome and Marles is very 
much less than this. The balls are graded into a 
total. of eight sizes intermediate between the 
limiting permissible sizes. The difference in) size 
between the balls of any two successive groups is 
therefore only 0-00002 in., or one fifty-thousandth 
of an inch, and all the balls in one bearing are. 
taken from the same group. This almost, in- 
credible accuracy is of course not guaranteed, 
but it is aimed at and practically attained in the 
works we are dealing with. The method of grading 
is for the gauger to place all acceptable balls in 
one or other of three different heaps, according to 
the ease or otherwise with which they pass through 
the ring. There is thus an oversize heap, an under- 
size heap, and a standard heap. The two, former 





heaps are then passed again, through ring gauges, 
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Fig. 27. Component Parts of Rotuer BEaRInNGs. 


however, a limit to this treatment because a too 
long-continued immersion in the potash solution 
spoils their colour by developing a brownish tinge. 
The final treatment which they undergo consists 
in being tumbled in yet another barrel along with 
leather and sawdust, which dries them and gives 
them the very last touch in polish. 

During the later stages of the lapping processes 
and also during the tumbling operations, the balls 
are very carefully gauged, as the object of all these 
operations is to produce a batch of balls not only 
as perfectly polished as it is possible for them to be, 
but also all of exactly the required size. In this 
connection it must be remembered that “ exactly ” 
has a meaning which verges upon that of “ abso- 
lutely,”’ for in a ball-bearing factory a ten-thousandth 
of an inch is regarded as a “‘ door step.” The final 
gauging of the balls cannot take place until they 
have had 12 hours or so to lose the warmth which 
they contain upon removal from the drying barrel. 
During this interval they are visually inspected for 
cracks, flaws or soft spots. This work is done by 
girls who acquire a most remarkable skill in detecting 
instantly any defect which could hardly be seen by 
the untrained eye even when pointed out. It 
might be thought that there was a likelihood of 
defects of the kind we have mentioned escaping 
notice, but it is found that the results of the visual 
inspection are perfectly reliable as a second inspec- 
tion by a different operator will produce identical 
results. 

Inspection is carried out in a well-lighted room, 
the girls being seated at a table and each provided 
with a light shallow rectangular tray into which 
ten or a dozen balls are placed simultaneously. The 
bottom of the tray is lined with white paper, the 
surface of which is reflected on the underside 
of the polished balls, and renders any defect in them 
visible to the trained eye. A momentary glance at 
the row of balls suffices, and then they are rolled 
about by the motion of the tray, so as to present a 
fresh part of their surfaces for inspection. Fig. 26 
shows an inspector at work. When the whole of the 
surface has been examined and any defective ball 
picked out, the remainder are tipped into a box for 
gauging. One of the defects which the visual 
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grease would make examination impossible. A gir! 
will inspect about 5,000 4-in. balls in an 8-hour 
day, and the number found imperfect may be 
estimated from the fact that in a batch of 20,000 
which had just been inspected at the time of our 
visit, 344 were rejected for soft spots, 81 for cracks 
and 247 for surface defects. This, however, is 
somewhat more than the usual percentage of rejec- 
tions. 

The balls which have passed visual inspection 
are next sent to the gauging room, which is kept 
at a constant temperature. The actual process of 








gauging consists in passing every individual ball 
through a ring gauge, which is set by a standard 
ball known to be accurate within the limits of 
possible measurement. Every ball which leaves 
the works is guaranteed to be within plus or minus 
0-0001 in. of standard size. The girls who do the 
gauging push the balls through the plate, and deter- 
mine by the sense of touch whether they are within 
permissible limits of size. Those thrown out, or 
about which there is any doubt, are tested on a 
minimeter which gives a highly magnified reading 
of the measuring points by means of a Jong pointer. 
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the latter being set to sizes fractionally higher or 
lower than the standard size. By repeating this 
process the whole of the balls are sorted into groups 
of size, varying, as we have said, by only about one 
fifty-thousandth of an inch. On the occasion of 
our visit to the works of the Ransome and Marlies 
Bearing Company, Limited, we picked out three 
balls at random from one of the boxes into which 
they were being sorted, and we saw them afterwards 
measured on a Societé Genevoise measuring machine, 
when they were found to be all exactly 0-00002 in. 
less than standard size. 

As a check on the work of the shops Messrs. 
Ransome & Marles periodically send to the National 
Physical Laboratory for measurement, balls taken 
at random from their own stock; these are some- 
times sent alone and at others with balls of other 
makers of repute bought in the open market. The 
following tabulated results of typical tests show the 
wonderful accuracy to which the makers have 
attained. In the first table the set A were the firm’s 
own }-in. balls and those B were bought outside. 
The N.P.L. report is as follows :— 

“The balls have been compared with the 
laboratory standards. The mean errors from 
nominal size, and the variations in actual size given 
in the following table represent the results of 
12 readings taken over various diameters of each 
ball ” :— 


























Set A Set B. 
Mean Error Error 
Ball. |from Nominal} Maximum |from Nominal} Maximum 
Size at Variation. Size at Variation. 
62 Deg. F. Deg. F 
in. in. in. in. 
1 +0-00005 0-00002 —0-00011 0-00005 
2 —0-00001 0-00002 —0-00014 0-00004 
3 +0-00005 0 -00002 —0-00007 0-00003 
4 0-00000 0-00004 —0+00004 0-00004 
5 +0-00007 000001 —0-00005 000004 
6 +0-00009 000005 —0-00011 0-00003 
7 —0-00003 0 -00001 —0 ‘00007 000008 
8 —0-00001 000004 —0- 0: 
9 | —0-00003 0-00002 | —0-00010 0: 
10 +0-00004 0-00002 —0-00005 0- 
ll —0-00001 0-00002 —0: 0.gnnms 
12 +0-00008 000003 —0- o- ty 
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It will thus be seen that the balls made by Messrs. | Marles on an electric welding machine which heats 
Ransome and Maries were materially more uniform | up the projecting end of the wire pins used for the 


in #ize and more nearly accurate to their nominal | purpose and heads them down neatly and effectively. 
size than those with which they were compared. 
The following - @ report 







oh @ batch of %-in. balls [MENT OF FOOTSTEP BEARINGS 
recently tart by the . 
N.P.L. 


“These balls have been 


Although, in view of the exigencies of space, we 


and such bearings form a very appreciable part 
of the output of the Newark factory. On page 447, 
are numerous illustrations of anti-friction bearings, 
in which balls and rollers are used either separately 
or in conjunction. Fig. 27 shows component parts 
of roller bushes of various sizes and types. The 
roller cages are the most interesting parts. The 
rollers themselves are small steel cylinders, wit) 








measured at the labora- 
tory and their mean sizes 
at 62 deg. F. are given 
in the table below. The 
sizes given are the mean 
of ‘about 30 measurements 
made over various diameters. 
The greatest measured varia - 
tion in diameter of any one 
ball was found to be 0-00003 
in.; ‘but generally speaking 
the ‘variation found did not 
exceed 0-00002 in. 
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We have t now described the Mi NE to testing 
and inspection of all the component parts of a 
typical ball bearing and there remains only the 
assembly of the parts to be dealt with. In order 
to produce the most perfect bearing possible within 
the limits of tolerance which oe be allowed for 
in commercial manufacture, Messrs. Ransome and 
Marles grade all their inner bearing rings, after 
they are finished, according to the exact aenaer of 
the ball track, this dimension being carefully deter- 
mined for each individual ring. The grading is done 
by steps varying only by one ten-thousandth of an 
inch, The outer rings are similarly graded. The 
rings are then paired according to size, and, as we 
have already mentioned, each pair is fitted with a 
set of balls also graded for size. The consequence 
of this method of selective assembly is that every 
bearing is a much more perfect fit than if complete 
interchangeability of rings with respect to each 
other were attempted. There is in fact no need 
for such interchangeability, as nobody thinks of 
taking ball bearings to pieces and using the inner 
ring of one in conjunction with the outer ring of 
another, All dimensions which concern the user 
of the bearings are, of course, identical within the 
guaranteed limits of tolerance so that perfect 
interchangeability of the whole bearings is assured. 
It should be mentioned here that the ball bearings 
made by Messrs. Ransome and Marles for magnetos 
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are fully interchangeable even as regards the rings, | have had to limit ourselves to a description of the 


Os AE DARREN OF, Hi, enee ite, Dae 00 be 
obtained, however costly the workmanship 

The final process in the manufacture 7 a bearing 
is the insertion of the balls and cages and the 
riveting together of the two halves of the latter. 
The riveting is done by Messrs. Ransome and 


processes involved in the manufacture of the 
component parts of a typical ball bearing, it must 
not be assumed that Messrs. Ransome and Marles 
confine themselves by any means to the production 
of bearings of this kind. For certain classes of 
work the roller bearings have special advantages, 








a hardness, finish and accuracy equal to that of 
steel balls. The individual rollers are strictly 
limited in length, and in all but the smallest bear- 
ings, two, three, four or more are used in line, to 
make up the total length of bearing surface required. 
This method of construction removes all the danger 
of fracture, or endwise working, which long rollers 
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would be subject to. The cages are made of white 
metal, reinforced round the ends with wire. They 
are die-cast with the rollers in position, and the job 
appears to be all that could be desired. 

A roller plummer block, designed to replace shaft 
bearings of the usual type, is illustrated in Figs. 
28 and 29. A tapered split steel sleeve is slipped 
over the shaft and the inner roller race is held on 
it by means of a nut as shown in Fig. 29. This 
arrangement permits the bearing to be located at 
any desired point of the shaft, and takes care of 
commercial inequalities in the diameter of the shaft. 
The roller ring carries 15 rollers, 3 in. diameter. 
The whole design is extremely simple, and the 
bearing will run for long periods with vastly less 
attention or lubrication than the usual pattern, 
besides consuming much less power in friction. 
A point which should be noted in connection with 
the use of roller bearings for line shafting, is the 
ease with which the shafting can be started up. 
With ordinary bearings the power taken to start 
shafting after a period of rest is often a serious 
consideration, and in some cases provision has to be 
made for starting a factory piecemeal by means of 
clutches controlling the various rooms, in order to 
avoid the heavy draught of power which otherwise 
would be necessary. When a shaft stops in an 
ordinary bearing, the oil film between the journal 
and the brass is destroyed, and re-starting has to be 
accomplished against what is practically solid 
friction. The power absorbed in running a factory 
for the first hour or two on a cold Monday morning 
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as shown by the switchboard ammeters, is often 
surprising to those who think that the power taken 
by shafting is negligible. Moreover, apart from 
the waste of power, the extra strain on the belting 
and other apparatus of transmission is a matter for 
consideration. 

Fig. 30, page 448, shows a footstep bearing for 
a vertical shaft. The weight of the shaft is taken 
by a heavy ball thrust, guidance being effected by 
a ball bearing above. The whole arrangement is 
housed in a dustproof pedestal. It will be noted 
that the seating of the ball thrust washer in the 
housing is of a spherical form, so that the washer 
can seat itself in such a way as to ensure equality of 
pressure on the balls. The seating of the guide 
bearing is also spherical and thus any slight want of 
verticality of the shaft can be compensated for. 
The bearing in Fig. 31 is designed to act both as a 
thrust and journal bearing for a horizontal shaft. 
The weight of the shaft is carried by roller bearings, 
while a ball bearing takes the axial thrust. It is 
assumed that any such thrust will be in one direction 
only, although to give definite location to the shaft, 
and to provide for any slight temporary reversal 
of thrust a small thrust washer is included. 

The application of ball and roller bearings to a 
Whittle pulley is illustrated in Fig. 32, while Fig. 33 
illustrates the design of Messrs. Ransome and 
Marles’ high-speed internal grinding spindle. 
Spindles of this type can be run at speeds of 10,000 
r.p.m. and over. The working parts are thoroughly 
protected from dust and grit. The next illustration, 
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Fig. 34, shows an external grinding spindle fitted 
with roller bearings and double thrust collar. 
Here, again, every care has been taken to prevent 
the entrance of dust, and the housing has been 
reduced to the smaller practicable diameter next 
to the grinding wheel, in order that the latter may 
be used until quite worn out. 

In Fig. 35 is illustrated the application of roller 
bearings to a planer drive. The two bearings are 
separated by a distance-piece through which oil 
is introduced by means of a hole drilled in the 
shaft. Each bearing comprises two independent 
roller rings. Figs. 36 to 38 illustrate the use of 
roller bearings for a tramway axle, the same 
being applicable in other cases where there is a 
heavy axle load combined with axial thrust. It 
will be noted that the bearing is self-contained, 
so that it can be fitted to any shaft with con- 
venience, and that it is very small and compact 
as compared with the more usual type of bearings. 





SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTICE.* 
By K. Baumann. 
(Continued from page 438.) 

(4) Development of the Impulse Turbine.—A con- 
spicuous feature of the development of the impulse 
turbine is the increase in the output per cylinder. The 
firm prominent in this connection is the General Electric 
Company of America, as is clearly shown in Fig. 1 
and Table 1, on pages 435 and 436 ante, 

It is interesting to note that the first 30,000 kw. 
turbine (Fig. 9) which was built in 1914, is of the two- 
cylinder type, and that very shortly after this machine 
was built a 35,000 kw. maximum continuous rated 
turbine, single cylinder type, was developed (see Fig. 10). 
The necessary leaving area in this single cylinder unit 
has been obtained by ing the di ters of the last 
stages and increasing the length of the blades. In com- 
paring the two designs, which are shown to the same 
scale, one is immediately struck with the great difference 
in overall length, and the additional cost which is in- 
volved in the two cylinder construction. Both factors 
are no doubt responsible for the early change over from 
the two-cylinder to the single-cylinder construction, 

ience has shown, however, that this a 
cylinder construction possesses sorious inherent 
which are due to disc and blade vi 


advan brations, 
Some interesting develo ts of the A.E.G, turbine 
Fig. 11 shows a 3,000- 


are shown in Figs. 11 
* Paper read before the Institution of Eleotrical 
Engineers, April 7, 1921. 
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half of the last stage are arranged around 
and the exhaust steam is caused to flow around these 
before entering the exhaust proper. The flow 
of steam outside the last stage is very complicated, 
and will result in a considerable -_ * pressure 
between the last row of blades and the condenser. 
There will also be a drop in pressure between the last 
but one stage and the extreme half of the last stage. 
This turbine is of the four-bearin ag , & flexible 
coupling being provided between 
generator or compressor shaft. 


i 


ine and the 








Taste VII. 
Number | Number Average 
“tating | Tulnes| oxtgut. | “Re 
Turbines.| Made. * | bines. 
kw. kw. 
Total ee . 39 1,150 1,900,000 | 1,650 
Impulse type ° 30 900 1,400,000 | 1,650 
er 7 ~ pemeres 77% 78% 75°7% — 
kw. 
Reaction type <® 250 500,000 | 2, 
Reaction in percent- 23% 22% 26-3% — 
age of total 

















Fig. 12 shows a 16,000-kw., turbine designed to run 
at 1,500 r.p.m. A number these sets have been 
built by the A.E,G,. for super-power stations 
such as Golpa (se Zeitschrift des Vereines Deutscher 
Ingenieure, 1919, vol. kxv, 1145). This design is 
conspicuous for its small number of stages and for the 
large diameter of the three last stages. The-length of 
the blades on the last wheel is very small, the ratio of 
blade length to mean diameter being only 1:9. The 
shape of the turbine exhaust is very unsatisfactory 
from the point of view of flow of steam through the 
exhaust, inasmuch as 50 per cent. of the exhaust opening 
is covered by the turbine cylinder which is overhun 
into the turbine exhaust. is turbine is of the usu 
2 a ous ‘em 

riod under review no desi of Zoelly 
turbines which differ materially from dha eomstwantion 


Fig. 13. 


The litan-Vickers multi-exhaust turbine is 
shown in Figs. 14 and 15, which also show other novel 
features. 

(1) Stream-Line Exhaust.—This 


type of exhaust was 
introduced to secure a simple flow of the 


steam from the 





Fig. i2. 
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Fic. 12. A.E.G. Tursrve. (1919), 16,000 Kw. Maxtmwum Continvovus Ratna 


1,500 R.P.M., AS SUPPLIED 
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as an integral part of the turbine avoids the necessity of 
additional heater casings and pipe connections which 
would complicate the lay-out of the plant to a considerable 
extent. 

(3) Construction of Exhaust Casing.—The exhaust 
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Fic. 13. Merroponrran-Vickers Tursine (1919), 15,000 Kw. Maximum Continvous Ratine at 1,500 R.P.M., AS SUPPLIED TO 
THe Cuype VaLLEy ExxzorricaL Power Company, (YOKER AND 


described in his paper of 1912, have come to the author’s 
notice. It has reported that 10,000-kw. turbines 
running at 3,000 r.p.m. are under construction, but no 
details of designs have been published. 

Modern Rateau turbines as built by the Metropolitan- 
Vickers Electrical Company are shown in Figs. 13, 14 
and 15. Fig. 13 shows a 15,000-kw. turbine of the single- 
flow type designed for a — of 1,500 r.p.m., and for a 
vacuum of 29 in, A turbine of this t¢ and size is 
installed at the Yoker power station of Clyde Valley 





Electrical Power Company. 


last row of blades to the condenser, thus reducing to a 
minimum the pressure-drop between the last row of 
turbine blades and the condenser. The stream-line 
exhaust also ensures uniform distribution of steam over 
the whole condenser-tube surface, thereby effecting 
a reduction of ney in the condenser itself, 
@) Internal Feed-water Heater.—A surface-type feed- 
heater is within the turbine cylinder, 
the tubes in which the -ondensate is heated being exposed 
to ahnege. whish, te. tapped from. the sain, Sunbion oA a 
relatively low vacuum. The incorporation of the heater 





Ciypes Mit). 


ing is rigid in construction and is placed directly on 
the foundations, thereby dispensing with the use of 
heavy foundation girders. The condenser inlet flange is 
bolted directly to the turbine cylinder. The high- 
pressure end of the turbine is flexibly connected to the 
rigid portion of the casing, the extreme end of the high- 
ressure inder being sup from a pedestal. 
En the -fashioned design heavy foundation gi 


turbine. Such girders not only increase the cost 


required to provide side supports for = 








foundations, but they interfere seriously with 


the 
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RECENT DEVELOPMENTS IN LARGE STEAM TURBINE PRACTICE. , 
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Fic. 14. Merroporiran-Vickers TURBINE with Heater aND ConpENSER (1919), 18,750 Kw. Maximum Contincous Ratine at 
1,500 R.P.M., AS SUPPLIED TO Giascow CORPORATION (DALMARNOOK). 








accessibility of the joint between the turbine and the | interesting to pare the « cial development | bei to replace engines i ie ressure turbines, 
condenser. The design indicated in Figs. 14 and 15|of the impulse turbine with that of the reaction| which are more economical t combined engines 
eliminates these disadvantages. turbine. The author estimates that prior to the war | low-pressure turbines. 


(4) Nozzle-Box and Steam-Chest Design.—The pipe | the position, as far as the European countries are con- y demand for mixed-pressure turbines is still 
type of nozzle-box and steam chest has been evolved | cerned, was roughly as shown in Table VII, page 450. | considerable, but there is a distinct falling-off in inquiries 
and combined with nozzle control, the design being such Table VIII gives similar approximate information as | in view of recent developments in the use of electricity 
that the ars steam res and temperatures can | regards this country for 1914, 1916 and 1919. for winders and rolling mills. Modern practice for the 
be used without fear of distortion of the turbine cylinder|  ( of Turbines for Special Purposes.— | mixed-pressure turbine is practically the same as in 1912, 
due to variations in load and steam temperature. (a) Low-Pressure and Mizxed-Pressure Turbines.—The | the cake development being poem & slightly larger sizes 
_ Further details of these designs will be fully described | demand for these turbines has considerably decreased. |at 3,000 r.p.m., so that all capacities commercially 
in another part of the paper. Low-pressure turbines used in conjunction with existing | required can be obtained with turbines running m 

(5) Comparison of Commercial Development.—It is| engines have practically disappeared, the tendency | 3,000 r.p.m, 
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(b) Back-Pressure and Reducing Turbines.—There has 
been an increased application of these turbines to mills 
and factories. Sie see SF pub veqabed omeraree 
and the eM pean oe has not changed ly during 
the pe under review. The Sey ut ‘sedesing | he 
tuttings has been fully dealt with 


PART IL. 


Important Factors AFFECTING THE DEVELOPMENT OF 
LARGE TURBINES. 


The principal factors which influence turbine design 
are summarised in their order of importance as follows :— 
(1) Reliability. 
(2) Working conditions. 
(3) Thermodynamic efficiency. 
(4) Overall dimensions, weights and costs. 


Whilst the factors under (4) are quite important, it 
is not proposed to deal with these in detail at this stage. 

(1) Peiebetatys The effect of the failure of a large tur- 
bine on the running of a large power station may be so far- 
reaching that the engineer responsible for the hase 
and the running of power stations, should be fully 
conversant with those points in the design of ‘the turbine 
which affect the reliability of the turbine itself, and 
consequently that of the station as a whole. 

In view of the large number of turbine breakdowns 
which have occurred was recent years, 
of the considerable financial losses which many of. ar 
failures must have entailed, the opinion expressed in 
many quarters (see, for instance, Power, April 6, 1920, 
page 557) that plant users should have a voice in the 
design of large turbines can be fully appreciated. There 
is no doubt that in many cases the losses which the 
manufacturer incurs due to an accident are much smaller 
than those which the user suffers. 

It is the author’s intention to discuss all the points 
in the design which affect its reliability, and to give 
such data as will enable the power-station engineer to 
study and appreciate the merits of any particular 
turbine design. 

@ maximum size of turbine which can be used for 
a given size of power station depends to a great extent 
on the reliability of the machine. The greater the 
reliability of the turbine available, the larger may be 
the capacity. If the larger capacity can be obtained only 
at the sacrifice of reliability, it would obviously be bad 
engineeri to utilize such larger size. Even if the 
reliability of the different sizes available is the same, the 
power station itself will be less reliable with a small 
number of large units than with a | r number of 
smaller units. It is evident, therefore, that in order to 
maintain the reliability of the power station at a given 
standard, the larger machines should be more reliable 
individually than the smaller machines. The adoption 
or otherwise of large turbines should be settled only 
by the secogueien of this ea Any so-called pro- 
gress in turbine capacities should be carefully examined 
from the point of view of reliability, A step in the 
wrong direction may cause failure, which is bound to 
retard further progress. 
The reliability of a turbine depends on the following 
factors :—- 

(a) The stress to which the material is subjected. 

(6) The magnitude and t of vibration to which 
the different parts of the machine are subj 

(c) The stresses due to uneven distribution of tempera- 
ture. 

(d) The reliability of the material itself. 

(e) Care during manufacture and erection. 

(a) Stresses and Factor of Safety.—In his earlier paper 
(Journal I.E.E., 1912, * vol. xlviii, page 799) the 
author suggested. that the maximum stresses should not 
exceed one-third of the elastic limit or about one-fifth 
of the tensile strength of the material. In other words : 

The factor of safety referred to the elastic limit 
should not be less than 3; and— 

The factor of safety referred to the tensile strength 
should not be less-‘than 5. 

In view of the fact that with modern material the 
elastic limit may be considerably more than 60 
cent. of the tensile —— and having in mind that 
the term “ elastic limit’ been given a more specific 
interpretation which renders this elastic limit very 
difficult to ascertain in ordinary practice, the author 
suggests that the rule refe to above should be 
modified as follows : 

The mean of the factors of safety referred to the 

ield point and to the tensile strength should not be 

than 4 when running at normal —an emerg- 
ency speed of 15 per cent. above the normal being 
permissible, 

This rule will enable the designer to take some advant- 
age of the higher yield point obtaining with special alloy 
materials. It is not s ted that full advantage 
should be taken of this higher yield point, because 
materials having special properties cannot be controlled 
to the same extent as standard materials with a rela- 
tively lower yield point. 

The author does not consider it desirable to depart 
eens from these rules in designing large turbines, 
in spite of the fact that machines of smaller capacities 
with higher stresses have been in operation satisfac- 
torily for considerable periods. The additional margin 
of soe, for large turbines which adherence to the above 
rules will afford is also justified, for the following 
reason :— 

Turbines of large dimensions require large forgings 
and castings, the homogeneity of which cannot be 
guaranteed in practice to the same extent as that of | paper, 


sewhere.* 





and in view }-. 





smaller pieces. A reasonable case could be made out 
ee ee ae ees te oe 


bines requiring small pieces, as, for we turbines 
ang for a speed of 3,000 r. ; but it would 
ighly le to use hig -° ‘stresses in large 


turbines running at 1,500 r.p.m. or below. 

This contention is ay supported by Dr. H. H. 
Hatfield and Mr. H. Dunean, who report in connec- 
tion with their scallion on turbine steels (North- 
East Coast Institetion of Engineers and Shipbuilders, 
March 19, 1920) that 

“ The ts oy indicate that commercial 
forgings are of moderately good quality steel, but that 























practice in the case of large turbo-alternator sets of the 
three- type, and, for this reason, the three- 
i will have only limited possibilities in 
connection ‘with large turbines. Further experience 
‘with smaller sets has shown that the three- 
design is more sensitive as regards balance and vibra- 
tion, as one would expect from purely theoretical con- 
siderations, 

The vibrations of turbine discs constitutes a problem 
to which the d has had to devote considerable 
attention. Sev failures of large turbines are attri- 
buted to the vibration of discs which, in order to save 
weight, have been made much too light from the point 
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Fic. 15. Merroporiran-Vickers Turstne with Heater AND ConDENSER (1919), 18,750 Kw. 
Maximum Continvous Ratine at 1,500 8.P.M., AS SUPPLIED TO GLasGow CoRPORATION (DALMARNOCK). 


TABLE VIII.—Tursine Onpers in Great BrivTaIn For 1914, 1916 anp 1919. 
Turbines above 200-kw. Capacity. 





| 














! 
1 | 2 | 3 | o | s | 6 | 7 | in @ | 10 | WW 
| ! ! | | | 
Number of Turbines. Output in Kw. Average as hy Turbine, 
Item ° ¥ 
No. = | 
1914. | 1916. 1919. 1914. | 1916. | 1919. 1914. 1916. | 1919. 
— ——— | ! 
| | 
1 ~— all types 143 167 189 237,500 | 344,000 | 523,975 | 1,660 2,060 2,770 
2 112 136 143 | 185,500 | 254,000 | 411,568 | 1,655 1,865 2,870 
3 Impulse in percentage. of total 78-4%| 81-59%) 75°7%| 78-1%| 73°9%| 78-5% a os —_ 
4 Reaction 31 31 46 52,000 | 90,000 | 112,407 | 1,680 2,900 2,440 
5 Reaction in percentage of total 21-6°%| 18-5%] 24-83% 2i- 9%} 26-11%) 21-56% = oo os 
! 














the qualities which can be induced in small masses are 


not o nor are they to be expected in large 
masses.” 

(b) Vibration. vincipally. which are subj to vibra- 
tion are principal mt mong which rotate. The critical 


speed of the race shaft is fully dealt with in bon 
author’s paper of 1912, The opinion expressed in 
to the effect that the critical speed of the shaft 


Thould be be appreciably above the running speed of 

*H. L. Guy, “Steam Turbines for Land ”|the turbine, still holds good, and applies with . 
per read before the Manchester Associat of | ticular force to turbines. The risk involved in 
neers, ae 27, 1917 (see Engineer, 1917,| running a turbine through the critical speed 
vol. oxxiii, page 107). is too great. It is difficult to put this opinion into 





of view of rigidity. The _ presents no difli- 
culties in the case of small rotors such as are 

on 2,000 r.p.m. turbines. Discs having very 
diameters such as those which have been used at t 
exhaust end of large 1,500 r.p.m. single-flow va Tas 
must be very massive if excessive vibration is to be 


this | prevented. 

Turbine blades are also subject to vibration, and 
breakages of blades h have occurred where the vibration 
has been so excessive as to cause fatigue of the blading 
material. 


(c) Stresses Due to Uneven Distribution.—Some 
have been attributed to uneven distribution of 
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temperature. Here again the difficulties increase with 
the size of the turbine discs. 

Uneven distribution of temperature not only increases 
the stress but it also lowers the natural frequency of 
vibration. It is quite possible for a disc, which runs 
without vibration under a steady load, to vibrate 
excessively during changes of load, the reason for this 
being that a change of load sets up momentarily uneven 
temperature distribution which may result in the 
formation of a natural frequency of vibration corre- 
sponding to the wees of the turbine. 

(d) Materials.—In the construction of turbines of 
large dimensions, it is highly desirable that material 
of standard properties should be utilised. For instance, a 
turbine desi which requires disc material of very 
high tensile strength such as can be obtained only b 
the use of alloy steel, is inferior to a design in whic 
standard carbon steels can be used, provided always 
that manufacturing costs and steam economy are equal 
in both cases. Special steels uire more careful 
attention during manufacture, and it is not always 
possible to make sure that the necessary attention 
has been given. Again, it is an established fact that 
whilst such special steels can be produced satisfactorily 
in small pieces, the successful forging and treating of 
larger pieces present considerable difficulties. Special 
alloy steels may be quite suitable for turbines of small 
dimensions oueh as the machines designed to run at a 
speed of 3,000 r.p.m., but they cannot be recommended 
for turbines of larger dimensions designed for a speed 
of, say, 1,500 r.p.m. 

(e) Care during Manufacture.—It may be claimed 
that it is possible to attain the degree of special atten- 
tion during manufacture which is indispensable if 
oa - materials are to be successfully employed in 
the production of large turbines, but it cannot be 
denied that the turbine which does not require a great 
amount of skill and attention in the workshops is pre- 
ferable to a machine the design and construction of 
which uires special checking at ev: stage. 

The reliability of a turbine d also to some 
extent on the manufacturing facilities available. From 
this point of view a turbine rotor which can be com- 
pletely assembled in the workshop, and shipped complete, 
is to be preferable to a rotor which has to be shipped in 
parts and assembled on site. 

In the latter case the necessary facilities for assem- 
bling are difficult to obtain, and the work cannot be 
supervised with the same efficiency as in the workshop. 
The design of the turbine should be such that parts 
can be shipped without taking special precautions. 
Moreover, the parts should be of such a nature that 
they can be assembled on site by of the faciliti 
usually provided. 





(To be continued.) 





THE SPONTANEOUS CRACKING OF THE 
NECKS OF SMALL ARM CARTRIDGE CASES.* 
By W. C. Hornersatt, M.Sc.Tech. (Woolwich). 

THE spontaneous cracking on storage of the necks of 
small arm cartridge cases has been a source of occasional 
trouble in the Service, especially at tropical stations, for 
some years, and a large amount of experimental work 
has been carried out on the subject in the Research 
Department, Woolwich. 

cracks hitherto observed in the necks of small 
arm cartridge cases on storage have all been longitudinal 
in character and have occurred at different positions on 
the neck in various batches of ammunition; in some 
they to commence on the shoulder and may be 
confined to the shoulder and rear part of the neck ; 
in others they appear to at the mouth of the 
case. The different types of cracks observed are prob- 
ably associated with stresses set up in the neck of the 
case in different manufacturing operations. 

A typical series of operations used in the manufacture 
of a small arm cartri case was illustrated in which 
were shown pho hs of the cartridge case at all stages 
of manufacture. The paper considered those operations 
subsequent to heading, since at this the case is 
semi » @n operation which results in the relief 
of any stresses which are present in the forward part of 
the case after 





-annealing consists in heating the forward portion 
of the case to a red heat by means of gas flames for a 


period of about half a minute. This results in the | j 
crystals which exist in | of 


recrystallisation of the di 
the forward part 


istorted 
f of the case after the last draw. The 
effect of semi- i i i 


such 


in causing recrystallisa- 
tion is usually confined to the portion of the case within | j 


about an inch of the mouth. 

Tapering is carried out in two stages, and consists in 
forcing the hitherto cylindrical case into a taper die in 
order to give the body of the case its final tapered form. 

Bulleting and necking is carried out in one of two ways. 
_ (a) With cordite-filled ammunition the usual practice 
is to insert the cordite charge and wad into the tapered 
case, place the bullet loosely in position on top of the 
wad, and close the portion of the wall corresponding to 
the neck of the finished case, on to the bullet. rhe 
actual necking is carried out in three stages. 

(6) With nitrocellulose-filled ammunition, on the 
other hand, the usual practice is to neck the case first 
and then insert the charge and bullet. 

Tndenting consists in forming indents in the neck of 
the case to hold the bullet in position. The indents are 
three in number, and are made in a line correspondi 
with the position of the circumferential groove (the 
“ cannelure ”’) of the bullet. 





_* Abstract of a paper read at a joint meeting of the 
Faraday Society with other institutions, April 6, 1921. 





is a final rectifying o tion in which all 
ties in the surface of the neck are smoothed 
out, and the neck given its final correct form. 


The relative importance of these various operations 
in setting up stresses which may lead to ntaneous 
cracking, has been closely studied. The evidence avail- 


able undoubtedly points to the necking and bulleting 
operations as being the most fruitful sources of the 
stresses which cause spontaneous cracking of the necks 
of small arm cartridge cases, though there is evidence also 
that the stresses set up in indenting are capable of deter- 
mining the pfecise position at which a crack will form. 
The evidence in support of these conclusions is dealt 
with in detail below. The mercuric chloride test referred 
to below is precisely similar in mode of application to 
the mercurous nitrate test described by Moore, Beckin- 
sale and Mallinson (Journal Institute of Metals, March 
1921, pages 25 and 88), and only differs from it in the 
use of a 1 per cent. solution of mercuric chloride acidified 
with 1 per cent. of hydrochloric acid, in place of the 1 per 
cent. solution of mercurous nitrate described by those 
authors. The two solutions have been found to give 
the same results on small arm cases, but the 
mercurous nitrate test has been found recently to be 
rather easier of application. 

Evidence is available as to relative importance of 
various manufacturing operations in setting up stresses 
in the neck which may lead to spontaneous cracking. 

Necking.—Mercuric chloride and ammonia tests on 
cartridge cases manufactured to the end of the necking 
operation, but without insertion of bullet, have shown 
that the necking operation is capable of setting up serious 
stresses in the neck of the case. 

A number of such cases, the necks of which had a 
Brinell hardness of 157—a hardness distinetly ter 
than usual—were subjected to the mercuric chloride 
test and a further number to the action of ammonia gas, 
the latter being carried out by pickling the necks and 
shoulders of ‘the cases in 1:1 nitric acid, as for the 
mercuric chloride test, and then si i m over 
0-880 ammonia in a closed vessel. In order to render 
these tests comparative with similar tests on bulleted 
cases, the cases were filled to the mouth with paraffin 
wax before application of the test, thus confining the 
action of the mercury and ammonia respectively to the 
outside of the case, a condition which obtains in the 
testing of bulleted cases. 

Of twenty cases thus subjected to the mercuric chloride 
test, sixteen cracked immediately, and within 48 hours 
of the lication of the test all the cases were found to 
be The twenty cases subjected to the action 
of ammonia were left in the ammonia gas for 20 hours, 
after which they were all found to be cracked. The 
cracks which developed under both these tests were 
mainly longitudinal in character and commencing at 
ee op som cue CUES 20k 0b» Setane of 0 
quarter to three-quarters of the le of the neck, t 
longer cracks often ending in branching circumferential 


It thus appeared that the necking operation tends to 
set up circumferential stresses page confined to the 
forward part of the neck, and in addition some longi- 
tudinal stresses mainly confined to the rear part of the 
neck. 


Bulleting.—It is obvious that in this operation, | P© 


especially if it is carried out by the second of the two 
methods described earlier in the r, there is danger 
of setting up serious circumferential stresses in the neck 
of the case unless the internal diameter of the neck and 


controlled. That such stresses are frequently present 
is shown by the following measurements made on cart- 
tidge cases before and after withdrawal of the bullet. 
measurements were made with a taper-ended micro- 
meter at 0-2-in. from the mouth of the case on 10 cases 
from each of the batches of ammunition tested, the 
ullet being withdrawn by a steady longitudinal pull. 
There is usually a slight decrease in diameter of the neck 
on withdrawing the bullet in those batches of ammunition 
which develop cracks under the mercuric chloride test, 
in spite of the fact that owing to the presence of the 
indents and the fact that the bullet is slightly ‘* waisted ” 
in form, there is generally a tendency for the diameter 
of the neck to increase rather than decrease on with- 
drawing the bullet. 

Indenting.—This operation appears to be capable of 
setting up local stresses of sufficient jtude to 
determine the position at which cracks will form. Evidence 
is is afforded by an analysis of the position 

in various trials, in 
‘wo typical 
may be cited :—(1) 63 cracks were observed 

Latch of ammunition after storage trials. 
The average number of cracks occurring per unit length 
of indent was found to be 87 and that per unit length 
of gap between indents 44. (2) 252 cracks were observed 
in a second batch of ammunition on storage trials. 
The average number of cracks per unit length of indent 
was 513, and unit length of gap 275. 

Having dealt with the origin of the stresses which 
cause cracking of the necks of small arm cartridge cases 
on storage, it is now of interest to examine the subsidiary 
conditions which control the intensity of such stresses or 

ine whether they will result in the formation of 
taneous cracks or not. 

Of these, the hardness of the neck of the case ap 
to be the most important. The softer the neck of the 
case, the lower the yield point, and consequently the 
lower the stresses which become permanent in the brass 
during manufacture and may thus become available for 
the formation of mtaneous cracks. Numerous 
examples illustrating this principle have been observed 
in practice. i te neal tal 

presence of accelerating agents is an t 
factor and may even, as came by Moore, Beckinsale, 


r 





and Mallinson in their recent read at the March 
(1921) meeting of the Institute of Metals, be the deter- 
mining factor in the formation of spont us ks 
in small arm cartridge cases was first sobserved while 

ing out comparative trials with various batches of 
ammunition subjected (a) to the mercuric chloride test ; 
(b) to climatic trials carried out in a climatic hut, the 
temperature of which was made to alternate between 
112 deg. F. (75 per cent. saturated) for two days and 
atmospheric temperature (saturated) for one day, the 
object being to obtain some approximation to the severe 
conditions of elevated and alternating temperatures 
obtaining at tropical stations, from which the majority 
of the complaints of spontaneous cracking of onal arm 
cartridge cases have been received. 

Most of the batches in which 50 per cent. or more of 
the rounds tested under the mercuric chloride 
test, developed cracks on climatic trial, and the 
relative behaviour of such batches under the mercuric 
chloride test is shown to be some criterion as to their 
relative behaviour on climatic trial. A noticeable 
exception to this, however, is seen in the case of a batch 
pee woe P in the paper) which gave as r results under 
the mercuric chloride test as any of the batches tested, 
but in which no cracks were observed after twenty-one 
months’ climatic trial. It is clear from this that there 
is some condition other than the presence of stress, which 
is operative in the formation of spontaneous cracks in 
small arm cartridge cases. On examination it was found 
that batch P was normal in most respects, but that it 
was the only batch of ammunition on trial which con- 
tained no mercury fulminate in the cap composition. 
This suggests that mercury derived from the fulminate 
of the cap composition is an important, and may even 
be a determining, factor in some cases, in the formation, 
within the service life of the cartridge, of spontaneous 
cracks in the neck of the case. 








THe Witaur-Wricut Lecture.—The subject of this 
year’s Wilbur-Wright Memorial Lecture, which was 
delivered to the members of the Royal Aeronautical 
Society on Tuesday last, was ‘ Scientific Methods in 
Aeronautics,” a subject with which the lecturer, Mr. 
G. I. Taylor, F.R.S8., is particularly competent to deal. 
As an example of direct methods a investigation which 
can be used when the actual conditions under which a 
mechanism is to be employed cannot be realised, the 
lecturer described the experiments made on aeroplane 
darts early in the war. He afterwards dealt briefly 
with the theory of the use of models in aeronautical 
investigations, and illustrated the application of the 
theory to the case of model yachts and also to the 
dynamics of an aerial bomb fitted with a pilot bomb for 
the pu of exploding the former at a given distance 
above the ground. The lecturer laid particular stress on 
the distinction between test work and e 
research, pointing out that the organisation most suit- 
able for the former was not necessarily best for the latter. 
He also called attention to the need for researches into 
the fund tal princip on which the science of 
aeronautics is based, and expressed the opinion that 
advances in this direction would probably be made by 

rsons not actually engaged in aeronautical yeabanrch 





at all. If the worker in pure science, the lecturer said 
in conclusion, confined his attention solely to one 
difficult problem, he would probably achieve nothing, 
but if he allowed himself to side tracked by any at- 
tractive opening which occurred, he a obtain some 
useful results, although these were ikely to be the 
results originally desired. 


NarionaL Union or Screntiric Workers,—The 
half-yearly meeting of the Council of the National Union 
of Scientific Workers was held at the University of London 
Club, on Saturday, the 9th inst., the President, Professor 
L. Bairstow, F.R.S., in the chair. The following resolu- 
tions were carried unanimously: ‘This Council views 
with misgivings the subordination of scientific workers 
controlling scientific staffs to non-scientific officials 
in Government departments. It considers that it is 
in the best interests of the State that its scientific officers 
should enjoy the greatest ible freedom from lay 
interference in connection with their duties, and should 
be granted at least equal status and remuneration with 
that of officials of the highest class in the Civil Service. 
This Council, having regard to the existing demand for 
increased educational facilities, deplores the growing 
tendency of public bodies to reduce expenditure on educa- 
tion, particularly in se to provide for further 
institutions for the study of science and A 
and by threatening existing institutions with closure, 
i tive of their national utility. The Council 
shall take steps to oppose the tendency to discriminate, 
solely on account of sex, between the salaries of scientific 
workers of the same grade and professional standing, 
and that the Executive Committee shall convey this 
protest to all scientific bodies and take such other action 
in this respect as may be feasible. This Council is of 
the opinion that it is neither practicable nor desirable 
that research for Government departments or other 
bodies, demanding the maximum privacy in its pursuit 
and the greatest strictures on publication, should be 
undertaken under the auspices of a University or of one 
of its departments. That the Executive Committee of 
the Union be instructed to draw the attention of Uni- 
versity authorities throughout the kingdom to the danger 
of ing (except in a national emergency), research 
under the Official rets Act or similar conditions in 
University buildings, as - of such research 
is hostile to the University tion of freedom of teach- 
ing, research and intercourse, the freedom of the Uni- 
versity scientific worker, and the interests of education.”’ 
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THE PASSENGER-CARRYING AIRSHIP 


Tue completion a few weeks ago at the Inchinnan 
Works of Messrs. William Beardmore and Co., Limited, 
of the airship R.36, is an event which will probably 
prove to be of considerable historical importance in 
connection with the development of commercial aerial 
transport. The R.36, or to give the vessel her correct 
civil designation G—FAAF., is the first British 
airship to be adapted for commercial purposes, having 
been fitted with a passenger car providing day and 
night accommodation for 50 rsons. The vessel, 
which will probably continue to be called the R.36, 
was designed by the Admiralty more than three years 
ago for the naval service, and there is little doubt that 
experience accumulated since that time would, even 
now, enable a better design to be produced for com- 
mercial work. It therefore follows that, if the practic- 
ability of transport by airship can be successfully 
demonstrated by R.36, her successors can be relied 





upon to give materially improved results, especially as 
the operation of the vessel will certainly afford some 
valuable information for use in future designs. 

Construction of the R.36 was commenced early in 
1919 shortly after the completion of the R.34, which | 
was also built by Messrs. Beardmore, and which, it will 
be remembered, completed the double journey across 
the Atlantic in July, 1919. Unfortunately the R.34 
was badly damaged and subsequently dismantled at 
Howden early this year, but it should be noted in this | 
connection that the accident arose in returning the 
vessel to its shed under unfavourable weather conditions 
-——-an operation which would not have heen necessary 
had a reliable mooring mast been available. Work on | 
R.36 has, however, been greatly delayed by various 
changes in the Government's airship policy, and for 
some time was practically at a standstill, but since 
last autumn, when it was decided to fit a passenger car 
and adapt the bow for mast mooring, the work has 
proceeded rapidly. As now completed the vessel | 
certainly represents a considerable advance upon her | 
predecessors. 

Structurally the R.36 resembles the R.34, full par- 
ticulars of which will be found on page 87 of our 108th | 
volume, except that an additional main frame space, | 
which increases the length by 10 m. (32 ft. 9 in.) has | 
been included amidships in the later vessel, the main | 
dimensions of both are the same. The actual overall 
length of R.36 is 672 ft. 2 in., while the maximum | 
diameter of the hull is 78 ft. 9 in. and the height from | 
the bumping bags to the top of the hull structure is | 
91 ft. 7in. There are 19 gas bags with a total capacity | 
of 2,196,000 cub, ft., and this gives a gross lift of 64-5 
tons under standard conditions. Of this, 16 tons is 
available for fuel, passengers and freight, but as 0-65 
ton of fuel and oil are required for each 100 miles | 
covered, the weight of passengers and freight which | 
can be carried varies with the length of the journey. 
The five engines fitted, which will be referred to later, | 
have an aggregate horse-power of 1,570, and give the | 
ship a maximum speed of 65 m.p.h. The normal | 
cruising speed is, however, about 50 m.p.h., and, at 
this speed, a range of action of rather more than 4,00:) 
miles is obtainable; the economic range, of course, 
varies with the weight of passengers and freight carried. | 

The general appearance of the vessel is shown in | 
Fig. 1 on this page, which is reproduced from a photo- | 
graph of the vessel rising from ‘her shed at Inchinnan 
on the occasion of her maiden flight on the Ist inst. | 
Fig. 2 on this page is an interior view of the passenger | 
car, of which a longitudinal section and plan are 
reproduced in Figs. 3 and 4 on page 455. It will, how- 
ever, be more convenient to deter our description of | 
the passenger accommodation until the vessel itself has | 
been dealt with. Interior view: of the hull structure 
under construction and approaching completion are 
reproduced in Figs. 5 and 6 on page 458, and, in the 
latter illustration, the segmental cradles on which the 
structure was built up should be noted. We have 
already dealt with the use of these cradles in our 
account of the construction of the R.80 by Messrs. 
Vickers on page 797 of our 107th volume, so that 
we need not refer to them in detail again. It may, 
however, be mentioned that by ‘itting wheeled trolleys 
to each of the angle points of whe transverse frames, 
so that the trolleys run on the cradles, the hull may be 
turned about its longitudinal axis during the work of 
construction ; the greater part of the structure is thus 
easily accessible from the ground level. 

A complete elevation of the vessel is given in Fig. 7 
on our two-page plate, and from this it will be seen 
that the hull is of good stream line form with a parallel 

rtion amidships extending from frame 13 to frame 
23. The main frames are of the form shown to a larger 
scale in the cross section Fig. 8, having 13 sides, of 
which 10 are formed by trussed girders, while the other 
three are braced as shown in,the figure. The lowest 
side, it will be seen, forms the base of a tri r 
structure, which is, in fact, a corridor extending for the 





greater part of the length of the ship and giving access 
to all parts. Between each pair of main frames is an 
intermediate frame, as indicated by the vertica’ dotted 
lines in Fig. 7. The intermediate frames are in the 
form of polygons having 25 sides, each of which is 
half the length of the sides of the main frames, except 
the side at the bottom forming the base of the triangular 
corridor, this side being the same length as that of the 
corresponding side of the main frames. Both types of 
frame, which are composed of Duralumin members of 
triangular section, are most clearly shown in the half- 
tone engravings, Figs. 27 and 28, on Plate XXII, which 





transverse wiring with which the frames are braced ; 
the wiring at the fifth frame is shown in Fig. 8. To 
leave an air space between the outer cover and the 
gas bags, the rectangular panels formed by the longi- 
tudinals and transverse frames are covered internally 
with wire lattice work, clearly shown in Figs. 27 and 28. 
It is through the wires forming this lattice in the upper 
part of the structure that most of the lift of the gas is 
transmitted to the hull. The light girderwork fitted 
in the panels to support the outer cover in way of the 
propeller slip stream, and, shown in Fig. 28, imme- 
diately aft of the engine car, should be noted. 











Fig. 1. 








AIRSHIP OVER SHED AT INCHINNAN. 





Fig. 2. Passenaer CaBINs. 


are reproduced from photographs of the vessel approach- 
ing completion in its shed with part of the outer covering 
removed. These illustrations also show the longitu- 
dinal members by which the frames are connected. 
The longitudinals, it will be seen, extend between all 
the angular points of the intermediate frames and are 
connected to the main frames at the angular points of 
the latter and also at points in the centres of the sides 
opposite the ends of the king posts. At these points, 
as shown in Fig. 8, the longitudinals pass outside the 
sides of the main frames, so that the fabric of the 
outer cover, which is stretched over the longitudinals, 
is formed into a polygon with the same number of sides 
as the intermediate frames. 

The gas bags are placed between each pair of main 


‘frames, and are separated from each other by the 





The five engines, above referred to, are each mounted 
in a separate car. Of these the two forward wing cars, 
visible in Fig. 1, each contain a 260-h.p. Maybach 
engine direct coupled to a small two-bladed airscrew, 
while the two wing cars mounted amidships on each side 
of the passenger car and another car mounted on the 
centre line of the ship aft of the passenger car, each 
contain a 350-h.p. Sunbeam “‘ Cossack” engine. The 
three “ Cossack” engines all drive large two-bladed 
screws through reduction gearing and a clutch. The 
positions of the cars, and the method of attaching them 
to the hull structure, can be seen in Fig. 7. It may 
here be mentioned that the re-arrangement of the 
engines in comparison with that adopted for R. 34, 
has enabled the scantlings of the hull to be revised 
and a considerable saving in weight to be effected, 
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by the Air Ministry for a series of demonstration flights 
to Marseilles and the Mediterranean and possibly to 
Egypt and India if the necessary accommodation is 
provided in the last-mentioned countries. It is esti- 


mated that 30 ngers and 2 tons of mails, or other 
freight, could carried to Marseilles in from 15 to 
18 hours, and the journey to Egypt, with the same 


number of passengers and rather less freight, would 
occupy about 72 hours. In conclusion it may 
interesting to remind our readers that the R.36 is 
included in the Government’s recent offer to hand over 
all the airships in their possession to any private concern 
undertaking to operate them commercially. 





THE “UNIC” AUTOMATIC AIR VALVE. 

One of the difficulties met with in connection with 
re arg air installations is the proper maintenance 
f the air cocks, These require constant attention, 
otherwise. they quickly get into a state of continual 
leakage with a serious effect on the economy of the 
plant. They may, moreover, be carelessly left only 
partially closed and the nuts, handles or spanners may 
be lost or broken. All these sources of trouble are 
familiar to users of compressed air, particularly when 
the air is distributed to portable tools spread over a 
large area. In order to eliminate them, the Globe 
Pneumatic Engineering Company, Limited, of 1, 
Victoria-street, London, 8.W. 1, have introduced the 
“G.P.E. Unic” self-closing air valve, illustrated in 
the figure below. This is an extremely simple and safe 
little appliance for coupling flexible air pipes to the 
mains. It permits instantaneous connection of a 
hose to the air pipe without the use of any tool. Its 





use eliminates the possibility of accidental opening of 
the valve, and ensures automatic closing as soon as 
the hose pipe is disconnected. It is claimed to be 
perfectly airtight and there seems no reason to doubt 
the claim, 

The body of the valve is attached to the air pipe. 
The hand-piece to which the air hose is connected, is 
inserted in the body and given a slight turn so as to 
engage two lugs in the helical ves on the body. 
The end of the stem forces the bail back from its seating 
against the action of a spring and permits the free 
flow of ar. It will be noted that the valve has either 
to be open or shut, no intermediate position being 
possible. The rubber ring, seen in the illustration, 
surrounding the hand-piece, is compressed between the 
latter and the body, ensuring a perfectly airtight joint. 
This condition is maintained by the air pressure, which 
further tends to tighten the ring. At the ends of the 
helicoidal grooves of the body are two notches which 
engage the lugs on the handpiece when the ball is 
off its seat. 

The body of the ‘‘ Unic”” coupling is made of forged 
steel, and the ball valve is of steel covered with oil- 
resisting rubber. Between the ball and the spring, 
@ brass cup turns on a pivot on the spring, so that the 
handpiece causes the ball partially to rotate every 
time the apparatus is connected. This slight displace- 
ment serves to prevent the ball losing its shape. All 
couplings are tested to a pressure of 300 Ib. per square 
inch, and are made from strictly interchangeable parts 
They are screwed to suit either 4 in. or }-in. piping as 
desired, and special patterns embodying the same 
principle can be supplied. 





Luioryp’s Reorster or Surerinc.—Committees of the 
Society, consisting of some of the most representative 
men in the ag interest, have already been esta- 
blished in the United States, in Trieste, in Framce, and 
in Sweden. The latest country to follow the above 
example in having national ntation on Lloyd’s 
Register of Shipping is Holland, where, as a result of 
meetings of a sub-committee, consisting of members 
appointed by the Shipowners’ Association of the Nether- 
lands (Nederlandsche Reedersvereeni the. Asso- 
ciation of Metal Industries (Handel iging voor 
Metaal-Industrieelen), and the Association of Under- 
writers at Amsterdam and Rotterdam, a committee of 
twelve members has been established for the purpose 
of co-operati with the general committee of the 
Society in London in dealing with questions relating to 
the classification of shipping. It may be yemached thas, 
according to the latest returns, issued by Lloyd’s Register 
of Shipping, the tonnage owned in Holland consists of 
987 vessels, with a tonnage of 1,793,396, and of this 
tonnage 50 per cent. holds the classification of Lloyd's 
Register. e tonnage buildi in Holland at the 

oted under the ~<a RY ee 
constru un 
loyd’s Register in Helland. 
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present time amounts to 417,6 
which is bein; 
surveyors to 





THE SCIENCE OF COLD STORAGE. 


At the April meeting of the Society of Chemical 
Industry (London Section), held at Burlington House, W., 
Professor W. Stiles read a paper on “The Scientific 
Principles of Cold Storage.” 

From point of view of the chemical problems in- 
volved, food substances may be divided into two classes 
with regard to cold storage: (a) those which must be 
stored at temperatures above the freezing point if serious 
deterioration is not to result; (b) those which can be 
frozen solid and yet give on thawing an undeteriorated 
product. In the first group the physical properties of 
the substances undergo no change, as at temperatures 
above the freezing point the liquid part of the food 
subst r ins liquid. But in this liquid medium 
chemical actions proceed, and the changes resulting 
are known as maturing or deterioration according as 
the changes —- the material or the reverse. The 
problems are chiefly those involved in the reduction 
of such deteriorating changes to a minimum; they are 





thus mainly problems of organic chemistry, and par- 
ticularly bio-chemistry. In the second group, the 
physical condition of the substances is changed. There 


is an alteration from liquid to solid, so that any chemical 
changes which occur must proceed at an extremely slow 
rate. The problems are thus mainly those of physical 
chemistry, namely, of so conducting the freezing, storage 
and thawing processes that the changes taking place on 
freezing are exactly reversed on thawing, so that the 
final state of the food material is the same as the first. 
The first method is applicable to any substance, but 
only a few substances can be preserved by freezing. 
But the time during which material can be Lept in the 
frozen condition may be 50 times as long as that during 
which it may be stored at temperatures above the 
freezing point. It is obviously one of the chief objects 
lof investigation to extend the method of preservation 
by freezing to as many substances as possible. 

Investigations in the past along a number of different 
lines suggest that the important thing in making the 
changes which take place on freezing reversible on thaw- 
ing is the freezing velocity. In slow freezing there is a 
separation out of crystals which on thawing only 
partially re-absorb the substances formerly dissolved 
in the water of the food substance. If the freezing is 
rapid enough, however, the whole mass solidifies rather 
as a glass, and on thawing of this the original system is 
re-obtained. That this is the case is confirmed by 
numerous recent experiments on a number of systems. 
It then becomes necessary to precy means of rapid 
freezing. A from using a lower temperature of the 
freezing aiden, this can be brought about by a suitable 
choice of the medium which is used to bring about the 
freezing. The greater the thermal conductivity of the 
medium, the more rapidly freezing is effec Thus 
mercury is a very efficient medium while — at atmo- 
spheric pressure are very inefficient. ercury for a 
number of reasons is not practically useful, and so a less 
efficient medium has to be used, namely an aqueous 
solution of a salt, particularly sodium chloride, Freezing 
is accomplished much more rapidly in this medium than 
in air at the same temperature. By this means it has 
been found possible to extend the method of cold storage 
in the frozen condition to almost all species of fish, and 
there seems no reason why it should not be extended 
ultimately to the case of beef. The chief reason against 
this at present is that chemical reactions take place 
between the food material and the freezing medium in 
which it is immersed, whereby the surface assumes an 
unusually dull colour. This difficulty should be elimin- 
ated by further bio-chemical research. 





ScHOLARSHIPS IN ART, ScIENCE AND TECHNOLOGY, 
1921.—The London County Council offers scholarships 
in art, sci and technology, which provide free 
tuition and a grant not exceeding 1601. a year. These 
scholarships are tenable for two years and may be ex- 
tended for a third year. Candidates must be resident 
within the administrative County of London (if under 
21, their parent must be so resident). Candidates must 
not be less than 18 years of age on July 31, 1921. They 
must have been in industrial employment and have 
been attending evening classes at a polytechnic, tech- 
nical institute or school of art. Forms of oR 
(T2/255) may be obtained from the L.C.C. Education 
Offices, Victoria Embankment, W.C.2, and must be 
The scholarships are for 





returned by May 1, 1921. 
whole-time study. For those who are not prepared to 
give up their employment, other awards are offered for 
evening study only. Particulars may be obtained from 
the same address. 


TeounicaL Ramway Literature.—The Simmons- 
an Publishing Company, of Woolworth Building, 
New York, U.S8.A., have recently issued a pamphlet 
entitled “A Library of Railway Books.” The object 
of this pamphlet is to give a selected list of the most 
authoritative works in all branches of technical litera- 
ture concerned with railway work, the number chosen 
amounting to about 200 out of more than 2,000 now 
available. The list should serve as a useful ide, 
though it deals mainly with American books, and does 
not include works of British or Continental authorship. 
The United States has, however, been the place of origin 
of many of the most thorough modern works on railway 
questions, and the railway literature of that country 
far exceeds that of any other. It would be invidious 
to refer to particular books, but we recognise in the list 
ractically all the standard books on management, 
nag economics and so on which have issued in recent 
years from American firms, er with some of the 
more enduring of the older works. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The heavy engineering trades are 
struggling gamely against paralysis. Little or no new 
business is being booked at the moment. Manufac- 
turers are unable to give specific dates of delivery, and are 
working off the few outstanding contracts. The position 
is regarded with extreme seriousness. Substantial sacri- 
fices had been made in the matter of price reductions in 
order to attract potential buyers, both at home and 
overseas, but the benefit of these is now completely 
cancelled and the trade revival that was anticipated by 
few he ig ome spirits is in deferred for an indefinite 
period. There is strong evidence that foreign competitors 
are trying to exploit the position by quoting attractive 
rates for forw: deliveries. This refers icularly to 
engineering plant, railway material and locomotives. 
Actual steel- ing is restricted to the lowest ible 
minimum. District blast furnaces have been Samped 
down. Supplies coming to hand are from stocks, which, 
in most cases, are fairly substantial. Derbyshire pig iron 
is offered as low as £8 per ton, but forge and foundry 
qualities can be secured from competing districts at as 
much as £2 per ton below this figure. Except for the 
recently placed Japanese order, armament shops are at a 
standstill, and are panes n the big engineering firms in a 
heavy loss. It is expec that if the new battleships 
contemplated in the naval estimates are laid down during 
the current year, Sheffield armament firms will receive 
important orders which will contribute materially to the 
relief of unemployment. Shipbuilding requirements in 
steel forgi and castings are exceptionally few. It 
is not anticipated that new business of an itude 
will be placed until shipbuilding costs are a toa 
more economic level. Steelmakers declare this cannot be 
achieved without the adjustment of wages rates. There 
is no improvement in special steels. The tool section 
shows weak patches, but is assisted by a fairly robust 
demand from the agricultural industry. 


Hull Coal Trade.—Substantial 
shown in the latest respecting South Yorkshire 
traffic via Hull. The total received at Hull last month, 
242,320 tons, was an increase of 60,402 tons compared 
with March of last year. Moreover, the tonnage received 
from January to March inclusive totalled 734,268 tons, 
representing an advance of 98,230 tons on the corre- 
sponding period of 1920. Exports increased from 37,880 
tons in lh, 1920, to 75,134 tons last month, though for 
the three months the total showed a decline of 40,897 tons 
to 170,202 tons compared with the corresponding quarter 
of last year. France was the biggest buyer with 100,563 
tons, Sweden took 38,508 tons, and Belgium 34,306 tons. 


South Yorkshire Coal Trade.—Manufacturers are 
working at such low pressure owing to the dearth of new 
business that the coal shortage is not making itself felt 
as quickly as in normal circumstances. The restriction 
of usage to 50 per cent. of the weekly average consumed 
during the four weeks ending April 2 will enable produc- 
tion to be — over a longer period. There is no great 
outcry for house coal, though stocks are exceptionally 
low, and even under rationing conditions will not last 
long. Public utility undertakings are well placed as 

reserves, and apart from the labour factor can 
carry on for a considerable time. Blast furnace coke 
has strengthened under the effect of a sudden spurt in 
the demand brought about by the threatened railway 
strike. Collieries are not releasing their extensive stocks 
of slacks. Nominal quotations :—Best branch hand- 
picked, 37s. 2d. to 38s, 2d.; Barnsley best Silkstone, 
378. 2d. to 388. 2d.; Derbyshire best brights, 35s. 2d. to 
36s. 2d.; Derbyshire house coal, 32s. 8d. to 33s. 2d. ; 
Derbyshire best large nuts, 32s. 8d. to 33s. 8d.; Derby- 
shire small nuts, 31s. 8d. to 32s. 8d.; Yorkshire hards, 
328, 8d. to 338. 8d. ; Derbyshire hards, 32s. 8d. to 33s. 8d. ; 
rough slacks, 23s. 2d. to 24s, 2d.; nutty slacks, 22s. 2d. 
to 23s. 2d.; smalls, 18s. 2d. to 198. 2d. 


improvements are 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of pig-iron 
has all but ceased, and several blast furnaces that have 
been allowed to go out through the industrial crisis are 
not likely to be restarted for some little time. With the 
exception of No. 3 quality, stocks of Cleveland pig-iron 
are vy. There is very little No. 3 lying at makers’ 
yards, and the scarcity of that commodity threatens to 
be once more acutely felt as soon as renewal of demand 
occurs. Quotations are statio Both for home 
purposes and for shipment abr: Cleveland pig-iron 
prices stand : No. 1 and silicious, 125s.; No. 3 G.M.B. 
120s,; No. 4 foundry, 119s.; No. 4 forge and mottled, 
117s, 6d., and white iron, 115s. 


Hermatite Iron.—Makers hold large stocks of East 
Coast hematite. In this branch business is practically 
at a standstill. Makers adhere to their fixed prices for 
home consumption of 182s. 6d. for No. 1 and 180s. for 
mixed numbers, but there is a free market for foreign 
trade, and producers are ready enough to sell for abroad 
at 162s. 6d. for No. 1 and 160s. for mixed numbers. 

Foreign Ore.—There is absolutely nothing passing in 
foreign ore, and quotations are not obtainable. 

Coke.—Dealings in coke have practically ceased. 

Blastfurnacemen’s Wages Reduced.—The average net 
selling price of No. 3 Cleveland pig-iron for the first 
quarter of the year has been certified at 198/1-31 per 
ton, as com} with 225/5+37 per ton for the previous 
three months, and under slidi ts 
blastfurnacemen’s wages for April, May and June are 
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reduced by 26} per cent., lowering wages from 170} per 
cent. above the standard to 144 per cent. above the 
standard. 


Manufactured Iron and Steel.—Many finished iron 
and steel works are closed. Deliveries against contracts 
are on a fairly good scale, but there is no new business 
reported. Further reductions have been made of 2i. 
in packing iron, 4/. in iron bars, and 5J. in iron rivets, 
Principal market quotations now stand: Common iron 


bars, 191. ; iron rivets, 261. ; emery iron (parallel), 122. ; 
packing iron (tapered), 18. ; steel ship, bridge and tank 
joists and sections, 17/. 10s. ; 


plates, 191.; steel joists 
steel boiler plates, 25/.; hard steel billets, 157, ; heavy 


steel rails, 18/.; and fish plates, 23/. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—Like all other trades throughout 
the country the steel trade of Scotland is suffering y 
from the crisis which has overtaken the coal industry. 
The general depression was bad enough, but now a phase 
has arisen which has left {the steel-makers no other 
option but to close down their establishments for want 
of fuel. Business is a7 © @ standstill, and very 
few mills are in operation at moment, The demand 
for material has fallen off to an i extent, and 
one of the worst features is that most the business 
on offer is going to the Continent because of the lower 
prices named. The very heavy oncost and 
dear fuel, which the home ucers have to face in 
contrast to the costs of the Continental makers, put 
the former in rather an unfavourable position to meet 
competition. Coal and wages must come down to 
enable us to regain our lost markets, and once again 
establish our supremacy the world over. Inquiries are 
practically absent from the market, and the outlook for 
an early revival in the trade is not very hopeful. Prices 
are the turn weaker, and a further reduction is anticipated 
in the near future, but nothing is likely to be done until 
the situation created by the miners has become easier. 
The current rates are: Boiler plates, 25/. per ton ; 
plates, 191. per ton; sections, 171, 10s. per ton ; 
sheets (,°, in. to 4 in.), 19%. 108, per ton, all delivered at 
Glasgow stations. 


Malleable Iron Trade.—There is no change to 
in the state of the malleable-iron trade of the West 
Scotland, as nearly all the works are just about com- 
pletely shut down owing to the coal strike. The com- 
petition from the Continent has been rather severely 
felt of late, and in order to bring the home prices more 
into line with those of the Belgian producers, the Scottish 
makers have again reduced the price of bar iron. The 
new quotation for “crown” bars is now 191. per ton, 
delivered Glasgow stations, which is a cut of 4/. per ton, 
and marks a fal: of 8/. 10s. per ton since the beginning 
of this year. 

Scottish Pig-iron Trade.— ig-iron trade in Scot- 
land continues in a dull and lif condition, and the 
dispute in the coal trade has put all of an early 
recovery further away than ever. The ing out of 
furnaces has been followed by a wholesale ing 
down, and now there are few loft in blast 
Steel-makers are not. taking deliveries of hematite, and 
foundry iron is also a dead letter in the meantime. 
Quotations are unaltered this week, and are as follow : 
Hematite, 9J. ton, delivered at steel works ; foundry 
iron, No. 1, 10s. per ton, and No. 3, 8. 5s. per ton, 
f.0.r., at producers’ works. 





Surrrinec anp Suresurtpine Exursrrion, BARCELONA. 
—An announcement has been made to the effect that 
an international exhibition of shipping and shipbuilding, 
together with a national exhibition of marine industries, 
is to take place at Barcelona this ing, under the 
honorary presidency of the King of He mi 


Tue IncorPporatep SwansEa Excuance.—This Ex- 
change has issued its thirty-third annual report for the 
year 1919-20, giving the statement of accounts, list of 
members, a classified list of trades, a list of tinplate 





works and brands, &c., and other information which will 
prove useful to merchants, 
THE ean or Puysics.—The to 
inaugurate nstitute of — will take on 
Wednesday, A: 27, 1921, at 6 p.m., in the of the 
Pp os 9 Be: , Great 

estminster. Sir Ri Glazebrook, K.C.B., Presi- 
dent, will preside, and Sir J. J. Thomson, O.M., will 


Non-members of the Institute, or of the Societies ‘asso- 
ciated with it, may obtain tickets of admission on 
tion to the Secretary, 10, Essex-street, Strand, W.C. 2. 


Co-PaRTNERSHIP Exurstrion.—An exhibition of con- 


siderable public importance is to take place at the 
Crystal Palace, the object being to illustrate the progress 


to be held in connection with the exhibition will result 
in lasting benefit to British industry and further popularise 
® movement which has proved its value in some of the 
largest business undertakings in the land. 


NOTES. FROM THE SOUTH-WEST, 
Carptrr, Wednesday. 

The Coal Trade.—Another anxious week has . 
The great di r of industrial ruin by the flooding o' 
the mines of coyntry has been, at any rate, tem- 

rarily averted, but at the time of writing the outlook 
is ey black in view of the calling out of the 
railway and transport workers. The miners are appa- 
rently determined to fight for a national wages basis and 
@ national pool out of which the poorer districts would 
be subsidised by the richer ones. The Government 
have offered them a national wages board, but refused 
the national pool and also offered a temporary loan to 
mitigate a rapid reduction in wages in the most serious}, 
affected districts. These have been cajetalh 
by the executive of the Miners’ Federation on the 

they do not offer a solution to the present . 

In view of this the transport workers and railwaymen 
have been called out and, unless there is a o' in the 
situation, the Triple Alliance will for the first time in 
its history have put into effect its strike threat. As 
was to be expected, business has been at a standstill. 
Colliery companies have been instructed that they must 
not dispose of available s ies of South Wales and 
Monmouthshire coal for ivery outside the district, 
unless it is required for food production or national 
P' soe the British — in South Wales 

rts are up. In nearly all cases they have c 
ye dealt fret bo bunkers, endl ob, ore, mabe 
sail even if they were permitted to do so. 


The Iron and Steel Trades.—Tinplate prices have 
shown a firmer tone during the past week, not because 
of any marked revival in the demand, but mainly as a 
result of the coal stop and the reluctance of sellers 
to dispose of stocks. ‘11 is an opinion that con- 
sumers’ stocks are low and that, consequently, before 
] they will be com to come into the market for 
fresh i Middlemen indicate round 28s. 





Cast Inon Press.—The Stanton Ironworks Company, 
Limited, Maxwell House, Arundel-street, Strand, W.C. 2, 
have issued an illustrated card listing the straight spigot 
and socket pipes, a number of which are turned and 
bored, the straight flange pipes, and the hydraulic pipes 
they have in stock, ready for immediate delivery. 
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IncoRPORATED MuwnicrpaL ELecTricaL ASsociraTIon. 
—The following are the to be read at the annual 
convention of 
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oil fuel. It was regrettable 





can 
order ships in the United States last year 
could not get quick delivery from England. 


per Indian Peoples to the World,” 





NOTICES OF MEETINGS. 


Tue Institution or Crvm Enoineers.—Students— 
Friday, April 15, at 6.30 p.m., paper to be read, “ The 
Increased Efficiency of the Locomotive,” by Mr. Eustace 
Alfred Phillipson, Stud.Inst.C.E. Mr. A. J. Hill, C.B.E., 
M.Inst.C.E., will occupy the chair. 


Tue Norrs or EnGcianp INsTITUTE OF MINING AND 
Megonanican Enotneers,—Saturday, April 16, at 
2 p.m., in the Wood Memorial Hall, Newcastle-upon- 
Tyne, when the Rosin Soe will be open for dis- 
cussion: ‘‘ Working the Main Seam of Coal by 

Method at ——— Colliery in 1878 to 1885,” by 
Mr. John Southern. The following paper will be read and 

: i in the Re. 
opening of an Old Shaft,” by Mr. M. Y. Simpson. 


Tue Instrrvure or Transport—Monday, April 18, 
at 5,30 p.m., at the Institution of Civil i , Great 


S.W. 1, Mr. ur Watson, 
C.B.E. (General Manager, Lancashire and Yorkshire, 
and and North Western Railways) will read a 
entitled “Some Advantages of Control as Applied 

to on Railways.” 

Tae Royat Soctery or Arrs.—Monilay, April 18, 
at 8 p.m.: Cantor Lecture, “ Recent Applications of 
the Spectroscope and the § pter to Science 
and Industry,” yo Samuel J' Lewik, D.8c., F.1.C., 
Lows Lecture IT Wednechay, April ap reg 

jon ( ). » at 8 p.m. : 

, 1, Thomson's for armless 

men; 2, X-ray motor ambulance service for the United 
Kingdom, “8 ir James Cantlie, K.B.E., LL.D., F.R.C.8. 
The Hon. Arthur Stanley, G.B.E., C.B., M.V.O., 
will ide. The Thomson machine will be exhibited 
and roe Se, an armless ae re 
April 22, at 4. mM, : George Birdwood Memoria 
Lecture, “Phe Common Service of the British and 
, wy Lieut.-Colonel Sir 
Edward W. M. . K.C.V.0., C.MLG., D.8.0. The 
Earl of Lytton, U Secretary of State for India, will 








Tae Institution or Locomotive Enotneers (Lon- 
Lonton, SW. Mer Robert” E Thayer will eeee me 
Wa, ° mt a 
Standardisation of Locomotives in the 


Tue Institution or Crvm pen get 
April 19, at 5.30 p.m., the following paper will be sub- 
mitted ion: “The 


for Measurement of the Dis- 
charge of the Nile the Sluices of the Assuan 
Dam,” by Sir Murdock MacDonald, K.C.M.G., C.B., 
M.Inst.C.E., and Mr. H. E. Hurst. Students’ visit, 


Wednesday, April 20, electric generating station (London 
and North Western Railway.), Stonebridge Park. 

Tue Soorety or Grass Tecunotocy.—Wednesday, 
April 20, at 2.30 p.m., the Fourth Annual General 


Meeti in University College, Gower-street, London, 
w.c. 1, idential Address. P on “ Automatic 
Glass F Devices,” by Mr. G. se and Mr. Ed. 


re iy , M.Sc. The annual dinner will be held 
at Hotel Cecil on the same evening. A visit 
will be paid to the newly erected works of Messrs, 
Syndicate, Limited, Greenford, Mid- 
dlesex, on caer. morning, April 21, to see the 
Hartford-Fairmont feeding device operating in con- 
junction with Lynch machines, 
Tae Royat Mereoro.tocicaL Socrety.~-Wednesday, 
April 20, at 5 p.m., 70, Victoria-street, Westminster, 
to be read: 1. es i ce 
on Review 


of Naval Warfare ”’ 
Repel’ United Berviee’ hamdootion, 1920 . 
by Lieutenant Gordon ©. Steele, V.C., ae 


Tas Junior Instirution or ‘Enoruverrs.—Friday, 
at go at Caxton Hall, lecturette, “ Con- 
and Working of Marine Water-tight Doors,”’ 
by Mr. H. P. H. Anderson (Member), 


Tue rnp gees oF res oo ENGINEERS.— 
Friday, , at ™., at Institution, Storey’s 
Gate, Bt. James’ Park, 8. W.,”" Limit Gauging,” J 
by Sir Richard T. Glazebrook, K.C.B., 80.D., F.R.8., 

onorary Life Member. 

Tue Royat. InstiroT1Ion or Great Barramw.— 
Friday, fost SS oeare aaa teen 
by Sir James Walker, D.8c., LL.D., F.R.8. The subject 
is “ Synthesis in Organic ” After- 
noon lectures, at 3 p.m.: Tuesday, me anti od 
Arthur Keith, M.D., LL.D., F.R.8., M.R.L, Fullerian 
Ocigie On tee oY Proc Day I yh eee 
ture * % 21, Mr. H. 8. F 5 on 


A inten rye ed Socrery. iday, 
April é .m., ab ‘echnical School, “* 

matic Control Gesr for Electric Motors,” by Mr. W. Wilson 
B.E., M.8c., A.M.I.E.E., Research Department, General 
pr ah ae Witton. Lantern and demonstration 
of y ig hr ool Borough Electrical Engineer (Mr. 
W. A. Ja will preside, : 


‘Tue InstirvTIon oF MecuanicaL Enorveens.—It is 
announced that the informal meeting of the Institution 
of Mechanical which was to have been held this 
evening at 7 p.m., has been cancelled. 
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THE STEAM TURBINE OF TO-DAY. 


TxHouGH standing third in the list of seniority 
the Institution of Electrical Engineers has been 
much more fortunate than its older brethren in 
the matter of contributions dealing with the steam 
turbine. The papers on this subject read before 
the two senior societies have been largely of a 
non-technical character, and their records will 
be searched in vain for communications on steam 
turbines even approaching in value to the two 
papers contributed to the Institution of Electrical 
Engineers by Mr. K. Baumann. The first of these 
papers was presented in 1912, and amongst much 
other extremely useful matter contained a series of 
correction curves for adjusting actual test figures 
to guarantee conditions. These curves have been 
very extensively employed, being simple to use, 
and probably as accurate as the then existing data 
permitted. In fact, it is even yet questionable 
what the correction should be when dry saturated 
steam is substituted for steam having say 150 deg. F. 
superheat. According to one firm which has an 
exceptionally well-equipped laboratory and _ re- 
search department, the steam rate, by such a change, 
would be increased by only 13 per cent., whilst other 
firms estimate the increase at 15 to 16 per cent. 
the initial pressure being 180 lb. per square inch 
(gauge), and the vacuum 28 in. The difference 
is probably due to the comparison being made in 
the one case with steam that is really dry, and in 
the other with ordinary boiler steam containing 
moisture in suspension. Even a moderate degree 
of superheat fails to render steam really dry unless 
the water from which it is derived is quite pure, 
Thus in his experiments on the specific heat of 
steam near the boiling point, Mr. Brinksworth 
found it necessary to use block tin for his boiler, 
as water was found to dissolve silicates from the 
glass to an extent sufficient to enable drops to 
persist in spite of the superheat. That the ordinary 
boiler does not yield dry steam is very clearly 
shown by the fact that deposits of lime are found 
on the blading of turbines operated entirely by 
It seems 
probable, therefore, that the relatively considerable 
increase in economy found with moderate super- 
heats is largely attributable to the comparison being 
actually made between wet steam and superheated 
steam, and that if ordinary boilers supplied really 


dry steam the apparent saving would be materially 
70 | lessened. 


This matter, however, though of considerable 
theoretical importance, hardly affects the power- 
station engineer. The use of considerable super- 
heat is now practically universal, and what he 
requires is some means of estimating changes in 
the steam rate due to comparatively small de- 
partures from specified conditions. This require- 
ment is very adequately met in Mr. Baumann’s 


new y paper ‘which was 5 read before the Institution 
of Electrical Engineers on Thursday, April 7 last, 
and of which we commenced publication on page 435 
of our last issue. 

The new corrections are, perhaps, somewhat 
less simple to apply than their predecessors. They 
are based largely on theoretical considerations, 
use being made of Callendar’s new and convenient 
formulas for the re-heat factor of wet steam, ex- 
panding in thermal equilibrium. It is probable, 
for reasons already pointed out in ENGINEERING, 
that this condition of affairs is never reached in 
actual turbine practice, but until further experi 
mental data are available, Mr. Baumann’s new 
correction tables probably represent the best that 
can be done under existing conditions.. These 
correction tables are only a small fraction of the 
total tabular matter embodied in the paper, the 
compilation of which must have involved an extra- 

ordinary amount of research and tedious arith- 
metical work. For this, as well as for the purely 
theoretical matter, all interested in turbine engineer- 
ing, stand deeply indebted to the author. 

In 1912 no station was working regularly with 
steam at a higher pressure than 200 lb. per square 
inch (gauge) and with a higher steam temperature 
than 590 deg. F. To-day a pressure of 350 Ib. 
per square inch (gauge) and steam temperatures 
as high as 750 deg. are being adopted for new 
power stations, whilst the economic importance of 
high vacua is being still more fully realised, so that 
in favourable conditions a vacuum of 29-1 in. 
is now specified. Mr. Baumann points out that 
these changes have raised the adiabatic heat drop 
from 407 British thermal units to 485 British thermal 
units per lb., an increase of 20 per cent, Another, 
very important improvement has been the intro- 
duction of intermediate feed heating. By heating 
the feed with steam drawn off from different points 
of a turbine, it is theoretically possible (in cases in 
which there is no superheat) to obtain an efficiency 
corresponding to the Carnot cycle instead of to 
the Rankine cycle, and the gain is a very sub- 
stantial one. When, however, as is usual, the 
steam is superheated, the gain is not quite so 
large, as the feed cannot usefully be heated to 
more than the boiler temperature. From _ this 
consideration it is evident that high pressures have 
an advantage, since the limit of temperature | peu 
ticable is fixed by the physical properties of our 
structural materials. The higher the pressure 
accordingly the less the superheat and the closer 
the approach to the efficiency of the Carnot 
cycle. In practice it is commercially impractic- 
able to heat the feed in more than two, or possibly 
three, stages, so that the full benefit of the system 
cannot be realised, but even in spite of this defect 
the gain is very substantial, and it seems quite 
possible that it may ultimately be practicable to 
secure one-half that theoretically due. As matters 
stand the steam rate may certainly be improved 
by 5 per cent. Incidentally, this system of feed 
heating has a further advantage in reducing some- 
what the volume of steam to be passed through the 
last row of blading. 

Mr. Baumann considers that a pressure of 350 |b, 
per square inch is the maximum now advisable, 
but we may say that turbine plant designed for a 
pressure of 750 lb. per square inch is now at work 
in Sweden. Over 20 years ago; Dr. de Laval 
operated turbines with steam supplied at a pressure 
of 1,600 to 2,000 lb. per square inch, but though 
no turbine difficulties arose there were boiler 
troubles, and the experiment was finally abandoned. 
A special boiler has been constructed for the 750 lb. 
pressure, and is said to have proved satisfactory. 
No doubt some caution will be needed in installing 
high pressure and high temperature plant, In 
the discussion on Mr. Shaw’s paper read _ before 
the Institution of Electrical Engineers in 1919 
several disquieting imstances were quoted of the 
embrittlement of steel under long-continued ex- 
posure to not very highly superheated steam, 
and in the discussion on Mr. Baumann’s paper, Mr. 
Feddon, of Sheffield, stated that he had himself 
been troubled with the growth of steel castings, 
a phenomena generally supposed to be confined to 
cast iron. It is probable, therefore, that a certain 





amount of experimenting will be necessary to find 
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the qualities of steel which best resist at 
temperatures of between 700 deg. F. and 800 deg. F. 

High pressures have one very great advantage 
in making it possible to reduce the dimensions of 
the steam mains. Recent increases in the speed of 
large turbine generators have greatly diminished 


the size of the engine-room, but unless pressures are | damage 


raised the problem of securing adequate elasticity 
in the steam mains threatens to become troublesome. 
The stiffness of such pipes will vary about as the 
fourth power of the diameter, so that with large 
units it may be necessary to admit higher velocities 
of flow than have hitherto been customary in order 
to keep the sizes of bends within reasonable limits. 
The smaller pipes thus secured will also probably 
reduce somewhat radiation and convection losses. 
Mr. Baumann estimates that in 1919 about 
78 per cent. of the steam turbines constructed in 
this country were of the impulse type. It is 
accordingly not a little remarkable that the British 
test figures given in his paper relate exclusively to 
reaction machines. With these some really re- 
markable figures have been recorded. Thus the 
15,000 k.w. turbine at Lots-road is credited with 
a thermal efficiency of 26-3 per cent., a figure which 
not long ago would have been considered quite good 
for a gas engine. The steam pressure, moreover, 
was only 185 lb. gauge, the temperature 500 deg. F., 
and the vacuum 29 in. The steam rate was 12-0 lb. 
per k.w.-hour. Of course much lower steam rates 
have been recorded, and some notable figures were 
quoted at the meeting by Mr. Carnegie, who stated 
that at Carville a steam rate of 10-04 Ib. per k.w.- 
hour had been obtained. Here, however, the supply 
pressure was 240 Ib. per square inch (gauge), the 
steam temperature 692 deg. F., and the back pressure 
0-975 in. of mercury. Sister turbines at the same 
station gave figures ranging up to a maximum of 
10-53 Ib. per k.w.-hour. Many of these tests were 
made after the turbines had been some months in 
operation, and without any general preliminary 
overhaul. Sustained efficiency is, of course, an 
important feature in a turbine, and should, we 
think, have been included amongst the desiderata 
tabulated by Mr. Baumann as governing the award 
of a contract. The inclusion in specifications of a 
clause requiring that the guarantee trial should be 
made 12 months after installation would probably 
effect remarkable improvements in turbine practice. 
Maintained economy can be secured and power- 
station engineers have a right to demand it. Strik- 
ing instances of turbine deterioration after relatively 
short runs are, however, on record. A notable 
example was a turbine of Continental pattern 
installed in a Scottish city. In three years its 
steam rate rose by no less than 17 per cent., and 
after 300 man-hours had been spent in cleaning 
and adjusting it, its performance was still nearly 
10 per cent. worse than when originally erected. 
Mr. Baumann is a strong advocate of the single- 
cylinder machine on account of its lower first cost, 
but in the discussion, Mr. Chattock declared that 
power-station engineers were prepared to obtain 
efficiency at any reasonable cost. The question 
of reliability is also to some extent bound up in 
this matter of one or two cylinder machines. On 
the Westinghouse plan the high-pressure and low- 
pressure sections of a large turbine can be run as 
independent units in case of trouble occurring 
with either, and thus an accident will be propor- 
tionately only half as disastrous as with a single 
machine giving the same total output. Such an 
additional security is worth paying for, and, more- 
over, the plan does not seem to be exceptionally 
costly. Thus, the 26,000 k.w. machine erected at 
the Interborough station, New York, by the 
Westinghouse Company, cost (at pre-war prices) 
$9 per k.w. for turbines, condensers and pumps. 
It is to be doubted whether the General Electric 
Company, who are the principal protagonists in 
America of the single-cylinder machine, would 
have been able to supply at a lower cost a plant 
of the same efficiency. No doubt, as the table 
given by Mr. Baumann shows, their machines 
weigh less per k.w. of rated output, but the materials 
required are special alloy steels, costly to ri etd 
to heat-treat, and costly to machine, whilst their ser- 
vice record has, as is evidenced by Mr. Baumann’s 
table of accidents, not been entirely satisfactory, 





In this connection it may be well to clear up a possi- 
ble misconception that may arise from some remarks 
made by Mr. Patchell in the discussion. Referring 
to an accident to a large Westinghouse machine, he 
said that whilst under load it was observed to 
“ flutter,” and was instantly shut down, no serious 
being done. This, he went on to say, was 
fortunate, as when a machine at Boston “ flut- 
tered ” and was not instantly shut down, the result 
was a disastrous wreck, This remark might quite 
easily convey the impression that the Boston machine 
was of the Westinghouse make ; which is not the 
case. It was, in fact, a single-cylinder machine of 
an entirely different type, and it is now admitted 
that the failure was due to the bad design of the 
discs, which though strong enough were not stiff 
enough, as was clearly brought out in Mr. Eskel 
Berg’s paper read before the American Institute of 
Electrical Engineers last year. There is, in fact, 
no reason to suppose that any specially disastrous 
result would have followed from a failure to stop 
promptly the Westinghouse machine, which it is 
quite probable had “ fluttered ” some time before 
the trouble was noticed. 

An important point emphasised by Mr. Baumann 
is the practical impossibility of getting large steel 
discs of the same uniform quality as smaller ones. 
He has himself overcome this difficulty in an ex- 
ceedingly ingenious way, with the multiple exhaust 
described in the latter portion of his paper. Indeed, 
with this new method of construction he is able to 
dispense with discs altogether at the low pressure 
end, an arrangement which we hope to describe 
and illustrate at an early date. 





RAILWAYS AND ROAD TRANSPORT. 

Tue title, “Railways and Road Transport,” 
may possibly suggest at this juncture, to our 
readers, comments on the present regrettable 
situation now holding in our country. Our purpose 
is, however, otherwise ; our object being to discuss 
a report which the affairs of the moment have rather 
overshadowed. A committee was appointed some 
time ago by the Minister of Transport to advise 
him on the question of road conveyance of goods 
by railway companies, and this body has recently 
reported on the matter. In passing, we may note 
that witnesses urged against such service on the 
part of the railways that, in an emergency such as 
has now developed, the railway union would be 
more powerful than ever if it had a direct influence 
on road services as well. But, with the transport 
workers also forming part of the so-called Triple 
Alliance, and possibly, as some may think, more 
anxious for resort to drastic action than the rail- 
way union, there is very little in this point, which 
may be dismissed as briefly as it has been in the 
report we now refer to. 

The document, as a contribution to national and 
industrial development, is exceedingly disappoint- 
ing. The committee comprised representatives of 
four definite sections of those intimately con- 
cerned, viz., the railways, the road transport 
interests, the traders, and labour. If the Minister 
of Transport hoped, as we presume he did, for some 
agreed constructive plan to be evolved, so far as 
we can see he has failed to obtain the assistance 
he sought. The report consists of three sections, 
each of which may be said to follow, in Parlia- 
mentary language, strictly party lines. Only one 
section shows any spirit of conciliation, namely, 
that drawn up by the chairman and the represen- 
tatives of the railways. The other two sections 
are subscribed to respectively by a representative 
of the transport workers, and by the members 
representing the traders and the road transport 
companies. Both are antagonistic to the railways, 
though for different reasons. In the former case 
because nationalisation is the avowed aim and 
object of the federation of workers’ unions repre- 
sented ; in the latter it seems to be evident that 
it is the considered policy of the subscribers at all 
costs to adopt an uncompromising attitude towards 
the large railway carriers. 

When it is a matter of questions of transport 
we have now come to regard the traders, so to 
as an official ition. The official Opposition 
exists to talk a great deal, and to advance even a 
somewhat exaggerated case, in order that a subject 





may be. thoroughly threshed out. No one much 
objects to these tactics, as a good deal of healthy 
criticism is brought to bear on new proposals in 
this way. The trading community has, it will be 
admitted, managed to look after itself fairly well in 
the past, and on the whole it has succeeded in 
making life pay much better than the railways, 
which it appears on the surface to be so anxious to 
see subjected to every form of disability and handi- 
cap. We do not, therefore, consider the objections 
of the traders too seriously, and believe that, with 
some give and take, under certain conditions it 
would be possible for traders and railways to 
flourish in the same district, even though the latter 
had powers to run road transport services. 

The case of the road transport industry is, how- 
ever, different, for it does not seem to us that this 
body is out for quite a fair contest with the rail- 
ways. They profess to wish that traffic may go to 
whoever can carry it cheapest—but only so if a lot 
of rules are introduced to handicap one of the 
competitors and to favour the other. While they 
themselves are to be free from practically all con- 
trol as regards operation and powers of charging, and 
to contribute only a fraction of the cost of the roads 
by which they exist, the railways must, in their 
opinion, be controlled and regulated and limited as to 
their powers, should quite rightly have to provide 
their own roads at huge capital outlay, be mulcted 
in heavy rates, and forced to maintain a certain 
high-grade standard. 

It is a curious line of thought which in the same 
report claims protection for the road transport 
industry, in which “ private ” capital to the extent 
of several hundred millions is now said to be in- 
vested, against the railways (whose capital, it is 
implied, is something other:than “ private’), and 
at the same time asserts that if the railways are the 
losers, they would only in their turn be suffering the 
fate that happened to less efficient transport systems 
of the past, such as the stage coaches. The road 
transport industry will apparently gladly suffer the 
extinction of the capital of the railways, but not of 
its own. To our mind the extinction of the capital 
invested in our railways would be much more 
serious to the country at the present time than 
would that of the road transport concerns, but we 
believe that there is room for both. 

There is, again, a good deal in this same portion 
of the report about the railways fixing their rates 
at a reasonable level, and about the persistent 
extension of their monopoly by the railways by 
the warehousing and collection and delivery of 
goods. We do not consider the remarks made to 
be fair. The rates are, as is well known, now based 
largely on the new scales of wages, and the heavy 
capital costs, of which the road transport people 
are relieved by a generous country. Again, till 
recently it was the avowed policy of this country 
to encourage competition between the railways. 
When rate-cutting was abolished this took the form 
of facilities, and each railway was practically 
forced to the policy of providing warehousing, or 
its business. went to a line which did. They cer- 
tainly did not take this part of the business up 
willingly, for a great deal of the service has been 
free in the past, and only remunerative in that it 
brought goods to the line. Much the same may be 
said of collection and delivery. There are to-day 
independent companies performing this service, 
but the railways have undoubtedly performed an 
immense service to the country in their collection 
and delivery of goods in numberless places where no 
serious attempt has been made by anyone else to 
do this work. In countless cases the traders cer- 
tainly have no wish to have to do it themselves, 
and the new industry of road motor transport has 
no claim against a system in successful operation 
long before it came upon the scene. 

We think the whole matter might be carried a 
good deal further than is suggested by the uncom- 
promising attitude adopted in this report by the 
traders, and the road transport members of the 
committee, and are inclined to think that, under 
control, the railways should be allowed the use of 
the roads which the motor transport industry has 
had, after all, provided for it mainly at the expense 
of the country, which incidentally includes the 
railways and their shareholders. The railways 
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themselves, we believe, are prepared to submit to | 
some form of control, in return for facilities for road | 
services. They have been regulated so long on the | 
ground that they owned a monopoly that they are | 
used to the general idea. 

But the monopoly argument does not quite suit 
the present situation, for the road transport com- 
panies are in direct competition with the railways. 
There are without.doubt instances in which services 
of a kind which in some cases can only be rendered 
by the railways may be of considerable value. The 
alternative, which, however, no one desires, is that 
the motor transport industry should be made to 
provide and keep up its own roads throughout the 
country. It would then be instructive to compare 
rates and working costs with those of the railways. 
Even now motor transport only contributes about 
eight millions sterling out of an estimated ex- 
penditure this year on roads of about 45 millions, 
and, luckily for it, no attempt has been made to 
make it bear a share in proportion to its claims, the 
bulk still being taken by the uncomplaining general 
taxpayer. 

The anxiety of some people to secure mono- 
polies if there is any chance of politicians accept- 
ing their claims, is well illustrated by witnesses 
before this committee who represented the motor 
manufacturing interests. These individuals claimed 
that the railways ought not to be allowed to carry 
goods by road, as they would then probably build 
the vehicles in their own shops. Of course, years 
ago the same cry was raised about the building of 
locomotives, but the locomotive building industry 
has flourished here, just as the motor trade will 
do if it knows how to go about its own business 
properly instead of relying on artificial expedients 
to promote and maintain it. As a matter of fact, 
if the motor industry is efficient there is no likeli- 
hood of the railway shops, laid out as they are for 
heavy engineering, being converted on a large 


lower silurian age through the Devonian to the/|i 


carboniferous ‘series. At the head of Ice Fjord, 
however, all the older stratified rocks have been 
denuded from the fundamental gneiss and the 
carboniferous formation rests directly on the 
Archean rock. 

On the Ice Fjord the carboniferous system con- 
sists mainly of a thick series of limestones overlying 
kulm, in which coal seams occur. The limestone 
strata pass upwards into the Permian, above which 


are rocks of the Triassic and Jurassic age containing 


inferior coal seams. The best Spitsbergen coal, 
however, is not found in the carboniferous forma- 
tions at the head of the inlet, but in the secondary 
and tertiary coal-bearing strata to the south, and 
it is here that active mining operations are at present 
being carried out. This superiority of coal of more 
recent formation over that of greater age is not a 
little curious when viewed in the light of general 
experience. As the seams in the carboniferous area 
have not, however, been worked to any considerable 
extent, and as the only samples so far tested have 
been taken either superficially or at no great depth 
from the surface, a possible explanation of this 
apparent reversal of the established order of things 
may be inferred. It is not impossible that the 
quality of the older coal may improve at greater 
depths, and if this should prove to be the case the 
value of the deposits in this area would be con- 
siderable. The average of the samples so far tested 
give an ash percentage of 10 and a calorific value of 
from 7,320 to 7,720 calories, although individual 
samples have given much better results. As the 
seams are of good average depth and are known to 
be of great extent, a more exhaustive investigation 
of their potentialities would seem to be warranted. 
At the present time practically the whole of the 
existing workings are located in the cretaceous and 
tertiary coalfields which lie to the south of Ice Fjord 
Of these the most important are located at Advent 





scale for the much lighter work of motor building. 





COAL-MINING IN THE ARCTIC. 

Asovut the “ High North,” where men pit their 
hardihood against Nature in her most relentless 
moods, there still clings a certain glamour of adven- 
ture for which in kindlier latitudes one seeks in vain. 
The Arctic is still unconquered, and suffers grudg 
ingly the advance of civilisation. Apart altogether, 
therefore, from the points of technical interest 
which it presents, the mining industry as carried 
on within the Arctic Circle is further endowed 
with the fascination of its environment. 

Since 1900 the pioneers of the coal-mi 
industry of the far north have been at work at 
Spitsbergen, 600 miles within the Arctic Circle and 
only 10 deg. from the Pole. Here, during the long 
day of the Arctic summer and the three-months 
winter night, mines are being worked and coal in 
considerable and growing quantities is being wrested 
from the frozen earth. That coal-mining under 
such circumstances presents features of unique in- 
terest goes without saying, while the circumstances 
under which those who work the mines live are not 
altogether without their appeal to the imagination. 

Both the human and the technical aspects of the 
mining industry of Spitsbergen are dealt with 
somewhat fully in an interesting paper read before 
the Mining Institute of Scotland by Mr. H. M. 
Cadell, B.Sc., F.R.S.E., in which the author gives 
details of his personal observations of the operation 
of the several mines which are at present being 
worked. Spitsbergen has an area of 25,000 sq. 
miles, or approximately the same as that of Scotland, 
but so far mining operations have been confined 
to a relatively restricted area in the neighbourhood 
of Ice Fjord, a large inlet on the West Coast of the 


: 
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Bay, a small opening on the southern shore of the 
Fjord where the seams outcrop on the steep valley 


| sides. It is here that Longyear City, named after 
its American founder, Mr. Longyear, is situated, 


and where the mining industry may be said to have 
its headquarters. Two seams of coal have been 


located on the west side of the valley, and one on 
| the east, the latter and the lower of the two first- 
‘named only having been worked up to the present. 


| These seams are situated on the valley side some 
|900 ft. above sea-level, the coal being worked by 
|mines driven from the outcrop into the mountain 


| face. Straight rope railways, sloping at an angle 


|of between 30 deg. and 40 deg. and operated by 
| electrically-driven haulage engines, provide trans- 
| portation between the village and the pit mouths, 


| the current for this purpose, as well as for lighting 


and general use, being generated by a central power 
|station near the harbour. From the mine on the 
| west of the valley, which was originally worked by 
'Mr. Longyear, some 400,000 tons of coal had been 
removed up to the end of 1919, the coal being from 
| 34 ft. to 4 ft. in thickness and the workings extending 
| some 3,500 ft. into the mountain side. The average 
| quality of the coal obtained is good, and the calorific 
value high. An analysis made by the author of the 
paper above referred to of coal taken from this 
mine gave the following results :— 


| Per cent. 
Fixed carbon ... 57-15 
Volatile matter ... 37-21 
Sulphur . : 0-73 
Ash ben 3-20 
Moisture ... 1-71 


Calories 7,850 a 14,130 B.Th.U. 
The coke obtained from this coal was very soft and 
bulky in character, and much swollen. 
The method of working adopted at this mine was 


largest island of the group, and to a small stretch originally the pillar-and-stall method, but this has 
of territory to the south of King’s Bay, some 60 subsequently been abandoned in favour of the 
miles further north. In general conformation this long wall. The coal is opened out by a main haulage 








section of country is a plateau of something over 
2,000 ft. in height composed of stratified rock 
resting on Archean gneiss and granite. Several 
well-defined faults traverse the region, and along 
the west coast there is a line of folding and over- 
thrust which produces a sharply-profiled ridge of 
irregular peaks. For the most part, however, the 
strata are even and nearly horizontal, and consist 
of rocks of various ages, from the Cambrian or 


road about 20 ft. wide with a parallel return airway 
opening on to the hill side. At intervals of 100 
yards side roads are driven at right angles to the 
main and from these the coal is worked 
outwards in sections by Sullivan coal-outters and 
belt conveyors on a well-planned and methodical 
system. To permit the tubs to run under the end 
of the conveyor at each road-head the pavement 





below. 

peculiarity about the working i 
which it shares with all the other mines in 
country and which differentiates mining opera 
as carried out in Spitsbergen from those carried 
in other parts of the world, arises from the fact that 


in depth. The temperature at the Longyear mines 
remains uniformly at some 7 deg. F. below the 
freezing point, and this circumstance has important 
effects on boring and mining operations. For 
instance, it enables longwall mining to be carried 
out without risk and without the necessity of timber 
supports. The frozen roof is wonderfully strong and 
elastic, and when the sides of the roadways through 
the waste are built up with walls from the stone 
produced in the mining operations the overlying 
strata in course of time settle on to the building, 
forming a firm and solid roof. Another great advan- 
tage lies in the fact that since all water in the various 
strata is frozen no pumping is necessary. On the 
other hand, it would appear, from the appalling 
explosion which occurred at the Longyear mine on 
January 3, 1920, that the dryness due to these 
conditions is a source of danger, this catastrophe 
having been ascribed to the ignition of the dry 
coal dust with which the atmosphere was laden, 

Although the mines at Advent Bay are the most 
important, they are by no means the only operations 
which are being successfully carried out. At 
Hjorth Haven a Bergen firm is working a seam 
9 ft. in thickness, while further west on Green 
Harbour and to the south on Lowe Sound, mining 
is in full swing. In the latter locality the Braganza 
Mine is producing over 35,000 tons of coal annually 
from a 3}-ft. seam, while a second seam ranging from 
5 ft. to 64 ft. in thickness has recently been dis- 
covered in this neighbourhood, A sample of coal 
from this mine analysed by Mr. Cadell gave some- 
what better results than those obtained | from the 
Advent Bay district, the proportion of fixed carbon 
being 69°88 per cent., volatile matter 26°19 per 
cent., sulphur 0°72 per cent., ash 1°62 cent., 
and moisture 1°59 per cent, The calo value 
was also higher, being 14,616 British thermal 
units or 8,120 calories. 

It is impossible here to enter into any detailed 
description of operations at all the mines in Spits- 
bergen, but sufficient has, perhaps, been said in 
connection with the Longyear mine to give some 
idea of the conditions met with. These conditions 
may, on the whole, be taken as fairly typical of those 
existing at the other mines, although naturally local 
topographical and geological conditions differentiate 
individual indertakings as regards detail. In general 
it may be concluded that mining operations present, 
in themselves, no very great difficulty. The frozen 
condition of the strata in which the coal is found is, 
on the whole, an asset. The coal is of good quality, 
the seams and free from faults and dykes, 
and the dip is gentle so that coal-cutting and con- 
veying machinery can be used to advantage and the 
coal extracted with a minimum of trouble. The 
coal outcrops for the most part above and near the 
shore, thus obviating the necessity, for the imme- 
diate future at least, of shaft-sinking and railway 
construction. Finally, up to 1920, there have been 
no royalties, rates or taxes to pay, and although now 
that the territory has been to Norway matters 
in this regard will be on a different footing in future, 
it is not anticipated that exhorbitant charges will 
be levied on the Spitsbergen coalfields. 

Against these advantages which the mining in- 
dustry enjoys, certain economic difficulties are 
presented by the geographical location of Spits. 
bergen and by the severe climate. The whale 
country is simply naked rock, except for a little 
transitory vegetation in the sheltered valleys near 
the sea, and as a result all supplies such as food, 
machinery, timber, &., have to be im 
Also for three consecutive months during the winter 





is brushed to a depth of 2 ft. or 3 ft. The coal as 





the sun is below the horizon, the cold intense, and 
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the country entirely cut off from the rest of the world 
by miles of frozen polar seas impossible of. navi- 
gation. ‘This isolation, which lasts sometimes for 
over five months, is complete, communication being 
restricted to the wireless station at Green Harbour. 
This interruption of maritime transportation necessi- 
tates the storage of coal mined during the winter, 
and the intense cold has a disintegrating effect 
on the coal so stored. Another factor is the great 
excess by bulk of exports over imports, this necessi- 
tating ships proceeding to Spitsbergen to do so in 
ballast, while the high insurance against risks from 
ice still further adds to the cost involved in the 
transportation of the coal to the European market. 

In spite of these drawbacks, however, there is 
little doubt that the mining industry of Spitsbergen 
is commercially sound, and although it is not at 
present carried on sufficiently extensively to 
seriously affect the industry in this country, the 
day may come when Spitsbergen coal may become 
a serious competitor with the produce of the British 
mines in the European market. In handing over 
this ‘territory to Norway we have, at the least, 
handed over a source of great potential wealth and 
have placed in the hands of a foreign power a means 
of competing with us in one of our most important 
home industries. Whether we have been wise in 
so doing only time, and a further exploitation and 
investigation of the Spitsbergen coal measures, 
can tell. 





THE MINERS AND UNEMPLOYMENT 
BENEFIT. 

Tue claim of the miners for unemployment benefit 
under the Unemployment Insurance Act raised 
interesting questions of general importance in the 
discussion before Mr. W. B. Yates, the Umpire 
appointed under the Act of 1920, in two cases which 
were argued by Sir John Simon, for the Miners’ 
Federation, and the Attorney-General, for the 
Ministry of Labour, on Friday, the 8th inst. The 
facts put before the Umpire were as follows :— 

At a certain colliery a notice was given by the 
employer to the workers terminating their en- 
gagements on March 31, but it contained an in- 
vitation to them to negotiate with the employer 
for the continuance of work without interruption 
after March 31, i.e., to negotiate regarding new 
rates of pay. This invitation was not accepted, 
and no negotiations took place; but on March 31 
the employer posted up a notice offering employ- 
ment at certain specified rates. This notice was 
apparently posted after the night shift had finished 
work and had gone home, and Sir John Simon made 
a great point of that fact. He argued that when 
the night shift went home they were already un- 
employed. The Umpire held that this was im- 
material in view of the invitation contained in the 
notices of March 23 to the workers to negotiate 
new terms. 

In order to understand the question argued 
before the Umpire it is necessary to consider certain 
clauses of the Unemployment Insurance Act, 1920. 
Section 7 sets out the statutory conditions for 
receipt of unemployment benefit. One of these 
is that the insured contributor must be capable of, 
and available for, work but unable to obtain suitable 
employment, and there is an important proviso 
that a person is not to be deemed to have failed 
to fulfil the statutory conditions by reason only 
that he has declined an offer of employment in 
the district where he was last ordinarily employed, 
at a rate of wage lower than that which he habitually 
obtained in his usual employment in that district 
or would have obtained had he continued to be so 
employed. Sir John Simon arguéd that in view 
of this the workers were entitled to unemployment 
benefit; that they were capable of and available 
for work but unable to obtain suitable employment 
unless at rates lower than those which they had 
been obtaining until March 31. When the terms 
of Section 8 are considered it seems fairly clear that 
this argument is founded on a wrong construction 
of the proviso to Section 7. It is'‘enacted in Section 8 
that an insured contributor who has lost employ- 
ment by reason of a stoppage of work which was 
due to a trade dispute at the premises at which he 
was employed shall be disqualified for receiving 
unemployment benefit so long as the stoppage of 





work continues. At first sight it is a little difficult 


to reconcile this with the proviso to Section 7, 
because a stoppage of work might be'due to a general 
refusal of workers to agree to a proposed reduction 
of rates. The explanation of the apparent dis- 
crepancy is probably that the proviso in Section 7 
was intended to safeguard the position of a worker 
who is out of employment because he refuses to 
accept a lower wage than the district rate. The 
proviso could never have been intended to enable 
workers to draw unemployment benefit while strik- 
ing in order to resist a general reduction of the 
district rate. That is to say, it would be unfair 
to disqualify a worker because he will not accept 
less than his fellows are getting, but it would be 
equally unfair to subsidise workers out of an in- 
surance fund to which their employers had con- 
tributed, while there was a stoppage of work due to 
a dispute between the workers and the employers 
as to whether the general rates should be reduced 
or not. The Umpire appears to have taken this 
View, for he states in his judgment that the facts 
that the offer to negotiate regarding fresh terms 
was made in the notices of March 23 and was not 
accepted, and that work ceased on the expiry of 
the existing engagements constitute, in his judg- 
ment, a stoppage of work which was due to a trade 
dispute, and that the applicants lost their employ- 
ment by reason of this stoppage of work, and were 
therefore, in view of Section 8 of the Act, disqualified 
for receiving unemployment benefit. The case 
appears to have been argued altogether apart from 
consideration of the negotiations between the 
Miners’ Federation and the Coal Owners’ Associa- 
tion, but the Umpire mentions that it is unnecessary 
to consider this, in view of the employers’ invitation 
in the notice of March 23. 

The subject of the disqualification arising from 
a stoppage of work due to a trade dispute was 
much discussed while the Act was under considera- 
tion in Parliament, and the point which the Govern- 
ment felt unable to leave out of account was that 
which we have already referred to, viz., that the 
employers contribute to the fund, and the benefits 
could not fairly be used to subsidise strikers or 
workers locked out owing to a trade dispute with 
their employers. 

The Umpire’s decision in these matters is final, 
and it would therefore appear that although in- 
dividual workers may not be disqualified from 
receiving unemployment benefit by refusing to 
accept less than the prevailing rates, where there 
is no question of a more or less general réduction, 
yet if there is a stoppage of work due to a trade 
dispute on such a question, for example, as a re- 
duction of rates or a demand for an increase of 
rates, unemployment benefit will not be payable. 

‘It is only right to mention that Mr. Yates is not 
an official of the Ministry of Labour, as has been 
erroneously stated in certain quarters, but was 
appointed by the Crown in 1911 as the Umpire under 
Part II of the National Insurance Act, 1911, a post 
which he held until the Act of 1920 was passed, 
when his appointment was renewed by the Crown 
under ‘that Act. He is an entirely independent 
official appointed by the Crown to give official 
decisions in appeals under the Act from recom- 
mendations of the Court of Referees. 





THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 

Tue Building Exhibition which opened at 
Olympia on the 12th inst. follows a similar function 
last year, while it is arranged that a third exhibition 
shall be held in 1922. This running of these exhibi- 
tions one. year after another is unusual, and in the 
past the show has been a biennial one. In view of 
the present and probably long continued activity 
of the building trades this procedure is, however, 
no doubt well justified, and it is evident from the 
appearance of Olympia that the function is being 
well supported by the manufacturers interested. 
Although maintenance and ‘renewals had to be 
neglected to a serious extent in many industries 
during the war, in none probably did the conditions 
quite approach those in building in which, apart 
from factory erection, an almost total cessation of 
work took place. This condition, combined with 
the better housing accommodation which a more 





ambitious social outlook demands, has placed an 
enormous programme of construction before the 
building trades so that manufacturers may well feel 
justified in supporting an exhibition three years 
running. 

There is a further aspect of the matter moreover 
which reinforces the case for these three exhibitions. 
This concerns the question of cost. The enormously 
increased prices of material and labour makes it 
essential that improved, or at any rate cheaper 
methods should be applied in much of the work 
which has to be done, and very especially in the 
domestic programme which is being subsidised to 
such a large extent by public money, it is desirable 
that work should be carried out as cheaply as 
possible consistent with a reasonable working 
efficiency. This consideration adds to the value of 
an exhibition which enables architects and builders 
to see the various modern appliances for cheapening 
building brought together under one roof, and con- 
versely enables the introducer of a new appliance 
to bring it to the notice of possible users. As it is 
particularly in the domestic building field that new 
and cheaper methods are particularly desirable, and 
as this type of building does not in general lend 
itself to bulky or expensive appliances, it may be 
generally expected that new devices brought forward 
will be simple and relatively cheap, so that they can 
usually be quite effectively shown at an exhibition. 

A general survey of Olympia gives the same 
impression as that obtained last year, that the 
main effort toward the cheapening of domestic 
building has been expended in the development of 
concrete block-making and concrete construction. 
We do not know if the whole of the firms which 
exhibited concrete block machines last year are 
again to be seen at the show, but the bulk certainly 
are, in addition to new comers, and it may be 
gathered that the manufacture of such machines 
is proving a sound business. The subject of 
domestic building is not one with which we are 
directly concerned, and we have no official statistics 
of the extent to which concrete block work is being 
carried out, but one of the manufacturers of the 
machines concerned informed us that probably 
75 per cent. of the housing schemes in being were 
using concrete blocks in some form. The figure 
seems high, but we quote it for what it may be 
worth. One development in connection with this 
matter which appears to be making headway is the 
setting up of block manufacture as an independent 
business quite apart from the making of the machines 
for the manufacture of the blocks or the building 
of them into a house structure. In very many 
cases, of course the blocks are made by the builder 
on the job. | 

As an example of an exhibit of blocks rather 
than block making machinery, we may refer to the 
display of triangular blocks made by the Triangular 
Concrete Construction Company, of Imber-court, 
East Molesey, Surrey. The idea of the triangular 
block is to enable walls to be built up, corners to 
be made and piers, buttresses and other forms to be 
constructed without cutting or the use of special 
blocks. The triangular blocks are hollow and 
several sizes are used, two of each size building up 
into one of the next size larger. We understand that 
these blocks are made on machines supplied by 
Messrs. R. G. Whitaker, Limited, of Ceres-road, 
Kingston-on-Thames. This firm shows various 
types of machine for different classes of work. In 
general the machines are of the type in which the 
formed block is stripped from a fixed mould by 
lifting the pallet with a hand lever motion. They 
show, however, a machine made to produce nine 
blocks at a time of the size and form of ordinary 
bricks. In this case the sides of the moulding box 
hinge outwards and carry internal division plates 
which form the division pieces between the blocks. 
By arranging these division plates on both sides of 
the box they can be made with a double taper, so 
that they leave the former blocks easily and without 
any rubbing. 

An interesting machine designed for the pro- 
duction of blocks with a waterproof face is shown 
by Messrs. Stothert and Pitt, Limited, of 38, Victoria 
street, S.W.1. The moulding box has hinged front 


and sides, and is filled from above in the ordinary 
way. 


When the block is formed and the material 
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is still wet a frame hinged behind the box is brought 
down on to the top of it, and the layer of cement, 
waterproofed with “ Pudlo” laid on. The frame 
is then lifted out of the way, the box opened and the 
block removed on its pallet. These blocks and the. 
machine for making them are known by the name 
“ Dri-crete.” In the machines we have so far men- 
tioned tamping is, we believe, done by hand, and 
this is the general practice, although machines fitted 
with mechanically or hydraulically operated pres- 
sure plates are to be seen. An interesting and novel 
mechanical tamping device is, however, shown which 
operating by means of a small ram gives the same 
distributed effect as hand tamping. This device, 
to which we hope to refer further next week, is 
exhibited by Messrs. R. H. Kirk and Co., of Colling- 
wood House, St. Peter’s, Newcastle-on-Tyne. This 
firm also shows a block machine of the rock-over 
type, but the use of the tamper is not confined to 
it. It could be used with most makes of machine. 


(To be continued.) 





NOTES. 
Low TEMPERATURE CARBONISATION AND 
SMOKELESS FUEL. 

THE production of smokeless fuel and the abolition 
of the smoke nuisance in our great cities is a subject 
in which most of us take some interest. In a paper 
on these questions read before the Royal Society 
of Arts on Wednesday, Professor H. E. Armstrong 
pleaded for a better perspective in the public mind, 
of the things that really mattered. He drew 
attention to the fact that the public, led by the 
daily Press, devoted extravagant attention to all 
sorts of theories which, whether true or not, had 
extremely little bearing on life, while we continued 
to accept anything that was offered to us without 
question in matters of real and vital import. Pro- 
fessor Armstrong’s plea was for greater attention 
to be paid to the manner in which our coal was 
being utilised at the present time, and the lecturer 
advanced the claims of low-temperature carbonisa- 
tion both on the grounds of making better use of 
the coal, and of producing a smokeless fuel. It is 
now claimed that the solid product of the low- 
temperature system, as worked, for instance, at 
the new Coalite plant at Barnsley, is a better fuel 
than coal for domestic purposes, though it was 
admitted that formerly a great deal of poor quality 
fuel was distributed. The method of manufacture 
has been greatly improved, as described in our 
issue of February 25 last (page 232), when Professor 
Armstrong mentioned the same subject at the recent 
“ Efficiency Exhibition Conference’ at Olympia. 
This fuel, Professor Armstrong states, can com- 
mand as good a price as coal, while the producer 
has to cover working costs and profits, the valuable 
low-temperature liquid products for which there 
was a great future. In the discussion which followed, 
Sir Arthur Duckham, who occupjed the chair, 
stated that he had twice inspected the Barnsley 
plant, and he thought it might be taken to be a 
commercially working plant. He had, however, 
never been quite convinced of the satisfactory nature 
of the balance-sheet, and preferred, on the whole, 
other methods, as he thought the future was not 
with solid fuel in any form. Professor Armstrong 
said that in future development it would be easier 
to provide people with solid fuel to burn in their 
fireplaces than to fit them all up with the means of 
using gas. 

SECONDARY STRESSES. 


A recent issue of Engineering News-Record gives 
particulars of a series of careful measurements of 
secondary stresses made by Professors Parcel and 
Maney of the University of Minnesota, on the 
Kenova Bridge. This bridge has a span of 520 ft. 
of the usual American type, and carries the Norfolk 
and Western Railway over the Ohio River at 
Kenova, W.Va. The investigation resembled 
closely that carried out so thoroughly and compre- 
hensively on the bridges of the Western of France 
Railway by M. Rabut some 25 or 30 years ago, and 
discloses no new facts. As in M. Rabut’s case, 
secondary stresses of considerable intensity were 
recorded, but no data are forthcoming as to the 
real bearing of these on the safety of the structure. 
The investigators appear to take the computer's 





view that a stress is a stress, and must be provided 
for or eliminated. Practical experience, on the 
other hand, shows that it is the statically indeter- 
minate structures which have the best records in 
actual service, and there is no trace in engineering 
annals of a structure collapsing owing to secondary 
stresses. Any pin-connected structure will, in fact, 
be strengthened (not weakened, as the computer 
too frequently imagines) by replacing the pins by 
efficient riveted joints, in spite of the secondary 
stresses thereby introduced. In short, a secondary 
stress may be defined as one which, if excessive, 
can relieve itself by passing on its overload to 
less stressed members. In the case of struts, for 
example, every practical engineer knows that a 
structure is stronger if these are riveted to the 
girders or other members they support than it 
would be if the struts were pin connected. The 
latter arrangement eliminates, no doubt, the possi- 
bility of secondary bending moments at the joints, 
but the result is a weaker; not a stronger, structure. 
The argument for pins must be based, in short, 
solely on considerations of practical convenience, 
such as the greater facility and rapidity of erection 
which their use make possible. ; 
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History of the Great War based on Official Documents. 
The Merchant Navy. Vol. 1. By Arcurpatp Hurp. 
London: John Murray. [Price, with 3 maps, 21s. 
net. ]} 


THREE histories of the war by sea, based upon 
official documents, are being written by direction of 
the Historical Section of the Committee of Imperial 
Defence. The first, by Sir Julian Corbett, deals 
with the operations of the Royal Navy* and the 
second, by Mr. Archibald Hurd, describes the 
operations of the Merchant Navy, while Mr. C. 
Ernest Fayle traces the economic effects which 
flowed from the partial disorganisation of our 
ocean-borne trade.t The scheme may not be ideal, 
but it is intelligent. It would have been impossible 
to deal with all the phases of the naval war in one 
comprehensive work, and even if it had been 
feasible a certain amount of overlapping would 
inevitably have occurred. It is apparent from the 
study of the first volumes of Sir Julian Corbett’s 
‘Naval Operations’’ and Mr. Fayle’s “* Ocean- 
borne Trade,”” which were published several months 
ago, as well as from a more recent reading of Mr. 
Hurd’s first instalment of ‘‘ The Merchant Navy ” 
that the three authors have worked with com- 
mendable unity of purpose. Though in places they 
deal with the same events they approach them from 
different angles. It is perhaps unfortunate that all 
these volumes should appear under the general title 
of “ Official History of the War,” for readers, with 
memories still fresh of the censorship, may hastily 
assume that the writers have been shackled by 
official reservations. They will do well to note, 
however, that in the case of Sir Julian Corbett’s as 
well as Mr. Fayle’s, work the Admiralty distinctly 
disclaim that they are in any way responsible for 
the reading or presentation of the facts. In the 
preface to “ The Merchant Navy”’ it is explained 
that this history was undertaken at the suggestion 
of the Board of Trade, with the concurrence of the 
Admiralty and the Ministry of Shipping, and the 
most casual reader must be convinced that neither 
department has attempted to interfere with the 
author’s freedom. 

It would have been a sad omission, for which 
succeeding generations would have blamed us, if no 
complete record had been prepared from the mass of 
official material available of the part which British 
seamen and British shipping took in sustaining the 
Allied cause. The modern historian of sea-power 
is baulked at every turn by the indifference which 
our forefathers exhibited towards the achievements 
of the merchant navy in past wars. Admiral Mahan 
made a pointed complaint to this effect when he was 
preparing his volume on “ The Influence of Sea 
Power upon History.” The result is that the 
average man has never appreciated the extent to 
which merchant seamen in earlier centuries assisted 





— 


* See Excrxergine, vol. cix, page 521. 





+t See page 83 ante. 


in defending and succouring this country against 
the enemy. Mr. Hurd does well to point out that 
“the merchant navy was the defence.of the nation’s 
sea, interests and its bulwark against invasion 
before the Royal Navy had any existence, and after 
the foundation of the Royal Navy it continued to 
bear mo small share in the sea defences of the 
country.” In these circumstances it was not, in- 
appropriate that the history of the merchant navy’s 
operations during the Great War should be pre- 
ceded by a brief summary of the past achievements 
of merchant seamen, thus furnishing “a fitting 
background to the unexampled record of high 
courage, uncomplaining suffering, and in thousands 
of instances martyrdom, which the late struggle 
has provided as an example and inspiration to future 
generations,” Those who think that they know 
already all that there is to know of the history of 
the mercantile marine as a great national institution, 
as well as a vital industry, can skip these preliminary 
pages, but most readers will welcome this aid to a 
study, in due perspective, of the essential contri- 
bution which British merchant seamen and British 
merchant shipping made to the winning of victory. 
Mr. Hurd makes it very clear that if we had not 
about half the merchant shipping of the 

world on the eve of the war, the Central Powers 
must have triumphed. That is a revelation which 
may give legitimate pleasure to British ship- 
builders, engineers, and shipowners when they sit 
down to study this record. The British merchant 
navy owed little to the State, but was built up by 
private enterprise and initiative. It is evident 
from this volume that if British shipping had been 
nationalised in the early years of this century, we 
should not have possessed ‘‘ the loose tonnage ”— 
several million tons of shipping surplus to our own 
trading requirements—which in the dark days of 
the intensive submarine campaign was to prove our 
economic salvation. It stands to the credit of the 
Admiralty that it resisted the temptation in the 
years preceding the war to shackle the mercantile 
marine and was content to co-ordinate its defensive 
policy with an industry which still remained free 
from Government interference, apart from the 
necessary regulations governing safety of life at sea. 
It may come as a surprise to many hasty critics to 
learn from the pages of the book under review how 
completely the Admiralty had prepared its scheme 
for the protection of merchant shipping in time of 
war. The success with which the naval authorities 
had envisaged the situation must be judged, not 
from the heavy loss of tonnage inflicted by the 
German submarines, but from the comparative 
immunity which our vessels obtained from attack 
by above-water draft. The author describes in 
some detail the defensive arrangements made by 
the Admiralty against the only anticipated menace, 
and then he passes on to describe the attacks on 
shipping which were made by German cruisers and 
converted men-of-war during the early months of 
the war. The attack, as he points out, was con- 
ducted on a much smaller scale than had been 
anticipated by many students of German naval 
policy in pre-war days. The bottling up of the 
principal German ports was mainly responsible for 
the comparative failure of the enemy; in other 
words the Grand Fleet controlled not only the North 
Sea, but every sea. The exploits of the Emden, 
the Karlsruhe and other vessels at a period when 
the British Fleet was busily engaged, as it was 
never anticipated that it would be engaged, in 
shepherding British, Indian, and Dominion troops 
on passage by sea made a deep impression on the 
public mind. The injury inflicted was, however, 
comparatively slight. Mr. Hurd points out that 
“at the end of the first quarter of 1915 the volume 
of British tonnage which had been lost through the 
agency of enemy vessels and mines since the open- 
ing of the war was only 232,824 gross tons, a very 
small percentage of the tonnage afloat,” It 
redowns to the credit of the pre-war preparations 
of the Admiralty that only 72 vessels were cap- 
tured by enemy cruisers and armed merchantmen 
during the months when, in view of the unexpected 
development of events in France and Belgium, the 
British Navy was busy upon other tasks than the 
protection of merchant shipping. In spite of 
everything that the enemy could do, the flow of 
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ocean-borne trade to and from this country was 
maintained. That success constituted the first 
defeat of the enemy’s plans. : 

This volume deals also with the proclamation by 
the enemy of the submarine war. The author 
suggests that against this menace the Admiralty 
could have made no adequate arrangements for 
defence before hostilities opened. The possibility 
of such a campaign had not, indeed, occurred to the 
Germans ; the events of the later month of 1914 
suggested it to them. ‘‘ Driven to desperation by 
the complete failure to interfere with the transport 
of the British army or to interrupt seriously British 
ocean commerce, the German authorities had 
searched round for some method of striking a vital 
blow at the one Power which, encompassed by the 
sea, they could not reach with their army or navy.” 
They possessed only 28 submarines and, without 
regard for international law or the common dictates 
of humanity, they determined, small as the number 
then was, to use these vessels for attacking British 
merchantmen. The plan was tested in the closing 
days of October by Kapitan-leutnant Hersing and 
the results which he achieved in the Channel 
encouraged the Germans to stake their all on the 
submarine campaign. Looking back over the 
history of the war by sea and by land, it is a matter 
of surmise whether, but for that decision, the 
Allies could have won the war. It was the sinking 
of the Lusitania which led the United States to stand 
beside them in the darkest days, and the inter- 
vention of American troops on the battlefields of 
France, when the Allied armies were weakened and 
exhausted, turned the scale at the critical moment. 

Several chapters of this enheartening story of the 
merchant seamen’s achievements during the war 
are devoted to the organisation and development of 
the Auxiliary Patrol. Mr. Hurd explains that 
“as soon as the task of preparing this history was 
undertaken, it became apparent that if the record 
were strictly confined to the experiences of merchant 
seamen in passenger and cargo carrying ships it 
would convey an inadequate impression of the 
courage, resource, and endurance of the men serving 
by sea who were exposed to the full fury of the enemy’s 
campaign as well as of the wide range of the services 
they rendered.” So was found in this volume 
for dealing with the exploits of the “‘New Navy” 
manned by merchant seamen, fishermen, yachts- 
men and others. It is an exhilarating narrative of 
the flowering of our national character in a great 
emergency. The author traces the gradual building 
up of the Auxiliary Patrol, which ultimately com- 
prised nearly 4,000 vessels of all sorts and descrip- 
tions, and he pays tribute to the high standard or 
seamanship exhibited by what, without disrespect, 
may be described as “scratch crews.” Hitherto 
comparatively little has been revealed of the work 
of these small craft in shepherding merchant 
vessels, sweeping up and destroying mines, and 
acting generally as the mobile police of the seas. 
It is a story that ought to have been told, and it is 
begun in this volume with fair promise. 

In accepting the invitation to write this history 
of the Merchant Navy’s part in the Great War, Mr. 
Archibald Hurd undertook a task beset with many 
embarassmentg. One difficulty must have been 
to make appropriate selection from the enormous 
mass of material available, for as a matter of course 
official record was kept of the experiences of all 
the thousands of merchant ships which confronted 
the enemy in one way or another. As an author of 
many years standing and a journalist of wide 
experience, Mr. Hurd possessed qualifications which 
have evidently stood him in good stead. His work 
is to be regarded as in no sense an official apologia ; 
it is, on the contrary, an eme devoted to the heroic 
work of the merchant seamen under a great ordeal. 
It is a human narrative rather than an official record 
of events. Time and again we are given the 
personal impressions of actors in the drama set 
down when the memory was still fresh. For the 
first time the British people can form a correct 
conception of what they owe as islanders to the 
officers and men of the Merchant Navy as well as 
to the designers and builders and owners of the 
ships. The author has broken with tradition by 
illustrating this first volume, which is, for this and 
other reasons, as unlike a dry-as-dust official 





history as it well could be. That is its virtue. It 
is a book to be read, and not merely put upon the 
shelf. 
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Pic Ixon SHIPMENTS FROM MIDDLESBROUGH.—-The 
statement recently issued by Messrs. William Jacks 
and Co., Limited, 5, East India-avenue, E.C., shows 
that during March last the pig iron shipments from 
Middlesbrough, including Skinningrove, were, coastwise, 
480 tons, foreign, 4,379 tons, a total of 4,859 tons, as 
compared with 34,515 tons in March of 1920 and 12,200 
tons in March, 1919; this points to a most unfavourable 
situation. 


Apptiep Scrence at Epinsurcsx UNiversiry.—The 
University of Edinburgh has decided to establish two 
science degrees in mining and metallurgy. To obtain 
the degree of B.Sc. in these subjects the candidate is 
required to attend, during four academical years, sixteen 
courses of instruction, and, in addition, must spend 
some months in practical work at a mine. The whole 
of the academical work need not be taken up at Edin- 
burgh, but may be followed at other universities or 
institutions approved by the University Court. The 
D.Sc. degree will be awarded to graduates who carry 
through satisfactory research work. 


Esute Metra WorksnHops.—The Civil Engineering 
and Contracting Department of Sir W. G. 1 
Whitworth and Co,, Limited, has been successful in 
obtaining, in competition, the contract from the Crown 
Agents for the Colonies for the Ebute Metta Workshops, 
which are to be erected near Lagos for the Ni 
Government Railways. The contract, which is an 
extensive one, consists of the supply, erection and 


Pp t of new | tive shops, and 
shops, an Saree aici station, pecxiion ec. The 
dimensions of some of the principal shops are 500 ft. by 
235 ft., and 450 ft. by 220 ft. The contract time for 
the completion of the work is two years. 








INDUSTRIAL NOTES. 


Stycz our last issue, the conditions in the mining 
industry throughout the country have overshadowed 
all the other labour questions. The following is a 
brief account of the negotiations since our report on 
Page 433 ante :-— 

Parliament last week the Prime Minister appealed 
to members who represent miners, and through them 
to the Miners’ Federation, to reconsider the very serious 
step they had come to, adding that it was obviously 
impossible for the Government to undertake to go into 
discussions—which were bound to take some time 
because they involved the settlement of the whole 
mining situation—while the mines were being flooded. 
The Miners’ Federation informed the Prime Minister 
that they thought the laying down of the condition— 
the return of the pump and enginemen—was un- 
necessary, and should not have been put ; it ought not 
in any case, the Federation added, to be a bar to any 
meeting taking place between the owners, the workmen 
and theGovernment. Following this, the Prime Minister 
stated in Parliament that the refusal of the miners— 
to instruct the pump and enginemen to resume during 
negotiations—made the negotiations impossible. He 


f| then saw the miners’ executive, but without avail, 


the Miners’ Federation having explained that their 
decision to withdraw the pump and enginemen was 
deliberate, and that to allow them to return would be to 
throw away the weapon on which the Federation relied 
to bring the mineowners and the Government to a 
speedy acceptance of their terms. The Prime Minister 
quoted a statement by Mr. Herbert Smith to the 
effect that “‘ we,”’ the miners, “ have to get two funda- 
mental principles agreed to, a national wages board 
and a national pool, before we can talk about safety 
men.” The Prime Minister added it was no use getting 
the parties together unless the miners were prepared, 
during the negotiations, to act in the spirit of a truce. 
It was only a question, he believed, of about 25,000 
men out of a total of about one million. He did 
not think it was unreasonable to ask that those 25,000 
men—or a minimum in the most dangerous pits—be 
permitted to look after pumping operations during the 
time the owners’ and miners’ representatives were 
discussing the position. Late on Saturday last it 
was announced that the Miners’ Federation had issued 
a notice to the branches of the Federation urging the 
members to abstain from all action which would inter- 
fere with the measures necessary for securing the safety 
of the mines or would necessitate the use of force by 
the Government. 

Meetings of the Mining Association and the Miners 
Federation took place on Monday and Tuesday last. 
A conference of the above bodies with Government 
representatives also took place on Tuesday, when the 
Prime Minister put in proposals submitted by the 
Government. These stated that of the miners’ demands 
for a national pool of profits and a national settlement 
of wages, one might be practicable and the other not. 
A common pool for equalising wages, miners and owners 
contributing, no regard being had to the capacity of 
the mines in any particular area, was not feasible 
without the resumption of complete and permanent 
control by the State. A purely voluntary scheme 
would inevitably break down if it could be started, 
and that was doubtful. The strict control essential 
to a national pooling scheme would deprive both miners 
and owners of the necessary incentive to production. 
There should be in each district a standard wage to be 
the first charge on the proceeds of the industry in that 
district, no profits being payable until the standard 
wage be satisfied. The principle on which the standard 
wage should be fixed for each district to be determined 
nationally, regard being had both to the price of coal 
and to the possibilities of improving wages by reducing 
the cost of production. What percentage the owners 
profits ought to bear to the wages was to be immediately 
examined, Government was willing to give assistance 
by loan or otherwise during a short period, to mitigate 
the rapid reduction in wages in the districts most 
severely affected. 

At the close of a very protracted discussion, Mr. 
Herbert Smith, on behalf of the miners, stated that the 
above proposals, with the exception of that covering 
the Government's assistance by a loan, were absolutely 
the owners’ scheme, and the miners were not able to 
accept the said proposals. 





In the meantime the railwaymen held several meet- 
ings, and towards the close of last week Mr. J. H. 
Thomas announced that the delegates had decided that 
the conditions offered to the miners were such that 


gerian | they were justified in refusing to accept them. They 


felt that such conditions, if accepted by the miners, 
would only be the beginning of a general attack on 
working class conditions and an attempt to bring about 
the pre-war standard. They had, therefore, decided 
to the rt workers, who were the other party 
to the Triple Alliance, to come into immediate con- 
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sultation, so that the most effective and immediate 
steps could be taken to come to the miners’ assistance. 

The Associated Society of Locomotive Engineers 
and Firemen, who are outside the Triple Alliance, 
decided for their part to support the miners to the 
extent of sending instructions to the branches to refuse 
to work traffic of any description to or from any 
colliery, siding or works connected with any colliery, 
also to refuse to carry anybody, whom they considered 
to be blacklegging, into any mining area. 

Meetings have held between the Associated 
Society and the Railway Clerks Association, as a 
result of which the two bodies decided: upon joint 
action. 

Last Friday, following a meeting of the Triple 
Alliance, the following resolution was issued by Mr. 
J. H. Thomas :—* This joint meeting of the executives 
of the National Union of Railwaymen and the Transport 
Workers’ Federation gives notice to their several 
employers and to the Government that unless negotia- 
tions are re-opened between the Miners’ Federation 
and the mine owners or the Government, the full strike 
power of the Triple Alliance shall be put into operation 
as from Tuesday next (the 12th inst.) at midnight.” 

Last Monday the Triple Alliance issued a manifesto 
stating that the miners were “ locked out’’ by their 
employers. It added that the National Union of 
RKailwaymen and the Transport Workers’ Federation 
had decided to give them all the assistance in their 
power, further stating that unless an offer was made 
to the miners which their colleagues could feel justified 
in recommending them to accept, a stoppage of railway- 
men and transport workers would begin. The conclu- 
sion of the manifesto is as follows :—‘‘ In view of the 
circumstances of the present crisis, and of the obvious, 
calculated and persistent hostility of the Government 
to the working classes, shown by these facts, the Triple 
Alliance, while still desiring an honourable peace, has 
decided to throw its full weight on the side of the 
miners; the issues are vital to organised labour. We 
call upon all sections of organised labour to give assist- 
ance to their fellow workers in a struggle which has 
been forced upon them against their will and which, 
even now, they are doing their best to avert.” 

On the announcement that the meetings of the 
Mining Association and Miners’ Federation were to 
take e, the Triple Alliance cancelled their strike 
order for the 12th inst. at midnight. The said 
meetings not having had the result expected by the 
miners, the National Union of Railwaymen and the 
Transport Workers’ Federation decided to cal) out 
their members at 10 p.m. to-night. This decision was 
announced to the Prime Minister who replied asking 
the two bodies “ on what grounds they had determined 
to infliet such a serious blow on their fellow country- 
men.” 


last a Proclamation by the King dealing 
Y calling up of the Reserves was issued, it 
said :-— Eat : 

‘* Whereas the present state of public affairs, and the 
th n of the life of the community 
occasioned by the éxisting strike in the coal mines, and 
its threatened extension to the railway and transport 
services of the country, have, in our opinion, constituted 
a state of great emergency, and we have communicated 
the same to Parliament. 

“* Now, therefore, we do, in pursuance of the Reserve 
Forces Act, 1882, hereby order that our Army Reserve 
be called out on permanent service.” 

A poster was also issued by the Government appeal- 
ing to Loyal Citizens (Male) between the ages of 18 
and 40 to report for temporary military service, not 
exceeding 90 days, with the Regular Army, in new 
units to be created, called “ Defence Units,” for service 
in England, Scotland and Wales only. This appeal 
has been and is being readily responded to. 


On Friday 
with the 





Mr. Evan Williams, President of the Mining Associa- 
tion of Great Britain, stated last Saturday that his 
attention had been called to certain inaccurate state- 
ments which had been circulated extensively, and he 
desired an opportunity of explaining where the in- 
accuracies occurred. It was su that the coal- 
owners had not been agreed on their policy and were 
dealing through their Finance Committee with wage 
lists, The Finance Committee had no power whatso- 
ever even to consider a matter of the kind suggested. 
The coalowners were unanimously agreed on the 
principles upon which wages should be regulated, and 
the application of these principles to the actual circum- 
stances in each district was a matter entirely for the 
owners and men in the districts themselves. 
Miners’. Federation have prohibited their district 
associations. from-_ considering this question with the 
owners. The owners’ views in respect of the principles 
referred to have already been expressed in the 
to the Government, and frequently explained to the 
men’s leaders. ‘There was no change-in the attitude 


The Mining Association have also issued the following 
notice :— 

“ Figures have been published from this office 
showing what the earnings of various classes of work- 
men would be in different districts. Some people have 
assumed that these represent the highest sums the 
men can earn. Some of the workmen think so too. 
But it is not correct. The owners’ proposals seek to 
induce all concerned to put forth greater efforts, and as 
a consequence to reduce costs. 

“The pieceworker who works the full number of 
shifts and increases his output to something nearer the 

re-war level can add substantially to his earnings. 

doing so he benefits all. Greater output per man 
means lower costs and a greater surplus for division 
amo all classes of labour, pieceworker and day wage 


man 

“The last ascertained figure represen out; 
per man sais in 6-7 of a en ah oteeaed Ohh Ihe 
tons in June, 1914. It is true that hours have since 
been reduced, but there is still room for a considerable 


increase, as is by the fact that under‘the stimulus 
of the output bonus last December the output waa at the 


rate of over 260 million tons, as compared with 230 
million tons for the whole year. 

“* The owners’ scheme has the advan 
of giving the men as much benefit from a reduction 
costs as from an increase in price. While it must be 
obvious that the consumer of coal stands to benefit 
far more from the new principle than from the latter. 
Co-operation in the working of the owners’ proposals 
on the part of all concerned will increase the workmen’s 
earnings, will provide a profit for the owners and will 
tend to the certain benefit of the consumer.” 





In reply to a question in Parliament last Wednesday, 
as to the total amount of subsidies paid to the coal 
trade during the five years to March 31, 1921, Mr. 
Bridgeman, Secretary of Mines, said the total amount 
of irrecoverable payments made to the coal-mining 
industry during the five years ended March 3}, 1921, 
was roximately £14,250,000, and it was estimated 
that a further £2,000,000 would be required during the 
current year in respect of outstanding claims under the 
Coal Mines Control Agreement (Confirmation) Act, 
1918. These sums came from taxation of the 
country. 

Mr. Bri an added, in reply to another question, 
that ing to his information about 40 pits which 
afforded em a ge to about 16,000 workers were 
completely , and it was impossible to forecast 
how many of thesé pits would eventually be worked 
again. 





A practical wages scheme is issued authorit 
of the National Alliance of Employers an Baploysd. 
It says that much of the present industrial difficulty 
is due to the fear on the mt of organised Labour— 
a fear carefully exploited by the unofficial extremists’ 
movement within trade unionism—that employers 
are endeavouring to make very drastic cuts in wages 
at once. § c instances of this are difficult to 
find. On the contrary, it can, with substantial accuracy 
be stated that although the opportunity exists at the 
moment for employers to take advantage of the 
industrial situation, in the great majority of cases they 
are carefully refraining from doing so. It is perfectly 
true that if organised Labour endeavours to retain 
all it has obtained during, and since the war, in the 
teeth of a falling cost of living; or if the organised 
employers use the weapons of international competition 
ond unemployment in an endeavour to force the 
workers’ standard of life back suddenly to that 
of 1914, or even lower, social chaos will result. The 
alternative is to meet as partners, and agree to some 


of living on the downward scale. 

The scheme, as an illustration, presumes that a 
craftsman’s wage prior to the war was 11d. per hour, 
but that it has since risen to 2s, 3d. An a ent 
could be accepted on national lines by which the 2s. 3d. 
should stand, down to the point of 150 per cent. in 
the cost of living. After that for every drop of six 
points in the cost of living, averaged over a period of 
three months, the craftsman’s hourly rate should drop 
3d. These figures are merely u to illustrate the 
method and can be changed for the different classes 
of workers. At every point the cost of living would 
drop before wages fell, and would fall more than wages ; 
at each point, also, the individual’s real wages as 
expressed in purchasing power would be increased. 

en the cost of living reached the point at which it 


The | stood in 1914, his wages per hour would be Is. 2}d. 


instead of 11d.—that is to say his standard of life would 
have risen nearly 15 per cent. 

The scheme is very far from being wate 
There is, for instance, the case of those trades in whi 
the workmen received no rise in wages until the war had 
been on for two years, or even longer; it is not sug- 


t. 





of the owners in this respect. 


gested that the scheme should be applied to them. 


general scheme whereby wages accompany the cost | ~ 





Then there are a series of trades in which wages, 
although they rose, did not rise to an extent com- 
mensurate with the rise in the cost of living. There 
are difficulties too, produced by workmen receiving 
incidental rises, such as the 12 per cent., which, 
rently, had no relationship either to the cost of li 

or wage rates. 

There are, no doubt, a t many industries 
where, in an exact way, scheme could not 
be applied, but the principle embodied in the scheme 
is one which, if carefully considered and amicably 
discussed by meetings of employers and trade unionists 
who have at heart the interests of the community 
rather than any narrow or personal motive, is one 
which, carried into practical effect, presents a method 
of negotiation in the face of present difficulties, as an 
alternative to industrial strife. 





Socrety oF 


issued. From this it that 93 meetings were held 
during the year, without i of sub- 
committees. Most of these were of sectional 


oun whose work pal re 
sories and components, machinery, body 
building, petrol vehicles, electric vehicles, steam vehicles, 
and tyres, Other matters referred to in the report are 
the formation of the Society’s trust fund, the issue of 
the Register of the Motor Trade in its new and 

form, and the publication of the Motor Trade Te h 
Code. The offices of the Society are at 83, Pall 4 
London, 8.W.1. 





Concrete ResEarcH.—<A report has just been issued 
from the offices of the Concrete Institute, 296, Vauxhall- 
bridge-road, Westminster, 8.W.1, at ls. 7d., post free, 
of research work accompli in the years 1917 
to 1919 under the direction of this Institute. The state- 
ment is addressed to the ment of Scientific and 
Industrial Research, and t in report is dated 
Janu 31, 1918. The report for the period ending 
Decem 31, 1919, is, for some reason, unsigned. The 
work, which it was to inaugurate, included a 
survey of the country for material suitable for aggre- 
gates, and tests and reports on such of these as were 
considered to be economically suitable. In addition 
a number of other lines of work have instituted, 
in which both manufacturers of cements, and testing 


laboratories are co-operating. A great deal of 

eppeams to hpve lean auemel Of die Se . 
both on the part of business firms and on the of 
colleges and other institutions having facili for 





Tue Barres Exvecrrican anp ALLIED Mawnvurac- 
TURERS’ AssociaTion.—At the annual meeting of this 
Association, which was held at the Connaught Rooms 
on the 17th ultimo, the chairman, Mr. ,W. O. Smith, 
said he considered the electrical industry was, at present, 
faced with a more difficult poner Sage had been 
experienced at any previous epoch its existence. 
E business hr he 


xport 0 
icularly low ebb, com 

ing impossible, since 
the rate of exchange, were 
other countries at about half the 
manufacturers had to charge. To effect an improvement 
he regarded the harmonious working between employer 
and employed as absolutely essential, and pointed out 
that the latter must realise that the excessive ms gm paid 
by the Government in a time of emergency could not be 
continued now that industries had to private 
enterprise and had to meet severe competition ; if such 
wages were insisted upon only unemployment could 
result. With regard to the work of the Association, he 
thought the need for co-operation in the electrical and 
allied industries had never been so pressing as at the 
present time, and called attention to the need for pre- 
senting a solid front abroad even if temporary sacri 
had to be made to that end. 





Inpicator ror Hicu-Speep INTERNAL-COMBUSTION 
Enornes.—Report No. 107 recently issued by the United 
States National Advisory Committee for Aeronautics, 
describes a pr : ing ‘on arnt Klgeabeed 
for use in mapping indicator o 
inpichel-eomivention® ~~ or are ‘chained 
by a point-to-point met givi ie average of a large 
anlies of Lo cycles. The —— involved is 
the balancing ae pressure against a 
4 f Ligible iff “ ‘ sient 
diaphragm o' igible stiffness. In its application as 
on begins indicator, the phase of the engine cycle to 
which @ pressure measurement corresponds is selected 
by a timing device. The discusses the 
errors which must be avoided in the development of an 
indicator for light high-speed es, where vibration 
is serious, and outlines the principles underlying the 
of this instrument in order to be free of such 
errors. A detailed description of the instrument and 
accessories follows, together with operating directions ; 
specimen indicator diagrams are . The 
indicator has been used successfully to 2,600 r.p.m., 
which was the maximum — of t oe speed 
éngine available for trial. Its sensitivi al 








Sey ss o's andns ie ee the 
tube type. A copy of the report ma: obtained upon 
request from the “Committees for 


Aeronautics, Washington, D.C., U.8.A. 
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NOTES ON FRACTURES IN LOCOMOTIVE 
BOILER TUBES.* 
By Str Henry Fow.er, K.B.E. 


In a locomotive boiler fitted with a superheater there 
are a few tubes of large (about 5 in.) diameter and a 
number of smaller size (1} in. diameter). On the 
Midland: Railway a boiler was put to work on May 25, 


Fig. i. 
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Fie. 4. 


(Micro. No. 991 x 80.) 





were made as is the custom to drive the tubes up from 
the smoke-box end. At the first blow the end of the 
first large tube to be operated on fractured. Investiga- 
tion showed that of the 21 large tubes, 8 had brittle 
ends, whilst 13 were fairly malleable. Chemical 
analyses of certain of each c of tubes are shown 
in Table I. 

The tubes were lap-welded, and it was obvious that the 
*‘ steel tube strip” from which they were made was in 
both cases of poor quality. It will be appreciated that 
the use of this class of steel was entirely due to the war 
conditions prevailing. Miscroscopic examination showed 
that the impurities were largely concentrated in the 
boundaries between the crystals, and that the fractures 
were generally found to be inter-crystalline. The 
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Fig. 5. (Micro. No. 993 x 400.) 
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TABLE I.—Anatyses or SuPERHEATER FLUE TuBEs TAKEN OUT OF ENGINE 3839. 


1-— 


Tubes with Brittle Ends. 








TUBE. 
Position in Boiler. 3T 7T 5M 
Position where Analysis was End. End. End. 
Made. 
r cent. | per cent. rT cent. 
Carbon PO -05 0-09 PO -08 
Silicon 0-008 0-006 0-009 
Manganese 0-56 0-82 0-79 
Sulphur 0-093 0-078 0-082 
Phosphorus 0-159 0-141 0-146 














| 
7M 7 B | 3B 3B 2M 
Middle End. End. Middle. End. End. 
dnd 
per cent. | per cent. | per cent. | per cent. | per cent. | per cent. 
0-06 0-06 0-04 0-11 0-09 0-06 
0-002 0-002 nil 0-003 0-002 0-006 
0-48 0-48 0-56 0-79 0-71 0-55 
0-073 0-069 0-070 0-082 0-104 0-095 
0-146 0-137 0-132* 0-149 0-091 0-154 




















* Phosphorus, close to a fracture and about 7 in. further round tube and same distance from end as first drillings taken, 0-178 per 
cent. ; Phosphorus, from a parallel position, about 3 in. further from end, 0-181 per cent. 


1917, with tubes fitted as shown on Fig. 1, on which the 
large tubes are given distinct; ve, numbers. 

tubes are fixed in the steel tubeplate at the smoke box 
end by means of an expander (ig. 2) which consists of 
a framework in which are wiosat 5 rollers which are 
arrar as round a cone, but the axes of which are at 
a slight angle to the centre line of the frame so as to give 
the expander a ‘“‘lead” into the tube. The rollers are 
driven by rotating the central mandrel which is slightly 
taper. By this means the tube is expanded out 
the plate so as to ensure a tight joint. A section 
and plate is shown in Fig, 3. 

_ After having run about 60,000 miles the 
into the repair shops in the middle of 1919, 
ends in the fire-box being 


ine came 
the tube 
slightly burnt, arrangements 





* Paper read at a joint yee of the Farada: 
Society with other institutions, April 6, 1921. y 


gare Carbon 


Tubes with Malleable Ends. 






































TUBE. ° 
Position in Boiler. | 4T 5T M 3M 4B 6B 
Position where End. | End. | End. | End. | End. | End. 
Analysis was Made. 
per per per per per per 
cent. | cent. | cent. | cent. | cent. | cent. 
0-06 | 0-08 | 0-08 | 0-05 | 0-09 | 0-07 
Silicon nil | 0-002) nil | 0-004) 0-003) nil 
M ese 0-58 | 0-59 | 0-82 | 0-42 | 0-58 | 0-58 
Sulphur 0-072} 0-084) 0-071) 0-053) 0-048) 0-073 
0-081; 0-086 of we 0-064) 0-061} 0-079 
Me ory en pre gg Dm egy wie ge get ae Spy 
tube, 0- SOS ae. } atnees, Ree 6 parva cos 65 
still further round, 0-113 per cent. 





micrographs, Figs. 4, 5 and 6, show the structure of 
portions of the tube “ 2 M.” 

Fig. 4, No. 991 shows a structureless enclosure (x 80). 
These enclosures are high in phosphorus. Fig. 5, No. 
993 shows a silvery white constituent in a non-metallic 
enclosure {x 400). Fig. 6, No. 995 shows an inter- 

ine crack (x 400). These were taken from the 
position as shown in sketch, Fig. 7. 

Careful measurement showed that the actual increase 
in the diameter of the tubes due to expansion was only 
about 3-5 per cent. of their original size. Tensile tests 
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Fic. 6. (Micro. No. 995 x 400.) 


of the tubes taken from the ends and middle of the tubes 
gave the following results :— 














Tensile Test. 
— Brinell 

Maximum | Elonga- Test. 

Stress. tion. 
tons per e 
sq. in. per cent H.N. 
Brittle tube “3 B.” end .. 39-7 13-4 143 
Brittle tube “‘ 3 B.’’ middle. . 29-4 29-0 119 
Malleable tube “ 3 M.” end. . 36-8 18-8 143 
Malleable tube “3M.” middle} 24-8 | 36-5 104 





The tests at the ends included the area worked upon. 
Brinell tests of the ends showed the hardness to be 4s 
follows :— 











Brittle Malleable 
Pepi an Tube Tube 
“3B.” “3M.” 
deg. deg. 
tube plate IN. Xx. 
- i P + H.N. 136 H.N. 119 











ing tests were made of several of the tubes. These 

whilst the metal from the brittle tubes 
which had received work and been put ina state of strain, 
both where compressed between the expander and plate 


in| 





and the small portion beyond, fractured after pen 4 
through an angle of 10 deg., the pieces beyond the zone 
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on which work had been put passed through an angle of 
180 . without tered oy m3 e 
The difference in the state of the metal is perhaps best 
shown by the photographs, Figs. 8 and 9, which also 
shows where the original piece broke from the edge of the 
tube and led to the investigation. It shows a crack which 
runs from the edge at right les to the end of the tube 
wiiih-the’ point fe seachall ot w ich the metal is in the 
boiler free from the oo Here, although a sligh 
crack is continued in the line of the length of the-tube 
the main crack turns at right les, and is continued 
circumferentially along the edge of the brittle metal. 
A portion of the tube inside the boiler and just beyond the 
expanded portion is shown bent over upon itself. The 
same effect is shown in Fig. 10, where a small portion 
of metal broken out of the tube had easily bent to a 





contract by the expansion inwards of the tube hole and elongation, while notched ber impact tests gave 
late. variab croscopi 
At the suggestion of Dr. W. H. Hatfield, the author had ' examination, that the steel at the edges of the plate 


@ piece of tube, the phosphorus of which is 0-009 per 
cent., expanded into a section of tube plate in the usual 
way and then cut out. It was divided into four rings, 
viz, :— 

(A) From the 


rtion which would have 
jected into the smo 


ro- 
; -box; (B) from the portion which 
been directly under the plate ; (C) from the portion 
which would have been inside the boiler and subjected 


to — expansion ; (D) from a portion of the unexpanded 
tube. 

These were afterwards cut with a thin saw of 
known width with the following result :—(A) The saw 
cut was closed up; (B) the tube opened 0-239 in. after 












ae = eee 

















Fic. 11. Tose 2 M. 


o—_ right angle in the unstressed metal, whilst that 
which has been subjected to stress is shown to be ex- 
tremely brittle. In some few cases the fractures showed 

1 ted material and signs of rust, as will be seen from 
Fig. 11, which shows the two halves of the fractured 
piece from tube 2 M. 

It might be interesting to state the actual conditions 
under which these tubes work. They are rolled and 
expanded cold, and the rtion beneath the tube 
plate in the case of tube 5 B (Fig. 8) is reduced in thickness 
as shown in Fig. 3. When the boiler is fired, they are 
surrounded by water at 377 deg. F. (192 deg. C.). Through 
these pass gases at temperatures which undoubtedly 
vary considerably and may be taken as being from 600 
deg. F. to 800 deg. F. (260 deg. C., 427 deg. C.). These 
temperatures will fall when steam is shut off and rise 
when the locomotive is running hard. At least each day 
the boiler is allowed to cool down to nearly, if not quite, 
atmospheric temperature. On heating up, the tube will 
tend to in each direction, and the portion within 
the tube plate will be not only restrained from i 
circumferentially but will probably be strained to 








Fic. 9. Tose 5 B. 


allowance had been made for the width of saw cut; 
(C) the saw cut was closed mp (D) the tube opened 
0-186 in. after allowance had m made for the width 
of saw cut. These results are hardly what was expected 
and they point to the tube itself beng under strain when 
received. The matter is being further investigated. 

It might be suggested that the brittleness of the tubes 
is due to the original stresses set up in expanding. In 
order to ascertain if this were the case, portions of two 
separate “‘ brittle’ tubes were taken from unaffected 
parts of the tube made into rings and expanded in the 
usual way. The Brinell hardness was in one case 
increased from 111 to 156, and in the other from 131 to 
143, but in neither case did the metal become brittle. 

The author is ‘unable to offer any definite suggestion 
as to the causes of the brittleness and fractures, unless 
they are due to the repeated stresses set up during the 
work of the locomtive acting on material already in a 
state of stress, regard being had for the high phosphorus 
contents of the metal. On the Midland way there 
are about 6,000 of these tubes in service, and with one 
odd exception, these 8 tubes are the only ones known to 
be brittle. The phosphorus in the great majority of 
them may be taken as being low. 

He ~* too that he should mention a case which 
occurred with a small tube 2 ft. by 1} in. from a motor 
lorry about thirteen years ago. Here cracking of the 
tubes took place at the fire-box end where however they 
had been subjected to much more severe treatment than 
in the case of the large locomotive tube. The analysis 
in this was :— 


Per cent. 
Carbon ... sée ose wih «+ 0-028 
J Silicon ... ote wat és «+ 0-002 
Sulphur 0-013 
Phosphorus 0-026 


The ends here were extremely hard, and broke up upon 
bei ped, whilst the centre of the tube cl: upon 
and bent over. 





INTER-CRYSTALLINE FRACTURE IN 
STEEL.* 


By D. Hanson, M.Sc. (from the National Physical 
Laboratory). 

INTER-CRYSTALLINE fracture in steel, as in other metals 

is by no means uncommon. 
cases of failure which it is proposed to discuss 

here are those which occur only under certain circum- 
stances, in material of normal quality, when the time 
during which the stress is applied is prolon In most 
of the cases evidence is available to show that, if rupture 
is produced rapidly, as for example in a tensile or impact 
test, the fracture is trans-crystalline. 

Several cases have been obse 


a steel wrapper plate from the combustion chamber of 
@ marine belive, which was severely cracked around the 
between the rivet holes. The chemical com- 


position of the plate was not unusual, although the’ played a very important part. 
hosphorus content was somewhat high (0°07 per cent.).| were observed to start, 





le and low results. It was found, on mi oC 
possessed a somewhat abnormal structure, in that t 
cementite occurred mainly in the form of inter-crystalline 
films. The second case was from the drum of a water 
tube boiler, and the cracks as before started mainly 
from the of the rivet holes, though some were 
found to start at the caulked edge of the plate. As in 
the previous instance the microstructure of the steel at 
the edges of the plate was found to be abnormal in that 
it contained inter-crystalline films of cementite. The 
third case was found in a number of plates from a high 
pressure marine boiler. In this case inter-crystalline 
an ee a in the steel at : joint Fag the 
of metal was very great, includi wrapper 
plate of the boiler itself, two butt rate and a cover 
plate, a total thickness of 4 in. This case differs from 
the others in that no abnormality in the quality of the 
material could be found. A test su ted and 
carried out by Mr. F. 8. Tritton was made on the material 
of this plate with a view to ascertaining the method of 
fracture under a slow tensile test. The conditions were 


80 Goveloped clonts MMMMIA in” She inodinn wen 
piece and develo owly it. The loading was 
sto at such a point that resulting crack, which 
had spread about }-in,. the metal in 2 hours, 
did not run across thickness of the test 
piece, examination showed very clearly 


e. The material 
steel practically free from carbon, an 
fine crystal structure. In connection with the first two 
cases of failure described above it was thought that the 
presence of free cementite might indicate a condition of 
the steel particularly liable to failure by inter-c i 
cracking. The condition of the third boiler p and 
rivets shows clearly that steel of normal quality may also 
fail in this manner. 

— Attention has been called to the probable existence of 
internal stresses in the material where failure occurred. 
The process of riveting itself is one which must neces- 
sarily lead to inte stresses, both in the riveted 
material and in the rivet itself, though under eet 
controlled conditions these internal stresses may be > 
If, however, in forming steel plate into the form of a 
boiler, the edges do not fit together accurately and are 
forced into contact by riveting, serious internal stresses 
must be imposed on the material. In the action of 
riveting, if excessive pressures are used, the material 
of the plate under the rivet heads may be distorted to a 
sufficient extent to impose upon serious internal 
Furthermore, if the rivet holes do not i 


stress. register 
a and have to be forced into position and held 
there 


the rivets, still further opportunity is given for 
the establishment of internal stresses 

Another case of inter-crystalline failure, in 
in' stresses appear to have been present »in the 
metal, is that of a piece of cold drawn steel tubing which 
ee after six months intermittent service without 
working stresses in a nitre bath working at yaaa 
300 deg. C. Cold drawing is a process which known 
to lead to very serious internal stresses in a material. 
Failures as a result of such stresses are well-known in 
the case of brass and other non-ferrous alloy rods, and 
the present case may be considered as very similar in 
character since no external stresses were applied to the 
article at any time during use. 

The cracking, in this instance also, may have been 
accelerated by corrosive action of the f nitrates at 
the working temperature. It was observed, however, 
that a similar steel tube which had been annealed below 
the critical range, and another which had been normalised 
did not crack when exposed to the action of the fused 
salt. Corrosion of the inter-crystalline material does not 
therefore appear to take place in contact with the salt 
in the absence of stresses in the material. 

Causes of Season Cracking.—At the present time it is 
recognised that aspen | takes place with great 
readiness in some materials r the action of corrosive 
influences and it has been supposed by a number of workers 
that such corrosive action is for the develop- 
ment of inter-crystalline cracks. There can be no 
doubt that certain substances have the power of rapidly 
attacking the inter-crystalline material in a metal under 
stress, and in many instances the presence of a corroding 
agent is necessary for the rapid development of season 
cracking. In the cases which have been described in 
this paper, the possibility of corrosion of the steel is 
present, and this factor must be considered in arriving 
at any explanation of the phenomenon, In all the 
cases examined definite corrosion of the cracks was 
visible in polished sections, but it is difficult to determine 
whether such corrosion preceded the formation of the 
crack or whether it occurred as the result of the pene- 
tration of corrosive fluids after the crack had been formed 
by the action of other causes, While it seems difficult 

prove that corrosion has not played a part in cracking 





to 
rved in mild steel boiler! of this kind, there is evidence to show that corrosion 
plates which failed in service. The first case is that of | may 


roceed without in any way following the 


boundaries. Cases of failure in boiler plate steel of the 
same quality as that of the plates described in this paper 
have Toon found in which corrosion appears to have 


In these cases cracks 
ways from the side of the 


ensile tests gave no mal results for the centre portions plate in contact with the liquid in the boiler, and to 


of the plate, but the edges showed a low elastic limit spread 





* Abstract of a paper read at a joint meeting of the These cracks ran 


Faraday Society with other institutions, April 6, 1921. 


adually through the material in a direction 
ly at right angles to the surface of the plate. 
both longitudinally and transversely 
across the plate, and were not confined to the region in 


racti 
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the neighbourhood of the rivet holes. They were as a} boundaries. In certain cases of season cracking which | or no 


rule much wider than the inter-crystalline cracks which 
have already been described, and were found to be 
filled with the products of corrosion. A typical example 











are ascribed mainly 
has been produced to show that under certain circum- 


stances preferential attack of the material in the crysta, | casés suggests t 
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part in the phenomenon of season cracking, and 


to corrosion, definite evidence | that the main factor is the existence of a severe internally 
or externally applied stress. The evidence in the present 


t internal stresses are the main factor 
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is shown in Fig. 1 taken with a magnification of 150 dia- 
meters ; Fig. 2 shows the end of such a crack under a 
magnification of 600 diameters, and the path of the crack 
in relation to the crystal boundaries of the material can be 
seen very clearly. The three Lap mg aed at the end of 
this crack pass directly across the crystal boundaries 
right into the centre of the crystals. In this instance the 
crack (or corrosion) occurred in the boiler plate while 
it was in service, and subjected to stress. We have here, 
therefore, an example of o stressed mild steel plate, 
subjected to rapid corrosion, which has failed by corrosion 
of the material of the crystals rather than by that of the 
boundaries. 

Cracks of an exactly similar character have been 
observed in boiler tubes, starting from the waterside. 
In this case, however, there is no reason to believe that 
there existed any serious internal stresses in the material, 
or any serious stress due to the working conditions. 

Another experiment was made on the material of one 
of the fractured boilers. A sample was polished and 
etched and exposed to the corrosive action of the atmos- 
phere. Photographs have been taken of a marked place 
at definite stages during the corrosion. Fig. 3 shows the 
appearance after 20 hours’ expouure to the atmosphere ; 
the only definite sign of corrosion consists in an irregular 
dark broad line running across two or three crystals to 
the right of the round slag globule shown in the photo- 
graph. Fig. 4 shows the same spot after a further ex- 
or of 48 hours; corrosion has now proceeded further, 

ut it will be observed that attack is by no means 
confined to the boundaries of the crystals, but proceeds 
irregularly over the surface of the specimen. Fig. 5, 
after 100 hours, shows a further stage in the development 
of the corrosion. 

From the foregoing evidence it is clear that corrosion 
of boiler plate steel may take place, both under con- 


ditions which exist in the working of the boilers, 
and under conditions of atmospheric corrosion without 
any preferential attack of the material in the crystal 








(AuTHOoR’s PHoTroaRaPHs REDUCED By ONE- 
QuaRTER IN REPRODUCTION.) 


boundaries can take place; in the present examples, 
no such evidence has been found. On the other hand it 
is believed that in some metals corrosion can play little 
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in bringing about this type of failure, and is in accord with 
the theory of season cracking proposed by Rosenhain and 
Archbutt. Another possible factor which may greatly 
influence this phenomenon is the tem erature of the 
material during the time which the stresses are applied. 
If failure is vey attributed to gradual movement of the 
boundary material, without corresponding plastic de- 
formation of the material of the crystals, it is obvious that 
failure will occur most readily under temperature con- 
ditions which favour the flow of the boundary material, 
while leaving the material of the crystals themselves 
sufficiently strong to withstand the applied stress. In 
the case of stee!, it has been found that the tensile strength 
and elastic limit do not appreciably fall off until the 
temperature exceeds about 300 deg. C. ; these properties, 
especially the elastic limit, may be taken as measuring 
the stress which the material of the crystals will with- 
stand without deformation and they appear to be little 
affected by the properties of the material in the boundaries. 
On the other hand there is every reason to —— that 
flow of the boundary material will be facilitated by 
rise of temperature, and it would therefore be antici- 
pated that the most favourable temperature conditions 
for season cracking, in the case of steel, exist within @ 
temperature range a little below 300 deg. C. It is 
interesting to note that in all the cases described, the work- 
ing temperature was within this favourable range. 
Spontaneous Cracking of Hardened Steel.—It is well 
known that hardened steel articles frequently develop 
cracks after the hardening operation has been carried 
out. Such cracks may not occur for some hours or even 
days after hardening, and it is further recognised that 
the formation of cracks is more likely to take place in 
articles of irregular cross section, and in articles which 
are not heated to a uniform temperature before harden- 
ing. These latter conditions necessarily imply the 
existence of severe internal stresses in the hardened 
article. Such spontaneous cracks are frequently “ inter- 
crystalline ” in character, in the sense that they follow 
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the boundaries of the austenite crystals which existed 
at the moment of quenching: There is no reason to 
suppose that the amorphous dary films are altered 
in character by the action of quenching; they do not 
appear to be weaker than the material of the crystals 
under the conditions of the ordinary mechanical tests— 
tensile, bend and notched bar tests—in which fracture 
normally takes place through the crystals. The character 
of spontaneous cracks in hardened material is illustrated 
in Figs. 6 and 7 which show the same field before and after 
etching respectively. The particular sample from which 
these or were taken was quenched in cold 
water from about 900 deg. C. and no crack was visible 
immediately after the quenching operation; a crack 
appeared on one side about 10 minutes after quenching, 


and spread gradually through the metal. The speci- 
men was placed in a dessicator shortly after quenching, 
and remained there until next day. Two days after 


quenching a polished specimen was prepared and etched, 
and the photographs shown in Figs.6 and 7 were obtained. 
On the following day it was observed that the crack 
had extended slightly, the fracture still being inter- 
crystalline. The inter-crystalline character of the crack 
shown is beyond question, although occasionally during 
its course it takes a shorter path across a crystal. In 
such a hard brittle material, in which the development 
of spontaneous cracking is relatively rapid, this occasional 
passage of a crack through a corner of a crystal is not 
surprising. 

he above case is interesting in that the cracks appear 
to have developed in the absence of any corrosive action 
which might act in accelerating them, since the steel 
was exposed only to the dry atmosphere of a dessicator, 
and they must therefore be attributed to the presence of 
severe internal stress produced during quenching. 

In conclusion, it should be stated that there is no 
reason to suppose that iron and steel differ essentially 
from non-ferrous metals in to season-cracking, 
and it appears probable that, under the influence of 
suitable accelerators, more rapid failure could be induced. 
Examples quoted in this paper, however, appear to indi- 
cate that such failure can occur as a result solely of the 
stresses—internally or externally applied—to which 
the material is subjected. 





INTER-CRYSTALLINE CRACKING OF MILD 
STEEL IN SALT SOLUTIONS.* 
By J. A. Jonss, B.Sc., (Research Department, 
Woolwich). 

Many of the cases of failure in service appear to have 
been induced by the action of caustic alkali on the steel. 
In order that fracture should be produced it is clearly 
necessary that the material should be under stress of 
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some kind, either applied or internal. A considerable 
amount of internal stress often exists in mild steel boiler 
plates and similar materials which have been subjected 
during manufacture to processes such as punching 
and riveting. Stromeyer showed that cracking was 
produced in steel stressed in tension under the action of 
sodium hydroxide, but that the same steel in compression 
remained uncracked. The present paper describes the 
action of other agents in producing cracking of steel 
in a state of stress, 

_ Cracking Induced in Riveted Plates.—In_ the first 
instance a number of mild steel riveted plates were 
prepared. The dimensions of the plates are indicated in 
Fig. 1. A number of plates with }-in. rivet holes were 
also prepared. Some of the plates had punched rivet 





* Abstract of a r read at a joint meeting of the 
Faraday Society with other institutions, April 6, 1921. 








holes, while in others the holes had been drilled, The 
riveting was effected by a hydraulic riveter under a 
pressure of 40 tons for the }-in. rivets and 20 tons for 
the }-in. rivets. The rivets were heated only to the 
minimum temperature n for the work, in order 
that comparatively high stresses might be induced. 
The plates were examined and were from cracks, 
The rivers had indented the pew which were distinctly 
warped by the pressure applied in riveting. This dis- 
tortion was accompanied by considerable strain hardening, 
the Brinell hardness numbers on a section between two 
rivet holes varying from 110 to 150. The plates were 
placed in a solution consisting of 4 parts of calcium 
nitrate to 1 part of water, at a temperature of about 
145 deg: C., and were examined at intervals. No corrosion 
or cracks could be detected on the outside surface of the 
plates after 23 days, but in 28 days two of the plates 
with }-in. punched rivet holes and one of the plates with 
j-in. drilled rivet holes showed a large number of distinct 
cracks. The other plates, including four with }4-in. 
rivets, showed no cracks after 74 days; a number of 
these were then cut up, but no cracks were found on the 
inner surfaces. Plates produced in the same way, but 
normalised after riveting, showed no signs of cracks after 
74 days in the calcium nitrate solution. The cracks 
produced as described above were examined and in every 
case were found to be inter-crystalline (Figs. 2 and 3) 
The microstructure of the plates was normal. 

Chemical analysis of the steel of the plates gave the 
following results :— 


Per Cent. 
Carbon 0-18 
Silicon 0-062 
Manganese 0-63 
Sulphur ... - me 0-036 
Phosphorus ove . 0-060 


A further number of plates with }-in. punched rivet 
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INTER-CRYSTALLINE CRACKS 
PropuceD y¥ THE ACTION oF CaLCIUM 
Nrrrate Souvrion. 





was good and no alteration in impact figure could be 
detected after treatment in cloium utheees solution, 

Cracking Induced by Various Soluti The 
of stress’ in specimens of the form described was too 
uncertain for rage yg out comparative tests, and another 
form (shown in ig. 4) was subsequently used. This 
consisted of two plates of mild steel, iin. thick, 1 in. 
wide, and 4 in. long, bent and screwed together over a 
hard steel cylinder of 1 in. diameter. The results of 
maintaining these secinene in a number of solutions, 
heated nearly to boiling, and in other media are shown in 
Table I on page 470. 

Chemical analysis of the steel of the plates gave the 
following results :— 





Per Cent. 
Carbon 0-08 
Silicon 0-011 
Manganese 0°55 
Sulphur ... 0-098 
Phosphorus 0-074 


In all cases where cracking of the steel occurred the 
cracks were inter-crystalline in character (Figs. 5 and 6). 
In the tassium hydroxide solution and the more 
dilute solutions of sodium nitrate, a network of fine 
inter-erystalline cracks was produced. In the case of the 
more concentrated solutions some inter-crystalline cracks 
were first formed but ultimate failure generally occurred 
by fracture thro’ the crystals. 

The Effect of Varying Initial Stress.—A number of 
specimens of bent plate identical with the above were 
annealed for 1 hour at 200 deg., 300 deg., 400 deg., 
600 deg, and 900 deg. C., respectively, after assembling 
and previous to placing in calcium nitrate and potassium 
hydroxide solutions. The plate annealed at 200 deg. C. 
cracked in the calcium nitrate solution in 7 days. The 
specimen which had been immersed in the f sodium 
and potassium nitrate mixture at 250 deg. C. for 20 days 
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holes were made under less drastic conditions. These 
plates showed practically no distortion. Higher tempera- 
tures had been employed, a considerable amount of scale 
remaining on the plates and rivets, There was no 
evidence of strain hardening ; the Brinell hardness only 
varied from 130 to 141. No cracks were found in any 
of these plates after being immersed for 100 days in the 
calcium nitrate solution at about 145 deg. C, 

Chemical analysis of the steel of these plates gave the 
following results :— 


Per Cent. 
Carbon 0-19 
Silicon 0-014 
Manganese 0-65 
Sulphur ... 0-052 
Phosphorus oo 0-062 


The notched bar impact figure of both the above steels 





PropuCep By THE ,AcTION or SopiumM 
Nitrate Soivtion. 


(Table T) cracked in the calcium nitrate solution in 
84days. The plate annealed at 300 deg. C. cracked after 
11 days in the calcium nitrate solution. None of the 
plates annealed at higher temperatures had cracked 
after 50 da Two specimens similar to one another 
but bent through a smaller angle than the standard 
form cracked in 8 days and 6 days in calcium nitrate 
and potassium hydroxide solutions respectively. Other 
specimens similar in form but varying in length of plate 
were placed in the calcium nitrate solution with the 
results indicated. 


Length of Plate. Remarks. 
4 in. ... Cracked in 4} days. 
4} in. Cracked in 7 days. 
Bhs on ae .» Cracked in 74 days. 
5} in. ... on .- Cracked in 7 days. 
6 in. ... po .« Cracked in 7 days. 
The influence of varying initial stress on the time in 
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which cracking occurred is also illustrated by results 
obtained with cold-rolled steel strip mounted and bent 
as shown in Fig. 7. Immersed in the calcium nitrate 
solution at about 148 ry Me the outer strip cracked in 
5 days, the second in 6} , while the third and fourth 
were not cracked after 50 


























Taste I. 
Concen- E 
tration. 
Solution. Salt | Remarks. 
Water. | © 
& 
a 
Caicium nitrate .. 4:1 | 148 | Cracked in 4} days. 
Potassium hydroxide 2:65 | 126 | Cracked in 3 days. 
Ammonium nitrate 5:1 124 | Cracked in 8 days. 
Sodium nitrate 8:1 127 | Cracked in days. 
2:1 120 | Cracked in 24 days. 
1:2 109 | Cracked in 3 days. 
1:4 104 | Cracked in 24 days. 
1:5 100 | Crac' in 4 days. 
1:8 | 100 | Cracked in 5} days. 
Sodium carbonate 8:1 127 uy cracked after 
ys. 
Sodium nitrate to which | 8:1 127 | Cracked in 7 days. 
was added 6 per cent, 
of sodium carbonate 
Sodium nitrate to which | 8:1 127 | Cracked in 9} days. 
was added 10 per cent. 
of sodium carbonate 
Sodium nitrate to which | 1:4 105 | Cracked in 20 days. 
was added 10 per cent 
of sodium carbonate 
Ammonium sulphate ES 117 | Not cracked after 34 
ays (badly cor- 
r ). 
Calcium chloride .. 8:1 150 | Not cracked after 
105 days. 
Fused mixture of sodium | Equal | 250 cracked a 29 
and potassium nitrates = of ys. 
ts. 
Air (steam oven) ,. —_ 100 | Not cracked after 
105 days. 








. | @ marked corrosive action on the steel. 


98| showed evidence of severe strain h 


. | plates which had been in contact wi 
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Behaviour of Heat-Treated Steel.—Specimens bent to 
the standard form shown in Fig. 4 were also obtained 
from previously heat-treated steel as follows :— 








Treatment before 
Bending. Solution. Remarks. 
Mild Steel— 

Annealed 900 deg. C.| Calcium nitrate ..| Cracked in 2} days 

for 1 hour , — jum hydrox- | Cracked in of days. 
le 

Annealed 1,150 deg. | Calcium nitrate ..| Cracked in 2 days. 
©. for 1 hour 

Heated to 930 deg. | Calcium nitrate ..| Cracked in 2} days. 


C. and quenched 
water ae hydr- | Cracked in 2 days. 
ox 


0-34 Cent. Carbon 


Annealed 900 deg. | Calcium nitrate ..| Not cracked after 
©. for 1 hour 42 da 
Oil hardened from | Calcium nitrate .. 


ys. 
Not cracked after 
900 deg. C., tem- 84 days. 


veer at 680 deg. 











The Action of Potassium Hydrowide.—The action of 
the potassium hydroxide solution was very different 
from that of the salt solutions which produced cracking. 
In a fresh solution, stressed steel cracked in a few days 
but after the solution had been in use for some time the 
steel became coated with a black deposit of oxide and 
cracking was inhibited. This is not solely due to the 
alteration of surface of the steel since the solution 
now fails to crack fresh similar specimens which are 
introduced and which themselves become coated much 
more quickly than the original 9 A deposit 
consisting of magnetic oxide and some carbonaceous 
matter accumulated at the bottom of the vessel. The 
inhibiting effect of the presence of oxide lends support 
to the view that cracking is brought about through the 
agency of hydrogen. 

Action of Steel on Nitric Acid and Nitrate Solutions.— 
According to Berzelius the action of iron on cold dilute 
nitric acid results in the formation of ammonia and 

ields a mixture of ferrous and ammonium nitrates, 

ut the reaction varies with concentration and tempera- 


spont t 
| condition of slightly elevated tempera 


| tendiny to check the reaction, was found to retard crack- 


cent. nitric acid, two-thirds of the iron which goes into | 
solution reacts to produce ammonia and nitrogen. 
Acworth found that by the action of steel on a 
saturated solution of ammonium nitrate containing 
4 per cent. of free nitric acid, a gas was evolved consisting 
mainly of nitrogen, and a reddish brown basic nitrate 
of iron was simultaneously formed. No measurable 
evolution of occurs when pure nitrate solutions are 
treated with iron, but the more electro-negative metal 
zine acts slowly on ammonium nitrate solutions giving 
a mixture of nitrous oxide and nitrogen. It seems prob- 
able that iron is not without a similar action, since small 
amounts of basic nitrate of iron were found after pro- 
longed action of nitrate solutions. This was most 
noticeable in the case of ammonium nitrate which had 


Instances of Failure in Practice.—Cases have occurred 
of ing of steel plates of vats and evaporating pans 
used in manufacture of ammonium nitrate. The 
cracking occurred chiefly at rivet holes and also at 

itions where bent plates had been used in construction. 

ivet heads also fractured on the side in contact with 
the solution. Some samples of fractured plate examined 
vat ne we (Brinell 
hardness 130 to 200); the rivet holes had probably 
been punched and no steps were taken to eliminate 
internal stresses. Similar cracking was observed in 
sodium, potassium | 
or cium nitrate solutions. The time taken for ane 
cracks to appear varied from 24 hours to one month. 

Summary and Conclusions.—One of the determining | 
factors in the production of cracks is the presence of | 
internal or applied tensile stress, and fracture occurs 
only when these stresses are above a certain value. In 
the experiment with bent strips the outer strips failed, | 
while the stresses in the inner strips were presumably | 
insufficient to produce cracking. Similar! the riveted | 
plates which cracked were those in which there is reason | 
to believe the internal stress was highest. This point is 
further illustrated in the case of the annealed plates ; 
the stresses are partially relieved at 200 ., 250 deg. 
and 300 deg. C., but the plates still crac though | 
after a longer time, .At higher temperatures the stresses | 
though they may not be entirely removed, have fallen | 
below the minimum value required to produce cracking. | 
There is no evidence to show that internally-stressed | 
steel (in the unhardened condition) is liable to crack | 

taneously at ordinary temperatures. Moreover, a | 
ture alone has | 
not been found to be msible for producing cracks in | 
such material. Stressed. specimens which remained | 
uncracked for 4 weeks in a fused salt bath at 250 deg. C., | 
15 weeks in calcium chloride solution at) 150- deg. C., | 
14 weeks in sodium carbonate solution at 127 » C., | 
or 14 weeks in air at 100 . C., all cracked wii a few 
Fr yee Seger in calcium nitrate gpa - 148 | 

yO, is pro y of induci id cracking in | 
stressed mild aoa has been cbemved ia the case of | 
solutions of sodium, potassium, calcium and ammonium | 
nitrates. A similar action of solutions of caustic alkalis | 
is already well known. In all cases the cracks produced | 
by the solutions are inter-crystalline; under similar | 
circumstances a medium carbon steel, both in the annealed | 
and in the sorbitic condition, did not crack. Both 
Andrew and Merica attributed the formation of inter- 
crystalline cracks in mild steel after treatment in caustic 
soda solutions to weakening of the grain boundaries 
by the absorption of hydrogen by the inter-crystalline 
amorphous material. Further support for the view | 
that cracking in potassium hydroxide takes place through 
the agency of hydrogen is given in a previous section. | 
It seems clear that solutions of nitrates also yield a | 
product having a selective action on the inter-crystalline | 
material whereby inter-crystalline cohesion is reduced. | 
It is suggested that in this case the active agent is 
nitrogen (or an oxide of niti ). The addition to 
sodium nitrae solutions of rn carbonate, which 
would reduce the dissociation of nitrate in solution thus 





ing. In the absence of applied or internal tensile stress 
penetration cannot be appreciable, since the action 
appears to be without detriment to the properties of 
the steel, in the absence of accompanying stress. 





INTERNAL FRACTURES IN STEEL RAILS.* 


The Presence of Internal Fractures in Steel Rails and 
their Relation to the Behaviour of the Material under 
Service Stresses. 


By Henry 8. Rawpon, Physicist Cen’. 
Bureau of Standards, Washington, D.C. 

I. Introduction.—The importance of internal fractures 
within metal parts can be illustrated most excellently 
by reference to a type of defect which occasionally 
develops in steel rails and which at the present time is 
probably the most serious one encountered in material 
of this kind. So far as one can judge from the literature 
on the subject, this type of defect to which the name 
“traverse fissure” has been applied appears to be 
purely American, in spite of the fact that the first 
published description of such defects a in an 
Austrian journal over twenty yee ago.t Their great 
prevalence in American rails is largely on account of the 
difference in the service the rails have to withstand and 
the harder rail which is used as compared with European 
practice. 

In Fig. 1 is shown this defect in the head of a rail in 
a relatively early stage and illustrates admirably the 


fact that the defect is internal in its origin. Its presence 
is not suspected and it cannot be revealed with certainty 
by any method of testing known at present short of 

ing the rail. The fissure shown in Fig. 2 had 
grown until it had nearly reached one side of the head 
where it would appear as a fine crack. Oxidation of the 
bright surface would undoubtedly occur after this stage 
was reached. The fracture is of the type usually desig. 
nated as “fatigue” or “detailed” break, and without 
doubt this does apply to the smooth silvery area surround. 
i ‘nucleus.” This nucleus always has a 
granular appearance, although 
it can be readily shown by a microscopic examination 
that the structure of the metal adjacent to the nucleus 
and the surrounding area does not vary in the manner 
that the fracture might suggest. Transverse fissures 
of the oo shown in Fig. 1 practically always occur 
in the rail head as separations perpendicular to the axis 
of the rail and are most frequently found on the gauge 
side of the head on account of the greater load borne by 
this portion. Fissures somewhat similar in their occur- 
rence have been noted which are much more irregular and 
which sometimes occur parallel to the tread of the rail. 
In such cases the definite central nucleus is either lack. 
ing or very obscure, and the occurrence of contamina- 
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tions of enclosed slag, &c., appears to account for their 
origin, or at least for the course followed by the break. 
In the present article it is the central granular nucleus 
around which the smooth bright area forms to which 
attention is directed. 

II. Internal Fractures.—When a section of the head 
of a rail (parallel to the tread) in which transverse 
fissures are known to exist is deeply etched, the action 
of the etching reagent reveals a number of deep “ gashes ’ 
or discontinuities, usually, though not always, approx!- 
mately perpendicular to the axis of the hi of the rail. 
The action of the acid used for revealing these “ mark- 
ings,” while admirable for the purpose so far as location 
of the defects alone is concerned, is objectionable in that 
the real nature of the defect itself cannot be determined 
after the acid has been applied. For this reason various 
erroneous explanations have been suggested in the past 
to account for these markings obtained upon deep 
etching. One extreme suggestion was to the effect that 
a difference in the rate of solubility of the steel in different 
directions was responsible, while another attributed 
them to the presence of internal stresses of high magni- 
tude, the cracking being similar to that which may be 





* Abstract of a paper read at a joint meeting of the 
Faraday Society with other institutions, April 6, 1921. 
t+ Von Dormus, Zeit. des Oester, Ing. und Arch. Vereins, 





ture. With solution concentration less than 24 per 





d in hardened steel balls, cold-rolled steel shafting 
and similar articles, by intense etching. Any method 
used for establishi the nature of a defect should, if 
possible, leave the defective material unchanged. The 
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nature of the defects as they exist prior to etching, 
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may be demonstrated by a simple 
The specimen, after i it 
i and then in @ msion of very 
fine iron dust, such as may be obtai from cast-iron 
lapping discs, in a light oil, for example kerosene. An 
discontinuities in the metal which reach the surface wi 
be revealed by the iron dust which will collect along 
such lines in greater quantities than elsewhere, The 
excess of dust may be removed from the surface by 
ly bathing the specimen in clean oil. This method 
as been employed to good advantage in the inspection 
of gauges for picking out early in the grinding operations 
those which are defective because of “hardening or 
quenching cracks.” Naturally the magnetic method can 
reveal only such discontinuities as appear at the surface. 
The faces of the ‘internal fracture are in very intimate 
contact with each other, such discontinuities located by 
the magnetic method are found to be relatively incon- 
spicuous when examined miscroscopically on account of 
this intimacy between the two adjacent faces. Even after 
etching the specimen, the discontinuity in the metal re- 
mains very obscure. Although its position in the material 
may be known with certainty, it is located with difficulty. 
If a section for microscopic examination is taken 
through a specimen which has been etched with con- 
centrated acid and the surface is ground down until only 
traces of the previous etching remain the nature of the 
separation is somewhat more plainly revealed. The 
fracture appears to be transcrystalline for the most part, 
though some exceptions to this may be noted. The face 
of the fracture is clean and bright, that is when freshly 
exposed, and there appears to be no abnormality in the 
structure of the metal at the point. 
Ill. Importance of Internal Fractures.—Although 
internal fractures or discontinuities of the kind described 
above have been found in other t of wrought steel 
besides rails such as steel wheels and tyres for example, | 
they appear in greatest abundance in the heads of rails | 
particularly those in which transverse fissures have 
formed. They have also been reported, in a few instances, 





| 
q q 
in newrails, that is, rails which have not been used in the | 


track. This fact is used as supporting evidence by those 
who attribute the origin of the defects to improper 
treatment during the mechanical processes of rolling, 
straightening, &c. While the fact that the defects are 
very much more numerous in rails which have seen ser- 
vice, than in the exceptional new ones in which they have 
been found, is used by others to support the opposite 
opinion that service stresses are largely responsible, if 
not entirely. The origin of these defects is still very 
obscure though it appears probable that both the factors 
mentioned play a part in their production. Concerning 
their effect upon the mechanical proprties of rails, 
there is also some difference of opinion. It has been 
shown that longitudinal specimens cut from the centre 
of heads of rails which were defective because of the 
presence of fissures similar to those shown in Fig. 1, 
when stressed in tension were abnormally low in ductility 
as compared with specimens taken elsewhere in the same 
section of the rail although the other tensile properties 
were not reduced to a corresponding extent. In this 
t the steel behaved in a manner very similar to the 
well-known “flaky ” steel which became so familiar during 
the war. Whensimilar steel is tested in simple com 
sion they do not appear to affect the result materially. 
It is when the material is subjected to the complex 
combination of stresses such as a rail withstands in ser- 


various forms of contacts applied laterally to the bar, 
especially as a cylindrical roller contact had been found 
very useful in the mechanical properties of thin 
strip steel, used for aeroplane structures during the war. 
Such material is especially difficult to test, as a scratch 
or indentation generally determines the place of fracture. 


Fig. 22. 
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Fig.28. THEORETICAL RESULTS. 
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Thickness 


26 = 2 inches, 
t= 2z = 0.1 inch. 





Stresses along ; 


from the clips without injuring the material, “and in 
practice the strip broke within the uge length. In the 
of nitro-cellulose, narrow blocks, cemented to 


the of a strip, have been employed instead of 
and this latter arrangement also proved fairly eu ul. 
An examination of the essential features of both these 


forms was carried out, therefore, and compared with 
some calculations, which are fortunately available. 
Professor Filon has shown* that the stress produced 


by oppositely directed forces applied greys 

to the sides of a rectangular strip, of breadth 2b, oon be 
evaluated, and he obtains for the stresses the following 
values (referred to Fig. 22) :— 
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vice, that the importance of these hidden discontinuities 
within the metal becomes important. Although the 
opinion is held by a limited few that such defects as are | 
shown in Fig. 1, can be fully and satisfactorily accounted | 
for by the internal stresses (tension) which arise in the | 
interior of the rail head, asa result of the severe cold | 
working of the tread of the rail, the general opinion, is 
to the effect that each internal defect may act as a 
nucleus from which a fissure “ grows” as a result of the | 
internal stresses mentioned above, as well as of the | 
repetitions of stress which comprise, in large degree, the 
service to which the rail is subjected. The evidence 
upon which the opinion is based is, of course, largely of 
the nature of “ circumstantial evidence.” It is only 
the very occasional rail in which transverse fissures 
develop, and likewise only very few show evidence of 
internal fractures when examined by means of deep- 
etching. The granular “nucleus” appears to be a 
characteristic and a necessary part of the transverse 
fissure; the fact that fissures varying in size from 
approximately half the cross-sectional area of the rail 
head to a very narrow ring surrounding the nucleus would 
appear to indicate without question, that the granular 
spot termed the “ nucleus” exists within the rail head 
prior to the formation of the smooth silvery area of the 
fissure which later surrounds it, and that it acts as the 
centre from which the discontinuity “grows” out- 
wards. The fact that the appearance of the nucleus 
is identical with that of the face of internal fractures 
also strongly a the view that they are one and the 
same thing. This is, of course, only in line with the 
well-known fact that “fatigue” breaks of all kinds 
originate most rem in the neighbourhood of such 
defects as considerably modify the stress distribution 
at such points. =a 





CONTACT PRESSURES AND STRESSES.* 
By Professor E. G. Coxer, M.A., D.Sc., F.R.S., Member ; 

K. C. Cuaxxo, M.8c., and M.; 8. Aumep, M.Sc., of 

University College, London, 

(Concluded from page 440.) 

The results obtained en the authors to proceed 
further with this part of the investigation, and it was 
resolved to measure the distributions obtained with 


* Paper read before the Institution of Mechanical 
Engineers on Friday, March 18, 1921. 
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TABLE XI.—Tasie or (p — g) VALUES. 
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In order, therefore, to measure the extension of the 
material, an arrangement was devised which was found 
to work satisfactorily. Clips were provided, on the 
inner sides of which were slots —ae cylindrical 
ins, housed so that they projected a very slight amount 
Coyond the inner faces of each member of the clip, and 
these pins were pressed against the imen when the 
clips were drawn together by small bolts. This arrang 
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ment gave a sufficient grip to support an extensometer 


* British Association Report, 1914. 
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The numerical values of the stresses along the axes 
of symmetry have been obtained, although with much 
labour, for the case where W = 100 lb., 2b = 1 in., and 
the thickness of the strip is ,', in,, and their values are 
recorded in the accompanying Table X for comparison 
purposes. It may be remarked in passing that these 
numerical values were found to agree with some given 
in the Paper already cited, but we were obliged to extend 
the to suit our particular purpose, while for 
convenience, of calculation tne values of p and q were 
obtained from the more convenient expressions of 
the sums and differences of the principal stresses. 






Thus for == o the formule above give 
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with expressions of a similar type for (p; + 9). 
The values so obtained are plotted for convenient 
reference (Fig. 23) for comparison with the cases selected. 
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- It will be observed that p is small along either axis | from a theoretical aspect, since, as Fig. 24 shows, there 
eae u-coshu _ ue .. uy and the labour of separating p and q is y justified, |is a agreement, especially along the centre line of 
£¥= 56 \smn2uc+2u° >: sinh - du 80 that we are content to com >, in all cases, the the member where the stress is small and somewhat 

- ’ optical values of stress distribution with the calculations. | difficult to measure. Along the axis of the applied load 

o All the results so obtained along both axes are recorded | the agreement is apparently less satisfactory, since all 

Ww inh in Table XI, page 471, and are also plotted in| the measured values are less than those obtained from 
7 FOE 09 CMBR. Oy}070 aca . oes a diagram form to facilitate comparison. The distribution | calculation, but the discrepancy is easily explained by 
wb? | sinh 2u + 2u ar 6 : obtained with knife edges is perhaps the most interesting | a circumstance, already pointed out in the experiments 

Fig. 26. STRESSES (p-q). Fig.28. STANDARO FORM OF DALBY Fig, 30. DIRECTIONS OF PRINCIPAL STRESSES. 
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° 1 2 3 a" 0 “4 2” 3” 4” 0 a” 2” 3” 
DISTANCE FROM CENTRE LINE OF SPECIMEN (INCHES) 
TABLE XII.—Sum or Paincreat Stresses (= p + q) lb. /in.2 
Inehes.| Inches.| Inches.| Inches.} Inches.| Inches.| Inches.| Inches.| Inches.| Inches.) Inches.} Inches.} Inches.| Inches. 
y= 0-00 0-01 0-02 0-03 0-04 0-05 0-06 0-07 0-08 0-10 | 0-125 0-15 0-20 0-30 
} 
z = in 
0-00 1,302 -_- 1,308 — 1,320 - 1,342 —_ 1,438 1,302 1,374 1,302 1,302 1,373 
0-05 1,328 — | 1,853 — | 1,354 — | 1,268 — | 1,380 | 1,302 | 1,335 — — - 
0-10 1,406 -- 1,368 — 1,368 a 1,380 —_— 1,432 1,276 1,368 1,250 1,275 1,315 
0-15 1,302 —- 1,342 —_— 1,322 a 1,335 1,400 1,353 1,302 1,368 1,302 1,263 1,368 
0-20 1,302 1,250 1,328 1,432 1,335 1,380 1,360 1,471 1,452 1,263 1,413 1,343 1,380 1,413 
0-25 1,185 1,172 1,178 1,308 1,262 1,302 1,348 1,367 1,419 1,308 1,432 1,302 1,387 1,302 
0-28 1,055 1,035 1,042 1,250 1,224 1,275 1,290 1,387 1,483 1,353 1,419 1,380 1,368 — 
0-30 925 866 911 1,042 1,042 1,210 1,250 1,380 1,438 1,335 1,438 1,445 1,510 1,530 
0-31 840 800 -- 917 950 1,087 1,237 1,367 1,530 — | 1,510 1,484 —— | — 
0-32 _ — 729 768 781 925 ) 1,191 —_— — | a= — — | — 
0:33 598 592 — 664 657 814 $455, — — —_— — — —_ |j;-- 
0-34 — — 508 527 573 638 a nd his | ice dts oti os pm 
0-35 404 293 — -~ 390; — -— -— — — ~ —_i— 
0-36 — — 202 338 — 280 = == Load on specimen = 100 Ib. 
0-37 195 150 _ — 195 _ —_ —_ —|}- _ —_ —-—|- 
0-38 —_ — _ 260 130 | 195 — —_~ —-|— — _ —}-—- 
0-39 104 13 — 195 — | — | oe — — _ — — — _- 
' | 
TABLE XII—<continued. 
DIFFERENCE OF Principat Srresses (= p — q) lb. /in.2 
Inches. Inches. Inches. Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
y= 0-00 0-01 0-02 0-03 0-04 0-05 0-06 0-07 0-08 0-10 0-125 0-15 
a = in. 
0-1 1,408 1,408 1,408 1,408 1,408 1,408 1,422 1,422 1,422 1,422 _~ — 
0-2 1,408 1,408 1,408 1,408 1,408 1,408 1,422 1,422 1,422 1,422 1,340 1,340 
0-22 1,440. 1,440 1,440 1,440 1,440 1,440 1,390 1,390 1,357 1,323 onal =— 
0-24 o ont — — _ _— 1,423 1,423 1,340 1,241 — — 
0-26 1,387 1,387 1,387 1,387 1,387 1,387 1,191 1,159 1,273 1,223 1,340 1,340 
0-28 1,255, 1,255 1,255 1,255 1,155 1,155 1,191 1,159 — _ 1,323 1,323 
0-30 978 978 978 978 978 882 — --- _ _ —_ _— 
0-31 860 860 860 860 819 819 — — _ _ —_ —s 
0-32 580 580 580 580 580 -- — —- —_— _ — ~- 
0-33 368 335 335 311 — — a —- aa _ _— = 
9-34 154 104 77 5 ~= a — os _— _— _ = 
9°35 5 5 5 oa _ —_ _ — - —= _ 
Load Catculated. 
Inches.| Inches.| Inches.| Inches.| Inches,| Inches.| Inches. | Inches. | Inches. | Inches, | Inches. | Inches. | Inches. 
y= 0-00 0-01 0-02 0-03 0-04 0-05 0-06 0-07 0-08 0-10 0-125 0-15 Mean. 
w 104-7 | 102-7 | 104-2 | 104-2 | 103-8 | 105-9 | 105-0 | 106-0 | 103-6 | 100-2] 102-8 | 99-8 | 103-53 
Per Cent. 
difference 4-7 2-7 4-2 4-2 3-8 5-9 5-0 6-0 “3-6 0-2 2-8 -—0'7 3.53 
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of Carus-Wilson, that the application of pressure al 
a line by means of a knife-edge causes the latter te 
sink into the material, and for a true comparison the 
imental curves must be depressed an appreciable 
amount. With this correction, amounting in this case 
to 3, in., the agreement is close and affords a verification, 
if such were needed, of the accuracy of the analysis. 
The extent of the area affected by a lateral pinch is 
indicated by Fig. 25*, and the disturbance produced 
by centres is easily realised from the colour bands. 
If, instead of a knife edge, a roller is applied, the a - 
ment is still satisfactory, as Fig. 26 shows, dlthough i 
each case the roller produces some depression, which 
tends to cause the experimental curve to lie above the 
caleulated values. . After a correction for this is made, 
both sets of values are in very good ment. The 
same remark also applies to the smallest flat block, but if 
the area of the block is increased, there is a marked 
divergence, as Fig. 27 shows, and the curves have a 
maximum value with a turning point like those obtained 
when a finite length of a large plate is under compression 
and due to the same cause, namely, the approach to 
equality of p and q giving a zero value directly underneath 
the block, as indicated by dotted lines in the region where 
it was found very difficult to obtain an accurate measure- 
ment. 
The inherent difficulty, which these experiments show, 





of determining the true strength of a material under a 














through pins sufficiently distant from the discontinuities 
to ensure uniform stress in the enlarged ends before the 


—— section takes place. 

Ww this bar is subjected to a moderate load and 
viewed in the polariscope, the colour effects appear to 
indicate (Fig. 29)* that in the neighbourhood of 
the and at the rounded contour there is a local 
increase of stress, but the eral effect of the enlarge- 
ment appears to decrease the stress intensity along the 
lines of a truncated quadrilateral, while across the 
central section there are some indications of stress 


in | variation, as the photograph shows. The outermost 


parts of the flanges are under no stress, but their inner 
parts are subjected to a somewhat complex ‘stress 
distribution, which gives rise to an increased tension 
near the join of the fillet with the parallel contours. 
and becomes equal to the mean value corresponding to 
the load at a small distance from the discontinuity. It 
4 a — from the colour picture obtained in 
the polariscope that the stress is symmetrically disposed, 
and’ that the enlarged ends an" tant peoduse an un- 
symmetrical distribution at the flanges. 

The experimental determination of the distribution in 
such a case can be completely solved by measuring the 
directions of principal stress and their magnitudes, on 
the assumption that the variation of stress throughout 
the thickness of the plate is negligible. 

The former are determined from the isoclinic lines 





Fig.32. PERIPHERAL STRESSES AT FLANGE OF DALBY TEST BAR LOAD 300 LBS. 
WIDTH 3 INCH TOTAL, 1% INCH NET. ASSUMED THICKNESS 0-10 INCH. 
] . . ° 
(<---}------- 3 > . . R-0-25'=4 
bat O____R=-0-1875'= 4 

a — ee R-0-72" 

rx | +____R- 0-06" 

R | e.____ _B= 0’ 


D = 03° 


2° 7° 
Distance from Curve. 


tension load, when it is necessary to make an indentation 
or scratch, however minute it may be, has resulted in 
attempts to avoid this source of error altogether, and it is 
of interest in this connection to note that Professor Dalby, 
who has devised an autographic testing machine of 
great perfection, has found it necessary to abandon the 
ordinary methods of attaching an extensometer. In his 
arrangement the specimen is turned from a solid bar 
with collars spaced a convenient distance apart, and the 
extension between these latter is measured by suitable 
mechanism bearing lightly against the collars. 

At Professor Dalby’s suggestion we have examined the 
effects produced by the sudden enlargement of the cross- 
section of such a test-piece. 

The exact determination of the effect of a cylindrical 

collar is a difficult problem, although possibly not an 
insuperable one, but the case of a plane section of such 
a test bar is relatively simple and possibly not very 
different from that of a specimen in the round. It has, 
in fact, been shown,+ in another analogous case, that a 
ch ange of section causes a somewhat more widely distri- 
bu local stress for round specimens than for a flat 
strip of the same contour. The type of stress distribu- 
tion is obviously not quite the same, but the indications 
afforded by the problem in plane stress are valuable as 
@ guide to what happens in the cylindrical imen. 
_ The standard form used by Professor Dalby is shown 
in Fig. 28, page 472, and consists of a _ §-in. 
round bar provided with collars 1-in. in diameter, 
y-in. thick, and Sin. apart, and having enlarged and 
screwed ends, for applying load in the testing-machine, 
at a sufficient distance away to ensure no uneven distri- 
bution of stress from these screwed ends. 

The merging of the collars into the bar is effected b 
fillets of 0-04-in. radius, and of the outer enlarged en 
by curves of §-in, radius. The measurement of the 
distribution of stress in the screwed ends is a difficult 
matter and outside the scope of this investigation. It is 
not considered here, A slight increase of stress is known 
to occur near the join of the straight contour with the 
curves of large jus, but, as these latter effects have 
been measured and described elsewhere, t it is not neces- 
oy to er? 2° oe Paper The full-sized model 

-piece, which formed the subject of the experiments 
described below, was shaped in’ the manner shown in 
the lower part of Fig. 28, in which the exact contour is 
preserved up to the enlarged ends, and the load is applied 


* This figure is @ coloured plate which it is not possible 
to reproduce here. It is of the same character as the 
a eee which vee produced in connection with 

essor Coker’s article on page 1 of the present volume 
of ENGINE ERING.—{Ep, E. bs, 

{ mee Inst.C.E,, vol. ceviii, Part IT,1918-19. 
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Taste XIII. 
R= R= R= R= R= 
_ + in. vs in. 0-12 in. | 0-06 in 0 in. 
deg. 

70 _ 0 e 0 q _ 
60 137 65 370 201 - 
50 405 438 72 560 _ 
40 679 952 1,360 1,258 _ 

6 =30 1,398 1,314 1,764 1,640 _— 
20 1,870 1,773 2,004 1,848 — 
15 2,015 1,893 2,056 —_ _ 
10 2,140 2,015 2,090 2,100 — 

5 2,150 2,100 2,090 — —_ 
“of 2,060 2,145 2,035 2,160 _ 

n. 

2,174 
0-02 | 2,020 | 2,109 | 1,960 | 2120 |{ 565 
0-04 1,940 2,020 1,870 1,780 1,906 
0-06 1,860 1,900 1,770 1,740 1,780 
a 1,800 1,760 1,700 1,658 1,690 
0-10 1,760 1,730 1,620 1,620 1,650 
0-15 1,710 1,600 1,600 — 1,620 
0-20 1,700 1,600 1,630 —_ — 
0-25 —_ 1,610 1,600 _ _ 
0-30 1,668 1,620 1,600 _ _ 

















shown on the right hand of Fig. 30, from which it appears 
that at the enlargement caused by the flanges the lines 
of principal stress parallel to the axis b outwardly 
in a somewhat abrupt fashion accompanied by a diver- 
gence of the transverse orthogonal lines. The disturbing 
effect of this enlargement on the lines of principal stress is 
small, however, and, so far as this kind of evidence shows, 
it appears to indicate that the variation in the distribu- 
tion of stress is not very great. 

In order to determine the stress distribution veers 
a number of cross sections were examined in the neigh- 
bourhood of discontinuity and the values of (P +4q) 
measured slong them. These values are reco in 
Table XII, on the opposite page, and a few of these are 
plotted in Fig. 31 to show their general character. 

At the central section it is noticeable that the (p—q) 
curve of distribution is above that of the corresponding 
(p +q) curve for the greater part of the section, and that 
it rises slightly as we proceed away from the axis, and 
reaches @ maximum vitae at a distance of about 0 +23 in. 
from the central line, as the colour effects indicated. 
There is then a rapid decrease to a zero value. 

The measurements show, in fact, that the tensional 





* This figure is a coloured plate which it is not possi 





'to reproduce here.—{Ep. E.]) 


stress across this section is fairly uniform for two-tenths 
of an inch on each side of the central line, with a little 


rise as we go outwards, and then rapidly dies away. It 
is accom Mied by a compressional pm sirein of thal 
magnitude, which reaches @ maximum value at about 
2 = 0-23 in. and changes sign when 2 = 0-3 in. approxi- 


This distribution is characteristic of all the sections in 
varying up to Y =0-05in., where the main 
discontinuity ceases, and only the rounded corners 
remain to increase the breadth of the section, We find 
the (p + q) lines still cross, but, instead of terminatin; 
at zero, they reach a maximum at the curv 
contour, 

It is interesting to note in passing that these measure- 
ments show the same kind of variation as occurs 
when the enlarged portion is very much longer, and that 
some increase of stress appears to be inevitable within 
the elastic limits of the material whenever there is 
a symmetrical enlargement connected to the main tension 
member by any form of curve. 

An idea of the general accuracy of these measurements 
may be obtai by integrating the normal stress p, 
across each section and comparing the value so obtained 
with the actual load, It will, however, be noticed that 
is small and that it ch sign, so that if it is neg 
altogether the error is hardly appreciable. The other 
principal stress p is, moreover, nearly normal to the 
cross section everywhere, so that if ¢ the thickness 


we have W =t/p,. dx =¢./p. de very nearly, and 


we may take this latter value without appreciable loss 
of accuracy. This approximate check on the general 
accuracy of the measurement is, under these circum- 
stances, likely to account for slightly more than the load 
of 100 lb., as in fact actually turns out to be the case, 
Table XII, except for one section where the error is 
slightly in defect. 
xcept in two instances the error does not amount to 
more than 5 per cent. and the average error is +- 2-53 per 
cent., which would probably be reduced somewhat if 
were taken into account, and also the inclinations of 
th principal stress to the cross sections considered. 

It is an interesting feature of this form of test-piece 
that a change in the radius of the fillet does not appear 
to exercise a very marked influence on the stress produced. 
It appears always to cause a local concentration of stress, 
but its effect does not Cope very much with curvature, 
whereas in re-entrant angles the maximum stress rises 
rapidly with the curvature. 

In order to examine this with some accuracy, 
ments were made along the boundary of an 
member, in which all the conditions were kept constant, 
except the radius of the fillet. At such a boundary the 
minor principal stress vanished and either optical or 
mechanical measurements suffice, but the former are 
preferable owing to the ease with which they can be made 
at the boundary. Some of these are shown in the 
accompany Table XIII and are plotted in Fig. 32, for a 
member three times full size under a load of 300 lb., 
which latter load corresponds to a mean stress of 1,600 Ib, 
per square inch. 

In every case a maximum stress of more than 
2,090 Ib. uare inch is observed, but it is 
noteworthy that the extreme cases give very small 
differences, for with a radius of } in. the stress rise 
to 2,150 lb. per square inch, and for the smallest radius 
that could be fashioned the corresponding stress is only 
very slightly increased. The experiments, in fact, 
appear to show that, although flanges cause a local 
increase of stress, the form of the curve, by which 
they merge into the main body of the member, is 
not very important provided it does not undercut the 
specimen. 

On the whole, the evidence afforded by the above 
examination appears to us amply to justify the use of 
this form of test-piece for tension tests, although, as 
Fig. 32 shows, there is a local increase of stress at or near 
the join of the straight contour with the flanges. This 
local concentration is, however, met with in the 
usnal standard forms under less advantageous circum. 
stances. 

In conclusion, the authors desire to express their 
acknow! ts of the hel —e ana | received 
during the progress of this investigation from the Depart- 
muons of Scientific and Industrial Research, and the 
also for the great 


authorities of University Coll 
mechanical skill of Mr. F. H. Withycombe in the con, 
struction of the numerous pieces of apparatus and 
specimens required throughout this investigation which 
commenced early in 1914. 





Tue K.S. Macnet Sreev.—An alloy steel, remarkable 
for its high coercive force and strong residual magnetism, 
wae discovered by K. Honda and H. Takagi m 1917, 
and was named “ K.8.” steel after Baron K. Sumitomo, 
who had made a liberal donation to the inventors’ 
university. The steel, since improved, was first described 
by Honda and 8. Saité in thePhysical Review of December, 
last. The composition is in per cent., carbon 0-4 to 0:8, 
cobalt 30 to 40, tungsten 5 to 9, chromium 1-5 to 3, The 
alloy is brittle, and the forging of it requires practice ; 
it is best quenched at 950 deg. C. in oil, and requires no 
heat treatment when used for permanent magnets, The 
coercive force is up to three times as large as that of the 
best tungsten steel, whose residual magnetism it also 
su: passes. Prolonged heating in boiling water did, not 
diminish the residual magnetism of the 


“a steel, The 
hysteresis loop has a ve area. uvenching 
the annealed ro the Brinell was revaed from 


444 to 652 and the Shore hardness from 38 to 55; the 
microstructure of the quenched, hard steel: is: very 
fine. When imens were on @ concrete floor 








spec 
from a height of 1m., the ee em diminished only 
by 6per cent. The K.S. steel is suited for short magnets. 
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/NOTE ON PHOSPHOR BRONZE BARS.* 
By Jonn Arnort. 
T Se ae ay eee a ee —_ 
rt Pan Hon mae malo ere orrid 
The analysis of the material is as follows :— 


Per cent. 
Co 94-44 
Tie a 4-62 
Zine 0-68 
Lead ne none 
Phosphorus 0-26 


‘ The material was hexagon, approximately }-in. across 
ats. 
Tensile tests from two rods gave the following results :- - 


i 2 


Yield point . 89°4 36-0 tons per sq. in. 
Tensile strength... 39-8 37-0 tons per sq. in. 
Elongation 20°0 22-0 per cent. on 2,in. 


Reduction of area 67-9 67-9 per cent. § 
Fig. 1 is a curve plotted from readings taken with the 
Ewing extensometer on the first of the above bars. 
The eigen | limit is very low, being only 7:6 
tons per square inch. 
The strength of hot rolled material of this composition 
would only be some 20 tons to 25 tons per square inch. 


015 
Fig.1 
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On annealing at 600 deg. C. for half an hour the tensile 
strength of the hard rod is reduced to 21-1 tons per square 
inch, and the yield point is 7-2 tons per square inch, 
The autograph diagram (Fig. 2) and the table show the 
characteristics of two exactly similar test bars, one as 
received, the other after annealing at 600 deg. C. 


Normal Annealed 


as 4 hour 
Received, at a deg. 
Yield point (tons per square 
inch) otk att ead Ge 7-2 
Tensile strength (tons per 
square inch) one eco » 97 °O 21-12 
Elongation (per cent.on 2in.) 22-0 81-0 
Reduction of area (per cent.) 67-9 80-0 
Brinell number oes «+ 163-0 89-2 


It was evident that the very high yield point and 
tensile strength of the materi could only have been 
obtained by excessive cold work. To prove this, pieces 
of the bars were immersed in mercurous nitrate solution. 


Cracks to show after 3 minutes’ immersion, and 
after an hour the bars showed both transverse and 
longitudinal cracks. 


he bars as received were to all appearance quite 
ductile as could be judged from the tesile and bend 
tests. 

This phosphor bronze is presumably a material in 
common use for certain purposes. The bars tested were 
bought from a maker of repute. and are not exceptional, 
because in the maker’s catalogue the elastic limit is 
quoted as being identical with the tensile strength 
(slightly over 40 tons per square inch), 





EXPERIENCES OF SEASON-CRACKING 

DURING THE GREAT WAR.t 

Owen W. Extts, M.Sc., Assoc.M.Inst.C.F. 
Durie the war no Peake odpumdeeeman brass 
rods of varying sizes and to meet vary- 
ing tacasites were inspected by members of ‘the 
examination staff associated with the Metallurgical 
Laboratory of the Royal ant, Department of the 
Ordnance Factories, Woolwich. these rods about 
1 per cent. were tested mechanically in the test house of 
the same laboratory. 

The various specification test were in practice 
associated with certain letters, A, B, C, and G. By 
“Rod Metal A” was understood rod so manufactured 
as to give the following test figures :— 


* Abstract of a paper read at a joint meeting of the 

Faraday Society with other institutions, April 6, 1921, 
+ Abstract of a read at a joint meeting of 

Faraday Society with other institutions, April 6, 1921. 














Tons sq. in. 
Yield point... one on 20 
Maximum stress ... one 30 
Elongation per cent. fal -- 20(1=4 Ja) 
The test figures associated with the other classes of 
metal were as follows :— 
Class of Metal. Yield-Point.| Maximum | Elongation. 
Stress. 
tons sq. in. | tons. sq.in. | per cent. 
B oe ‘ 12 20 30 
Cc ° ee 6 12 10 
G o° ae a. 8 20 12 
Manganese bronze .. 18 32/36 20 














Here it may at once be stated that no instance of 
failure due to season-cracking of rod of circular cross- 
section to the B and C specifications or of manganese 
bronze rod were noted during the whole war period. This 
paper is therefore concerned only with material designed 
to meet one or other of the following specifications : — 


Class of Metals. ' A. B. 
Yield point... . ode 20 8 
Maximum stress ... 30 20 
Elongation per cent. 20 12 


A considerable amount of C metal square section rod 
failed owing to the defect under discussion, 

Brass rod to the A specification of 38 different diameters 
was employed at various times during the war in the 
manufacture of service articles. These rods varied in 
diameter from 0-516 in. to 2-15 in. No case of failure 
due to season-cracking, however, was recorded in rods 
less than 0-5 in. in diameter, 

Of rods to the “G” specification thirty-seven sizes 
were used during the war. The diameter of these rods 
varied from 0-072 in. to 2-4 in., no instance of failure 
due to season-cracking was noted in any rod of less than 
1-0625 in. diameter. 

For certain sizes of A metal rod but one set of failures 
was recorded. For example, in the case of supplies of 
rod of 1-55 in. diameter only 50 rods out of a total of 
1,420 rods failed. These 50 rods represented a complete 
consignment of rods which had emanated from one 
source and were each and all, therefore, likely, to have 





Tons per Sq.Jn. 


on 2. 


been subjected to somewhat similar mechanical treat- 
ment. 

The phenomenon of what my be termed “ wholesale ” 
season-cracking of rods was first observed during the war 
period in 1914. It had previously been noted on many 
occasions, but failures having then had but little effect 
on output, were returned to manufacturers for their 
consideration. The defect was now noted in rods of 
high diameter which it was — had been subjected 
to somewhat drastic treatment in manufacture. 

From the beginning of the war, every rod of every 
consignment was examined for flaws. In a number of 
instances rods were discovered possessed of superficial 
cracks of the type usually associated with this trouble. 
These cracks rods were returned to the makers. No 
long while elapsed, however, before complaints from 
the shops of cracked rods reached those in control of the 
work of inspection. These complaints were a cause of 
considerable surprise, since it was felt by the examiners 
that their work was thus being called in question. How- 
ever, re-examination of consi ents of rods from which 
had already been removed all cracked bars for return to 
the markers, revealed the presence of other defective 
material. Further, it was discovered that in practically 
every instance the defective material in any given 
consignment increased in amount from day to day. 

An attempt was made quite early to deterinine whether 
the tensile test would supply information as to the state 
oftherod. With this end in view a correlation of internal 
stress and tensile strength was aimed at. The experi- 
ments made were somewhat crude in character, but may 
here be worthy of note. The experimental method 
adopted consisted in the milling of narrow slots, sym- 
metrical to given diameters, through the longitudinal 
axis of the rods. The presence of internal stresses in 
the outer layers of rods so treated is at once revealed by 
the widening of the slot as milling proceeds. If slots 
are thus milled to the same depth in various rods then 
the difference between the width of the slot at the top 
and that of the slot at the bottom, which should coincide 
with the width of the milling cutter, will constitute a 
measure of the internal stress in individual rods. 

These figures of tests made on rods taken indiscrimi- 


Preli low-temperature annealing experiments 
were made in 1915. At this time it was required that 
rod ‘to the A specification, which calls for a yield point 
of 20 tons per square inch, be used for certain services, 
The problem thus presented was so to anneal the rods 
as to leave them of yield points of 20 tons per 
square inch. Happily for the experiments a change in 
specification precluded the necessity for continued work 
in this field. Such work as was conducted, however, 
proved futile to effect removal of deleterious internal 
stress without reducing the yield point of the treated 
material below the specification limit of 20 tons per 
square inch. The above problem is one which, there- 
fore, has yet to be solved. 

Serious trouble in respect of output was occasioned by 
“‘geason-cracking ” in the fall of 1916 and the subject 
of the low-temperature annealing of brass rod to the G 
paneer was faced. The drop in the yield point 
of annealed rods was at this time of less serious import 
—the problem, in fact, was to determine the least 
pie: spermine that could be employed successfully in 
works’ practice to eliminate internal stress. 

Preliminary trials were made at 400 deg. C. The 

ial interest of the test results lies not so much in 
the fact that the mecuric chloride test proved the treated 
my “y to be devoid of deleterious internal stress, but 
in the fact that the annealing affected the mechanical 
ay’ oben of the rod possessed of the higher tenacity 
and lower ductility so much more than those of the other 
rods. While in the former case the yield point, as a 
result of annealing, was reduced by 59-0 per cent., in 
the latter case a reduction of but 32-6 per cent. tran- 
— The reduction in maximum stress values also 
show quite marked differences in magnitude, being 
15-2 per cent. and 6-7 per cent. respectively, while the 
difference in percentage increase of percentage elongation 
is yet more marked than are the above differences, being 
79-4 in the former and 12-7 in the latter case, 

In order to test this somewhat remarkable discovery 
the effect of annealing further samples from the same rods 
was determined. In this instance, however, annealing 
was carried out at a temperature of 600 deg. C. for 
35 minutes. 

The fact that the annealing in this second case has 
resulted in almost identical changes in mechanical 
properties is shown in the paper. 

Concurrently with these trials at 600 deg. C. were being 
conducted low temperature annealing tests on samples 
taken from rods, which formed part of a consignment, 
certain rods of which had already ruptured in store. 

The times of annealing varied from 2 hours to 2} 
hours. In the case of the sample annealed at 100 deg. 
C. rupture occurred within one hour of its introduction 
into the test solution, while the sample annealed at 
200 deg. C. cracked after about 34 hours’ immersion. 

No signs of rupture occurred in the other samples, 
even after prolonged immersion in the mercuric chloride. 

A eon series of trials was made on samples taken 
from one fod, and the conclusion arrived at from con- 
sideration of the results was that a 2 hours’ annealing at 
200-300 deg. C. would be quite sufficient to remove all 
deleterious stress from such rod as was then being re- 
ceived into store. Since, however, the mechanical 
properties of the material were not affected in such a 
way as to render them outside the G specification by 
annealing at 400 deg. C., and since annealing at 350 deg. 
C. for about 4 an hour was found much the same in effect 
as the longer annealing at the lower temperature, this 
annealing temperature was employed in works practice 
and with success. As a result of this treatment many 
hundreds of rods, which otherwise would have failed by 
season-cracking, were passed into service. The success 
which attended the Ordnance Factories practice of low- 
temperature annealing was made known to certain of 
the manufacturers whose material had been the subject 
of investigation and it may be worthy of note that the 
author has the pleasure of knowing that at least one of 
the firms notified of the successful issue of the above 
experiments in practice, employed and is employing, 
where necessary, low-temperasnre annealing wit 
equally good results. 





Te Instrrore or Merats.—The autumn meeting 
of this Institute will be held in Birmingham, on Septem- 
ber 21 to 23. The first autumn meeting was also held 
in that city in November, 1908. Since then the member- 
ship of the Institute has grown from 200 to over 1,350, 
so that the attendance at the first Birmingham meeting, 
excellent though it was, should be quite eclipsed by that 
at the forthcoming meeting. “ The arrangements for the 
September meeting are in the hands of the Committee 
of the Birmingham Section of the Institute, of which 
Dr. H. W. Brownsdon (Member of Council) is chair- 
man, The pro me will include a reception by the 
Lord Mayor of Birmingham, visits to the University and 
works in the neighbourhood, as well as excursions in the 
locality. Persons desirous of attending the Birmingham 
meeting as members of the Institute should obtain the 
necessary application forms from the Secretary, Mr. G. 
Shaw Scott, Sates the 20th inst., when a ballot for the 
election of members will take place. The subscriptions 
of b lected as a result of the forthcoming ballot 





nately from a consignment of quite similarly treated 
rods, some of which were in process of season cracking, 
show very clearly that a relation between the relative 
internal stress in worked rods and the yield point and 
maximum stress values does exist. 

These experiments, however, proved valueless. It was 
discovered that quantities of rod which had been 
in store for ap y long periods and had shown no 
sign of this defect were of mechanical pro- 
perties equal to, if not better than, those quoted in the 
paper. “This line of investigation was, therefore 





the | abandoned and attention directed to low-temperature 
annealing. 





cover an extended period ending June 30, 1922. In 
addition to being able to attend the Birmingham meet- 
ing members elected as a result of the ballot on the 20th 
inst. will also have the privilege of being eligible to be 
present at the forthcoming eleventh annual May lecture 
to be delivered at the House of the Institution of Mechani- 
cal Engineers, Storey’s Gate, Westminster, 8.W. 4 
on Wednesday, May 4, at 8 p.m. by Professor T. Turner, 
M.Sc., A.R.S.M., the subject of the lecture being “ The 
Casting of Metals.” Visitor’s tickets are available for 
the use of non-members, and can be had upon application 
being made to the Secretary of the Institute. 
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“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


- SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


Phe number of views given in the Specification Drawings is stated 
‘in each case; where none is mentioned the Specification is not 


Copies of Specifications may be obtained at the Patent Office, Sales 
6 , Southampton Buildings, Chancery-lane, W.C., at 
The date of t of the pt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed”’ is a 


lot, 








GAS ENGINES, PRODUCERS, HOLDERS, &c. 


153,411. The Villiers Engineering Company, Limited, 
Wolverhampton, and F. Pountney, Wolverhampton. 
Flywheel 0. (2 Fios.) August 28, 1919.—'The invention 
relates to flywheel magnetos for internal-co.bustion engines 
ef the type in which the armature and contact breaker are 
earried upon a stationary plate and are encircled by the field 
magnets, which are carried by a rotating flywheel. According 
to the invention, the plate is provided with a split boss mounted 
upon a projection, such as part of the bush for the flywheel 
shaft, and the two parts of the boss are adapted to be drawn 
together or separated by a screw device which is extended to 
form a handle or arm. The back plate A carries the armature 





lecated at B. The plate is formed with the’boss]C, which is‘split 





to form a pair of jaws D, D2. The boss takes a bearing upon 
the outside of the bush E, in which runs the engine cran ft F, 
which carries the flywheel on which the magnets are ted. 
Through the jaw D is drilled a plain hole D3, and in the jaw D2 
is a tapped hole D*. A rod G passes through the hole D5 and 
has a screwed end which engages the ta hole D*. A 


Pp’ 
shoulder G2 bears upon the top of the jaw D. It will be clear 
that when the rod G is twisted in one direction it ag _ 
nD 
and the 
bush freed, allowing the plate A to be angularly in 
either direction by means of the arm G. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


153,402. S. Templeton, Huddersfield. Excavator. 
(3 Figs.) August 19, 1919.—The invention relates to a device 
for use as an attachment to cranes, to enable any ordinary steam 
erane to be to act as an excavator or “ steam navvy ” 








a 
to the two arms of a bell crank lever el 

e, This shaft is rotatable in bearings 
carries another lever ¢5 that is connected by a 
rod e+ to a hand or foot lever. The brake drum e¢ is rigidly fixed 
on a shaft that is rotatable in bear on the frame F, and 
carries two drums ¢®, which are also rigidly fixed to the shaft. 
Rotatably mounted on the shaft d: are two pairs of pulleys e? 
and fixed to each arm of the slidable frame C at the point ¢ 
is a rope e*, which passes over one of the pulleys e7, the drum ¢6, 
th holes e* in the drum, again round the drum over the other 
pulley and to the end of the arm, where it is attached at the 
point cl. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


153,359. F. Rook, London. Pneumatic Riveting. 
(5 Figs.) July 29, 1919.—The invention relates to a riveting 
a moog! for use in riveting the 

ders, bridge work and for ot! 
apparatus comprises a framework mounted on r 
mounted thereon a frame capable of being raised and lowered 
on said framework, an inner frame being mounted on the outer 

serv to support the riveting machine. The fixed 
structure comprises opries which support cross-members 
that carry the two fixed rails c upon which the whole movable 
framework is carried by rollers 6. Two longitudinal screws ¢ 
are fixed at their ends to brackets secured to the main structure, 
one directly above each pair of rollers 6. The movable frame- 
work consists of four rectangular frames. The members a of 


F 



































these frames are strutted by bolts a2 carrying the rollers b and pro- 
vided with distance pieces. Mounted on the framework are worm 
wheels in threaded engagement with the screws ¢. Each worm 
wheel is rotated by a worm f, mounted on a spindle g, on which 
is a sprocket wheel h, the two sprocket wheels h being connected 
by achaini. One of the spindles g is provided with a hand wheel 
whereby the framework can be traversed horizontally. The frame- 
work is provided with cross-bars m. A frame J is adapted to 
move vertically on the parts which act as guides by means of 
supporting screws n carried between the cross-bars m. The 
riveting machine z is supported at one end thereof on a universal 
eyebolt screw y, mounted on ball bearings z. The end of the 
machine presses against a bearing plate al, mounted on springs bl 
on the tool frame s, the springs serving to mini the con- 
cussion. (Sealed.) 


153,330. G. Carwardine, Bath. Adjustable ner. 
(2 Figs.) November 6, 1916.—The invention relates to improve- 
ments in adjustable spanvers of the kind in which the movahie 
jaw is slidably mounted and ad ble by screw on the straight, 
shank of a handle member wh carries the fixed jaw. The 
movable jaw a is adjustably mounted upon the straight shank b 
of a handle member carrying at one end the fixed jawc. The 
adjustment of the movable jaw a is effected by means of a 
screw d and mill 


shank. The screw d is 
groove or recess f form 


refe mounted in a semi-circular 


inally down one side edge of 


She shank: 6, and Se Bed De on one side into a transverse 
notch g, also formed in the 


edge of the said shank. Thus the 








led head ¢, which are fixed in relation to the | ( 






a number of y-disposed sl in ite periphery 
which slots receive cutting teeth C. Each of the sl * 
at the bottom to give greater strength at these points. The 


roots Cl of the teet 
in the said slots. 


body and tooth. The backing slopes fro: 
of each tooth down towards the front of 
Further to 


MINING, METALLURGY, METAL WORKING, | &c. 


153,032. FF. Clements, Rotherham. Apparatus ¥for 
Furnaces. (3 Figs.) May 5, 1910.—According to 
this invention, there is mounted above the auxilia’ 


bell at the 
bottom of a hopper, a chute, the centre of the d orifice 
of which is vertically over a point on the periphery of small 
bell, so that when a skip load is delivered to the chute it will 
fall on to and cover only a portion of the small bell, and therefore 
the skip load can be delivered on to a definite portion only of the 
large bell, from which it can be dropped into that of the 
furnace where it is required. A is the main bell sus; by a rod 
from a chain ing over and secured to an arc B! on one end of a 
pivot beam B, the other end of which carries a counter- 
Above the bell A is a smaller bell Ss b: 
C2 carried by rods C5 at to 
and secured to quadrants D! at one end of a pivoted 
other end of which carries a counter’ ae 
is provided at the top of the tube Cl so that the 


atube Cl from a 
over 

swivelling Joint 
latter can rotate 


F 


x 








A 


relatively to the cross-head C2, The 

closure with a hopper E, which can rotate upon the frame 

Around the periphery of the hopper E is 

which meshes a pinion to 

motor. Above the hopper E 

a one ga either Mae of 
y can be charged 

oe my of the bell 

turned upon ir 

A and C relatively by means of rams K and L. 

has received a skip load 

loads being ited in two 

bell, it is lowered by the 

the bell A. The bell Ci 

a to it. The moto: 


y 
and F. 
December 9, 1919.—The 
the bod. 


Trucks, (3 Figs, 
Bogie (3 Figs.) eae 5D 


relates to bogie trucks upon which 
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sulating material to serve as a cover re Le the upper rail 


surface and is combined with lengths of tT material which 
serve to protect the side surfaces of the rail and to support, by 
their upper , the side edges of the moulded cover to prevent 
the flowing of the latter h heat. The rail 1 has a contact 
surface 2 and is protected along its upper surface by a moulded 
cover 3. Lengths of wood 4 and 5, or other material which is 
of such a nature that it will not flow under the action of heat, 
are secured 80 as to support the side edges of the cover 3. For 
this purpose the parts 4gand 5 are secured to a spring clip 6, for 
attachment to the rail. (Sealed.) 


153,337. W.JDickie, Glasgow. Life Guard. (7 Figs.) 
April 28, 1910.—The invention relates to guards for tram cars 
the kind in which a contact guard carried by a spindle in front 
of the car drops a gate on to the rail when the former meets 
° ing to the invention, the spindle is formed 
parate working ome wenger of each other, 

the two end parts being carried in brackets. A, B and C are the 
three separate parts ‘wingug Baye spindle and which work in- 
dependently of each other. extreme ends of A and C are 
bent at right angles to form cranks having bosses Al and Cl, 
respectively, the whole being carried on brackets suspended 
from bottom of car platform. On the bosses Al and Cl the 
front guard members D,-E are suspended on the pins i, which 
also carry the side rds I,0. The front guard members D, E 
are connected r by the horizontal members H1, H2, the 
side guards being made up of the two horizontal members P and 
Pl, which are pivoted to the side guards I, [1, the free ends being 
also pivoted to a bracket on bottom of car. Pins R, R! are 
fixed to the side guards I, 11, and lie in front of the vertical 
members}D and E of the front guard members. Firmly fixed 
















































































































8 
against lever G. The front mi Fe connected to 
the lever F by the bar c, bar d and levere. The bar is fixed to 
the front guards Hl and H2, and is bolted to bard. The bar d 
is supported by bars g, g, at point dl; this acts as the pivot 
for front guard. The lever Q is fixed to the rod X at the 
5 ee > ee SS eee 
ver bracket which is pivoted to the under frame of car. The 


F. Dagnall, London. Safety 
Pontoons. (4 Figs.) August 18, 1919.—The invention relates 
to and the like used for 


SHIPS AND NAUTICAL APPLIANCES. 
Valve for 





(153399) é 


on the stem a, the flange b being applied internally and the 
nut d externally of the wall of the pontoon, whilst the stem a 
projects outwards from the pontoon through an opening in its 
. The lower end e of the stem a is closed, whilst the sides 
of the stem are perforated, for about half its length from the 


the outer surface of the stem between the holes f and the screw 
thread. A sleeve h of rubber, or like material, encircles and erips 
the stem a and is retained thereon by the engagement, with t 
recess g, of an internal rib j formed at the upper end of the sleeve h, 
the lower end of the sleeve being open and extending slightly 
oa the lower end of the stem a. (Accepted November 17, 
1920. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


143,191.'* C. Turnbull, North Shields. Marine Boilers. 
(1 Fig.) December 8, 1919.—<According to the invention, to 
mprove the circulation of water in a boiler an internal or 
external downcomer tube connects the upper and lower parts 
of the water space around the combustion chamber of a marine 
type of boiler and the lower end of the tube is so = that 
the issuing stream washes the heated surface of the chamber, 
the lower end of the tube being turned upwards so as to obviate 
any tendency for an upward circulation to take place through 














| 
(I$3291) 


the tube. A is the combustion chamber and B a downcomer 
tube leading externally from near the water level to about the 
level at which the gases enter the combustion chamber; the 
end 5 of the tube is arranged so that the stream of water i 

from the lower end of the tube washes the steam bubbles from 
the surface a, and the lower end of the tube is bent upwards. 
Several tubes, either internal or external, may be provided, 
(‘Sumas at the same or different levels in the chamber. 


153,049. A. H R. Fedden, Bristol, L. F. G. Butler, 
Bristol, The Cosmos y, le 
(1 Fig.) June 26, 

connecting 





Bristol. Connecting-Rod ig Enis. 

1919.—This invention relates to roller bearings for 
. According to the invention, there is provided a 
built-up crankshaft and a of roller-bearing races and 
washers arranged Suchely on Gh ene: , and held 
inal movement thereon by the assembly of the 
crank-pin in the cranks, the said spacing washers extending 
radially outwards beyond the races and constituting guides for 
the oollare. The crankshaft is formed in two parts A, Al. The 





closed end ¢, by holes f, and an annular recess g is provided on | the 


and the nut A‘ tightened up. The spacing washers D are of 
diameter than the races C, Cl, so that they extend radially 
y far to for the rollers C2 of the roller 
bearings. The outer races E of the roller bearings are mounted 
directly in the big-ends of the connecting rods. (Sealed.) 
152,067. C. Ditchburn, North Shields. Atomiser for 
Liquid Fuel. (4 Figs.) July 5, 1919.—The invention relates 
to atomisers wherein a whirling motion is imparted to the fluid 
by means of a 
ge between i end and outlet oi of the atomiser 
y. According to the invention the fluid is broken up into 
a plurality of streams, partial ae subsequently 
effected in the central aperture ing the a 
member. @ represents a coupling nut which constitutes the 
body of the device, b a set screw which is bored internally with 
a central recess ¢ to receive a spirally-ribbed member d. The 








upper end of the bore ¢ is tapered to constitute an orifice f, whilst 
other end is internally-threaded to receive a grub screw g. 
which is fluted at gl longitudinally to provide two se 
poanet for the liquid from the interior of the body a the 
rec, Further entrances for the liquid are provided in the wal! 
of the set screw at A, thus constituting two further and separate 
possages, which in turn are distinct from the passages constituted 
y the flutes gl. These effect separation of the fluid 
into four separate and smaller streams, which impinge upon the 
surface of the spirally-groovéd member d, which operates in to 
divide the same into still smaller streams and to impart a whirling 
motion thereto. (Sealed.) 


152,043. W. H. Nield, Stockport, and W. Melland, 
Manchester. Furnace Grate. (6 Figs,) March 19, 1919.— 
According to the invention, a grate for a boiler or like furnaee 
is formed of a plurality of bars or links raised individually, or in 
groups in sequence, along the grate whereby the depth of the 
fuel bed tends to be maintained constant throughout. The 
furnace is provided with a grate comprising a plurality of bars 1. 
linked end to end in a manner similar to a chain grate but secured 
at its two ends 2,3. The length of the links 1 is longer than the 
distance between the fastenings 2, 3, by, preferably, at least the 

















le of an individual link 1. A hump 4 is consequently formed 


on grate which may be made to travel longitudinally of the 
grate by means of a moving deflector comprising a roller 5 freely 
mounted on a carriage 6 sliding on les 7 on the firetube 
walls 8. The deflector is traversed to and fro’ by means of a 
cable 9, the motion of which will be reversed at the end of each 
traverse by automatic reversing gear included in the drive. 
A flexible conduit may be provided to oaw cooling water or 
steam on to the under part of the links through the perforated 
tube 11. (Sealed.) 


MISCELLANEOUS. 
152,132. ree : Renown Company, Limited, 


, J 
Hoppers. (2 Figs.) July 11, 1919.—The invention relates 
to a stationary distributing hopper for feeding several mach- 
ines or parts of the same machine, under such control that 
the material fed may be distributed more or less uniformly to 
the machines or pa but without to precise measurement. 
by weight or volume. For distributing tea in a machine having 
two sets-of rollers co-operating with knives parallel to the axes 
thereof, ports a in the bottom of a indrical vessel communicate 
each with a separate chute c, the three chutes on one side of a 
diameter have their discharge mouths in line over one set of 
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RELATIVITY. 
By F. W. Lanonester, LL.D., M.Inst.C.E. 


Tue difficulties encountered in approaching the 
subject of Relativity may be summed up by saying 
that the theory is essentially mathematical ; either 
to give to it expression, in its entirety, in terms of 
common parlance, or to reduce it to a consistent 
physical interpretation, borders on the impossible ; 
efforts in that direction can at the best be expected 
to achieve only a partial success. This presumably 
is the reason why Einstein’s own explanation appears 
to the most careful reader at times halting and 
unsatisfactory, and in certain phases incompre- 
hensible. It is to be understood that these com- 
ments are directed at the presentation of the theory 
as given in the authorised translation of Einstein’s 
popular exposition, and not against the vital 
essence of the theory or the work of Einstein itself. 

One of the most troublesome and unconvincing 
pieces of physical machinery introduced into: the 
discussion by Einstein is the thing which is called 
a “clock.” The physicist needs to know a great 
deal about that “ clock,” and the engineer inspired 
by the same altruistic feeling, would like to inquire 
exhaustively about its mechanism and how it is 
regulated. When one is on such shifting sands 





and in such a datumless Universe as that postulated 
or deduced in the theory of relativity these are very 
pertinent questions. We know that according to 
this theory, rigid bodies, and indeed distances, alter 
their “ lengths,’”” even measuring bars are not to be 
regarded as constant, any more than if they were 
of indiarubber; the masses of bodies also are 
alleged to change as a function of velocity and there 
is a general misbehaviour of everything we have 
been accustomed in the Newtonian theory to regard 
as immutable. To my mind “a clock ” under these 
conditions conveys no clear or definite meaning, 
and, be it noted, no one can get on with or pretend 
to understand the exposition as set forth unless 
he is perfectly clear and definite in his mind as 
to the “clock.” To gloss over this or take it for 
granted is really to beg the whole question. A short 
time ago a prize was offered of 5,000 dols. for a 
3,000-word essay by an American journal, and the 
winning essay has since been widely published. 
I thought perhaps here one would find the difficulty 
of the clocks dealt with, but quoting from the essay 
I find only the following :— 

“The clocks must be synchronised and must go 
at the same rate, but it must suffice here to state 
that this is possible without indicating how these 
conditions can be attained.” 

The difficulty is evidently not to be solved by a 
prize essay. This trouble of the clocks is only one 
of the many difficulties ; the nature and extent of 
these difficulties can only be appreciated by one 
who has tried seriously to read and understand 
Einstein’s book. In the essay quoted above the 
difficulty is glossed over. When we are dealing 
with a four-dimensional continuum in which one 
of the dimensions is time and in which time and 
space are, within certain limits and according to 
certain restrictions, interchangeable, and in a 
theory in which it is admitted that events which are 
simultaneous in one system are not simultaneous 
in another, such a thing as the synchronisation of 
clocks conveys nothing whatever to the human mind, 
trained or otherwise. 

The subject of relativity is probably best 
approached from the point of view developed by 
Minkowski whose work has scarcely received the 
general credit to which it is entitled. Briefly stated, 
Minkowski showed that time could be considered 
and treated mathematically as a fourth dimension, 
but in order that the four-dimensional space so 
conceived should be Euclidean the time values 
require to be multiplied by that imaginary quantity 
or operator ./ —i. 

We are accustomed to regard any view in which 
time is looked upon as a fourth dimension as one 
of very modern development, even if it is to be 
taken seriously at all, but the current use of our 
language shows that the modern thinker has not 
quite so much to put to his credit in this respect 
as su Time is currently described as 
“long” or “short” in precisely the same terms 
as applied to a walking stick or broom handle. 


Similarly one refers to a river “ getting narrower ” 
as its source is approached, just as in summer one 
may use the same expression as from day to day it 
is seen to dry in its bed. Thus deep in our language 
there exists a live recognition of an analogy not only 
between space and time but also between a move- 
ment in space and a movement in time. 

As stated in the opening of the present article 
the theory of relativity is essentially a mathematical 
theory, and it is by no means a foregone conclusion 
that a mathematical theory must necessarily have a 
physical interpretation; perhaps I should speak 
more accurately if I said that it is by no means 
necessary that the physical interpretation of a 
mathematical theory should be conceivable to the 
human mind. The basis of the theory of relativity, 
like most other theories in physical science, is 
founded in certain postulates that are agreed as 
right deductions from experience—in other words, 
experimental fact. As I understand it the physical 
facts on which the theory of relativity is based 
comprise firstly, the constancy of the velocity of 
light, in a vacuum, as measured or measurable 
irrespectively of the state of motion of the observer 
and of the body emitting light; and secondly, the 
fact that by no experience or experiments conducted 
within a system not undergoing acceleration can 
its state of motion be determined.* From these 
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two postulates it is shown that the relation of events 
happening between one system of reference and 
another moving relatively to it must be defined by a 


transformation due to Lorentz. This is stated in 
Mr. Einstein’s book, pages 32 and 33, in the following 


terms :— 
z—vt 


,/*- 


a= 7 


4= 
of 2 


The velocity v being assumed as taken along the 
axis of z. 

If we were able to conceive a four-dimensional 
space in which we had co-ordinate axes of reference 
x, y, z and t, I think we might take it that our 
difficulties of understanding would largely disappear. 
We are accustomed to dealing with three co- 
ordinate axes and to some degree to imagining 
bodies in three dimensions, although the capacity 
to think even in three dimensions is one possessed 
in very varying degree by different individuals. 
However, when a particle is in motion it can only 
move*in one direction at a time and a system in 
uniform motion (not rotating) likewise only moves 
in one direction. It would be more accurate to 
state that where two systems alone are concerned 
the relative motion between them can only take 
place in one straight line. In visualising any 
problem in which the relative motion of two systems 


a= 
v2 


c2 


v2 


ce 





* In the more extended or “general” theory the 


same condition is 





— apparently with certain 
erated systems. 


qualifications, to acce 


alone is concerned we naturally choose one of the 
co-ordinate axes z as defined by the direction of 
relative motion and take the other two axes of 

y, 2, arbitrarily at right angles thereto. But in 
examining such a problem we can well do without 
one of the two co-ordinate axes of space y or z in 
which no relative motion is taking place and so find 
room for the axis of time. 

Referring to Fig. 1, we take the time ¢ to be the 
vertical axis on the paper in substitution for the 
usual axis y, we take x to be the axis of relative 
motion of any two systems* and the axis z at right 
angles to the paper will be the space-axis along 
which no relative motion takes place. It is 
necessary to keep the axis of z in mind on account 
of the fact that it follows from the postulates that 
the conditions at right angles to the direction of 
relative motion are unaffected. Let us take the 
flow of time to be downwards from top to bottom 
of the paper, then any point on the paper, such 
as A, will represent an event, at a certain abscissa 
distance giving its position relatively to O along 
the axis of x, and a certain ordinate distance giving 
its time of occurrence along the axis of ¢ and a 
certain distance above or below the paper to be 
independently specified giving its position along the 
axis of z. At the outset it must be remembered 
that as ordinates represent time and not time 
multiplied by ./—1, neither the space 2 zt# nor 
the plane area x ¢ will be Euclidean. Later reference 
will be made to this fact and to its bearing on the 
theory. 

Now let us suppose that at the place and time 
defined by the position O a luminous detonation 
takes place. Then as time progresses (tithe being 
assumed in the diagram to progress downwards) the 
light wave emitted will proceed as a spherical 
expanding shell, but as we have discarded one of the 
dimensions of space we shall only have a section 
of this sphere represented. This, on the plane zz, 
will be a circle, and will appear on our diagram 
(plane x t') as a cone whose apex is at O. By 
suitably choosing the scale of the diagram this cone 
might be made of any contained angle we wish"; as 
a matter of convenience and for reasons that will 
later become apparent it is drawn as a right angle. 

Now although the principle of relativity by 
definition (since postulates constitute in fact a 
definition) prevents us assuming such a thing as 
fixedness in space, it is nevertheless convenient to 
assume a fixed system of reference without prejudice 
to its being ultimately discarded as such. We thus 
assume a datum system or framework zz of which 
some definite point travels along the axis Ot with 
the flow of time. Now let us take another system 
in uniform rectilinear motion relatively to zz, 
in which a point situated at O at the moment of 
detonation, travels along a line O t,, the tangent of 
the angle @ (¢ 0 t’) represents the velocity of motion 
in terms of the velocity of light. The problem is to 
so adjust the co-ordinates of this new system that an 
observer situated on it cannot detect any different 
behaviour in natural phenomena, more particularly 
in the velocity of light. It is evident that if after a 
certain interval of time the fixed system has moved 
from position zz to 2’ z’ then the plane of the rela- 
tively moving system, which passed through O at the 
moment of the detonation, cannot coincide with 
x 2, for if this were so we should have light travelling 
more slowly in the one direction than the other. 
Thus, referring to Fig. 2a, we have the centre of 
detonation O on the plane z z and the instantaneous 
position of the light wave after lapse of time At 
for the fixed system indicated, and in Fig. 2b the 
corresponding figure for the moving system sug- 
gested, which is inadmissible; not only would 
observation give the light as having travelled more 
slowly in the direction of motion, but, what is equally 
against the rules, it would have travelled more slowly 
at right angles to the direction of motion, as shown 
in Fig. 2b by the line Oz’. The geometrical 
problem before us is to find some position in the 
diagram (Fig. 1) for the moving system, which is 
consistent with an equal velocity of light in the 
direction with and against the velocity of motion 
and in a direction at right angles thereto, 

Referring to Fig. 3 we have the diagram given in 








* We shall see later on that this definition applies 
strictly for infinitesimal velocity differences only. 
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Fig. 1 repeated, but a line is now inserted which is a 


conic section—a hyperbola—a section of the cone 
of light parallel to the plane x t, and it is necessary 
at the instant that the axis x denoting the position 
of the datum system is at P that the point on the 
system of x! travelling from O along the line O#' 
shall be at p, the intersection of the hyperbola,* 
because at this point the distance along the axis 
of z to the conical surface is the same as in the 
system x. This provides for the fulfilment of the 
condition that the velocity of light travelling at 
right angles to the direction of motion shall be the 
same for the two systems. The next necessity 
required by the postulates is that from this inter- 
section the point p a straight line shall be drawn 
cutting the cone of light on the plane of the paper 
at two points p, and p, equi-distant from the 
point p. This new line represents the axis of the 
moving system and is marked z,. From geometrical 
considerations it is clear that the plane 2, z, will 
remain parallel to itself for any given state of motion. 

On looking at the diagram one may have a certain 
misgiving. The distance p p' (= p p*) is greater 
than the distance P P, (= P P,), so that although 
the velocity of light in both directions is now the 
same on the moving system in both directions, 
it nevertheless appears greater than on the fixed 


Figs |, 
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system. However, as already stated, the plane of 
the paper is not Euclidean and the physical lengths 
measured along a line involving time are not those 
measured on the paper. We have yet to take account 
of the influence of ,/—1j. Before dealing with 
this, however, a slight digression will be made. 

Let us at once face the question of the meaning 
of “ simultaneity.” In Fig. 4 the construction of 
Fig. 3 is repeated ; the two systems are represented 
by axes x and z' in relation to the cone of light 
initiated by the detonation at O. Now any point 
situated on the paper, or above or below the paper, 
represents an event? defined in time and space. 
Einstein gives a test or criterion of simultaneity 
(Chapter VIII) that virtually amounts to this, 
that if two events (instantaneous) emit light, as 
in the “ detonation ” already supposed to take place 
at O, and if the light from these two events reaches 
@ point measured on the system concerned, equi- 
distant between those points, simultaneously then 
the events themselves are simultaneous. We can 
thus see that on the system z two events at the 
points P, and P, would be simultaneous. This 
might be inferred from the fact that light from O 
coinciding at the time with point P situated midway 
between P, and P, reached these points simul- 
taneously ; but the strict conditions of Einstein’s 
definition may be realised by supposing the points 
P, and P, to undergo a luminous detonation at the 
instant of time at which the plane x contains both, 
the cones of light emitted will then intercept at a 
point P, which is on the line O P produced, that is 
to say the conditions are fulfilled. When we are 
dealing, as we are doing, with a four-dimensional 
space or continuum treating time as the fourth 
dimension we may regard events past and events 
future as just as real and existent as events present. 
The progress of time is represented by a plane such 
as xz moving or sliding uniformly along the axis 
of time. Having reduced the matter to one of 
geometry this plane xz may be supposed moved 
freely (parallel to itself), it represents in its physical 





* Ot and Of may be regarded as the loci or paths of 
icles belonging to the systems 2 and 2 tively. 
uch lines have been ** world.-lines ” (Weltlinie) by 
Minowski. 
+An “event” is thus defined as instantaneous like 
& point possessing no magnitude, 





reality the plane of simultaneity for the system to 
which it relates and for this reason will be called the 
plane-instanta for the system it represents. Now 
we have seen that the plane instanta for the postu- 
lated fixed system is represented on the diagram by 
the line x. Every line parallel to x represents a 
plane-instanta for this system for the two dimen- 
sional space world. The axis x, likewise represents 
the plane-instanta for a relatively moving system, 
on which all events which take place in that system 
are simultaneous. Thus (Fig. 4), let light be 
emitted by detonations constituting events at the 
points p' and p* on the system z,, the ‘ waves” 
intersect at p; on the line O p produced. Therefore 
the plane ~; z, is the plane-instanta for a system in 
motion whose velocity in terms of light is repre- 
sented by the tangent of the angle 9. 

I think here we have made clear the rather 
incomprehensible fact insisted upon by Einstein, 
and previously I believe by Minkowski, that two 
events that are simultaneous on one system are not 














is a linear quantity equal to the z co-ordinate set 
up from the point p which we know is the half- 
minor axis of the apparent ellipse ; that is to say, 
the apparently elliptical form derived from the 
construction becomes truly circular when the 
necessary transformation has been carried out. 
A demonstration of this in Euclidical form is as 
follows :— 

Let OE OF (Fig. 7) as before represent the cone 
(light emanating from O), whose axis is time. Let 
Op be the time axis and p, p p, represent the 
plane-instanta of any system in motion relatively 
to datum. Through p draw EF parallel to axis 
of x intersecting Ot at L. From p, let fall per- 
pendicular p, H. Draw pJ parallel to axis ¢ and 
OJ parallel to axis z. Perform construction 'of 
Fig. 6 on triangle O L p, giving s = OG. 

Now it is easily demonstrated* that triangle 
O L= is equal in every respect to triangle p H p,, 
hence the construction of Fig. 6 applied to |the 
triangle OL p gives OG, the true Jength of the 
line p 7). 

From centre L describe circle O K F cutting p J 
at K. This construction gives p K equal to the z 
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simultaneous considered as happening in a system 
in motion relatively to it. 

Returning now to a point to which 
reference has already been made—the influence of 
the factor ,/—1. This has necessarily to be 
taken into account when construing the conditions 
which obtain in systems at velocities other than 
that which we have called datum. We have seen 
that the plane-instanta 2, z, shows an apparently 
elongated dimension in its direction of motion, in 
brief, if the space zz zt and the plane of the paper 
xt were Euclidean the light wave front due to 
the detonation at O would be elliptical. In Fig. 5 
a diagram is given representing a distance x com- 
pounded with a time ¢; assuming the plane of the 
paper be Euclidean, the equation giving the resultant 
length s (the hypotenuse of the triangle) js, of 
course, s= ,/a2+#. But when we multiply 
tby ./ — i then the equation for the length becomes 
8= ,/22-2; a geometrical derivation of the 
magnitude s under these conditions is given in 
Fig. 6. The direction is unaltered. 

Applying this geometrical interpretation to the 
construction shown in Figs. 1, 3 and 4 it can be 
readily demonstrated that the true value of the 
line p p,, the half-major axis of the apparent ellipse, 








ordinate from the point p set up to the conical 
surface, i.e., the half-minor axis of the apparent 
ellipse. Join LK, LG. 

Now LO=LK, LG=L~p», 
and L p K are right angles. 

.-.0OG=K p, that is to say the apparent ellipse 
is a circle and the velocity of light measured within 
system 2, is equal in every direction.t 

This is highly satisfactory, but one may be 
tempted to ask where is the shortening of the body 
in its direction of motion which is referred to in the 
work of Minkowski, Einstein and others, and which 
is a definite result of the Lorenz transformation ? 
The secret of this is that the measurement disclosing 
@ shortening in a body in the system z, must be 
made not in the plane-instanta x, but in the plane- 
instanta 2, and vice versa; in other words, the 
shortening is in the measurement of the body in 
motion made from the body postulated at rest or, 
putting it more generally, the shortening is only 


angles LGO 





* The demonstration of this is taken for granted. 

+ In a somewhat similar manner it can be shown that 
all radius vectors from the point O to the hyperbola have 
equal time value. Alternatively assuming this fact from 
the construction we arrive independently at the ./ — } 
factor of Minkowski. 
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manifest when the measurement of one body is 
made from the standpoint of another body moving 
relatively to it. If it be true it must be a reciprocal 
phenomenon. It may not be quite clear why the 
measurement of one body, from another body in 
motion relatively to it is an admissible procedure at 
all. The planes-instanta of the two bodies are not 
parallel, having different time components, and it 
might seem that a shortening must be based on 
some artificially introduced hypothesis. But careful 
consideration shows that from the point of view of 
the physicist glued or anchored to one system and 
making his observations within that system—not a 
disembodied spirit dispassionately surveying his 
estate in a four-dimensional continuum—the 
shortening of bodies in motion relatively to him 
must be considered as real. 

As above stated, the condition, if true, must be 
reciprocal, for if there is a difference or want of 


whatever the size of the area to be covered, ® 


system of chutes can be readily arranged to convey 
concrete to the whole. 

The actual undertaking on which the writer 
experienced the working conditions of such an 
equipment was the erection of a large hotel building 
in North Carolina, on which he was acting as 
resident engineer. The building itself covered 
an area of 130 ft. by 100 ft., and consisted of 10 
stories and a basement, the whole being about 
140 ft. high. The structural frame was entirely 
of reinforced concrete, and consisted of beam and 
girder design, with columns spaced about 17 ft. 
on centres each way. The floors consisted of 
reinforced concrete slabs, 8 in. thick, cut into a 
series of arches by the introduction of hollow metal 
tiles. The span of these arches was 20 in., while 
the concrete over the arches was 2 in. thick, the 
whole forming a light, economical, and sound-proof 

r. 


symmetry between the observations of a so-called | floo: 


stationary observer (on the datum system) and one in 
motion, a difference such as any conceivable physical 
experiment could determine, then there is a screw 
loose somewhere in the theory of relativity. If the 
condition is not reciprocal it would be possible, by 
setting bodies in motion relatively to one’s own 
system, to discover the direction in which one’s 
own system is moving relatively to a point fixed in 
space. This is contrary to one of the postulates. 
Consequently the conditions must be reciprocal, 
and if A and B, moving relatively to one another, 
present for instantaneous comparison, while passing, 
two certified metre bars; to A, B’s metre bar will 
appear shorter than his own, and to B, A’s metre bar 
will appear shorter than his. This reads like a 
reductio ad absurdum, but it is not so in truth. 


(To be continued. ) 





THE DEPOSITION OF CONCRETE BY 
CHUTE CONVEYORS. 


By Epvear A. Cross, B.Se., Assoc.M.Inst.C.E. 


Ly most large concreting operations in the United 
States the concrete is deposited in place by means 
of a chute conveyor. This method has been in 
use for a number of years and has given satisfactory 
results. But, as far as the writer is aware, the chute 
has been little used in England for this purpose. 
In consequence, a few notes on the actual work- 
ing conditions of a concrete chute may be of 
interest. 

In the United States of America most concreting 
plants are laid out on a similar basis. The 
materials are discharged into the mixer, whence 
they empty into a hopper at the foot of the hoist 
tower. This hopper, containing the mixed con- 
crete, is then hoisted up the tower to the required 
level, where it discharges into a second hopper. 
From this second, or control hopper as it is sometimes 
called, the concrete is distributed to the forms at 
the required points. Wheelbarrows were formerly 
used at the top for conveying the concrete from 
the control hopper to the forms. But the constant 
moving of the barrow,runs and the consequent dis- 
placing of the steel reinforcement which inevitably 
takes place, causes great inconvenience and loss of 
time. Moreover, if the floor area is large, the 
cost of fixing and moving runs and wheeling of 
the concrete into place is considerable. 

When a conveyor is used the concrete is trans- 
ferred from the control hopper to the forms by means 
of gravity down a steel chute, the latter being sus- 
pended from the hoist tower itself. ‘The advantages 
of such a system are readily seen. All barrow 
runs on the surfaces to be concreted are avoided, 
the concrete is handled with much greater ease, 
less labour is required, and the speed of placing is 
greatly increased. The form and arrangement 
of the chute depends on the size and general layout 
of the job. Provided the necessary height can be 
obtained in the tower, the concrete could be dis- 
tributed for a distance of 300 ft. or 400 ft. through 
a series of chutes, using one central mixer and 
hoist tower. Or it may be found more advan- 
tageous to use several mixing plants, each with 
separate hoist tower and chute attached. Every- 
thing depends on the local conditions as to size of 
job and supply of materials, &c. At all events, 


With this form of floor construction, placing of 
concrete by means of wheelbarrows would have 
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been most inconvenient owing to the damage 
liable to be caused to the metal tiles and steel rein- 
forcement by the barrow runs. Moreover, the 
hauls would have been very long and the distribu- 
tion cost of the concrete high. The total volume 
of concrete to be handled was about 2,500 cubic 
yards, and a chute conveyor was used for placing 
it. 

The general arrangement of the plant is clearly 
shown in the plan and sections, Figs. 1 and 2, 
while the photograph reproduced in Fig. 3, on 
page 480, shows the works at the commencement, 
with the hoist tower and chute in place. 

A wooden hoist tower,was erected in the centre 
of the long side of the building and carried up to a 
height of about 150 ft. The chute used had a 
radial capacity of 100 ft. It really consisted of two 
booms, each 50 ft. long. The upper one, EGF, 
was suspended from the top of the tower by cables 
at E and G, and supported on a circumferential 
hinge at F, round which point it could rotate through 
180 degrees. The lower boom was suspended from 





the upper at E with a second circumferential hinge, 








‘round which point it could rotate freely through the 


complete circle. The counterweight at D was 
adjusted to maintain the balance. It is thus seen 
that the whole could rotate round F, while the lower 
boom, in addition, rotated round E. The portions 
CE and EF were each 50 ft. long, and it will be 
readily seen from the plan that the end of the chute 
at C could move round to cover any point within a 
semicircle of 100 ft. radius. This enabled all points 
on the floors of the building to be reached with 
the exception of small areas at the four corners. 
Small wooden chutes were used for lengthening 
the main chute at these points. 

The section of the chute was roughly a semicircle, 
14 in. in diameter and formed from steel , in. thick. 
The lower portion was trussed with steel angles, 
3 in. x 3 in. X } in., while the upper boom was 
trussed with steel rods 1 in. diameter. 

The mixer was loaded by hand with wheelbarrows 
and discharged direct into the hoist bucket. The 
mixed concrete was then hoisted up the tower 
and discharged into the control at F. The 
flow down the chute was contro! by a man 
stationed at F, who operated a gate valve regulating 
the rate of discharge. By moving the chute around 
the concrete could be discharged at any point 
required into the forms and an almost continuous 
flow maintained. The gradient used was 1 in 4, 
which was found quite suitable for a chute of this 
length, using a moderately wet concrete containing 
about 11 per cent. of water. If flatter gradients 
were used the chute tended to choke up, while with 
steeper grades the velocity was toc great. For 
longer chutes a steeper grade would be required, 
owing to the loss in momentum as the concrete 
travels. 

It was found that the whole arrangement was 
very easily handled, the boom swung around entirely 
free from reinforcing steel, and there were very 
few delays. After the pouring of a floor the whole 
chute was raised up to the height necessary for the 
next floor. This proved a very simple operation. 
The mixer was a small half-yard machine, and each 
batch of concrete contained the following :—Two 
bags cement (2 cubic feet), 4 cubic fect sand, 8 cubic 
feet gravel. This batch produced roughly 9} cubic 
feet finished concrete. The control hopper was 
emptied of each batch before the next was dis- 
charged into it. Since each batch consisted of 
such small quantities and was distributed to the 
forms before the next batch reached the hopper, 
there was little chance for segregation. The concrete 
has to be well tamped and spaded in the forms in 
any case, and with small individual batches it 
hardly seems possible for segregation to take place 
to any serious extent. Some 6 in. test cubes taken 
from the concrete immediately after deposition in 
the forms gave a compression test of 1,690 Ib. per 
sq. in. at the end of 14 days, end 2,500 Ib, per 
sq. in. at end of two months, These figures were 
considered quite satisfactory for the 1-2-4 mixture 
being used. In fact, the writer fails to see why 
concrete poured with due care under these con- 
ditions should not in every case give results equal 
to those obtained when wheelbarrows are used 
as the distributing medium. 

With a view to finding the necessary number of 
men required for the various operations in the 
concrete gang, times studies were made of the 
different operations, and the following represent 
average times for numerous records :— 


T ired to charge the "ideeitiente 
ime required to c mixer wit 
one bos h of materials ove one 
Actual time in mixer after all ingre- 

dients have been put in bee ove 40 
Actual time required to empty mixer 

into hoist hopper 209 meet ob 30 

Total 100 


A batch could thus be raised every 100 seconds, 
and this is a conservative estimate. The aver- 
age foreman wil] endeavour to raise one batch 
per minute, but this gives too short a time in the 
mixer. As a fair average for the day’s run, one 
batch every 100 seconds can be easily maintained 
and good concrete obtained. At this rate 12} cubic 
yards per hour were placed, using a two-bag mixer, 
and this rate was easily maintained throughout 
the whole of a nine-hour day. 











The concrete gang consisted of the following :— 
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THE DEPOSITION OF CONCRETE BY CHUTE CONVEYORS. 
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View oF PLANT AT 


THE COMMENCEMENT OF THE WoRK. 

















Fic. 4.. Swrvet Jort or Cavute. Fic. 5. 
Number of £ sd. 
Men. 15 common labourers at 1s. 3d. per 
Filling barrows with sand ... 2 hour tee ote vee 0 18 9 
Filling Euaroes with gravel » Wi od 5 5 skilled labourers at 2s, 6d. perhour 0 42 6 
Wheeling barrows (sand and gravel) to as eae a 
mixer and return a ra Total cost per hour ... 1113 


Wheeling cement from shed 

Leading cem>nt to mixer ... 

Controlling mixer and water 

Running hoist engine 

Running concrete engine ... 

Controlling hopper at top... 

Controlling chute boom at top As 
Raking, spading and tamping concrete ... 


Sem eee ees 


Total men 


The barrows used contained 4 cubic feet each ; 
thus each batch consisted of two bags cement, one 
barrow sand, and two barrows stone. The time 


Laying concrete at the rate of 124 cubic yards 
per hour would cost less than 3s. per cubic yard. 
This figure represents what should be an average 





Buinpinc wits Four Storirs ABovE GROUND COMPLETED. 


The chute is, of course, open to abuse. One may 
| be tempted to use too much water or work too 
|rapidly. But, with a proper grade, efficient super- 
| vision, and intelligent appreciation of some of the 
elementary rules for placing concrete, the writer 
|sees no reason why good results should not be 
|secured. Fig. 4 is a photograph of the joint 
in the booms at FE, and Fig. 5 a photograph of the 


| figure for a long operation, and could be maintained | building with four stories above ground completed. 


for a big undertaking, provided the gang were 
efficiently handled. There are, of course, over- 


head charges, cost of chute maintenance, &c., | 


to be taken into consideration. The cost of the 
chute (excluding hoppers and tower, which would 
be required in any case) was under 200]. At present 
it has poured nearly 2,000 cubic yards and shows 
little signs of wear. With care it should be good 


taken by two men to fill one barrow with sand was | for at least 20,000 cubic yards. Taking a very con- 


50 seconds, and these two could thus keep the 
mixer going and have 50 seconds to spare between 
successive loads. To fill one barrow with gravel took 
two men 70 seconds. Consequently, five men were 
used for filling the two barrows. These seven men, 
with three wheelers, could keep the mixer going 
continuously and have ample resting time. 

For convenience in working out the costs the 
English equivalents in money have been used, and 
by altering the rate according to the amount paid 
for labour the cost can be readily determined for 
any rate. On this job the rates were ls. 3d. per 
hour common labour and 2s. 6d. per hour for skilled 
labour. At these rates the cost of the concrete 
gang works out as follows :— 


= 





servative figure and allowing 60/. as the amount 
to be charged to this job for interest and deprecia- 
tion on the chute, would only mean adding 6d. per 
cubic yard, making the total cost less than 3s. 6d. 
per cubic yard. The other overhead charges to 
be added would be practically the same whether 
a chute or other means of deposition were used. 
The general conclusions were that the chute had 
been entirely satisfactory. Its operation is simple 


and a saving in cost in laying concrete is obtained. | 
Greater speed can be maintained, consequently | 


more concrete can be laid in the day’s run anffewer 
construction joints are required. This was a distinct 
advantage where floors were being laid during 
brief warm intervals in otherwise frosty weather. 





|THE PRINCIPLES OF LIMIT GAUGING. 
By A. A. Remineton, M.I.Mech.E. 
(Concluded from page 443.) 
Having built up a logical system of limits from 
| first principles, the next steps are to ascertain how 
| nearly existing systems conform to it, what excep- 
tions will be necessary to cover special cases, 
whether existing systems can be modified to conform 
to the logical system without creating chaos, and 
whether any “ concessions” can be arranged with 
& view to easy adoption without too great a sacrifice 
of principle to temporary expediency. , 
The standard system that is most largely used in 
this country is the “ Newall,” probably because it 
was the first system to be brought extensively before 
the public, rather than because of any intrinsic 
merit, but many shops have already adopted their 
own system, and still adhere to it, while, again, since 
the introduction of the “ Newall,” other systems, all 
differing from each other in some or other respects, 
have been introduced and adopted till to-day, while 





it is not true to say there are as many systems as 
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there are shops, such a statement unfortunately, 
would not be a ridiculous exaggeration. 

The memorandum by the author, quoted by 
Sir Richard Glazebrook and referred to in the 
earlier part of this article (published on page 441 
an'e), appears to have been the first attempt 
to solve the problem of the right system 
for limit gauging by an appeal to principle, 
and presumably therefore, it has not previously 


taken in regard to the possibility of the adoption 
of a uniform and satisfactory system in this country. 

Hitherto the “‘ Newall” system has generally 
been considered to be an example of a bi-lateral 
system ; this, however, is not the case, as although 
it presents on the surface a great similarity to a 
bi-lateral system in so far that it permits hole 
tolerances below the nominal diameter, the total 
tolerance is not equally divided above and below 





appeared that the subject could bear any rela- 


Fig.8. DIAGRAM OF FIRST AND SECOND 
GRADE “NEW ALL” HOLES SHOWING 
DEPARTURE FROM BI-LATERAL 
SYSTE: REGARD POSITION 


M BOTH AS 
AND EXPANSION OF TOLERANCES. 
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tionship to, or be subject to, principle, and this | 
doubtless accounts for the many systems and | 
variations in existence, systems all differing from | 
each other in some respect or degree, and probably | 
all differing from principle at some point or other. 

The unification of these many systems without 
reference to principle is obviously impossible, but 
with a logical system and the effect of individual | 
departures from that system before us, it should be 
possible to reduce chaos to order and by judicious | 
concession, not of principle but of practice, to | 
obtain unity by adopting the one standard system | 
of gauging it is so desirable we should establish for | 
our industries. 


It is impossible to examine into the many systems | ¢ 


in use, but the only extensively used one, the 
‘* Newall” can be usefully considered, as there is no 
doubt that if a logical standard system could be 
found that would admit of a change over from the 
“ Newall,” a great step forward would have been | 


the nominal, neither is the increase of tolerance for 
a coarser tolerance added equally above and below 
the fine tolerance. 

These are two differences of paramount importance 
—in fact, if a slight change were made in the toler- 
ance permitted below the nominal making the 
|amount of tolerance permitted below the nominal 
| over all grades of hole the same instead of slightly 
different, the difference between the “ Newall” 
and a bi-lateral system would be fundamental, and 
would enable the “ Newall” system to be classed 

as a species of uni-lateral system in so far that it 
| would be uni-lateral as far as expansion and con- 
| traction of tolerance is concerned, but instead of the 
tolerance basis being the nominal size it would 


Fig.9. LUSTRATING A CASE WHERE 
TWOHOLES REQUIRE DIFFERENT 
FITS ON THE SAME SHAFT. 
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ethical grounds, but no great disadvantage in prac- 
tice except that it would render standard reference 
gauges meaningless and therefore valueless. 

It has already been shown that in the true uni- 
lateral system, the standard plug gauge is the 
“go” gauge for the hole and the standard ring 
gauge is the gauge that gives the prescribed fitfon 
the shaft, whereas with the bi-lateral system the 
plug gauge may or may not enter a hole of any 


(9. IO.ILLUSTRATING 3 GRADES OF HOLE HAVING 
SIMILAR TOLERANCES IN EACH SYSTEM. 
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Fig. 12, SHOWING THE CONVENIENT INTER-RELATION BETWEEN UNI-LATERAL AND 
' SEMI-LATERAL HOLES WITH IDENTICAL SHAFTS. 
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TaBLe I.—Showing Changed Class of Fit of the same 
Shaft between Unelateral and Semi-lateral Holes of the 
same Grade and the Uniformity of Class of Fit of a 
Particular Grade of Shaft in Semi-lateral Holes of 
Different Grade as well as in Uni-lateral Holes of 
Different Grade. 
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Uni-Lateral. Semi-Lateral. 
Grade of | 
Shaft. First Second First Seconi 
Grade Hole | Grade Ho!e | Grade Hole | Grade Hole 
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R.. Running Running Sliding Sliding 
8 .. Sliding Sliding | Push Push 
ten sas Push Push | Light drive | Light drive 
ge ..| Light drive _ } Key — 
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be a value differing slightly from nominal size on 
the negative side by a different amount in different 





dimensions. This would be truly an objection on 


fineness or coarseness of tolerance, and while the 
ring gauge will go on any shaft with some degree 
of tightness or slackness, its class of fit represents 
nothing in particular unless it is suggested that it 
may be representative of some sort of average. 

Fig. 8 shows the first and second grade holes 
provided in the “ Newall” system, superimposed, and 
shows clearly how closely the minimum tolerances 
approach each other, and this points to its being 
worth while considering if it is possible to devise 
a modification or addition to the uni-lateral system 
in order to provide a possibility of a change-over 
to it from the “‘ Newall ” system. 

A system that is uni-lateral in all respects except 
in the position of the minimum hole limit, as has 
already been shown is practicable and avoids all 
the more serious faults of the bi-lateral system, 
and if judiciously arranged can be made to form 
a useful complement to a true uni-lateral 
in so far that the two distinct classes of hole could 
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have distinct spheres of utility, and this duplication 
would go far to overcome that well-known “ bug- 
bear” of designers of limit systems, the running fit 
on the key fit shaft, or the key fit on the running-fit 
shaft, such as is shown in Fig. 9. 

It is possible to define an infinity of tolerance 
lines based on diameter, and if a suitable unit is 
adopted, a finite series of such lines. If the smallest 
tolerances likely to be required are made the first 
line and the wider-spread lines follow convenient 
steps, it follows that in principle any pair of lines 
may in the well-known manner represent the limit 
lines for a hole or a shaft of some particular grade. 

It has already been shown that the nominal size 
will represent the minimum hole in a logical uni- 
lateral system, and therefore each successive line 
on the plus side of the diagram will represent the 
maximum hole for each successive grade of toler- 
ance, and that in a bi-lateral system each successive 
grade will divide equally on each side of the nominal, 
as, for example, as shown at A and B respectively 
in Fig. 10. The modified series of holes already 
hinted at would develop as shown at C in Fig. 10, 
and ‘may be conveniently termed a semi-lateral 
series of holes. 

The first grade, the finest tolerance, would be 
bi-lateral, in fact identical with what the finest 
grade hole would be in a bi-lateral system, but the 
second and successive ones would differ and partake 
of all the characteristics of the uni-lateral system, 
except the constant minimum limit; in fact the 
semi-lateral system of holes would be in effect a 
uni-lateral system built up on a false nominal, less 
than the real nominal by the variable amount 
marked “‘ X ” in diagram C, Fig. 10. 

In the case of coarse tolerance shafts in coarse 
tolerance holes, this difference would probably be 
negligible, but in the case of fine tolerances could 
probably be made useful, if the right difference can 
be adopted between the minimum uni-lateral hole 
standardised, and the minimum semi-lateral hole 
standardised. The difference can be either one 
step or half a step in shaft tolerances, if the former, 
a sliding fit combination with a uni-lateral hole 
would become a push fit combination in a semi- 
lateral hole, a push fit combination in a uni-lateral 
hole would become a light drive fit in a semi-lateral 
combination and so on, always the same fit in the 
same series whatever the tolerance, not varying 
fit with varying tolerance as in a bi-lateral system. 

Such a dual series of holes would remove many 
objections to the adoption of the uni-lateral system 
and in addition meet a very real want in some 
industries and of course those who do not require 
to use both series of holes need not do so, but could 
select ‘one or the other as might best suit their 
particular circumstances. 

A series of two classes of semi-lateral holes are 
shown at A and B in Fig. 11, and to the complete 
series of grades of fit if the proposed scheme would 
be adopted, might be added two classes of semi- 
lateral hole, as shown at C and D, in Fig. 11, for each 
quality of work, and this would enable the standard 
system to be adopted in many factories without 
any sacrifice of interchangeability. 

If required for any particular circumstances, 
a third grade—semi-lateral hole, preferably with 
its upper limit identical with the upper limit of the 
second grade uni-lateral hole, could be included in 
the series. This suggestion is shown graphically at 
“V” in Fig. 11, 

Nomenclature and definition can safeguard against 
confusion in regard to the uni-lateral and semi- 
lateral series of holes respectively, and a table 
compiled to define the utility and effect of each 
combination, such as shown in Table I and illus- 
trated graphically in Fig. 12 on page 481. 





INDUSTRIAL RESEARCH WORK ON 
INSULATING MATERIALS. 

One of the key industries upon which the electrical 
engineering trade depends is the manufacture of 
insulating materials to satisfy the varying require- 
ments of every type of electrical apparatus and plant. 
During the war the fact was brought home very 
forcibly to all manufacturers of electrical apparatus, 
that they were largely dependent upon — sources 
of supply for these materials, the chief suppliers being 
America and . Having in mind the large 
expansion of the electrical engineering business which 





they had every reason to believe would follow the 
war, Messrs. Vickers, Limited, organised a Research 
Committee composed of Mr. A. P. M. Fleming, C.B.E., 
of Messrs. Metropolitan Vickers Electrical Company ; 
Mr. W. H. Peters, F.LC., of Messrs. Metropolitan 
Carriage, Wagon and Finance Company, Limited ; 
Mr. A. Ryan, M.8c., Wh.Ex., of Messrs. Vickers, 
Limited, and the Ioco Rubber and Waterproofing 
Company, Limited; and Mr. W. H. Nuttall, F.LC., 
who was appointed to take charge of the laboratory 
where the research and experimental work was to be 
carried out. A survey of the works of Messrs. Vickers, 
Limited, made it clear that the premises of the Ioco 
Rubber and Wate 
Glasgow, were the equipped to follow up the 
results obtained by the committee, and to develop 
them into manufacturing processes. 

Varnished Cloth—tThe first work undertaken was 
in connection with varnished cloth, otherwise known 
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as Empire Cloth. This material is very extensively 
used for a wide variety of insulating purposes, and as 
the Ioco Company already had some experience of 
treating various kinds of cloth for other pu . 
it was decided that this should be the first subject of 
their inquiries. The special requirements of this cloth 
include a high dielectric strength. A strength com- 
monly specified,. for instance, is one of 1,000 volts 
per mil in thickness (0-001 in.), t.e., a 5-mil. cloth 
should be capable of withstanding a voltage of 5,000 
applied between the two surfaces. The cloth is 
required to be almost perfectly uniform in thickness, 
the limits of variation in thickness of the finished 
articles not exceeding 0°0002 in. 

The varnished cloth should also be permanently 
flexible so that it can be handled easily and applied 
in insulating such parts as transformer coils without 
the film of varnish on the surface becoming cracked 
in any way, while the tensile strength should be such 
as to enable it to be wound in position under tension 
when in the form of tape without actually tearing or 
damaging the varnish film. Its electrical and mechani- 
cal properties should not deteriorate through handling 


roofing Company, Limited, of | f 





or under the temperature conditions obtaining during 
the operation of the machines of which they form a 
part. In addition there is also the primary require- 
ment that the finished article should be produced at 
a price which would enable it to be sold against foreign 
competitors. 

In order to meet these varying requirements a very 
careful selection of the cloths used for different thick- 
nesses has to be made. For the cloth of 5 mils, 
and under, a very fine cloth of the nature of cambric 
was ultimately found to be suitable, having in mind 
the price of the finished article. This cloth must be 
most finely woven, of good quality yarn, and must be 
ree from imperfections such as slubs, snarls, broken 
ends or picks, floats or other manufacturing defects 
liable. to cause thin or thick places in the finished 
article. The cloth is scoured and bleached of all 
impurities and size which may be used in its manufac- 
ture. It is afterwards filled so as to cover completely 
the yarns, after which it is calendered between heated 
rollers in a heavy calender, in order to make both 
surfaces of a smooth and glazed finish and to press 
- a slight irregularities which still remain in the 
cloth. 

The object of treating the cloth in this manner is 
that when it is subsequently treated with varnish, 
the film of varnish is formed on each side of practically 
uniform thickness, completely covering each surface 
of the cloth upon its initial treatment. The subsequent 
processes largely depend upon this, and if the pre- 
liminary treatment is inefficiently carried out, the 
varnish impregnates the cloth, and a very irregular 
material is produced of low insulation value. In 
order to investigate this point thoroughly a series of 
microphotographs have been taken and examined 
both in section and longitudinally. 

Fig. 1, annexed, shows a section of finished 
varnished cloth of the black variety. The base cloth 
is shown clearly running along the mid-line of the 
section and on each side is the film of varnish. The 
magnification used is approximately 30, so that any 
irregularity is shown up quite cleariy. If the section 
of the base cloth is examined it will be seen how 
the yarns composing the fabric are all flattened down 
and filled up into a uniform sheet by the finishing and 
calendering process, and the film of varnish on each 
side is practically of equal and uniform thickness. 
A close inspection will show on the actual surface 
of the base cloth a part of the surface where the filling 
substance used actually separates the varnish from 
contact with the fibres in the cloth. Fig. 2 shows 
a sample of cloth which has been badly dressed and 
calendered. The irregular depth of the varnish film 
is at once illustrated, and it is obvious that such a 
cloth would be unsatisfactory as compared with that 
shown in Fig. 1 for insulating purposes. 

A series of experiments was also carried out in 
order to determine the best oxidising oil, gum and 
driers, which would give the maximum result in the 
finished article, having in mind the various require- 
ments from an electrical standpoint, and that the cloth 
in its final state should be free from stickiness and 
maintain its flexibility and insulation value. It was 
found that a high percentage of gum, whilst improving 
the dielectric strength, was very detrimental to the 
flexibility of the varnish, so that whereas an extra 
value of 1,000 volts on a 7-mil cloth could easily be 
obtained by adding 5 per cent. of gum, yet the finished 
cloth could not be used in the workshop without a high 
degree of loss due to the material tearing when in use. 
On the other hand, when a small percentage of gum 
was used the insulation value of the varnish was very 
low. The percentage finally used was such as would 
ensure an insulation value of 1,000 volts per mil 
thickness and at the same time give the degree of 
flexibility required. 

The proportion of driers was also found to be an 
important matter. With a small percentage of driers 
the process of stoving the varnish became very slow, 
and in addition the cloth was liable to be “ tendered” 
owing to its being in the stoving towers an excessive 
time. On the other hand, with a large percentage 
of driers a temporarily satisfactory result could be 
obtained in a comparatively short time, but the cloth 
was liable to super-oxidation subsequent to treatment, 
and would ultimately both become brittle and lose its 
insulation value whilst in storage or in use in electrical 
machines. 

In addition to these two primary points, the inter- 
relation between the prices of gum, driers and the type 
of oil, whether ordinary boiled linseed oil or poly- 
merised oil, had to be taken into account, and after 
determining the correct proportion of each the quality 
and type had to be decided to give the best effect. 
In Fig. 3 is shown a curve giving the resulting dielectric 
strength in relation to the quantity of gum used in the 
varnish. The curve, taken from “Handbuch der 
Lack und Firnisindustrie,’” by Dr. Ing. Franz Seelig- 
mann and Emil Zieke, show the relation between 
breakdown voltage and degree of oxidation of the 
varnish. It is clearly indicated that this reaches the 
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maximum at 400 hours and afterwards decreases 
rapidly, If carried to the extreme case, the varnish 
becomes very hard and powders, and its dielectric 
strength is nil. 

One special requirement of the cloth is that it must 
not only have a high dielectric strength when tested 
at air temperature (about 20 deg. C.), but must main- 
tain this high dielectric strength when tested at 
temperatures comparable with those met with in 
electrical machines (about 70 deg. to 80 deg. C.). 
This is a point which is often overlooked by electrical 
engineers. The cloths actually manufactured are tested 
at a temperature of 70 deg. C. A few results giving 
the loss in dielectric strength in relation to increase 
of temperature are given below in Table I. 


TaBLe I.—Effect on Temperature on Dielectric Strength. 














Dielectric Strength | Dielectric Strength 
Varnish Cloth. at 20 C. at 70 C. 

volts volts 

7 mil., yellow 8,770 8,020 
3 mil., yellow 5,190 5,070 
8 mil., black... 11,340 10,420 
10 mil., black, . 13,180 12,150 
6 mil., silk .. 8,1 7,840 





Varnished cloth for insulating purposes is used 
in varying thicknesses from 3 mils up to 15 mils or 
even 20 mils, but the cotton fabric itself has little 
insulating value, and is only used for the purpose 
of carrying the films of oxidised and hardened varnish. 
From the point of view of economical production, 
fabrics of varying thicknesses are employed in the 
manufacture of the different thicknesses of insulating 
fabric, though a thin fabric receiving six or seven coats 
of varnish would give a 15 mil insulating cloth of 
exceptionally high dielectric strength. The labour 
charges would, however, be prohibitive, and it is 
necessary to employ a thicker fabric with fewer appli- 
cations of varnish. The relation of the thickness of 
base fabric to that of the varnish films has to be so 
adjusted as to give the finished cloth an ‘insulation 
value of approximately 1,000 volts per mil. 

Another point of particular difficulty which was 
encountered was that of tensile strength. Insulating 
fabric must be capable of being easily handled in the 
shops without risk of tearing. The ease with which 
varnished cloth tears may be due to one or both of two 
factors. If an unsuitable varnish has been employed, 
“ tendering” of the cotton fibres will result, from the 
action of organic acids produced during the drying 
of the varnish. The same weakening effect can also 
be produced by prolonged stoving. Quite apart from 
“ tendering” the varnished cloth may tear readily 
owing to the stiffening effect of the varnish films, and 
it has been found that the cause of this defect is a too 
high percentage of gum in the varnish ; in other words, 
unless the required degree of flexibility in the finished 
cloth is obtained, the cloth will be liable to tear during 
use solely on account of its harsh or stiff character. 
The “ tendering” effect of fatty acids produced by 
oxidation of the varnish film can only be kept at a 
minimum by careful control of the temperature of 
stoving. If this is too high, a hardened oxidised film 
tends to form on the surface of the varnish, with the 
result that the varnish imprisoned below gradually 
undergoes further oxidation on storing (the necessary 
oxygen being supplied by decomposition of the labile 
peroxides formed during stoving), and as the fatty 
acids produced cannot escape through the impenetrable 
hardened superficial film of oxidised varnish they cause 
great damage to the cotton fibre. 

This brings into prominence yet another point of 
vital importance in the manufacture of insulating 
fabrics, namely, the maintenance of quality. From 
what has been said already it is obvious that it is possible 
to produce a cloth of good insulating value which, 
owing to further oxidation, will gradually lose its 
tensile strength. In many cases, even super-oxidation 
of the varnished film can take place, with the result 
that the erstwhile dry varnish film will become sticky 
and cause considerable difficulty in unwrapping the 
roll. It has been found that such a sticky condition 
is always accompanied by low insulation value. In 
order to avoid subsequent oxidation as far as possible, 
the rolls of insulating fabric are always sealed at the 
ends and edges by means of paraffin wax, but waxing 
will not prevent further oxidation taking place in the 
rolls of varnished cloth, unless the oxidation has been 
carried to the necessary degree in the stoving towers. 

Much insulating fabric is used in the form of tape for 
the taping of coils and, as the latter are often of such 
a shape that straight cut tape cannot be employed, 
the majority of insulating tape is cut on the bias, 
that is, at an angle usually of 45 deg. to the threads 
of the fabric. This method of cutting imposes very 
severe conditions on the tape, as will be evident from 
Figs. 4 and 5. When the tape is straight cut, as 
shown in Fig. 4, any pull on the tape is directly 
resisted by the threads of the cloth, but when the tape 








is cut on the bias, the direction of the pull is along | temperature, considerable tensile strength and capacit 
the diagonals of the small rectangles between the, f i i mews | 


threads, and as there are no threads direct] 
with this pull, the greater part of it has to 
by the varnish film (see Fig. 5). 

As long as the film of varnish has sufficient mechanical 
strength to resist this pull, the dielectric strength of 
the cloth is practically unchanged, corresponding to 
the part a 6 on the curve shown in Fig. 6. When the 
stress on the varnish approaches the elastic limit of the 
varnish film, the latter stretches rapidly and the effect 
on the dielectric strength of the varnished cloth is 
shown by the part bc of the curve. At the stress 
corresponding to part c, the varnish film is broken 
and the dielectric strength is then practically the same 
as that of unvarnished cloth. This is a point which 
we believe is not generally recognised by the users of 
bias cut tape, and many samples which were examined, 
whilst showing a very good dielectric strength, as 
usually determined, had, where tested under tension, 
very poor electrical properties. The subjoined Table II 
shows figures obtained by testing various samples of 


in line 
taken 


varnished cloth by the ordinary method, and also: 


of tape cut on the bias, under tension of 6 lb. per inch. 


Fig.4. 





Fig.6. 





Breakdown Voitage. 


on) Tension per 
Tasie Il.—Effect of Tension on the Dielectric Strength 
of Biassed Tape. 





Dielectric Strength at 20 deg. C. 





Varnished Cloth. 
Under Tension of 


| 
, ‘ | 
With Tension. 6 Ib. per inch. 
| 








| 
| 
Vee. eae Fe lateral 
| | 
volts. | volts 
7 mils yellow .. 8,77 7,800 
5 mils yellow .. 6,370 } 4,600 
3 mils yellow .. 5,190 } 3,510 
8 mils black .. ..| 11,340 | 10,670 
10 mils black .. ..! 12,360 


-| 13,180 | 





Electrical engineers have, probably, hitherto been 
too prone to demand high flexibility and even elas- 
ticity in bias-cut tape, with the result that fre- 
quently breakdowns have occurred in motors or 
transformers, which on account of the good electrical 
properties, as ordinarily tested, of the tape used, are 
inexplicable to them. Obviously the varnish film, to 
withstand mechanical stress placed upon it in taping 
with bias tape, cannot at the same time be excessively 
flexible. 

Varnished Silk.—Where the space available for 
insulation is particularly limited, varnished silk is 
usually employed in the place of varnished cotton, 
as owing to the insulating power of the silk itself, a 


varnished silk has a considerably higher insulation s 


value than a varnished cotton of the same thickness. 
In the case of silk, the preliminary dressing and filling 
which is so important with cotton is unnecessary ; 
the bleached silk is varnished, and a very smooth and 
even film is obtained directly. Owing to the natural 
elasticity of silk it is not necessary to use silk tape 
on the bias. This is fortunate as, owing to its elasticity 
the production of bias silk tape is a matter of extreme 
technical difficulty. After considerable experimental 
work on the various points noted, it has been possible 
to produce insulating fabrics having the necessary 
high dielectric strength, low variation with change of 





or maintai their quality for an indefinite peri 
Adhesive Tape.—Amongst other insulating products to 
which the committee turned their attention was adhesive 
tape. The main requirement for adhesive tape is that it 
should have good adhering properties, which are not 
lost through the tape drying out on storing, should 
exclude moisture, and not corrode bare metal. The 


dielectric stre is not usually very high and the base 
fabric employed should be such as to withstand a fairly 
strong pull during taping. Further, the rubber should 


adhere firmly to the base fabric so that in use it does 
not “ pluck.” 

After a considerable amount of experimental work 
it was possible to satisfy these requirements as is shown 
by the following figures :— 

1, Thickness, 0-015 in. 0-020 in. 

2. Mechanical strength.—Load required to break 
the tape, 48 lb. 

: Plectrical strength.—Average breakdown, 1,300 
volts. 

4. Adhesive properties.— 


(a) Unaged, 3 in. per min. ; 
(6) Aged, #? in. per min. 


In addition, satisfactory adhesive electrical tape in 
white, blue, yellow, red and green have been produced 
for use with polyphase motors, or whenever it is 
necessary to identify or distinguish the leads. 

The electrical strength is tested by wrapping one-. 
half overlapping layer on to a } in, diameter metal 
bar under sufficient tension to make the tape lie smooth 
and even. The breakdown voltage is applied for 
1 minute between the metal bar and a piece of tinfoil 
placed over the layer of tape. The esive test is 
carried out by rolling the tape under a tension of 
10 lb. for 1 in. width on to a } in. diameter brass rod, 
and ascertaining the speed of unwinding the material 
under the tension of 2 lb. for 1 in. width. After 
ageing at 110 deg. C., the tensions employed are 10 Ib. 
and 1 Ib, per 1 in. width. 

Varnished Paper.—In the electrical engineering 
industry, varnished paper for insulating purposes 
is of three types: (A) Oiled paper.—This is a product 
similar to Empire Cloth in the varnish employed, but 
of course paper is substituted for the cotton fabric. 
Oiled paper of this type is used where the ce for 
insulation is limited, and where cheapness rather than 
mechanical strength is of importance. (B) Paper 
coated with shellac varnish.—This is mainly employed 
for the manufacture of built-up plates and cylinders. 
The paper is impregnated with the varnish, and in the 
case of plates is cut into sheets the nece size, 
which are superimposed and pressed in a pre. Soa 
hydraulic press, The result is a solid im eable, 
non-flexible sheet which possesses fairly high electrical 
properties and is oil and moisture-resisting. Where 
cylinders are required the types are built up from 
the shellac paper by winding round a hot mandril 
under considerable pressure and tension. (C) Pa’ 
impregnated with synthetic gum.—Where, in addi 
to electrical proportion the built-up sheet or cylinder 
has to withstand a sudden stress or shock, as in trans- 
former work, the use of a synthetic gum is preferable 
to shellac. The synthetic gum gives the further 
advantage that the sheet is not affected by temperatures 
up to 200 deg. C., or even higher. 

The method of preparation in the latter two cases 
is identical, except that in the last case a synthetic 
gum, usually some form of phenol-formaldehyde con- 
densation product, is used for impregnating the 

roduct in place of shellac. When the sheets have 
n at or the cylinders wound, they are sub- 
miti to subsequent baking processes in order to 
complete the condensation of the gum and render it 
insoluble in algohols and oils and also by increasing 
the hardness of the material to raise its mechanical 
strength. 

Figures are given below of the electrical and 
mechanical strength of sheets which have been pre- 
pared as the result of the committee’s researches :— 


Breakdown | Stress at 





Stress at 
Varnish. Voltage. | Yield Point. |Breaking Point 
kv. Ib. per sq. in.| Ib. per sq. in. 
hellac ‘0 Above 25 ~ 8460 ten 
Synthetic gum 24 6200 17,600 





The selection of suitable paper for the manu- 
facture of ee paper of any of the three above 
t is a matter of prime importance, It is evident 
that freedom from acid is very necessary. Considerable 
attention has also to be given to the nature of the 
sizing of the paper (comparable with the dressing 
of cloth) and, in addition, not only must the Paper 
possess the necessary tensile strength, but it is 
advisable to submit it to a bu test. Paper 
varnished for building up plates should be practically 
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trip lever is shown below the nearest hand wheel in 
Figs. 2 and 4. The transverse motion trip lever is 
just above it. The longitudinal motion trip lever is 
only partially visible in Fig. 1 at the left-hand bottom 
end of the overarm support. The small horizontal 
lever above and to the right of the left-hand wheel, is 
the feed reverse for all movements. The table and 
slide can be clamped, and the knee can also be clamped 
from the front of the machine. A feed-locking arrange- 
ment, controlled by a knob near the transverse feed 
trip lever, enables the vertical and transverse feeds 
to be locked, independently of the longitudinal feed. 
It operates so that either may be locked irrespective 
of the other, or both together, or both left unlocked. 

The knee provides very ample bearing surface for the 
saddle which is of considerable length, as seen in 
Fig. 1. The feed screw of the table is not splined, 
there being an auxiliary splined shaft close alongside 
carrying a pinion meshing with a pinion on the feed 
screw nut. The table drive is from a vertical shaft 
and bevel in the centre of the knee, to bevels on the 
splined shaft, connected with the pinion, which in 
turn drives the pinion on the feed screw. The hand, 
longitudinal traverse is from the right hand wheel to a 
worm on the splined shaft. The hand wheels are fitted 
with micrometer collars. The hand wheels, as soon as 
released return to a declutched position and cease to 
revolve. 

A tank is cast in the base and is fitted with a belt 
driven pump, the flexible cutter being supplied by 
hose, The table is drained by the flexible pipe shown 
leading to the base of the column in Fig. 4. The table 
and saddle slides are furnished with lubricating felt 


The largest machine illustrated in Figs. 1 and 2 
has @ longitudinal traverse of 50 in., cross-traverse of 
14 in., and vertical motion of 21 in, From the centre 
of spindle to under side of arm is 9} in. The working 
surface of the table is 73 in. by 224 in. The spindle 
speeds range from 14 r.p.m. to 330 r.p.m. The width 
of belt is 7 in. and the machine takes 20 h.p. The 
machine illustrated in Figs. 3, 4 and 5 has a longi- 
tudinal traverse of 34 in., a cross-traverse of 12 in. and 
vertical movement of 20 in. The table is 51 in. by 
14,°,in. The speeds are 16 in number, but there are 
20 possible feeds. 





THE “VIKING” AMPHIBIOUS SEAPLANE. 

THERE can be no doubt that, for a comparatively 
small island country such as ours, the most generally 
serviceable t of aircraft is one which can take off 
from and alight on either land or water indiscrimin- 
ately. In the present state of development of the aero 
engine, allowance must always be made for the possi- 
bility of failure, and this precludes an aeroplane of 
the ordinary type from undertaking long flights over- 
seas with anything like commercial regularity, and also 
prevents a seaplane from being used for extended 
journeys overland. It is therefore necessary in select- 
ing a route for an aerial journey between distant 
points, to choose one best suited for the type of aircraft 
used, the aeroplane being kept as far as possible over 
land and the seaplane mainly over the sea. Apart 
from the airship, the only type of aircraft which can 
fly directly between any two points is the amphibian, 
since machines of this class can alight safely on either 
land or water in the event of engine failure. Another 
point to be considered in connection with the develop- 
ment of the amphilan, is that many inland cities are 
traversed by rivers of sufficient width to enable machines 
of this type to start or finish a journey in the centre 
of the city, instead of at an aerodrome on the out- 
skirts as a machine designed to start from and alight 
on land only must do. Considerable time would be 
saved in this way in aerixl travel to and from cities 
such as London and Paris. Several other points could 
be urged in favour of the amphibian machine, but 
enough has been said to indicate the necessity for 
developing the type. 

This need was fully realised by the Air Ministry, 
and it will be remembered that early in 1920 a prize 
of 10,0001. was offered by them. for the most efficient 
type of amphibian produced in the British Isles. In 
the competition for this prize, which took place in 
September last, three ced ns wére entered, and the 
first prize was awarded to the Vickers’ Viking, Mark III 
machine, which we illustrate on 492 and on 
Plate XXIII accompanying this issue. Messrs. Vickers 
first considered the construction of an amphibian in 
December, 1918, and their earliest model was flying in 
November of the following year. Experience gained 
with this machine was incorporated in a second model, 
which was completed in May, 1920. This second 
machine was exhibited at the Aero Exhibition at 
Olympia last year, and was illustrated and described 
om page 75 of our last volume in our account of that 
exhibition, The same machine was also entered for 
the Antwerp Exhibition in July last, and was classified 
a8 first in an international seaplane competition for the 
shortest time in getting off the water, the fastest time 
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over a given circuit, the shortest time in climbing to 
1,000 metres, and the highest “ ceiling” with full load. 
The machine we now illustrate is a further develop- 
ment, and in view of its excellent performance in the 
Air Ministry competition above referred to, the various 
features of its design will, doubtless, be studied with 
considerable interest. 

The appearance of the machine on the land is well 
shown in the half-tone engraving, Fig. 1, on page 492, 
and from this it will be seen to be a boat seaplane 
of the biplane pusher type. Its amphibious character 
is obtained by fitting the hull with two landing wheels, 
which can be drawn up clear of the water jjne by the 
pilot when the machine is required to alight on the 
water or let down for landing on the ground. One of 
the wheels, in its raised position, can be distinguished 
in Fig. 2, which shows the machine taking off from the 


water. The principal dimensions and other data are 
as follow :— 

Length overall ... vas 33 ft. 6 in. 
Height overall (on wheels) 15 ft. 
Wing (both planes) 46 ft. 
Chow tboth planes) ... 6 ft. 2 in. 
Gap (at root) ... sbe ats 7 ft. 6} in. 
Wing area (including ailerons 

and centre section) ... --» 520 sq. ft. 
Area of ailerons (each) 23 sq. ft. 
Area of tail plane 37 sq. ft. 
Area of elevators 22 sq. ft. 
Area of fins eve ose «+ 7°15 8q. ft 
Area of rudders (inciuding 

balance) al eee oon ie sq. ft 
Petrol capacity ... gallons. 
Oil capacity... 7 gallons. 
Water capacity ... — --» 11 gallons 
Weight empty (but with water 

in radiator) ... ee ai 3,628 Ib. 
Weight full (certificate of air- 

= Raamell we me -«» 4,900 Ib. 











5. 


The general arrangement of the main parts is best 
shown in Figs. 4, 5 and 6 on Plate X XIII, these figures 
being, respectively, a side elevation, front elevation 
and part plan. The wing structure, which can be 
followed from these illustrations, with the aid of 
Fig. 3 on page 492, is in accordance with usual practice 
and calls for no particular comment, but it may be 
mentioned that the dihedral angle, at which the 
bottom planes only are set, is 5 deg. There is no 

r, and the wings are mounted at an angle of 
incidence of 5 deg. to the line of thrust. The power 
unit consists of a 450 h.p. Napier engine driving a 
four-bladed airscrew, to accommodate which the 
trailing edge of the upper plane is cut away, as shown 
in Fig. 6. The engine is mounted in the centre section 
and supported mainly by four steel tubular struts, 
which spring from the four main plane strut fittings 
on the deck of the hull. The arrangement of the 
engine mounting is illustrated by the half-tone engrav- 
ing, Fig. 3, on page 492, and by the side and front 
elevations eoubanell in Figs. 7 and 8, respectively, on 
Plate XXIII. From Fig. 8 it will be seen that the main 
plane struts diverge from the deck fittings, while the 
engine struts converge towards the longitudinal engine 
bearers, which are of ash and are connected by steel 
tubes running transversely at each end. All four 
sides of the truncated pyramid thus formed are braced 
with streamline wires. A somewhat similar arrange- 
ment of steel tubes supports the centre section of the 
upper plane, as shown in Fig. 3, but the main plane 
struts adjacent to the engine mountings were not in 
position at the time this photograph was taken ; these, 
and all the other main plane struts, are composed of 
steel tubes with timber fairings. 

The radiator is supported on trunnions which are 
mounted on f extensions of the ash engine 
bearers, tubular stays being carried from the upper 
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part of the radiator casing back to the under side of | the upper bracket, and consequently that of the stub | enable it to alight on and get off from the deck of a 
the front spar of the upper main plane. The whole| axle, is resisted by the extension of the cords, and the | ship, as well as the surface of the sea, also make it 
of the front surface of the radiator is shuttered to 


enable the temperature of the cooling water to be 
regulated by the pilot. The two oil tanks are also 
suspended from the engine bearers, as shown in Figs. 
7 and 8. The arrangement of the exhaust pipes is 
also indicated in these figures, and from them it will 
be seen that the three exhaust manifolds lead the 
gases forward to U-shaped extension pieces, from which 
they are di backwards at a safe distance from 
the airscrew. The — controls are operated by 
pull and push rods, which pass up from the pilot’s 
cockpit a the front starboard tube of the engine 
mounting, and are connected to levers on transverse 
shafts supported by the brackets which ca: the 
radiator. One of the conditions to be complied with 
in the Air Ministry competition was that arrange- 
ments should be made for ing the engine 
from the pilot’s cockpit without excessive muscular 
effort, and, to meet this, the standard Napier gas 
starter and hand turning gear were fitted. Special 
attention had also to be given to the matter of re- 
liability of the petrol supply, and this, following 
Messrs. Vickers’ usual practice, is of the simple gravity 
type. The service tank, which is mounted above the 
upper plane, is kept filled by a wind-driven centrifugal 
pump, which draws from the main tank situated in 
the hull in the position shown in Fig. 4. The pump 
delivery always exceeds requirements, and the excess 
is returned directly to the main tank through an 
overflow pipe of diameter. A prismatic overflow 
indicator, fed from the service tank by a separate pipe, 
is also fitted on the dashboard to give visual indication 
that the system is working properly. A hand pump, 
also provided and fitted in the pilot’s cockpit, draws 
from the main tank and delivers into the service tank 
through the centrifugal pump, so that the latter is 
always primed and ready for work as soon as the 
machine is in the air. The supply from the service 
tank to the engine is led through a three-way cock 
on the dashboard, and this cock, besides controlling 
the flow to the carburettors, allows the hand pump 
to be primed and also provides a supply of petrol 
for the vaporiser of the engine starter. 

The construction of the hull is illustrated in Figs. 9 
and 10, which are, respectively, a longitudinal section 
and plan, while a half-cross section, in way of the land- 
ing wheels, is given in Fig. 11. The main longitudinal 
members, i.e., the gunwales, chines and keel, are of 
American elm, while the intermediate longitudinals 
and transverse frames are of silver spruce. Two 
water-tight bulkheads are provided, one near the nose 
and the other about midway between the main planes 
and the tail planes, in the positions most clearly indi- 
cated by the dotted lines in Fig. 4; half bulkheads 
are also fitted fore and aft of the main petrol tank 
The hull is mainly of pentagonal section, as shown in 
Fig. 11, but it tapers to a vertical knife edge at the 
stern post. Two steps, the shape and positions of 
which are clearly shown in Fig. 9, are formed on the 
bottom of the hull as is usual in this type of craft. 
The hull skin is of Consuta two-ply spruce, the two 
thicknesses being sewn together with linen thread in 
accordance with Saunders’ patents. As shown in 
Fig. 9, the bottom is specially strengthened at the for- 
ward part to withstand the edn produced in alight- 
ing on water. Three open cockpits are provided for 
the accommodation of four passengers, in addition 
to the pilot, who sits in the foremost cockpit on the 
starboard side with a passenger on his left, while two 
other passengers are seated in the second cockpit 
immediately aft of the first; the third cockpit is 
situated aft of the main planes and is used to accom- 
modate another passenger or an engineer. All the 
cockpits are provided with cushions stuffed with 
kapok down, which would assist in keeping the per- 
sonnel afloat in case of accident. An anchor and sea 
anchor of standard type are carried, as well as a 
specially designed boat hook. Towing gear is also 
provided, and the arrangements are such that all the 
operations in connection with mooring, towing, &c., 
can be performed from the cockpit. 

The most interesting feature of the whole design is, 
however, the landing gear, the general arrangement of 
which is illustrated in Figs. 11 and 12, while some of 
the more important details are drawn to a larger scale 
in Figs. 13, 14 and 15. Referring first to Figs. 11 
and 12, it will be seen that each of the landing wheels 
1s mounted on a stub axle screwed into a casting which 
is free to slide upwards on a pair of steel tubes. The 
upper ends of these tubes are fitted into another cast- 
ing, which is pivoted on a steel forging bolted on to a 
main frame of the hull, as is most clearly shown in 
Fig. 15. The two tubes also carry a pair of brackets, 
the lower of which is fixed while the upper is free to 
slide on the tubes and is connected to the casting 
carrying the stub axle by means of a central tube. The 
two brackets are connected by a number of rings of 
braided rubber cord, so that the upward movement of 





arrangement, as will be clear from an inspection of 
Fig. Ts, carves to absorb the shocks on the landing 
wheels ; the maximum upward movement allowed for 
is 6 in. 

The wheels are raised or lowered for the purpose 
of omg by the sea or land, by means of a hand- 
wheel in the cockpit operated by the pilot. This 
handwheel is connected ¢ a roller chain to a sprocket 
on a transverse horizontal shaft, shown in Fig. 11, and 
ee idniidns deceds ee clr ee 
joints to spindles passing thro’ e centres of the 
aed Soogitgs on which the shock-absorber tubes are 
pivoted. On the outer end of each of the spindles, 
one of which is shown in Fig. 15, is mounted a worm, 
and this gears with a worm wheel on a tubular shaft 
running parallel with the shock-absorber tubes. On the 
lower end of this shaft a peg pinion is mounted, and this 

with a quadrantal rack attached to the side 
of the hull. The rack is in two portions, the lower part 
being a manganese-bronze casting securely bolted to 
the hull, as shown in Fig. 13, while the remainder 
is in the form of a Duralumin plate drilled to suit the 
pitch of the pinion. It will evident that, when 
the pinion shaft is rotated, the whole of the framework 
carrying the landing wheels will turn about the upper 
pivot, and, in this way, the wheels can be raised when 
the machine is about to alight on the water or lowered 
when landing on the ground, It should, however, be 
pointed out that, as the worm wheel moves round with 
the frame and the worm is co-axial with the pivot, the 
worm and wheel are always in mesh. Stops are 
provided at each end of the rack to prevent over- 
winding, but it should be noted that, as the worm 
gear is irreversible in all positions, a perfectly 
safe landing can be effected on the ground even if 
the wheels are not wound down to the extreme end 
of the racks. 

The machine is fitted with a biplane tail with three 
balanced rudders, and the elevators are continuous 
across both planes; the elevators are not balanced. 
A K-sha fin is fitted between the planes in 
front of the central rudder with an extension above 
the upper tail plane, as can be seen in Figs. 1, 2 and 4. 
The tail plane is of the usual construction and the areas 
of the surfaces are given in the table on page 486. 
The controls are all operated by lever and cable in 
the usual way and their arrangement can be followed 
by examining Figs. 16, 17 and 18 without explanation. 
It should, however, be mentioned that the tail skid 
is of the steerable type and is operated with the rudders 
to steer the machine on the ground or in the water. 
To increase the area for the latter function, a stream- 
line fairing is fitted on the tail skid proper, and this 
forms an effective water rudder. An oleo-pneumatic 
shock absorber is fitted to take up shock when 
landing on the ground. -Upward movement is resisted 
by compressed air and the return movement is con- 
trolled by an oil dashpot in order to prevent 
bouncing. The combination is the subject of a 
Vickers’ patent. Floats of similar construction to 
the hull are fitted under the lower wing tips, as 
shown in Figs. 1, 4 and 5. 

We may conclude our description of the machine 
by giving some particulars of its performance, most of 
which are taken from the results of the Air Ministry 
competition above referred to. The maximum speed 
is 120 miles per hour near the ground and 116-5 miles 
per hour at 6,000 ft., while the landing speed is 50 
miles per hour. The time required to climb to 5,000 
ft. is 4-5 min., and to 10,000 ft. 11 min. The service 
ceiling, 1.e., the height at which the rate of climb falls 
to 100 ft. per min., is 18,300 ft., and the absolute ceil- 
ing is 19,900 ft. The range, at full speed at 6,000 ft., 
is 350 miles, while at a cruising speed of 90 miles = 
hour the machine can travel 480 miles. With its 
load of 4,900 lb., the machine can get off from the sea 
in 16 secs. after travelling a distance of 220 yards, 
while, from the land, it can rise in 10} secs. after 
travelling 135 These times and distances, it 
should be mentioned, are those required for rising in 
still air; both can, of course, be materially reduced 
in a head wind. 

We understand that Messrs. Vickers are now con- 
structing another model in which the wings will be 
mmngel to fold forward, so that the floor space 
required is reduced to 33 ft. 10 in. by 35 ft. In 
this machine the total weight will be 5,600 Ib. and 
the commercial load 1,090 Ib. The speed and 
climb of the machine fitted with the 450 h.p. Napier 
engine will be slightly less than those given above 
for the Mark III machine, but the range of the later 
model has been increased to 480 miles at 90 miles 

r hour. Some other slight alterations in desi 

ave been made, but the main modification, viz., 
the arrangements for folding the wings, renders this 
machine particularly applicable to naval work since 
it can easily be stowed on a seaplane-carrying 
The other characteristics of the amphibian whi 





very suitable for this class of service 


design, we understand, has been adopted by both the 
British and French Governments. 





PRODUCTS OF THE RUDGE-WHITWORTH 
RESEARCH LABORATORY. 

In common with other large and progressive firms, 
Messrs. Rudge-Whitworth, Limited, have their own 
research laboratory in which problems of a scientific 
nature arising in the works are investigated. The 
firm in question are well-known manufacturers of steel 
balls, ball bearings, cycles, motor cycles, detachable 
wire wheels, &c., and their laboratory is situated at 
their bearing works, at Sparkhill, on the outskirts of 
Birmingham. It is only natural that in such a labora- 
tory discoveries should be made and methods devised 
which have applications of a far wider scope than is 
afforded by the requirements of the company itself, 
and Messrs. Rudge-Whitworth, Limited, erefore 
decided to place the “‘ by-products of their research 
laboratory” at the di of engineers erally. 
In accordance with this plan the directors invited a 
special party to make an inspection of the laboratory 
on April 14 last, when the devices and processes were 
explained by Mr. H. L. Heathcote, chief research 
chemist, and members of the staff. 

As might be inferred, from the nature of the manu- 
factures controlled by the company, devices for rapid 
and accurate measurement whether of size or of hard- 
ness had received much attention, but optical pyro- 
metry, rust-proofing and hardening processes, and 
several other subjects have also been investigated with 
fruitful results. It is well known that there may be 
considerable uncertainty with regard to micrometer 
measurements of the order of one ten-thousandth of an 
inch, because so much depends upon the sensitiveness of 
touch of the man who uses the micrometer. To 
eliminate entirely the question of “ feel” Messrs. 
Rudge-Whitworth have patented a combination of an 
ordinary micrometer with a spring balance. The 
latter has a dial gauge, similar to those used for weighing 
letters and the micrometer is mounted in the place 
of the usual scale pan. The micrometer having been 
set, the article to be measured is passed downwards 
between the measuring faces, and the friction of its 
pessege is indicated on the dial of the spring balance. 
A difference in size of only one hundred-thousandth of 
an inch is detectable by this method, which does away 
completely with the “ personal equation” of the 
operator, and is at least as simple and rapid as the more 
usual way. For the measurement of gauges the 
“* Millimike ”’ as the device is called, should be particu- 
larly useful. For setting the micrometer to known 
dimensions, Messrs. Rudge- Whitworth supply hardened 
steel balls up to 1} in. diameter which are certified 
accurate to size within the limits of possible measure. 
ment. 

For the rapid determinations of Brinel] hardness, the 
firm have b t out the “ Auto-punch,” which works 
on the principle of the automatic centre punch and 
gives a powerful blow to a steel ball held in the nose of 
the instrument. The 12-in. size carries a }-in. ball 
and makes a depression up to 3 mm. diameter, according 
to the hardness of the material being tested. It is 
hand-operated, being merely pressed against the 
material until the internal hammer is tripped and the 
blow given. It is very portable and thousands of 
Brinell tests a day may be made by its use. A smaller 
size is made for thin or soft materials, but for testing 
very thin material such as brass strip, Messrs. Rudge- 
Whitworth have devised the “ Brinell pliers.” These 
are very similar to ordinary pliers, except that one of 
the jaws carries a ball loaded by means of a strong 
spring. When the pliers are closed on the sheet to be 
tested the ball produces a depression about 4 mm. 
diameter. The spring device of course prevents the 
proper pressure on the ball being exceeded. For the 
measurement of the depressions produced by the use 
of the auto-punch or the pliers, the firm supply « 
simple microscope, of British make, with a magnifica- 
tion of 16 diameters. The mic is furnished with 
a graticule or eyepiece scale divided into twentieths 
of a millimeter, which enables the diameter of impres- 
sions up to about 7 mm. to be accurately determined. 
The same microscope in combination with a simple clip 
and a piece of a steel rule can be employed for deter- 
mining the yield point of specimens in any a 
tensile testing machine. It also has other 
workshop applications, such as the measurement of 
the depth of case-hardening, the examination of screw 
threads, &c. 

For measuring the hardness of cylindrical or spherica! 
surfaces such as those of pins, bushes, rollers or balls, 
the Rudge-Whitworth quadrant sclerometer has been 
devised. In this instrument a file, hinged at one end, 
is lowered on to the article to be tested which is 
pinched in the angle formed between the file and the 
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base. The harder the article the more it will slip 
forward, and the more acute therefore will be the”angle 
of rest of the hinged file. The outer end of the latter 
passes through a graduated quadrant and hardness is 
indicated by the angle at which the file can be held. 
The sclerometer thus makes a test of the “ file hard- 
ness’ or resistance to abrasion, and its indications are 
free from the errors to the “ personal equation ” of the 
operator. There is a definiteness about the results 
which is surprising to those who have not used the 
instrument. 

Another instrument evolved in the Rudge-Whitworth 
laboratories is the “ Pyromike,” which is a simple and 
cheap optical pyrometer, weighing only 5} oz. and 
going casily into the waistcoat pocket. It is suitable 
for measuring all temperatures from a red heat upwards, 
Its appearance resembles one-half of a pair of bino- 
culars, or a little telescope 1} in. diameter by 2} in. 
long. Within the body of the instrument is a cell, 
composed of two circular glass discs joined by a piece 
of rubber tube, the latter being surrounded by a spiral 
spring. This cell is filled with coloured liquid, and 
can be collapsed lengthwise by the rotation of the end 
of the instrument relatively to the eyepiece and body. 
The amount by which the cell is shortened is read off a 
graduated scale on the barrel, somewhat similar to that 
of a micrometer, To determine the temperature of 
any article, the latter is looked at through the instru- 
ment, and the cell slowly lengthened by rotating the 
end ring until the article ceases to be visible on account 
of the increased length of the light-absorbing liquid 
which has to be traversed by the light. The tempera- 
ture can then be directly read from the scale engraved 
on the body, Each instrument has a total range vary- 
ing from 250 deg. to 600 deg. C., depending on the 
kind of temperature which it is specially arranged to 
measure. The simplicity and inexpensiveness of the 
device has already brought it into general use. It is, 
moreover, quite accurate enough for all ordinary 
purposes, as by its means temperatures from a red heat 
to 1,800 deg. C. can be determined within a few degrees 
without difficulty. 

For determining the oxidising or reducing charac- 
teristics of the heated gases in a furnace, an instrument 
called an ‘‘ Oxyscope”’ has been invented in the 
Rudge-Whitworth laboratories. This has practically 
the mechanism of an ordinary pyrometer, except that 
the thermo-junction of the latter is replaced by an 
oxidisable metallic strip. The rate at which this strip 
is attacked by the furnace gases, is noted by the 
deflection of the needle of a galvanometer which really 
indicates the electrical resistance of the strip at any 
tine, The principal use of the Oxyscope would appear 
to be in connection with furnaces in which it is essential 
that a reducing atmosphere shall be maintained, and 
the fact that it will show the state of the atmo- 
sphere without the necessity of taking and analysing 
samples of it, is a very considerable practical 
convenience. 

Among other inventions developed in the Rudge- Whit- 
worth laboratory is a liquid called Sclerotint, which 
shows up in a definite manner the degree of hard” ess, 
or the variations in hardness of clean steel articles 
when immersed in it. The liquid acts differently on the 
different constituents of steel, and variations in hard- 
ness are shown by the differences in colour produced by 
a short immersion. We understand that the effect 
is due to a small proportion of nitric acid. 

Another chemical invention is a rust-proofing pro- 
cess, used by Messrs. Rudge-Whitworth themselves for 
bicycle parts, This consists of boiling the articles to 
be treated in a solution of hydric-phosphate of iron 
which produces a dark grey finish practically immune 
from the attack of rust. It is very much more rapid 
than Coslettising and has no effect upon either the 
strength or temper of the articles treated. For case- 
hardening, the company have developed two compounds 
known respectively as ‘‘ Eternite” and “ Tufflint,” 
each suitable for particular purposes, while a water- 
proof adhesive called “‘ Glip”’ has been produced for 
making oil- and water-proof metal joints, repairing 
china and glassware, &c. It is unaffected by boiling 
water. 

This brief account which we have been able to give 
of some of the various inven‘ions emanating from the 
Rudge- Whitworth laboratories is sufficient to indicate 
that a research department may not merely justify 
its existence as a place where solutions may be found 
for problems of a scientific nature, but may also 
be a fruitful source of improved devices and processes. 
There is in general no good reason why many such 
improvements and inventions should not be placed at 
the disposal of the trade generally, so that the depart- 
ment may become a revenue-earning part of the organi- 
sation and possess the status and enjoy the considera- 
tion which the directly productive departments of an 
establishment usually obtain. A policy of this kind 
is bound to react favourably on the work of the men 
engaged in research with a corres ing benefit to 
their usefulness to the undertaking employing them. 
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CONSTRUCTED BY MESSRS. ALLEN AND SIMMONDS, LIMITED, ENGINEERS, READING. 


























THE removal of the rings from the piston of a petrol | 
motor or similar engine is often a matter of some little 
trouble, and in unskilful hands they may even be 
broken in the process. The converse operation of 
replacing them is also not without a certain difficulty 
for inexperienced persons. To enable piston rings to 
be taken out or put back with ease and without any risk 
of breakage, Messrs, Allen and Simmonds, Limited, 
of Thames Side Engineering Works, Reading, have 
put on the market the device illustrated in Figs. 1 and 2 
above, This consists essentially of a steel ring of 
channel section which is large enough to pass easily 
over the piston. On the inside of this steel ring between 
the flanges of the channel are two small projections 
attached to shoes which are operated by the toggle 
motion shown. In Fig. 1 it will be seen that these 
projections are close together. In this state the device 
is slipped over the piston, and the projections, which 
are set at an angle for the purpose, are entered in the 
gap between the ends of the piston ring. The toggle 
mechanism is then collapsed, as shown in Fig. 2, and, 
the consequent separation of the projections, opens out 
the piston ring and causes it to lie back in between the 
flanges of the device, so that it can be at once lifted off. 
By the same performance carried out in the reverse 
order a ring can be put back into place. 

The device is made in sizes to suit all ordinary motor 
car pistons, It is constructed of blued steel and, as it 
weighs only a few ounces, it is a handy addition to 
the equipment of a tool box or garage. In operation, 
it is practically instantaneous, and does the work 
required of it safely and with certainty, and with the 
greatest possible ease. 








THE LEA COAL METER FOR CHAIN- 
GRATE STOKERS. 

Tue accuracy of the Lea coal meter for chain-grate 
stokers constructed by the Lea Recorder Company, 
Limited, 28, Deansgate, Manchester, is well brought 
out in some tests of which we have recently received 
records. This meter was described in our issue of 
December 6, 1918 (page 662), and consists of a simple 
integrating device which accounts for the speed of the 
grate and the depth of the fire. Small coal is treated 
for the purpose of the instrument as a stream of fuel 
passing under the door (regulating the depth of the 
fire) at a speed dependent upon the working of the grate. 
In our account we stated that the accuracy obtainable 
was within 5 per cent. Tests show it, however, to be 
even nearer than this provided reasonable checks are 
observed. 

In one case a series of tests carried out on a meter 
of this type installed at Messrs. Boots Pure Drug 
Company, Station-street, Nottingham, was made 
with a grate 5 ft. wide and at various grate speeds, 
the thickness of the fire varying, but being in two 
instances steady at 4 in. and 5 in. respectively. The 
test unit was a box of 1 ft. cube which empty weighed 
10 lb., and filled with small coal weighed 62 lb. The 
weight of a cubic foot of the fuel was thus 52 lb. In 
the first test 8 cub. ft. of fuel were fed to the grate 
and the recorder integrated 138 units, giving 0-058 
cub, ft, to the unit. In the next test with, again, 
8 cub, ft. fed to the grate, but a 4-in. fire and a different 
speed, the number of units indicated was 141, equiva- 
lent to 0-057 cub. ft. to the unit. In the third test, 
in which both the depth of fire and the speed of the 
grate were varied, 36 cub. ft. were delivered to the 
grate and 637 units were indicated by the instrument, 


! 





Fig. 2. 


giving 0-056 cub. ft. to the unit. The variation 
between these measurements will be seen to be very 
small, the unit of 0-057 cub. ft. representing 2-95 lb. 
with coal weighing 52 lb. per cubic foot. 

A test of rather longer duration recently carried out 
at the Hengelo works in Holland, of Messrs. Stork 
Brothers is also of interest. In this case the coal was 
measured in a box measuring 2 ft. 6 in. by 2 ft. 6 in. 
by 3 ft. 23 in., giving 20 cub. ft. measurement, for which 
the weight of coal was found to be 908 lb. The grate 
in this instance was also 5 ft. wide. The runs were 
continuous except for a few minutes during one test, 
each test extending to the consumption of 20 cub. ft. of 
coal. The depth of fire was varied during the tests from 
3 in. to 6 in., and three different grate speeds were 
employed. The whole series of tests lasted 363 minutes, 
during which 120 cub. ft. of coal were burnt. For the 
six tests the unit on the meter worked out as follows 
in cubic feet: 0-578, 0-576, 0-591, 0-574, 0-574, 
and 0-558, giving an average of 0-575 cub. ft. per unit. 
The coal used in this case was a mixture of three parts 
of rich Dutch coal of 4-5 mm. size and two parts of 
similar sized poor Dutch coal. It should be mentioned 
that in the last test the chain was stopped for a few 
minutes and the figure of 0-558 was obtained by 
adjustment. 

The above tests show that providing occasional 
check is made of the coal by means of a measuring box, 
in order to obtain the correct multiplier for the indi- 
cator record for the class of coal in use, this form of 
meter gives a very accurate record of consumption 
under ordinary working conditions. 








500-TON COMPRESSION TESTING MACHINE. 

A REMARKABLY interesting compression testing 
machine, which has recently been installed in the 
engineering department of the National Physical 
Laboratory, is illustrated in Figs. 1 to 5, opposite. 
It was constructed by Messrs. Alfred J. Amsler and Co., 
of Schaffhouse, Switzerland, of which firm Mr. T. J. 
Primrose, of 162, Norwich-road, Ipswich, is the British 
representative. The machine, which has a capacity 
of 500 tons, is intended for making compression tests 
on stone and concrete, and embodies a unique applica- 
tion of the Amsler principle of load measurement. 
The machine with its pump for hand operation, weighs 
9,000 Ib. and stands 10 ft. high. It requires no special 
foundations and need not even be secured to the floor. 

Essentially the machine is an oil press, but the load is 
not measured by the fluid pressure in the press cylinder, 
as is the case with some testing machines of somewhat 
similar type. In this Amsler machine the load is 
measured by the elastic elongation of the two main 
columns. This elongation is strictly proportional to 
the load transmitted since the columns are only 
moderately strained, and they act as perfect measuring 
springs. They are never overloaded, even at the 
maximum capacity of the machine and cannot be 
structurally deformed in the slightest degree. A single 
calibration of the machine only is required, and 
this is carried out at Messrs. Amsler’s works by means 
of a standard compression test bar of 5 in. diameter 
worked in conjunction with a Marten’s mirror ex- 
tensometer capable of reading to the nearest ;;'55 mm. 

Only the smooth lower ends of the columns, oF 
straining screws, are used for measuring the load and 
a sensitive method of measuring all degrees of elon- 
gation of the columns, from 4 ton to the maximum 
load, is provided by an hydraulic amplifier. As will 
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500-TON COMPRESSION TESTING MACHINE; NATIONAL PHYSICAL LABORATORY. 


CONSTRUCTED BY MESSRS. ALFRED J. AMSLER AND CO., SCHAFFHOUSE, SWITZERLAND. 
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working in a measuring box A. 
This box bears against the lower 
ends of both columns. The disc 
piston is connected by a diaphragm 
with the measuring box and the 
space above the piston is filled with 
liquid. 

When the test-piece is being 
compressed the two straining 
columns stretch and the rods H 
raise the piston in the measuring 
box, so that the liquid is driven 











into the vertical tube which can 
be seen connected to the measuring 
box at the right-hand side of Fig. 3. 
This tube and its internal arrange- 
ments are showrf to an enlarged 
scale in Fig. 5. As will be seen the 
tube E contains a float D which as 
it moves in the rising liquid causes a 
pointer to rotate over the load dial L 
by means of a thread. The dial is 
divided into 100 tons in $-ton divisions, 
but tenths of a ton can easily be 
estimated. For the full load of 500 
tons the pointer makes five complete 
revolutions over the dial, the number 
of complete turns being indicated on a 
counting disc K. When the test-piece 
breaks, the columns shorten again to 
their original length, the piston sinks in 
the measuring box and the liquid falls 
back to the original level in the vertical 
tube, the maximum load attained bein 
indicated by a loose pointer. A screw plunger is fitted 
to the vertical tube to enable the pointer of the 
load dial to be adjusted exactly to zero by displacing 
the liquid. 

The machine is operated by a two-piston oil pump 
which is arranged horizontally in an oil reservoir P 
attached to the side of the press. The pump and 



































be seen frum Fig. 3 the lower ends of the columns are 
hollow and rods H are hung inside them by means 
of, cotters from the top ends of the hollow part. 
These rods operate the large but sensitive amplifier 
at the base of the machine. The rods H are 


themselves unstrained and are connected at their 
lower ends to a large disc B which forms a piston 
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reservoir can be seen in Figs. 1, 3 and 4, and are’shown 
in cross-section in Fig, 5. The pump is operated by 
the handle 8 and delivers by a pipe line at the top 
of the pump body into the high-pressure cylinder of 
the press. The main ram is fitted with a cup leather 
so that the oil pressure is not a direct measure of the 
pressure exerted by the ram, but this is of no importance 
as the oil pressure is not used for measuring the load. 
The lower compression plate W, on which the test- 
piece sits, is carried by means of a spherical seating on 
top of the ram. A raised rim at the edge of the plate 
prevents any fragments of the broken test-piece falling 
down on to the cylinder. The upper compression 
plate V, for exerting the reaction on the test-piece, is 
suspended from the crosshead T of the machine. It is 
also able to adjust itself to inequalities in the test-piece 
by means of a spherical seating. 

The movable crosshead of the machine can _ be 
adjusted up and down on the screwed straining 
columns by means of circular nuts operated by right 
and left-hand worms turned by a wheel and hand chain. 
The working distance between the two compression 
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plates can be varied from zero up to40 in. The working 
faces of the plates are 12} in. square, and the clearance 
between the columns is 21 in. When desired the two 
compression plates can be locked, at X and Y, so as 
to prevent them from sliding in their spherical seatings. 
In connection with the hand pump, there is, as shown 
in Fig. 5, a valve R. This is used for discharging 
the high-pressure cylinder. Behind it there is a 
gauge U which indicates the oil pressure. This is 
fitted merely as a guide to the satisfactory working 
of the pump and has nothing to do with the measure- 
ment of the load on the test-piece. It is of interest to 
note that testing machines of this t have been 
supplied by Messrs. Amsler to the Universities of 
Sydney and Brisbane, the technical colleges at Zurich, 
Petrograd, Athens and Cambridge, Mass., and to the 
Hungarian Board of Works at Budapest. 





“ MECHANICAL GEARS OF DOUBLE 
REDUCTION FOR MERCHANT SHIPS.” 
To THe Eprror or ENGINEERING. 

Srr,—In the editorial article in your issue of April 8 
(page 428) you comment on the pa read recently at 
the Institution of Naval Architects by Mr. R. J. Walker 
and myself on the above subject. 

The article complains that there have been so many 
rumours of failures of mechanical double-reduction 
gearing and that little enlightenment on this subject 
was given in the paper. 

_It is obviously difficult to deal with rumours, The 
discussion on the paper gave anyone an opportunity of 
bringing forward any specific instances of failure of 
which they had knowledge, but nothing of this sort was 
forthcoming. We have had no opportunity to investi- 
gate any troubles with double-reduction gearing other 
than those referred to in the paper, viz., fan Fernando 
and San Florentino, and with regard to these we gave 
full information and the remedy. 

_The five ships for which the load coefficients were 
given in the paper were selected because they are those 
that have been longest on service. Only time will enable 
a larger list to be given. These vessels had been on 
continuous service at the load coefficient stated and 
therefore give reliable indication of the capacity of 
gears, always providing what we stated in the paper to 
be the factor of first importance good and accurate 
workmanship, is maintained. 

Even one instance of the ability of the teeth to carry 
the loads mentioned without undue wear should be 
sufficient to justify the design. If one made an experi- 
ment to explore the possibilities as suggested by Captain 
Onyon, it would only be one instance after all. We have 
given five instances. If in other cases it is found that the 
same load cannot be carried, clearly some detrimental 
causes must be at work which should be investigated and 
overcome, 

It is stated that many vessels are running at reduced 
esl my at ng | name time. The five ships 
refe to in thse , however, were running fully u 
to the loads or ame . as 

Yours truly, 
8. 8. Cook. 

The Parsons Marine Steam Turbine Company, 
Limited, Wallsend-on-Tyne. 

April 15, 1921. 





Patent Orrice Examiners.—The Civil Service Com- 
missioners announce that an open competitive examina- 
tion for not fewer than 20 situations as assistant examiner 
in the Patent Office, Department of the Board of Trade, 
will be held in London in July next, commencing on the 
12th of that month. Limits of age, 20 and 25, with 
extension for service in H.M. Forces, Regulations and 
forms of application will be sent in resp to request 
by letter addressed to the Secretary, Civil Service Com- 
mission, Burlington Gardens, London, W. 1, on and after 
the 25th inst. 








Brivcz Over THe River Sesov at MECHRA-BEL- 
Kstri.—Tenders are invited for the construction of a 
bridge over the River Sebou at Mechra-bel-Ksiri 
(Morocco) for the Compagnie Franco- ole du 
Chemin de Fer de Tanger A Fez. The bri is to be 
6 m. 40 cm. wide between parapets or railings, and 
to allow p for a railway line as well as a road. 
The span is to be not less than 125m. Tenderers are at 
liberty to submit any propositions which they may think 
suitable for this type of work, method of construction 
and foundation, provided it satisfies the conditions of 


the ifications. Contractors desiring to compete 
should forward their applications with uisite refer- 
ences to Le President de la Commission érale des 


Adjudications et Marchés, Dar Niaba, Tangier, Morocco, 
or to l'Ingénieur-en-Chef de le Compagnie du Chemin 
de Fer de _or & Fez, Tangier, Morocco, under regis- 
tered cover before May 1 (letters from the United King- 
dom should be not later than April 24). Refer- 
ences, &c., should contain iculars of work of a similar 
nature already executed by the tenderer and at least 
equal in importance to the works at present proposed, 
and Faves “—y om mention Pe manner in which the 
contractor ischarged his obligations. Can- 
didates should give particulars of the materials at their 
disposal and state where these can be inspected. The 
specifications and conditions of tender, &c., will be 
sent under registered cover on the same day to all approved 
competitors, who should forward their within 
the eeening 10 -da pete Ste eras hemes 
on ication at Department Overseas Trade, 
35, Ol Queen-street, Westminster, 8.W. 1. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—While new business is largely sus- 

nded, a considerable amount of activity is to found 
in the manufacturing trades, despite the paralysing effect 
of fuel shortage and power restriction. In the armament 
section, Japan, whose Naval Department recently placed 
an order for armour — supplies, is inquiring for 
a big armour plate ing press. Fresh orders are not 
anticipated from the pes gig | section until prices 
have ano further reduced, but deliveries are maintained 
at a considerable level as regards railway materials and 
locomotives. Orders for passenger carriages and wagons 
show a welcome increase. Output of locomotives for 
shipment is practically double that of a month ago, 
despite disabilities arising from the fuel position. More 
inquiries are also in circulation for general ineering 
plant. Manufacturers of electrical machinery have the 
greatest difficulty in securing new business to replace 
expiring contracts. Competition is exceptionally keen. 
Business in steel and castings for the automobile industry 
does not show any appreciable improvement. One of 
the quietest sections is that devoted to the supply of steel 
and machinery parts for the agricultural implement 
trade. In this connection American trade shows a big 
falling off. The Eastern European markets are takin 
practically nothing, and business with South Africa is o 
a hand-to-mouth character. Buyers of farm and garden 
tools, who have postponed the placing of new contracts 
in the hope of further price uctions, are now comi 
forward with substantial renewals to cover seaso 
trade. Very little business is passing in the market 
for raw and semi-finished materials. Buyers of scrap and 
of steel alloys display the greatest caution, despite 
further price reductions. 


South Yorkshire Coal Trade.—Business is limited to the 
supply of essential needs under control arrangements. 
The pre-strike accumulation of slacks at collieries has 
proved invaluable for the maintenance of pumping 
operations, and for assisting the industrial position. The 
largest movement is in blast furnace coke, stocks of 
which are being despatched to the iron-making districts. 
Deficient reserves of house coal are being supplemented 
considerably from local outcrop seams. Nominal 
quotations :—-Best branch handpicked, 37s. 2d. to 
38s. 2d.; Barnsley best silkstone, 37s. 2d. to 37s. 8d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 328. 8d. to 338. 2d.; Derbyshire best large 
nuts, 32s. 8d. to 33s. 8d. ; Derbyshire small nuts, 31s. 8d. 
to 32s, 8d.; Yorkshire hards, 32s. 8s. to 33s. 8d. ; Derby- 
shire hards, 32s. 8d. to 33s. 8d. ; rough slacks, 23s. 2d. to 
24s. 2d.; nutty slacks, 22s. 2d. to 23s. 2d.; smalls, 
18s, 2d. to 198, 2d. 





Tue Surveyors’ Instirution.—The date for the 
annual country meeting of this Institution, to be held 
this year at Norwich, has been fixed for Thursday and 
Friday, July 7 and 8. It is ho that the arrange- 
ments will include, on the first y, @ civic reception 
in the morning, with visits to the cathedral and Messrs. 
Boulton and Paul’s after luncheon, and an Institution 
dinner in the evening ; and, on the second day, a motor 
car visit to Sandringham. 





German Exports.—Resumption of the publication 
of German export statistics of iron and steel is promised 
for the near future, says The Iron Age, New York. 
In view of the signs of German competition in the world’s 
markets, this announcement is received with decided 
interest. Some important figures have —, been 

iven out. German iron and steel exports in the first 
alf of 1920 were 735,446 metric tons, or 122,500 tons 
per month. There were 215,183 tons of bars and sections 
and 102,509 tons of plates and sheets.’ In the first 
half of 1914 Germany’s steel exports were 3,352,044 
tons. In 1919 the monthly rate was only 10,300 tons. 
The 1920 recovery to July 1 was, therefore, nearly 
twelve-fold that of the previous year. Machinery exports 
during the first half of last year were 158,359 tons, 
against 278,058 tons in 1914, a relatively larger recovery 
than in steel. The average of 122,500 per month a year 
“n° compares with about 480,000 tons per month in 1913. 

e rate to-day is problematical, but the recovery 
probably has inc ‘ 


” 


Canapian Nationa Exursirion, Toronto.—H.M. 
Trade Commissioner at Toronto has recently drawn 
attention to the above exhibition, which is held annually 
at Toronto and will be open this year from August 27 
until September 10. This exhibition presents a very good 
opportunity for United Kingdom firms to secure wide 
publicity for their products in Canada. It is open to 
the general public and combines the features of a trade 
fair and a pleasure ground. Many of the more important 
Canadian and American firms are exhibitors, but the 
display by United Kingdom firms has hitherto been 
inconsiderable. At the 1920 Exhibition the number of 
United Kingdom firms represented was less than 30. 
As in former years, a Bureau of Information in con- 
nection with the Trade Commissioner Service in Canada 
will be maintained, and Mr. F. W. Field, H.M. Trade 
Commissioner at Toronto, will be glad to receive any trade 
literature or catalogues for distribution, free of charge, 
from the Bureau in question. Small exhibits, typical of 
United Kingdom industries, and small attractive posters, 
will also be welcome. The catalogues, &c., should 
sent direct to the Trade Commissioner, 257-260, Con- 
federation Life Buildings, East Queen-street, Toronto, 
not later than July 15 next. An advice to the Depart- 
ment of Overseas Trade from those who decide to 
participate in the exhibition will be appreciated. 


. 
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NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Whilst transactions in 
ig iron are few and small, it is gratifying to notice a 
ess-pronounced disinclination to operate. Hope of 
resumption of business on anything like an extensive 
scale, however, cannot be entertai until the situation 
as labour trouble improves. A few sales of 
Cleveland pig to Scotland are reported, and recent 
overseas transactions include the — of 3,000 tons 
of No. 3 Cleveland pig to India. There is once more 
marked scarcity of No. 3, but makers’ stocks of other 
descriptions of Cleveland iron are plentiful. For 
home , as well as for shipment abroad, No. | 
Cleveland pig is 125s.; siliceous, 125s. to 1278. 6d. ; 
No. 3, G.M.B., 1208. ; No. 4, foundry, 1198. ; No. 4, forge, 

117s. 6d.; mottled, 117s. 6d.; and white iron, 115s. 


Hematite.—Nothing new of moment is ascertainable 
concerning the East Coast hematite branch. Producers 
still adhere to their agreed-on fixed prices for home 
consumption, viz.: 182s, 6d. for No. 1 and 180s. for 
mixed Nos., but they are keen sellers for despatch to 
foreign ports at 20s. below these figures, and possibly 
mixed Nos. could be bought for shipment abroad at below 
160s. 


Foreign Ore.—So far as is ascertainable, there is nothing 
whatever passing in foreign ore, and reliable quotations 
cannot be given. 


Coke.—The coke situation shows no change. Supply 
is plentiful, but demand has almost disappeared, and 
business is practically at a standstill. Prices may be 
put onndatlir at 278. 6d. to 30s. for gas-house product, 
and 55s. to 60s. for foundry coke for export; and from 
42s. 6d. at the ovens for average blast furnace kind. 


Manufactured -Iron and Steel.—Transactions in 
manufactured iron and steel are very few and small, but 
deliveries in fulfilment of oo =; contracts continue 
on a moderately good scale, Steel rails and fish plates 
are down £3. Among the principal quotations are : 
common iron bars, £19; iron rivets, £26; packing 
iron ( lel), £12; king iron (tapered), £18; steel 
ship, bridge, and plates, £19; steel angles, joists, 
and sections, £17 108.; steel boiler plates, £25; steel 
billets (hard), £15; steel billets (medium), £14 10s. ; 
heavy steel rails, £15; and fish plates, £20. 





Farapay House Etectricat ENGINEERING COLLEGE. 
—As a result of the Entrance Scholarship Examination, 
held at Faraday House on the 12th, 13th and 14th inst., 
the following awards have been made: To H. G. Spencer, 
Erith County ro mg the “ pet = pm of 
50 guineas, tenable for one year in co one year in 
works; to E. F. Smith, Wscnnel School, an exhibition 
of 30 guineas, tenable for one year in college and one 
year in works; to E. W. M. Scott, Oundle School, an 
exhibition of 20 guineas, tenable for one year in college 
and one year in works ; and to W. A. Bennett, Mundella 
Secondary School, an entrance prize of 20 guineas. 





Exgctrric FURNACES IN THE UniTeD Kinepom.—In 
connection with the paragraph dealing with the above 
subject on page 317 of our issue of March 18, Messrs. 
Electro-Metals, Limited, of 56, Kingsway, W.C. 2, 
write to point out that there are 29 furnaces of their 
make installed in the United Kingdom, which they 
believe have a total capacity in excess of those of any 
other make, except the Héroult furnace. They further 
state that they think they may safely claim that 
among furnaces actually working in this country those 
of their make hold the first place in capacity. We regret 
that proper credit was not given to Messrs. Electro- 
Metals in our original paragraph and to the well-known 
work they have done in connection with this matter. 





NationaL Union oF Screntivic WoORKERS.—A 
meeting of the London branch of this union was held on 
the 14th inst., when Mr. H. E. Potts dealt with “The 
Position of Employer and Scientific Worker in. Relation 
to Patent Law.” He stated that in the present legal 
position, the basic principle was that, in the absence of 
a special contract, the invention of an employee—even 
though made in the time, with the materials and at the 
expense of the employer, did not become the property 
of the latter so as to prevent the employee from taking 
out a patent. There were, however, many exceptions, 
and the higher the position of the employee the more 
likely were they to apply. He mentioned the following 
four exceptions: (a) Trhe work might be done under 

ific instructions, in which case the director might 
claim to be the inventor, and his claim be allowed ; 
(b) the work might be considered as a condition of 
employment and to be included in the duties of the 
position held; (c) the worker might be in a position 
of ial confidence and have access to special infor- 
mation ; (d) there was frequently an agreement in force 
between firms and their scientific staffs that all patents, 
arising out of work done, should be assigned to the firm. 
In return some firms gave bonuses for successful inven- 
tions, others a share of the proceeds or royalties, while it 
sometimes ha ed that a firm only claimed a free 
licence and te t to the inventor all royalties. The 
lecturer considered that the union ought to decide what 
it considered to be a fair ment, and thought that 
some form of bonus for successful inventions was of value 
of final 
stages of invention. He that before formu- 
lating a policy in regard to the inventions of scientific 
workers in industry, the union should investigate the 
conditions prevailing in America and on the Continent, 
and confer with a representative body of employers. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Scottish Iron and Steel Trades,—In the manufactured 
iron and steel trades of Scotland the anxiety which 
prevailed during recent months has now given place to 
a feeling of resignation and the accepting of the present 
state of things with as good grace as possible. In some 
quarters the cancelling of the threat to strike on the part 
of the other partners to the Triple Alliance was looked 
upon with satisfaction, while there are very many of the 
manufacturers who held the view that had the strike 
on, an earlier solution would have been arrived at 
of the much vexed questions between Capital and Labour. 
A settlement of the present trouble in the coal trade 
will not give us.a solution of these greater spoctiane, and 
trade and sectional disputes are not unlikely to continue 
yet awhile. The iron and steel trades are very badly hit 
at the moment because of their large consumption of fuel, 
but if cheaper coal is the result then the makers will 
have a chance of being better able to face the heavy 
compevition from the Continent. Business is, of course, 
at a standstill, as buyers are meantime out of the market, 
and there will be little doing until the miners’ strike 
is over. Several of the works which had a fair stock 
of coal have been able to keep moving so far, but in these 
cases there was only a section of their plant in operation. 
Many orders of one sort and another have been sec 
by the foreign producer on account of the low quotations 
named, but the home makers have the matter of prices 
in hand, and it may not be so very long before they come 
into their own again. No oo has been made in 
selling rates yet, and these are as follow :—Boiler plates, 
251, per ton ; ship plates, 19J. per ton ; sections, 171. 10s. 
per ton; black , 191. 108. per ton; “ crown” 
bars, 197. per ton; all net, delivered Glasgow stations. 
Export trade is almost negligible at present. 


Scottish Pig-Iron Trade.—The miners’ strike has had a 
serious effect on the Scottish pig-iron trade and has made 
the stop of the blast-furnaces very complete. The 
output during the past month or two was very small 
owing to the poor demand all round, but last week con- 
sumers took in fair deliveries to tide them over a possible 
stop in the transport services, and stocks have thus been 
considerably uced, These orders were v satis- 
factory from the producers’ standpoint as prices are 
likely to be lower before any buying movement comes 
along. To-day’s quotations are round 9. per ton for 
hematite iron, 8/. 10s. per ton for foundry iron No. 1, 
and 81, 5s. per ton for No. 3 quality. 


Shipbuilding— Wages Reduction.—While records still 
continue to be made in the shipbuilding trade, it has been 
known for some time back that all was not well with the 
industry. Orders have been cancelled, contracts have 
been held back and repair work could not be secured, 
and all due to the heavy prices of material and oncost 
charges. The former have been easing off within recent 
weeks and endeavours to get the latter lowered have at 
last proved successful. Yesterday a meeting took place 
at Carlisle between representatives of the Shipbuilding 
Employers’ Federation and the Federation of Engineering 
and Shipbuilding Trades, and an amicable agreement was 
arrived at. The following is the basis of the settlement, 
and both sides have agreed to recommend acceptance 
to their respective members :— 

(1) That the state of trade advance of 6s. per week 
to time workers and 15 per cent. on piece rates to piece 
workers granted in 1920 shall be withdrawn in two 
instalments. t 

(2) That each of the two instalments shall be of equal 
amount, #.e., 38, per week to time workers or the equiva- 
lent where payment is made by the hour, and 7} per cent. 
in the case of piece workers; the first instalment to be 
withdrawn on and from the inning of the pay com- 
meneing in the week ending May 7, 1921, and the second 
instalment to be withdrawn on and from the beginning 
of the pay commencing in the week ending June 4, 1921. 
It is freely anticipated that when the terms of settlement 
come before both sides that they will be accepted. 





Stace Bricks at ELBERFELD.—The number of brick- 
works of Elberfeld having, it is reported, diminished 
by the war from 11 to 3, the municipality completed in 
May, 1920, a plant for producing 10,000 slag bricks 
per day. The power is supplied by two electric motors 
of 26 h.p. and 15 h.p. respectively, and the number 
of employees is 26 ; they are engaged on an eight-hour 
day. The slag is first spread in the open for about three 
weeks to give the sulphites, which would cause efflorescence 
later, time to change into sulphates. The slag is then 
passed through sieves. The bigger lumps are crushed to 
a size of 15mm. (0-6 in.) and disch into bins which 
deliver them into the two mixing machines of the works. 
At first in these machines water and lime were added, 
the latter in the proportion of 1:8. Lime was afterwards 
replaced by cement. The mixture through ho 
into the machines in which the bricks are m ; 
the dimensions are 25 cm. by 12 cm. by 9} em. (10 in. 
by 4 in. by 3}in.). The bricks are then conveyed to 
the ng shed, where they remain for five days or less, 
after which t! are sufficiently firm to be handled, 
They are then taken to another building in which drying 
and ening are completed within three or four weeks. 
When cement is used only one part to 14 parts of slag 
18 wanted; the cement bricks are much stronger than 
the lime bricks, and require only 14 days for their 
drying; as to cost, there is little difference. No coal 
being wanted for , the slag-bricks are considerably 
cheaper than clay bricks, especially when the cement 
used is itself a furnace product, and the whole 
a os 
of eavine — transport 


NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Coal Trade.—Except for the sale of small parcels 
from standing stocks for essential national requirements 
business in the coal trade is at a standstill. Restrictions 
in respect to the shipment and delivery of coal are 
rigidly enforced and my pee’ of all kinds are unobtainable 

without permits from the authorities. Shipments forei 

from South Wales in the past week amounted to on 
33,000 tons, compared with 250,000 tons in the oan 
ended March 25. Of last week’s total 4,000 tons were 
supplied to France, 15,000 tons to Italy, 2,000 tons to 
iS) , 12,000 tons to other countries and 51 tons to 
British coaling depots. Official returns of imports into 
France during January testify to the reality of American 
neeiice in the coal trade. Whereas the imports of 
British coal fell from 938,758 tons in January, 1920, to 
750,435 tons in January of this year, a reduction of about 
ped cent., the importation of the United States com- 
ity jumped from 69,865 tons to 443,997 tons, an 
increase of about 534 per cent. France and Belgium 
are not only well supplied with coal, but evidently have 
large quantities to spare, for South Wales merchants have 
received offers to supply, in 5,000 and 10,000-ton lots, 
quantities up to 100,000 tons with prompt delivery, 
on the basis of 548. per ton f.o.b. Antwerp for bituminous 
large coal, 44s. for throughs, and 60s. for patent fuel. 
There is so far no change in the attitude of the South 
Wales miners’ leaders, for the executive of the Federation 
have decided to advise the delegates to a special con- 
ference, to insist upon the original proposals for the 
establishment of a national wages board and a national 


pool, and to oppose even a tem settlement of 
wages on & district basis. They further that the 
national Federation should steps to withdraw all 


labour from the collieries. 


The Iron and Steel Trades,—In the course of a recent 
at Swansea, Mr. Lewis Jones, of the 
uth Wales Siemens Steel Association, said that no steel 
works was producing to-day at a profit. Coal was 
costing between 200 per cent. and 350 per cent. more 
than pre-war, and from 5 tons to 6 tons were used in the 
— of a ton of steel. Steel makers had been 
ing forward to a reduction in this price, as 108. per 
ton coal would result in 2/. to 31. per ton off steel, 
and 31. per ton off spelter. At the bottom of all costs 
was the question of wages. The direct average earnings 
in the steel trade in the country in 1920 showed a three- 
fold increase over 1913, and the increased cost per ton 
due to reduced output per head was nearly four-fold. 
No less than 90 per cent. of the cost of a finished ton of 
steel was the cost of labour, and in the case of lter 
wages came to 95 per cent. for every ton produced. 
Those cumulative costs showed the importance of 
dealing with the question of wages generally, said 
Mr. Jones. There is a better undertone in the tin-plate 
market. Stocks are being exhausted, but unless coal 
is shortly forthcoming the few works open will soon be 
compelled to close down. Inquiries have circulated a 
little more freely of late, but sellers generally are not 
eager to take business at the ruling prices of 288. 6d. to 
3le. 6d. per standard box, which not cover the cost 
of production. 





Tue Merric System.—We read in The London and 
China Telegraph that the Paris Academy of Science 
has been informed by M. Guillaume, Director of the 
International Bureau of Weights and Measures, that the 
Japanese Parliament has passed a law making the adoption 
of the metric system obligatory in Japan. The metric 

has been optional in Japan since 1893, when the 

i system was adopted side by side with the 

Japanese weights and measures. In China, the decimal 

system was jadopted in 1906, and the metric system, 

ted in 1913, should become obligatory in 1923. 

In Siam the metric system has been since 

1912. Thus the metric system has been - 
out the Far East, and in Frenee 3 Soe 

decision of Japan will have a certain uence in 

countries, since the opponents of the metric 

in the United States, Great Britain and the 

ies have partly based their objections to it on the 

need of conserving the English way of reckoning in the 


Tue DEVITRIFICATION OF Gtass.—Glass is usually 
regarded as a complex of fused silicates, supercooled into 
an amorphous solid, which under certain conditions, 
notably by repeated heating, may become devitrified, 
t.e., turn ine. In this crystallisation particles 
in the interior of the glass are supposed to act as nuclei. 
According to Albert Germann (Journal of the American 
Chemical Society, of last January) the devitrification is 
a surface phenomenon and intimately connected with 
the affinity of glass for water and also for carbon dioxide. 
It is well known that the film of moisture adhering to 

lass is difficult to expel, and that some glasses 
Oo not weat well, but are slowly decomposed by moist 
air. Sometimes glass is partly covered with an 
efflorescence of sodium bicarbonate NaHCOs. Both 
water vapour and carbon dioxide occur in the gas flame 
and may attack the glass. Germann has found that 
glass used in the chemical laboratory of the University 
of Cleveland, Ohio, which had devitrified, was only 
affected on the surface, and that it could be made clear 
— by being washed with dilute hydrofluoric acid. 

e therefore that the nuclei in the interior have 
i th the devitrification which is simply 
. odes the part | ug by interaal nucle i “other 
not y in n in 

troub! net common in laboratories, but 
interesting to know whether all devitrification 








can be cured by means of a surface washing. 





NOTICES OF MEETINGS. 


Tue INsTITUTION oF MECHANICAL ENGINEERS.- 
Friday, April 22, at 6 p.m., at the Institution, Storey’s 
Gate, St. James’ Park, 8.W., “ Limit Gaugi a intre- 
duced by Sir Richard T. Glazebrook, K.C.B., D.8c., 
F.R.S., Honorary Life Member. 

Tue Puysicat Socrety or Lonpon.—Friday, April 22, 
at 5 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8.W.: “(1)* “The 
Effect of Viscosity on Orifice Flows,” b: . W. N. 
Bond, M.Se.; (2) “The Viscosity of Water at Low 
Rates of Shear,” by Mr. A. Griffiths, D.Sc., and Mrs. 
Constance H. Griffiths, M.Sc.; (3) “A Method of 
Measuring Frequencies,”’ by Mr. B. 8. Smith and Mr. G. F. 
Partridge, B.Sc. 

Tue Royat Socrety or Arts.—Monday, April 25, 
at 8 p.m.: Cantor Lecture, ‘‘ Recent Applications of the 
Spectroscope and the Spectrophotometer to Science and 
Industry,” by Mr. Samuel Judd Lewis, D.Se., F.1.C., 
Ph.D., Lecturer in Spectroscopy at University College, 
London. (Lecture III.) ednesday, April 27, at 
8 p.m.: ant Meeting,. “‘ Research in the Wool 
In vy Ml bieny’ ames P, heliffe, Chairman of the 
British h Association for the Woollen and Worsted 
Industries. Sir Thomas H. Middleton, K.B.E., C.B., 
LL.D., Member of the Development Commission, will 
preside. 

Tue InstrrvTion or Crvm Enorneers,—Tuesday, 
April 26, at 5.15 p.m., Special General Meeting, to eon- 
firm a resolution and an amendment adopted at the 
meeting on April 12; followed by an Ordinary Meeting, 
for the purpose taking a ot for new members. 
At 5.30 p.m., Annual General ing. 

Tue ILLUMINATING a sone he 
A 26, at 8 p.m., at ti ouse Royal Society o 
_— John Street, Adelphi, London, when a discussion on 
ww See tiene, in Relation to Comfort, Safety and 
Efficiency ’’ will be opened by Mr. W. J. Jones. 

Tue Instirution or Ramway Sicnat Enotverrs 
IncoRPORATED).—Friday, April 27, at 6 p.m., at the 

i Grand Hotel, St. Pancras, a paper on ‘‘ Magnetic 
Storms—Their Effects upon Railway Signal and Telegraph 
Apparatus,” by Mr. W. J. Thorrowgood, Member, of 
Council. 

Tue Royat Sanrrary InstiTuTe.—W ednesday, eeel 
27, at 5.30 p.m., Lecture by Colonel C. H. Melville, 
C.M.G., M.B., R.A.M.C., on “Some Lessons of the War.” 
The chair will be taken by The Right Hon. the Ear! 
of Plymouth, G.B.E., C.B., P.C. 

Tue Junior InstirvTion or EnoGinerrs.—Friday, 
April 29, at 8 p.m., at Caxton Hall, discursive lecturette, 
a Rambling Remarks on Expert Evidence,’’ by Mr. W. A. 
Tookey, M.I.Mech.E, (Member). ‘ 

Tue Royat Instrrvtion or Great Barrars.—<April 29, 
at 9p.m., a discourse will be delivered by Sir Frank Watson 
Dyson, LL.D., F.R.8., Astronomer Royal. The subject 
is “Advances in Astronomy.” Afternoon Lectures, 
at 3 p.m.: Tuesday, April 26, Professor Arthur Keith, 

an 


M.D., LL.D., F.R.8.,. Fullerian Professor of Ph gy: 
on “ Darwin’s Theory of Man’s Origin in the it of 
Present Day Evidence” (Lecture II); Wednesda: 





Z y. 
April 27, Mr. H. 8. Foxwell, F.B.A., on ‘‘ Nationalisation 
and B acy” (Lect II); Saturday, April 30, 
Mr. H. Yule Oldham, M.A., F.R.G “The Great 
Epoch of Exploration—(2) Spain.” 


.B., on 





Socrery.—The 
read before this 
as been awarded to 
on “ Reinforced Con- 

the session were 


CrystaL Patacke ENGINEERING 
‘Wilson Premium ” for the best 
Society during the past session, 
Mr. C.. W. Carter, for his 
crete.” Other 


“ Permanent wi “ Locomotives 
of the London and North-Western Railway,” “ Engin- 
eering of Antiquity,” and ‘“ Tunnelling.” \ 





Messrs. Davin Cotvirxe anp Soys; Loarrep.— 


On the occasion of jubilee—the ha been 
founded on February 17, 1871—Messrs. David le 
and Sons, Limited, Motherwell, Glasgow, have issued an 
elegant illustrated 


phlet, sae ey - historical 
information on their works, detailing their development, 


the large share they took in war work, and giving 
particulars of their output. Their several allied concerns 
are also referred to. 





Composition or ALtoys ror Brarincs,—In the 
course of an article on “ Bearing Metals,” published in the 
Chemiker Zeitung of March 3 last, Bruno Simmersbach 
draws attention to a forgotten proposal made by 
W. Philippi in 1862, to force a pulp of paper, graphite, 

and linseed oil into the cavity of a bronze 
harvey The suggestion was tried on small Rhenish 
railways at the time, and later adopted by other railways 


in Germany and Austria, but was subsequently aban- 
doned, ap mtly on account of difficulties of manu- 
facture, Those difficulties would probably not be so 


t at present. Of emergency bearing metals, used 
in Germany during the war, Simmersbach mentions alloys 
of 85 parts by weight of zinc, 10 of aluminium and 10 of 
copper, and also of 80 parts of zinc, 4-6 of lead, 9-7 of 
tin, 4-4 of copper. Some of these preparations par a 
their relative proportions considerably during refusion 
owing to the oxidation and volatilisation of some of their 
components, and it is difficult, therefore, to estimate 
their value correctly. On the other hand, Heyn and 
others have found that the proportion of tin and arsenic 
are hardly affected by pe prey Ba eting all 
rate of cooling is gen ly more 
effect on the Propertios of bearing metals than slight 
variations in their composition. 
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AMPHIBIOUS BOAT SEAPLANE. 


CONSTRUCTED BY 


(For Description, see Page 486.) 


Lan 


eS Ne Renee ee By 5 ee 
% . 


MESSRS. VICKERS LIMITED, ENGINEERS, WEYBRIDGE. 





Fre. 2. 


TRADE witH PALEsTINr.—The Controller, Govern- | of Vickers’ engine work was carried on for the Admiralty, 
ment Stores, Russian Buildings, Jerusalem, is desirous | and owing to the secrecy enjoined upon them they were 
of receiving trade catalogues of any class of stores for | not in a position to go beyond the requirements of the 
placing in the catalogue reading room opened in his | naval craft, which kept them busily engaged in internal- 
department for the convenience of the general public. | combustion engine manufacture. It may be mentioned 
Catalogues may be in either English, Arabic, Hebrew | in passing that Vickers’ solid injection submarine engines 
or French, and should, wherever possible, be priced. have given fuel consumptions down to 0-376 lb. per brake 

oo horse-power per hour on a six hours’ full power trial, 

M.V. “Scorrisa Sranparp.’’— Jn Friday, the 8th | officially recorded, which is believed to be a world’s re- 
instant, the above vessel, the first of a series of four large | cord, while the Narragansett’s engine consumption on 
oil tankers driven by oil engines, both ships and engines | service indicates that her engines are at least as economical 
being constructed by Messrs. Vickers, Limited, for Messrs. | as any afloat. Since the Armistice Vickers have been 
Tankers, Limited, was launched at the Naval Construc- | more free to meet the requirements of the mercantile 
tion works at Barrow. The main particulars of these | marine, and for this their experience in the Marinula and 
ships are as follows :—Length B.P., 425 ft.; breadth, | Trefoil, and the monitor Marshal Soult, larger ships 
moulded, 56 ft. 8 in.; depth, moulded (upper deck), | supplied to Admiralty specification, has stood them in 
33 ft.; mean draft, 26.ft.; displacement, 14,050 tons; good stead. The Narragansett, the first of their purely 
total deadweight capacity, 10,000 tons ; bunker capacity | commercial vessels, owned by the Anglo-American Oil 
(oil), 1,078 tons. ese ships are practically repeats of Company, has now been on service nearly twelve months, 
the M.V. Narragansett which, with her sister ship the having been engaged in the transatlantic oil-carrying 
Seminole, was ordered by the Anglo-American Oil Com. | trade. In this work she has made some remarkable 
pany from the same works. The main differences are | runs, the last of which—a round voyage from England 
in detail, more boiler power being fitted in order to give | to New Orleans and back—is typical. Her ave 
ample ee in the event of carrying very speed for the 9,120 miles was 10-6 knots with a daily 
heavy oil in the cargo. Previous to the Armistice, most | engine fuel consumption of something under 10 tons. 








Fic. 3. 


The return trip was made in better weather than the 
outward one, and her speed was 11-3 knots. This for an 
Atlantic run in winter time is a most creditable per- 
formance for a vessel of nominally 10-5 knots trial trip 
. The main characteristic of Vickers’ engines is 
in the abolition of the injection air system, notoriously 
the most troublesome and gerous wry of the 
Diesel engine, but apart from this, the engines have been 
designed bearing directly in mind the requirements of 
sea-going conditions, which are in many ts, as 
experience has proved, quite different from those obtain- 
ing in shore stations. As may be readily understood, 
owing to the secrecy above referred to, little has hitherto 
been known of the Vickers’ oil engines, although, as 4 
matter of fact, high-powered engines of their design, of 
@ total horse-power of half a million, with diameters of 
linders ranging up to 30 in., have been supplied ; 
all of these engines being of marine design. It is a com- 
mon impression that the Diesel engine is an essentially 
Continental production, and to some extent this 1s 
strengthened by the number of firms who are working 
under foreign licences. The above facts, however, show 
that a British firm, working on linee of its own, has 
nothing to learn from the Continent in the way of marine 
oil engine design or manufacture. 
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NOTICE. 


A few months ago the Proprietors of ‘‘ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
ls. 24. per copy, and this price dated from and 
Tneluded the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
of single copies sent by inland post is now Is. 2jd. 

NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies tor chance customers; therefore 
readers who wish to be sure of obtaining “‘ ENGI- 
NEERING” each week should place an order for 
the Journal with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 491. 
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COAL MINING ACCOUNTS. 

In the discontents, arguments, charges and counter 
charges which have punctuated the history of the 
British coal industry during recent years, nothing 
ean more forcibly have struck the observant out- 
sider than the apparent absence of any adequate 
data on which either disputant could base his case. 
This apparent absence, we fear, stands for a real 
absence. and although close and accurate record and 
keeping of detailed costs is not a strong feature of 
British industry as a whole, it would probably not 
be far from the truth to suggest that the coal trade 
in this respect stands worse rather than better than 
our mediocre average. Most people would at the 
present day be prepared to admit in general terms 
the value of proper costing even though they may 
not always apply it in their own business, but to 
anyone who is doubtful of the value of such procedure 
the present situation in the coal industry may be 
commended. If proper detailed costs were avail- 
able of the various operations through which coal 

, from its initial position in its natural bed 
until it is loaded in railway trucks ready for despatch, 
and if-also a proper and honest analysis of these 
costs were at hand, it would enormously facilitate 
the settlement which sooner or later must follow 
the present upheaval. 

It is not going too far to say that the first and 
one of the most important steps in an attempt to 
reduce costs of any kind is to ascertain what those 
costs are. By this we do not mean what they are 
in general and overall terms—that is usually known 
only too well—but what they are in final detail and 
in how far each operation which may be concerned 
contributes to the sum. There are probably few 
operations which on the whole are carried out more 
efficiently in this country than the generation of 
electric power and there are at the same time 
probably few operations in connection with which 
the keeping of detailed costs is more widespread. 
This state of affairs may partly be attributed to 


94 | the electrical industry being of recent growth and 
%4|to its leaders, from its nature, being more or less 


in touch with scientific thought. Owing to this 
connection a detailed investigation into what each 
part of the complicated machine with which they 
are concerned is doing is taken to some extent as a 
matter of course, or at any rate does not run counter 
to old and ingrained methods, as such procedure 
would in many industries. 

This explanation in terms of the scientific side of 
electrical work should be given some weight, but 
there is little doubt that the main causes of the 
admirable detailed costing methods of the electrical] 
industry lies in the fact that the keeping of such 
costs is compulsory. Many years ago the’ Board of 


504 | Trade got out a standard method of keeping accounts, 
;|and the use of this method has been made obliga- 


tory on electric supply undertakings. Doubtless 
this procedure raised some opposition at first, but 





it is now taken as a matter of course and there is 
no doubt at all but that it has enormously added to 
the efficiency of the industry. Not only is the 
engineer of one station enabled directly to compare 
the results he obtains with corresponding results 
obtained elsewhere, but he is compelled to analyse 
his own results and find out the costs of the in- 
dividual operations which go to make up the total 
which cover his activities. 

As the first thing to do in stopping a leak is to 
find out where it is, so the first thing to do in, im- 
proving the efficiency of coal mining is to find out 
which are the weak spots and how weak they are. 
It is matter of acute interest to be told that while 
the wages per worker in the coal industry of this 
country have increased 135 per cent. over 1914, 
the wages per ton of coal have increased 300 per 
cent., but as a piece of practical working informa- 
tion the statement is useless. What is necessary 
before any wide and general improvement can be 
introduced is to know—not vaguely, but exactly— 
how much of this 300 per cent. represents coal 
cutting, how much transport in the mine, how much 
winding, how much screening and loading up and so 
on. No doubt some collieries have detailed analysed 
costs which give them some idea of what they are 
doing and which can be consulted when for instance 
the desirability or otherwise of some important 
capital expenditure is under discussion, but we find 
it difficult to imagine that such figures are generally 
in existence or are other than painfully rare. 

In order that the coal situation may be under- 
stood properly and in order that effective steps may 
be taken to improve it, it is necessary that proper 
figures should be available telling what proportion 
of the 300 per cent. represents hewing, what pro- 
portion underground haulage and so on. Such 
figures would probably show remarkable differences 
even in mines in which the physical differences were 
not greatly dissimilar, and it is precisely because 
such figures would bring forward such differences 
that they would be of enormous value. One may 
easily imagine two such mines one of which showed 
much higher costs of coal cutting labour than the 
other, and which by themselves and to an outsider 
would be impossible to explain, but a proper 
investigation of detail costs might well show that 
the apparent excessive cost of cutting in one mine 
was entirely due to the inadequdcy of the under- 
ground haulage arrangements. This case is a simple 
one and it is not suggested that the mine manager 
might not be well aware that his underground 
haulage was not all that could be desired and that 
he might not be making attempts to improve it. 
The point is, however, that a general impression or 
idea on the part of the manager to this effect is of 
enormously less value than would be detail figures 
demonstrating how much the unsatisfactory arrange- 
ments are costing per week and how they compare 
in performance with similar arrangements in other 
mines. 

This matter of detailed costing in mines is no 
mere question of cut and dried accountancy. It 
goes down to the very basis of management. Noone 
can run a complicated organisation at its best 
efficiency who has no means of measuring the 
efficiency of the parts which make it up, and the 
efficiency of the parts can only be obtained through 
a system which separates out the cost of every 
operation and the details of every operation. The 
collecting and collating of such costs is accountancy. 
The planning of the method on which they shall be 
collected and the proper use of the results they show 
is management. So valuable are properly analysed 
detail costs and so essential are they if the best is 
to be got out of any organisation that if one colliery 
only initiated and applied them properly they 
would greatly assist its management, and would 
almost certainly enable it to show in a compara- 
tively brief time considerable improvements over 
its previous performance. The full value of such 
methods can, however, only be achieved when they 
become widespread in an industry and when it is 
possible for a manager to compare the details of the 
performance of his own mine on even terms with 
the details of others. 

It will be gathered that we consider detailed 
costs of mining work should not only be collected 
but should be published. The value of such 
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publication, however, would not be mainly in the 
sort of competition for lowest costs in some par- 
ticular operation which might be engendered among 
different collieries. Any value which might lie 
in the competitive spirit need not be neglected, but 
the great differences in local conditions which exist 
even in a group of pits makes immediate competi- 
tive comparisons difficult, or impossible. The 
value to a manager of detailed costs of concerns 
other than his own and particularly the value to 
him of detailed averages for the whole country 
would be that they would give him a basis and a 
point of view from which he could judge his own per- 
formances. The manager who has the highest 
overall costs in the country may well be content 
to say that of course the conditions of his pits are 
specially difficult. But if he discovers that his high 
overall cost is due only to bad performance in one 
detail then he has a valuable new basis from which 
to regard his operations, and is very likely shortly to 
improve his own position in the comparative table. 

We have referred to the control of the method of 
accountancy of electrical undertakings by the Board 
of Trade, and as a further example of somewhat 
the same kind of thing may mention the railway 
returns which have to be made by the railways to 
the Ministry of Transport. We have no wish to 
multiply useless returns of any kind, but suggest 
that only good could come from coal mines being 
required by the Mines Departments of the Board 
of Trade to keep their accounts in a specified way 
and so that the cost of the various detail operations 
which make up mining would be directly com- 
parable for all undertakings throughout the country. 
In mines in which accounts are kept badly this would 
probably entail a considerable amount of new work, 
but the direct benefit to the mine concerned would 
be well worth the trouble and expense. The 
figures are desirable not for the purpose of criticising 
anyone, but to enable the whole industry to know 
better where it stands and to help it to a higher 
efficiency. There is no value in secrecy in a matter 
of this kind and those who most truly have the 
interest of the industry and the country as their 
object, would most readily be prepared to give full 
information about their own results. The only 
road of ultimate advance lies in the direction of 
increase of knowledge and no greater service can 
be done to coal’ mining than to enable it to learn 
more about its own affairs. 





GERMANY AND REPARATIONS IN 
FRANCE. 

A SPEECH was recently delivered in the French 
Parliament by Mr. Loucheur, the Minister for the 
Liberated Regions, which should settle once and 
for all the question of the “German offers” of 
material and labour required for reconstructing the 
French districts wantonly devastated by the enemy. 
So much weight has been laid in some quarters on 
the said “ offers * that we make no excuse for giving 
below a brief abstract of the French Minister’s 
speech. He stated that the Allies themselves 
indicated to Germany by a letter dated June 14, 
1919, the conditions in which she might be called 
upon to collaborate in the rebuilding of the devas- 
tated regions of France. These conditions were 
three in number. Germany was to confer with the 
representatives of the countries in which. reparation 
had to take place; the offers had to be clear and 
precise; and they had to be formulated within a 
period of four months. Inthe month which followed 
the Peace Treaty, the French Government called 
a conference of Allied ani German experts who 
looked into the conditions for the supply of material 
and labour by Germany. A-note handed in shortly 
after by Germany contained propositions which 
appeared to France unacceptable. France had 
referred to the carrying out of work, whilst the 
German note laid special stress on the cessation of 
work, strike conditions, and specified that the 
German workmen had, of a necessity, to be affiliated 
to the Oonfédération Générale du Travail. 

Another stipulation was to the effect that 
there should be provided rooms in which the 
German workmen could meet together, where they 
would find the means for recreation and for culti- 
vating their minds—this at a time when the un- 





fortunate French inhabitants of ,these regions were 
still living in caves and ruins. At the same date, 
Mr. Chanvin, secretary of the Building Federation, 
protested to the French Government against the 
employing of German labour in France. Matters 
then remained in suspense. On February 16 last, 
representatives of the Confédération Générale du 
Travail were at a meeting in Geneva, in which 
representatives of German trade unionists also took 
part, when a convention was passed containing, 
to Mr. Loucheur’s great surprise, the unaccept- 
able clauses referred to, and stating that the 
German workers were to hold the French trade 
union rights and be affiliated to the Building 
Federation. It also embodied certain clauses which 
Mr. Loucheur found quite equitable, notably those 
fixing the amount of wages. But the other German 
claims remained entirely inadmissible. In the 
matter of the supply of material by Germany, 
Mr. Loucheur stated that he had never been against 
it; he had even caused to be included, in annex IV 
to the Peace Treaty, stipulations covering the point. 

The French Government did not remain passive 
in this connection. Two weeks after the signing of 
the Treaty, and without waiting for its ratification, 
the French Government communicated to the Ger- 
man Government a long list of material required for 
rebuilding the devastated regions, including window 
glass, cement slabs, bricks, tiles, and 2,000,000 rail- 
way sleepers. No delivery took place. As soon as the 
Treaty was ratified, the French Government handed 
to the Reparations Commission a statement of the 
material to be supplied by Germany, for a total of 
five milliard gold marks. To this day, Germany has 
supplied material only to the extent of 7,000,000, 
or only 1-4 per cent. The German Government 
has always maintained the same attitude; it has 
received the lists, kept them for five or six months, 
then has made offers having no connection with the 
requirements and has quoted prices twice and 
two and a half times the average prices quoted in 
Germany for the same material. From the point 
of view of material supplies, therefore, the Germans 
have always spoken and acted in a most unsatisfac- 
tory way. Atypical example is the following. France 
asked for 3,000,000 cub. metres of timber. After 
seven months’ discussion and the refusal of Germany 
to take reasonable prices, the prices were decided 
by the Reparations Commission. A non-official 
communication from Germany states that it is 
impossible to find timber at the prices indicated, 
although the latter are, it should be noted, much 
higher than the prices current in Germany. The 
Reparations Commission has thus been compelled 
to conclude that the German offers “ are ridiculous 
and not in relation to her industrial resources.” 
The above affords a proof that neither by the 
supply of labour nor by the supply of material 
has Germany been willing at any time to con- 
tribute to the reconstruction of the French devas- 
tated regions. 





HEAVY TRAFFIC ON ROADS. 

Dunrinc the war the road surveyors in industrial 
districts were much occupied by the necessity of 
providing for heavy traffic. In many cases when 
heavy castings were being conveyed by road from 
outlying steel works to shipbuilding yards, bridges 
and culverts en route had to be specially strengthened, 
frequently at the cost of the proprietors of the steel 
works. Thelaw of England under the Highways and 
Locomotives (Amendment) Act, 1878, is practically 
the same as that of Scotland under the Roads and 
Bridges (Scotland) Act, 1878, in regard to damage 
to highways caused by extraordinary traffic or the 
conveyance of excessive weights. The local autho- 
rities may recover the amount of the damage from 
those responsible for the traffic which has caused it. 

The subject of damage to certain of the streets 
of Glasgow in the vicinity of the shipbuilding yards 
on the Clyde recently came before Lord Ashmore 
(formerly Mr. John Wilson, K.C.), one of the Judges 
of the Court of Session in Edinburgh, in the case of 
the Corporation of Glasgow against Messrs. Barclay, 
Curle and Co., Limited, the well-known shipbuilders, 
engineers and boilermakers in Glasgow. The case 
brought at common law because, apparently, 
Scots Roads and Bridges Act has not been 





adopted in Glasgow, and does not apply to its 
streets. The Corporation sued for 4601. in respect 
of alleged damage to three streets, which they said 
was caused by the defendants transporting from 
their works in Kelvinhaugh-street to one of the 
large cranes at the docks seven boilers in all on three 
days in April, 1918. The weights of the boilers 
were from 56 tons to 72 tons. The Corporation 
alleged that the weights were excessive, and that in 
consequence many hundreds of the granite setts in 
the three streets which they traversed were broken, 
involving expenditure amounting to the sum sued 
for, 4601. ; that it was the duty of the defenders to 
prevent the damage, and that they could have done 
so by using a certain type of bogie which was used 
in Dundee, the special feature of which consisted of 
the wheels being sheathed with blocks of beech 
wood. After hearing evidence for several days, 
Lord Ashmore was of opinion that it had not been 
proved that the Dundee bogie was suitable for such 
heavy traffic on the streets of Glasgow. The 
defendants’ witnesses maintained that the wooden 
sheathing was apt to become crushed and flattened, 
so that the wheels would lose their roundness and 
get into an eccentric shape and cause jolting, and 
they preferred the Glasgow type of bogie, with steel 
wheels, for use on the granite setts of the streets in 
Glasgow, which are not “ nidged”’ smooth like the 
setts in Dundee. 

Lord Ashmore also held that it had been proved 
that the weights complained of in the case, 56 tons 
to 72 tons, were much less than the heaviest weights 
which had for many years been carried over the 
streets in the vicinity. Representatives of the 
boilermaking industry spoke of such weights as 
89 tons, 104 tons and 122 tons having been carried 
over the streets in previous years, and in 1894 the 
Clyde Navigation Trustees installed two large 
cranes on the quays, which had dealt with weights 
up to a maximum of 120 tons. It was also proved 
that on the three streets in question in the case the 
defendants had been for many years in the habit of 
conveying boilers even heavier than those com- 
plained of, on similar bogies, apparently without 
causing any unusual damage, also that they had 
taken every precaution to minimise damage. Before 
taking any heavy load over the streets they had 
communicated with the Corporation, and in order 
to lighten the load they had stripped off from the 
boilers at considerable cost anything that was 
detachable, such as smoke-boxes, boiler mountings 
and furnace bars. 


It appeared that the conveyance of the seven 
boilers had actually caused more damage to the 
granite setts than usual, but it was shown that 
owing to the war the Corporation had been unable 
to keep the streets in such good repair as formerly, 
with the result that the surface had become uneven, 
and any setts which projected slightly were specially 
liable to be damaged. Lord Ashmore accordingly 
came to the conclusion that any damage that could 
fairly be attributed to the defendants’ traffic on the 
occasion in question arose out of the legitimate and 
ordinary use of the streets, and was attended with 
the observance. by the defendants of all proper and 
reasonable care, and that the Corporation’s claim 
failed. 

He indicated that even if he had been satisfied 
that the Dundee type of bogie was more suitable for 
the Glasgow traffic than the type which had been 
in use in Glasgow for many years, it would not 
necessarily have followed that the defendants would 
have been liable in damages for failing to use it. 
This is on the well-known principle that the owners 
of machines or plant of a generally accepted and 
reasonably safe type are not necessarily to be held 
liable for accidents arising out of their use merely 
because they might have been prevented by the use 
of machinery and plant of a more up-to-date type. 

The Corporation attempted to found on a number 
of English decisions in which damages had been 
given against persons who had used highways in 
such a way as to render them dangerous to the 
travelling public, but it was not proved that any- 
thing of this kind had occurred in the Glasgow 
case. If the judgment had been against the defen- 
dants it would have placed a heavy handicap upon 
some of the most important industries in Glasgow, 
and it is satisfactory that this has been avoided. 
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MERCHANT SHIPBUILDING. 


How easily it is possible to misuse statistics so 
that, although the figures quoted are perfectly 
accurate, an entirely erroneous impression is con- 
veyed, may be well illustrated by the shipbuilding 
returns just issued by Lloyd’s Register for the first 
quarter of this year. From a mere quotation of the 
fact that there are at present under construction 
in the yards of this country a total of 884 merchant 
vessels, making 3,798,593 gross tons together, it 
might be inferred that the shipbuilding industry 
was in an exceptionally flourishing condition, since 
the tonnage figure mentioned has never previously 
been reached. This inference would, however, be 
quite inaccurate as a few additional facts and 
figures will serve toshow. The large tonnage, above 
mentioned, is regarded as “under construction ” 
because it is still in the hands of the shipbuilders, 
but work has been suspended on vessels with a total 
tonnage of 497,000 on account of the serious fall in 
freights which has resulted in a diminution in the 
demand for tonnage. The completion of a further 
350,000 tons has been postponed mainly owing to the 
joiners’ strike, and it is necessary to substract these 
two totals, which together amount to 847,000 tons, 
from the figure given above as the tonnage “ under 
construction ” in order to obtain a basis for com- 
parison with earlier statistics. With these deduc- 
tions, the tonnage of work actually in progress on 
March 31 last would be 2,951,593, which is less by 
757,323 tons than the corresponding figure for 
December 31 and by 442,832 tons than the tonnage 
building on March 31 of last year. The drop during 
the year thus amounts to 13 per cent., and during 
the quarter to over 20 per cent. 

Further light on the present state of the industry 
may be obtained by comparing the tonnage launched 
during the first quarter of this year with that 
launched during the previous quarter. The 
are 433,607 tons launched last quarter and 579,933 
tons launched during the previous quarter, the 
reduction thus amounting to 146,326 tons, or over 
25 percent. A similar reduction has occurred in the 
tonnage commenced, the drop in this case being from 
506,353 tons to 392,877 tons. An even more serious 
feature of the present situation is the very small 
proportion of work completed during the quarter. 
In our article on page 50 ante, dealing with the 
figures for the last quarter of 1920, we called 
attention to the fact that the proportion of the work 
in hand at the commencement of each quarter which 
had been completed by the end of the quarter, was 
less than 13 per cent. for 1920, whereas the corre- 
sponding proportion for 1913 was over 23 per cent. 
A further diminution in output has to be recorded 
for the March quarter of this year, for which the 
tonnage completed was only 8 per cent. of that 
under construction on January 1. Unfortunately, 
with the joiners’ and miners’ strikes still unsettled 
and the reduction in the demand for tonnage which 
has followed the general depression in trade, the 
prospects of an early improvement in the shipbuild- 
ing industry are by no means bright. 

Of the tonnage now building in this country the 
greatest part is, of course, comprised in steel 
steamers, this class of vessel accounting for 
3,528,190 gross tons (790 vessels). There are, 
however, 66 motor vessels with an aggregate 
tonnage of 263,180 in hand, and 24 sailing vessels 
totalling 5,049 tons. Four steamers of wood and 
composite construction are also building, and these 
account for the remaining 2,174 tons. The fore- 
going figures include 84 vessels, with a total tonnage 
of 557,027, intended to carry oil in bulk. Several 
large steamers are now in hand, the total number 
having tonnages of 10,000 and over being 63. Of 
these 4 come between 10,000 tons and 12,000 tons, 
28 between 12,000 tons and 15,000 tons, and 25 
between 15,000 tons and 20,000 tons ; these figures 
are the same as those for the previous quarter. In 
the range from 20,000 tons to 25,000 tons, two 
vessels have been completed, the number under 
construction having been reduced from 7 to 5, 
while one large vessel, of over 25,000 tons, has 
been commenced. The vessels building in this 
country for foreign owners number 236 and have a 
total gross tonnage of 1,108,318. Our principal 
foreign customers are France, Norway and Holland, 





the to in hand for these countries being 
295,298, 241,381 and 210,708, respectively. 

With regard to the distribution of shipbuilding 
work in the United Kingdom, the Clyde, including 
Glasgow and Greenock, accounts for 267 vessels with 
a total tonnage of 1,345,864. At Glasgow 204 ships 
making 1,009,277 tons are in hand, the tonnage 
showing an increase of 5-2 per cent. over that for 
the previous quarter. The work at Greenock, on 
the other hand, has fallen off to the extent of about 
2-7 per cent. since the end of December, and 
amounted to 63 vessels, making 336,587 tons, at the 
end of March. The tonnage in hand at Newcastle 
has increased from 658,112 (126 ships) to 710,752 
(133 ships) during the period we are considering, the 
increase being almost exactly 8 per cent. Belfast, 
which comes next in order of importance, shows a 
proportionally greater increase in tonnage in hand, 
the figure for March 31 last being 411,180 tons, as 
compared with 361,620 tons at the end of Decem- 
ber. The increase in tonnage amounts to 13-7 per 
cent., but the number of vessels building has not 
altered, being 50 in both cases. The work in hand 
at Sunderland has also increased slightly. In this 
district the number of vessels under construc- 
tion is also the same as in December last, viz., 69, 
but the tonnage has increased from 327,120 to 
339,375, i.e., by nearly 4 per cent. At Middles- 
brough, Barrow and Liverpool, on the other hand, 
the work in hand has diminished in each case, the 
reduction in the case of the Middlesbrough district 
amounting to nearly 18 per cent., while in the other 
two districts the tonnage building has diminished 
by 10-6 per cent. and 6 per cent., respectively. 
The numbers of the vessels now building in the three 
districts are 52, 16 and 54, and the tonnages are 
231,181, 136,918 and 116,969, respectively. Hartle- 
pool is the only other district with more than 
100,000 tons of shipping in hand, the 22 steamers 


figures | now building there having an aggregate tonnage of 


106,300 ; the tonnage in this case shows an increase 
of 8-5 per cent. over that building at the end of last 
year. 

The merchant shipping building abroad at the end 
of the March quarter amounted to 3,288,173 tons 
(1,021 ships), not including the work in hand in 
Germany, for which country complete statistics are 
not yet available. This figure can be safely com- 
pared with earlier statistics, since the amount of 
suspended or delayed work in foreign yards is 
trifling. The total given is about 183,000 tons lower 
than that for the end of the December quarter, 
mainly owing to the continued decrease in the 
tonnage under construction in the United States. 
That country is now building 174 vessels with a 
total to of 1,102,672, and it is a remarkable 
fact that the latter figure is less than 27 per cent. 
of the United States tonnage under construction two 
years ago. FYance, on the other hand, is now 
building 115 vessels, totalling 427,186 tons, as com- 
pared with 104 vessels and 397,969 tons at the end 
of December, the increase in tonnage in this case 
amounting to 7-3 per cent. Holland now takes 
third place among foreign shipbuilding nations, 
the tonnage building in that country having declined 
from 450,964 (174 ships) to 417,693 (173 ships) 
during the quarter. The Italian to building 
has also diminished from 363,784 (159 ships) on 
December 31 to 351,639 (138 ships) on March 31, but 
that of Japan has increased from 248,513 tons to 
294,346 tons in the same period; the number of 
ships building in Japan has not altered, being 59 
in both cases. The British Dominions, collectively, 
take seventh place among the shipbuilding nations of 
the world, having 72 vessels, totalling 180,402 tons, in 
hand, as compared with 74 vessels and 186,658 tons 
building at the end of December last. Oanada is the 
largest shipbuilding Dominion, the vessels now 
building in Canadian Coast yards numbering 37 and 
having an aggregate tonnage of 110,537, while 7 
additional vessels, making 16,031 tons, are under 
construction on the Great Lakes, Australia is 
building 8 vessels, making 23,639 tons, and 13 vessels, 
making 27,305 tons, are building at Hong Kong. 
The only other countries with more than 100,000 
tons of shipping in hand are Denmark and Sweden, 
the figures for the former country being 55 ships, 
making 123,272 tons, and for the latter country 
52 ships, making 110,931 tons. 





Of the foreign tonnage now under construction . 
103 vessels, with a total tonnage of 763,166, are to 
be used for the carriage of oil in bulk, and, of this 
number, 82, making 632,016 tons together, are 
building in the United States; the latter figure, it 
may be added, represents over 57 per cent. of the 
tonnage building in that country. Lloyd’s returns 
now give separate statistics for motor ships, and 
from these we learn that 128 vessels of this type, 
with a total tonnage of 240,662, are now building in 
foreign yards. These, with the 66 motor ships, 
making 263,180 tons, previously mentioned as 
building in British yards, make a total of 194 ships, 
with an aggregate tonnage of 503,842, now er 
construction in different parts of the world for pro- 
pulsion by internal-combustion engines. This ton- 
nage, it may be mentioned, is rather more than 7 per 
cent. of the total tonnage building. After the 
United Kingdom, the largest tonnage of motor 
vessels is building in Sweden, the figures for that 
country being 18 vessels making 60,225 tons, while 
Denmark takes the next place with the same number 
of vessels in hand and a total tonnage of 53,531. 
In order of magnitude of tonnage the other principal 
countries building motor ships are ; Italy, 4] vessels 
(40,847 tons) ; the United States, 12 vessels (37,992 
tons); Holland, 14 vessels (20,080 tons); and 
Norway, 5 vessels (19,490 tons). A good idea of the 
development of the motor ship may be gathered from 
the fact that, at the end of December last, the total 
number of vessels of this class building in this 
country and abroad was 189, with an aggregate 
tonnage of 454,502, so that the increase in tonnage 
during the quarter has been 49,340, or nearly 11 per 
cent. 





GERMAN AND BRITISH CHEMICAL 
INDUSTRIES AND THE WAR. 


Tue intimate connection between German dye 
works and munition and poison gas has been so 
strongly urged during and after the war, in the 
chemical journals as well as in the general press, 
that it hardly required the publication of a te 
Book to draw renewed attention to the subject. The 
Introduction to the Report of the British Mission 
appointed to visit Chemical Works, issued as an 
Army Paper this week, will, however, help to make 
the official standpoint clear, and it will also serve 
to reduce the problem to its actual dimensions. 

The British mission, appointed to visit chemical 
factories in the German territory on the Rhine now 
occupied by the Allies, consisted of seven experts 
under the leadership of Brigadier-General H. 
Hartley; they were accompanied by delegates 
from America, Belgium, France and Italy, and 
spent two weeks in February, 1919, in the chief 
chemical works of the district. Some years before 
the war three of the largest chemical concerns, 
the Bayer Company of Elberfeld and Leverkusen, 
the Badische Anilin-und Soda-Fabrik, and the 
Aktien-Gesellschaft fiir Anilin, had combined in 
a group. A second group was then formed, com- 
prising the firms of Meister, Lucius und Briining, 
Casella, and Kalle. During the war the two 
groups amalgamated, and their Interessen-Gesell- 
Schaft LG. was joined by the firms of Griesheim- 
Elektron, Weiler-ter-Meer, and others. Not all 
these chemical works were visited, as they were 
not all situated in the occupied zone; but the in- 
spection was extended to some of the larger ex- 
plosive works of the district, such as the Rheinisch- 
Westfilische Sprengstoff A.G. of Troisdorf, the 
Carbonit A.G.of Schlebusch, the Rheinische Dynamit 
fabrik, of Upladen. The procedure adopted was to 
study, in the first instance, the lay-out and pre- 
war capacity of the works and their utilisation, 
especially as regards explosives and poison gases, 
and extension for war purposes, and then to in- 
quire into the processes of manufacture. Valuable 
information was obtained, although most of the 
special departments were no longer in operation, 
and enquiries were not readily answered. 

The factories inspected can hardly be considered, 
it is pointed out, as representative of the explosive 
industry of Germany, and arrangements for utilising 
the dye works for war purposes do not appear! to 
have made before the war; the chemists had 





later to be recalled from the front. Only a very 
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small proportion of the propellant explosives 
used came from the dye factories, and very little 
before 1916. Of the explosives, trinitrotoluene was 
the most important, picric acid and dinitro benzene 
coming next; as over here, ammonium nitrate 
(about 40 per cent.) was mixed with the high ex- 
plosives. The German and British methods of 
manufacture were found to be very similar taken 
generally, but the blockade restricted the Germans 
heavily as to raw materials. The nitric acid was, 
in Great Britain, practically all made from saltpetre ; 
over there ammonia had to be oxidised into nitric 
acid, and paper crépe and glycol took the place of 
cotton and of glycerin. Glycol is ethylen alcohol ; 
before the war it had served as a substitute for 
glycerin, which it resembles, being also a sweetish, 
rather sticky fluid, but only for certain pharma- 
ceutical preparations. The use of these new raw 
materials and of plant originally designed for other 
purposes necessitated various modifications, some 
of considerable difficulties, in the processes. On 
the whole the Commissioners consider that the 
German methods were not superior, and in some 
re inferior to the British practice, and that 
the high-level efficiencies of British factories were 
hardly reached. 

The poison-gas manufacture was concentrated 
in the occupied zone, and the bulk of the poison-gas 
factories had previously been producing dyes and 
pharmaceutical products. Different stages of manu- 
facture were allocated to different works, in many, 
but not in all, cases to the advantages of rapidity and 
efficiency. Thus, for instance, the famous mustard 
gas was made by the old three-stage process of 
Viktor Meyer, partly in Ludwigshafen and partly in 
Leverkusen, many miles further down the Rhine, 
whilst a rapid and more efficient one-stage process 
was quickly worked out at Cambridge when the 
nature of the gas had been recognised. The German 
output figures are certainly impressive ; but they 
have been equalled over here. The key of the 
whole chemical war industry was the synthetic 
ammonia manufacture by the Haber process. That 
was started at Oppau in 1912, chiefly to obtain 
ammoni# Salts for fertilisation. We outline the 
actual process on page 500 of this issue. The daily 
ammonia production there was raised from 25 metric 
tons in 1914 to 250 tons in 1918; the Leuna works 
in the Merseburg Government district brought 
that production up to 650 tons in 1918. The daily 
production of nitric acid was increased threefold, 
to 719 tons, during the war; the chlorine manu- 
facture rose from 37 tons to 63 tons per day. 
Chlorine and phosgene were first the chief poison 
gases ; later the I.G. works supplied varied organic 
compounds, and for their manufacture the dye works 
certainly offered facilities which did not exist in this 
country. 

As regards the military importance of the German 
chemical industry the report states :—“* Although no 
arrangements had been made to utilise the chemical 
works at the outbreak of hostilities, the works were 
rapidly converted to war purposes, thanks to their 
highly-trained personnel and the great technical 
resources of their peace organisation. In the future 
every chemical factory must be regarded as a po- 
tential arsenal, and other nations cannot, there- 
fore, submit to the domination of certain sections of 
chemical industry which Germany exercised before 
the war. . . . Asitis clear that the military strength 
ofa country depends to a large extent on the develop- 
ment of its chemical industries, it is necessary to 
review the present condition of these industries 
in Great Britain and Germany.” The linking-up 
of the heavy chemical trade (acids and alkalis) 
in which England had always been leading, with 
the production of dyes and fine chemicals was one 
of the strong German features ; another was scien- 
tific organisation, in the office as well as in the 
laboratory and factory. English chemical industry 
had her triumphs, too, during the war, also under 
heavy difficulties, though of different kinds. If 
there are no synthetic ammonia works yet in this 
cotntry, Claude claims to obtain much higher 
yields than Haber by working at very high pres- 
sures, and research is being pushed everywhere. 
“The rapid growth of British chemical industry 
during the war proves that it can successfully 
compete with Germany provided that reconstruction 


is undertaken on a sufficiently large scale.” We 
do not wish, on this occasion, to add anything 
to these concluding words of the report. The 
problems affect the general national policy. 





THE BUILDING TRADES ‘EXHIBITION 
AT OLYMPIA. 
(Continued from page 463.) 

Iw our last article we dealt mainly with concrete 
block-making machines, mentioning, however, only 
a small proportion of the firms which make exhibits 
of this class. Although we cannot pretend to deal 
with the whole of the examples of this type of 
machine which are on view, there are one or two 
further makers whose exhibits we desire to 
refer to. One of the most striking stands devoted 





to this class of article is that of Messrs. Winget, 


which can be moved anywhere over the surface of 
the mould being tamped by the operator. The 
machine accordingly gives local packing in every 
way equivalent to hand tamping. It strikes 700 
blows a minute and its obvious purpose is to give 
an increased output from a block-making machine 
and at the same time a harder block. It is claimed 
that the machine can do in 2 minutes tamping which 
would take two men a quarter of an hour by hand. 

The Kirk mechanical tamper is illustrated in 
Figs. 1 and 2, annexed, from which its general 
features will be clear without any very extended 
description. It consists essentially of a vertical 
shaft carried on wall brackets and having a pulley 
at the top which is driven by belt from a motor, 
or in any other suitable way. Near the middle of 
this shaft there is a swinging arm which can be 
adjusted up and down on the shaft by means of the 
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Fics. 1 anp 2. Mercnanican TAMPER FoR CoNCRETE BLOCK MACHINES ; 


Messrs. R. H. Kirk anp 


Limited, of Winget House, Grosvenor Gardens, 
Westminster, S.W. 1. This firm, which holds an 
important position in connection with this type of 
machine is showing elevators, stone breakers, con- 
crete mixers, &c., in addition to their well-known 
block machines. A good display is also made by 
Messrs. Vickers, Limited, of Vickers House, Broad- 
way, Westminster, S.W. 1, who exhibit block, tile 
and partition making machines. 

As we indicated in our earlier article the majority 
of the block machines which are exhibited depend 
on hand tamping, which is in general a thoroughly 
satisfactory and reliable process. In some cases, 
however, an attempt has been made to expedite 
output, or obtain an improved product, by 
means of mechanical tamping. A machine of this 
class is exhibited by Messrs. Henry Wilde, of 
66, Victoria-street, Westminster, S.W. 1, in 
which a mechanically-operated tamper foot is 
brought down on the top of the block to pack 
the material in the mould. The tamper strikes 
70 blows a minute. Another mechanical tamper is 
shown by Messrs. R. H. Kirk and Co., of Collingwood 
House, St. Peters, Newcastle-on-Tyne. In this 





case, however, the tamper has a small foot only 





Co., NEWCASTLE-ON-TYNE. 


screw and handwheel carried by the lower wall 
bracket. The weight of the swinging arm is taken 
by a bridle which works up and down the fixed post 
shown. At the inner and outer ends of the swinging 
arm and on its top side there are pulleys connected 
by a horizontal belt. This belt transmits the drive 
from the main vertical shaft to the outer horizontal 
pulley from which further belts transmit it through 
the double motion arm to the pulley at the bottom 
of the pendulum arm. This pulley works the 
tamper which obtains its reciprocating motion by 
means of a crank contained in the pendulum end. 
The tamper ends are spring-mounted to prevent 
shock. The whole arrangement is controlled 
by handles fixed on either side of the pendulum end, 
and owing to the combination of horizontal and 
vertical pivots the tamper can, while working, be 
moved with ease to any part of the moulding box 
being rammed. To facilitate movements all parts 
are mounted on ball bearings and, as will be seen 
from Fig. 1, the outer arm which swings in a vertical 
plane is balanced by a counterweight. The two 
ends of the tamper are fitted with a flat face and 
a pin rammer respectively, and either may be swung 





into the working position while the machine is in 
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operation. Owing to the method of mounting and 
carrying the tamper it can be swung over a large 
area and can serve three or more ordinary block 
machines. 

Many of the block machines exhibited are particu- 
larly arranged for the manufacture of hollow blocks 
of one form or another, this form of construction 
in the “ Aero-Blocks” which are exhibited by 
Messrs. S. Thornely, Mott and Vines, Limited, 
of 11, Old Queen-street, Westminster, 8.W., being 
carried to the manufacture of blocks with two or 
three internal air spaces. This firm also shows the 
application of “ Ironite”’ to the waterproofing of 
breeze or other blocks. The hollow wall for domestic 
and similar building is also made available by some of 
the methods of constructing concrete walls in situ, as 
for instance by the use of the travelling mould-box 





which sits on top of the wall and rises as the wall 
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3. 
Company (1920), 


rises, which is exhibited by Messrs. Concrete Dwell- 
ings (Parent Company), Limited, of 1, Cateret- 
street, London, 8.W. 1. Hollow wall construction 
is also represented by the exhibit of the Moler 
Fireproof Brick and Partition Company, Limited, of 
Vickers House, Broadway, Westminster, S.W. 1. 
This firm’s bricks are made from diatomaceous earth 
and clay, and in addition to being fireproof have a 
very low heat conductivity. A special form of these 
bricks is made for use in connection with heat 
insulation. Other cavity building bricks are 
exhibited by the Tourba Construction Company, 
Limited, of 42 to 60, Terminus chambers, 6, Holborn 
Viaduct, London, E.C. 1. 

As we are dealing with building work, reference 
may be made to metal window frames, of which 
the Crittall Manufacturing Company, Limited, of 
Braintree, make a very fine display. Articles of this 
kind are probably of most interest to the engineer 
from the point of view of factory construction, and 
in this connection it is of much interest to note that 
a large range of standard sizes of steel window frames 
has been introduced by the company which should 
cover the requirements of most ordinary cases. 
Standardisation in this matter as in others, of course, 


Setr-ConTaINnED TaR MACApDAM. PLANT; 


reduces cost and facilitates the carrying of stocks. 
As a matter of mechanical interest, it may be said 
that Messrs. Crittall’s steel window frames are built 
up by electric welding at the corners, and that the 
joints between the horizontal and vertical bars are 
made by means of a patent interleaved joint. The 
bars are of tee-section and one of them is perforated 
and the web set back to allow the other to pass 
through. The joint is then closed and consolidated 
by pressure. Both bars are continuous, and there 
is no cutting off or mitreing of the material. Metal 
factory windows of generally similar type are also 
exhibited by Messrs. Williams and Williams, of 
Sardinia House, Kingsway, W.C. 

Turning to some of the exhibits of a more direct 
mechanical engineering interest we may first refer 
to the ‘‘ Simplex ”’ deck and floor planing machines 
which are exhibited by Messrs. I. and M. Steingold, 


THe Ransome MACHINERY 
LimitEpD, Lonpon. 


of 23, City-road, London, E.C. 1. These machines 
are of a self-contained type, consisting of an electric 
motor and rotary cutter carried on a trolley and 
operated after the manner of a lawn mower. A fan 
and dust bag are incorporated in the tool and the 
whole arrangement is obviously very handy and con- 
venient. Three types of machine are built respec- 
tively intended for planing, sand-papering and 
polishing. Other small machines, not however in 
any way related to the above, are shown by Messrs. 
Building Products, Limited, of 44 to 46, King’s-road, 
Sloane-square, 8.W. 3, in conjunction with Messrs. 
C. A. Hunton and Sons, of 110, Bishopsgate, E.C. 2. 
These consist of a very complete range of hand- 
operated punching and shearing machines, pipe 
benders, &c. A cropping machine built up from 
steel plate will, in its largest size, cut angle iron 
up to 4 in. by 4 in. by in. A very neat machine 
for cutting round wire up to about in. diameter, 
is also shown. This consists of a fixed and a 
rotating hardened steel disc carried in a housing. 
The two discs are perforated near their circumference 
with a series of holes of different sizes, and by 
moving the rotating disc until the holes are in line 


disc by means of the handle attached to the machine, | 
the wire may be cleanly and easily sheared. * 
From among the larger plant and machinery 
at the show we illustrate in Fig. 3, annexed, 
a self-contained portable tar macadam plant which 
is exhibited by the Ransome Machinery Company 
(1920), Limited, of 14 to 16, Grosvenor Gardens, 
London, 8.W. 1. Machines of this type are built 
in various sizes by Messrs. Ransome. The machine 
dries the aggregate—stone, gravel, or whatever it 
may be—and mixes it with the tar. It operates on the 
batch principle, that is to say, a batch of aggregate 
is dried, mixed with its correct proportion of tar in 
the mixing drum and discharged before the next 
batch enters the drum. In the larger sizes of 
machine two drums are incorporated, but in the 
smaller, as illustrated in Fig. 3, there is one drying 
drum only. When the machine is in operation the 
following batch of material is, of course, under 
treatment in the drying drum while the preceding one 
is in the mixer. 
The general lay-out of the machine will be followed 
from the illustration. At one end there is an 
elevating skip which is charged from ground level. 
This is lifted up an inclined runway and tipped into 
the receiving hopper by means of a wire rope 
operated, like all the other motions of the machine, 
from the main pulley which is driven by belt from 
a portable engine, electric motor or in any other 
suitable way. The belt driving this main pulley 
can be seen in the figure. The drive to the skip- 
elevating winch is through a fore and aft shaft 
carried above the main frame, and the movement 
of the skip is controlled by a lever on the front of 
the machine. A brake drum is incorporated on the 
drum spindle and an auto-tip gear is fitted at the top 
ofthe runway. The relative positions of the furnace 
and drying drum is clearly shown in Fig. 3, 
from which it will be seen that the furnace can be 
attended to from street level. The drying drum 
is rotated by a pinion on the fore and aft shaft 
already referred to. It is fitted with internal curved 
wings which carry the material round with the 
rotating drum and cause it to fall through the hot 
gases. A fan is fitted on the upper part of the 
machine, which induces a draught through the drum. 
The mixer is an open-topped vessel with paddles 
driven from the same main pulley. The stone or 
gravel enters it from the drying drum as required, 
this part of the operation being under the control 
of the workman in charge. The tar is placed in the 
mixer from above by a man standing on the plat- 
form shown. The discharge is from the bottom of 
mixer and the tar macadam produced can be shot 
directly into a wheelbarrow for carrying away to the 
job in band. As will be clear from the figure, the 
whole of the working parts of the dryer, elevator 
and mixer are carried on an underframe built up of 
joists and channels. The platform is covered with 
chequer plate, and a steel ladder is fitted giving 
convenient access from the ground. The road 
wheels are of pressed disc type with plate rims. 
The axles are forged steel. This machine, which is 
known as the “ Urban,” has in its smallest size a 
capacity of from 2} tons to 4 tons of tar macadam 
per hour, depending on the size of the aggregate. 
Larger sizes have proportionately greater outputs. 


(To be continued.) 





NOTES. 
Tue Epucation AND TRAINING OF DRILLERS 
FOR OIL. 

ALTHOUGH the Institution of Petroleum Techno- 
logists has been showing a praiseworthy and wide 
interest in the educational problems of the petroleum 
industries, members of the Institution were perhaps 
not prepared for the lofty tone which Mr. Alan W. 
Davson, F.8.L,, adopted when reading his paper on 
the “‘ Education and Training of a Driller,” last 
Tuesday. What he gave—and especially in the ad- 
ditions to his printed paper—was more an eloquent 
address on the psychology of technical education 
than a schedule of the training which he would 
recommend for the driller. He emphasised the 
importance of “technical sympathy,” which he 
defined as “‘ the appreciation by each individual of 
the contingent problems arising out of his work and 
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each grade towards their solution.” What he meant 
became clearer from an unfinished remark he made 
during the discussion. Referring to his war expe- 
rience with mostly untrained men, often inefficiently 
equipped, he said that his staff had repeatedly 
been quite discouraged by uncalled-for interferences 
we do not quote the exact words. The work of 
the driller was arduous and risky, and demanded the 
intelligent co-operation of able, patient and resource- 
ful men, selected for “ muscle, guts and savvy ” and 
‘ready to take their coats off.” The young 
Englishman was not always ready to do that, Mr. 
Davson thought, and had not always the “ tempera- 
ment ”’ of the good driller. Employers probably 
looked for experience acquired in the oilfield, in the 
first instance. When oil was lately being drilled 
for in England, American drillers were engaged, and 
oil countries were naturally most likely to supply 
the suitable men. The University of Birmingham 
arranged before the war for a course of drilling. 
Sir John Cadman remarked during the discussion 
that the war had interfered with the arrangements, 
and the scheme was still under consideration. Mr. 
Davson recommended summer-camp schools, in huts 
or under canvas, in geologically-appropriate dis- 
tricts, and the utilising of light plant and lorry 
workshops. He would not conceal the risk and 
roughness of the work, or the fact that all drillers 
must not hope to become in time; the 
duties were entirely different. Mr. Davson would 
be anxious to impress upon his students, of 22 or 
23 years, that the success of the scheme would be 
proportionate to the support it received from 
collective units, and that drilling was an “inexact 
science,” so as to promote initiative in the students. 
By these camp schools the direct demand for drillers 
could be met at a reasonable outlay. But Mr. 
Davson wanted a permanent machinery for the 
selection and training of drillers, and for that purpose 
he suggested a junior technical school for boys, of 13 
to 16, taken from the worker stock, to foster esprit de 
corps. Chosen boys would pass from these schools 
into the training course for drillers, when they should 
begin “ to think in terms of drilling.” The main prac- 
tical difficulty would be to secure employment for the 
prospective driller during the interval between his 
training and his actual work. To give that security 
an influential central organisation would be required. 
That the injudicious and selfish zeal of drillers, who 
wanted to get down, had spoiled many a promising 
scheme, was admitted by several speakers. Mr. 
Hudson Hobden, of the Empire Gas and Fuel Com- 
pany of Canada, said that they had now 300 drillers 
at work, picked out on Mr. Davson’s lines, from 
technical schools and trained first as tool dressers. 
Though we are not y in favour of early 
specialisation and of insisting upon the selection of 
a profession at immature age, the project deserves 
careful consideration. It will continue to receive 
that consideration at the Institution of Petroleum 
Technologists, in which, we should.’ mention, Pro- 
fessor J. 8. S. Brame, F.1.C., of the Naval College, 
Greenwich, has now succeeded Sir Frederick Black 
in the presidential chair. 
AUTOMOBILE RESEARCH. 

Under the title of ‘‘ A Suggested Programme for 
Automobile Research,” 8 paper dealing with the 
directions in which, in the opinion of the author, 
investigations might profitably be carried out was 
read by Mr. George W. Watson, M.I.Mech.E., on 
the 13th inst. before the Institution of Automobile 
Engineers. The ground covered was so vast that 
it is impossible to summarise the paper better than 
by saying that the author advocated research into 
practically every item of motor car construction, 
as well as into cognate matteis such as liquid and 
solid fuels, lubricants, &c. Nothing appeared to 
have been omitted which does or might bear on the 
construction or operation of a motor car, but un- 
fortunately no guidance was given as to the relative 
importance or urgency of the various problems. 
In connection with the use of low-grade fuels alone, 
experiments were advocated to determine “ (a) The 
shape and proportion of fuel orifices, (6) the effect 
of varying pressures on the inlet and discharge 
sides of such orifices, (c) the effect of varying degrees 
of humidity in the atmospherio condition, (d) the 
effect of viscosity of the fuel, (c) the effect of the 


temperatures of both fuel and air on the rate of 





discharge and the ultimate mixture and combustion, 
(f) the effect of varying degrees of compression of the | 
mixture, (g) the best means of igniting charges of | 
various fuels at different degrees of compression, | 
(h) the effect of feeding the fuel by force pump or | 
air pressure through a spraying device, (j) the dis- | 
tribution of the gas in a multi-cylinder engine, | 
(k) the proportions and shape of the combustion | 
chamber and inlet exhaust passages to produce the | 
maximum mean effective pressure and economy.” | 
This quotation will give some idea of the breadth of | 
Mr. Watson’s treatment of the subject, a charac- | 
teristic which runs through the entire paper. It may 

be pointed out that if it is assumed that only ten | 
possible values of each of the above items is con- 

sidered, and if the recognised practice of altering | 
only one variable at a time is followed, a simple 

arithmetical calculation shows that the problem of 

low-grade fuels alone as formulated by the author 

involves Cio or over 17 billion separate experiments. 
In actual practice, of course, the results of many of 
these would be assumed, and experimentation would 
be directed only along apparently profitable channels, 
but even so the programme of the author is appalling. 
In connection with valves the advanced experiments 
under nine separate headings, brakes and brake gear 
involve research along an equal number of lines, 
andsoon. Wholesale recommendations for research 
are of little or no value, as nothing is easier than to 
think of a subject and then advocate further inquiry 
into it. Progress is more likely to be made by 
concentrating attention on matters in which the 
need for improvement is urgent, and directing 
inquiry along definite lines. 

TraFFic ConTROL ON Raliways. 

In theory at least most people will admit that 
traffic control on railways has advantages. It is 
intended to supplement time-table working and to 
reduce losses which would be involved by a too 
meticulous adherence to a printed programme. 
It can be presented by its advocates in the form of 
a saver of engine-hours, of guard’s hours, of con- 
gestion at busy points, of unnecessary trains, of 
ineffective use of wagons and so on, with possibly 
a score or more further advantages. In fact the 
arguments in favour of it are so strong that it would 
appear to be impossible to do anything but accept 
them. However, when we come down to practice 
the fact remains that control is not so widely adopted 
as might, under these circumstances, be expected, 
though in modified forms it exists in more cases 
than might be imagined. As a description of the 
system and its advantages, Mr..Arthur Watson’s 
paper, read on Monday last before the Institute of 
Transport, was extremely interesting, giving as it 
did a very clear summary of the claims for control, 
and also a description of the system as developed 
on the Lancashire and Yorkshire Railway. We 
are most of us, however, by now familiar with at 
least an outline of the principles involved, and it is | 
to be regretted that so valuable a chance as this was | 
lost to the Institute, of obtaining from a master | 
of the subject, more information as to the justifica- | 
tion of the method. That it has been found to be | 
justified on the Lancashire and Yorkshire is, we | 
take it, clear from the fact that it has been gradually | 
extended to cover the whole system, after successful | 
trial at selected points. We would have liked to | 
hear what arguments and facts were adduced to | 
secure this extension. On a businesslike line such 
as that under notice, the adoption of the principle 
could not be haphazard, and, for the benefit of other 
railways, it would have been interesting if Mr. 
Watson could have come down to instances instead 
of broad generalisations. Only in two cases— 
and these of a relatively exceptional, and, compared 
with a year’s working results, rather trivial nature 
—were any actual examples given of the advantages 
of control. The cases of getting fire brigades to a 
warehouse quickly, and of prompt traffic diversion 
after an accident, are only minor recommendations 
for the system. It would have been interesting 
to hear something of the additional staff and its 
cost, of the general cost of inaugurating the system 
and whether improved working can be shown to 
result from this outlay. It must, for instance, be 
possible in the case of congested yards, to say, after 
several years of operation, to what degree improve- 
ment has resulted. In working colliery sidings, facts 





have satisfi 


| must be available as to the benefit of the change. 


We fully recognise that in these strenuous days any 
one in Mr. Watson’s position is doing almost more 
than could be expected in presenting a paper to 
an institution, and possibly the work involved 
precluded him from giving the facts referred to. 
If, however, it should be possible to supplement the 
recent paper by one on the justification of control we 
venture to think that it would receive an even 
heartier welcome than was accorded to the paper 
read last Monday. To gain adherents the method 
must be advanced, as we believe it can be, on sound 
commercial facts, and we hope at some future date 
these may be forthcoming, if not from a general 
manager himself, from some responsible official of his 
staff. 





INDUSTRIAL NOTES. 

At a conference of Government representatives 
and members of the Triple Alliance held at Downing- 
street on Thursday, the 14th inst., when the Prime 
Minister — the chair, Mr. H. Gosling (Transport 
Workers’ Federation) stated the following: “ If you 
ask us, to put it shortly, why we are supporting the 
miners, I will say that we are supporting them because 
we think they are right. We say that the miners are 
the best people to decide for themselves; and they 
us that they cannot keep their wages in 
the position they ought to be in except by this 
machinery being set up (i.e., national pool of profits 
and national settlement of wages). I myself believe 
that there might possibly be some other way of doing 
the same thing. But I cannot say that to the 
miners; I do not know enough about their business. 
They assure me that they know there is no other way. 
. - . Now, whether we are right or wrong we must 
stand together. .. . the mine owners succeed in 
wearing us down, then we shall do what we did in 1912, 
go back when we cannot stay out any longer, and fit up 
or another battle. But this is not getting rid of 
industrial unrest; it is only postponing it for a little 
time. The miners have assured us that the proposals 
which were made to them, with the exception of the last 
clause, were practically the same dressed up again, 
and that the interpretation of the last clause in those 
pro’ was a tiding over of the difficulties for a few 
weeks, and those few weeks were not nearly long enough 
to ensure that the position could be straightened 
out in that time. For those reasons, and because I do 
not want to go into the merits of their case and argue 
it technically—I do not understand it, nor is it my 
duty—we have come to give you as well as we can 
our reasons for standing by the miners. But I suggest 
that really and truly it is comradeship more than any 
other thing.” 


Mr. J. H. Thomas, speaking for the National Union of 
Railwaymen, at the same conference that as 
the miners, like the railwaymen, when the cost of living 
went up, got their advances in wages all together, on 
the same basis for all, surely means could be found to 
equalise the drop in the same way as the increase had 
been equalised. That was not done and it was the 
reason why the railwaymen had supported the miners. 
Mr. Thomas stated later that the action of the railway- 
men and transport workers was dictated by justice, 
not comradeship alone. 

In the course of his reply, the Prime Minister said 
the owners claimed that after the standard wages had 
been satisfied their profits should be computed on a 
basis of 17 per cent. or 20 per cent. of the wages; 
that, the Government had refused to accept, neither 
did they accept the miners’ claim that the figure ought 
to be 10 per cent. The Government claimed that a 
small committee be set up to enter into that question. 
. . . There was no dispute at the present moment 
about wages apart from the question of pool. Apart 
from the question of a pool, the Government were 

red to examine wages, and the miners refused. 

at the miners said was, “ It is no use your examining 
the capacity of the mines to pay unless you have a 
national pool, which would compel the rich Yorkshire 
mines to pay wages in South Wales which the South 
Wales mines are not capable of paying.” One 
reason why the Government objected to a pool was 
that there was no other industry in which a pool 
existed. . . A pool also meant compulsion, hence 
it would mean an Act of Parliament, the setting up of 
very elaborate machinery, a National Board. . . . 
It was nationalisation up to the point of meddling and 
not of managing, and that was the worst form of 
nationalisation. . . In regard to nationalisation, 
if the workmen were in favour of the scheme there was 
nothing that could stop it. “ But you must convince 
them,” added the Prime Minister, “ you must persuade 
them itis the right thing in their interests. e should 
say it is not in their interests, that it would injure them. 
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You will say that it would benefit them. That is an |Secretary of Mines, stated that on the basis of the| On the other hand, continental lucers are also losing 
issue which is a very fair one to put to the workmen | figures given by Sir Ernest Clarke before the Coal | business through the strike, o to the cessation of 


of this country.” 

At the close of the said conference of Thursday, the 
14th inst., both Mr. H. Gosling (Transport Workers) 
and Mr. J. H. Thomas (Railwaymen) maintained that 
the action of these two bodies in declaring a strike in 
sympathy with the miners was the right one to take. 





On the evening of the 14th inst., Mr. Frank Hodges, 
secretary of the Miners’ Federation, was present at a 
meeting of Members of Parliament held in one of the 
committee rooms, and stated that the Federation was 
prepared to consider wages provided they were not 
related to a permanent settlement on a district basis 
and were of a temporary character. 

Following this, Mr. J. H. Thomas stated he was 
desperately anxious to obtain peace, and the meeting 
deputed its chairman, Mr. J. A. R. Marriott, M.P., to 
convey to the Prime Minister a report of what had 
taken place at the said meeting. 





On Friday the following letter was sent by the 
Prime Minister to Mr. Hodges: “ Several members 
who were present at your House of Commons meeting 
last night have conveyed to me the purport of your 
concluding offer. They have not taken down the actual 
words you used, but the general impression made on 
their minds was that you were now prepared to discuss 
with the owners the question of wages without raising 
the controversial issue of the pool, provided the arrange- 
ments to be made were of a temporary character and 
without prejudice to further discussion of proposals for 
a national pool when a permanent settlement comes to 
be dealt with. If this is a fair representation of your 
suggestion, I invite you and your fellow-delegates to 
meet the owners at the Board of Trade at 11 o'clock 
this morning to consider the best method of examining 
the question of wages.” 

A letter to the same purport was sent to the owners. 
The latter were present at the meeting in question, 
but the miners did not make an appearance. Later in 
the day, a letter was sent to the Prime Minister by 
Mr. Hodges, stating that ‘““My Executive Committee 
have fully considered your letter and ask me to state 
that the only condition upon which a temporary settle- 
ment can be arrived at is one that must follow the 
concession of the two principles already made known 
to you, namely, a National Wages Board and a national 
pool. In these circumstances my committee feel that 
no good purpose would be served in meeting the owners 
to-day on the basis suggested in your letter.” 

Later on Friday it was announced that after a 
meeting at their headquarters, Unity House, both 
the railwaymen and transport workers had decided to 
cancel their strike threat and to leave the miners, the 
other constituent of the Triple Alliance, to continue 
their strike alone. 





The following are the proposals which the coal- 
owners issued last Tuesday with a view to a settlement 
of the coal dispute :-— 

(1) To establish a National Wages Board for dealing 
with principles of general application to the whole 
country. 

(2) To apply these national principles to the deter- 
mination of wages in each district based upon the 
district financial results. 

(3) The periods for ascertainment of district results 
to be settled nationally. 

(4) The point below which wages shall not be auto- 
matically reduced shall be determined nationally by 
reference to the base rates now existing at each colliery, 
with percentages (or the equivalents in any district 
where there has been a subsequent merging into new 
standards) which were paid in July, 1914, including all 
additions which have been made to the base rates pre- 
vailing in July, 1914, and the percentages which have 
been added to piece-workers’ rates consequent upon the 
reduction in hours from 8 to 7, This point represents 
earnings considerably in excess of the highest earnings 
in any period before the war. 

(5) To give as wages to the workers, in addition 
to these rates, the whole of the surplus of revenue 
a in each district during the existing abnormal 
period. 

(6) To satisfy the workers’ representatives in each 
district that the district is proposing to pay all the 
wages that it can bear. 

(7) To confer with the workers’ representatives with 
a view of dealing with the wages of lower-paid men. 

(8) To agree with the workers nationally the relations 
between wages and profits for the future. 

(9) To provide for joint audit of the owners’ books 
by accountants representing both owners and workers, 
to ascertain all the facts and figures necessary for the 
adjustment of wages. 

At the time of going to press, the miners reiterate 
their demands. 





Speaking in Parliament on Tuesday, Mr. Bridgeman, 





Ind Commission, but excluding coke-ovens and 
by- uct ey it might be estimated that the total 
capital employed in the coal-mining industry was about 
180,000,000/7., exclusive of the new money brought into 
the industry during the last twelve months. On the 
same basis, the percentage of profits earned by the 
capital before deduction of profits carried to reserve 
and capitahsed, might be estimated as follows: 
Average of five years ended March 31, 1914, 9-8; 
average of three years ended March 31, 1917, 17; 
average of four years ended March 31, 1921, 15-5. 


It was impossible to state how much of the capital | Jatter 


consisted of undistributed reserves of profits, but duri 
the seven years ended March 31, 1921, it was estima‘ 
that 40,000,000/. was appropriated from profits to 
capital in this way, leaving available for dividends, 
partners’ drawings and income tax, a sum of profits 
representing a possible yield of 11} per cent. on the 
average capital employed. 





The monthly trade report for March of the United 
Patternmakers’ Association contains on the last 
a letter written by “S.A.,” of Bury, to his fellow 
members, in which he says: “.... Suppose a worker 
to produce a quantity equal to 4 in a given time, and 
to receive for that time wages equal to 1; suppose 
wages to be increased 100 per cent. conditionally on 
production being increased 50 per cent.; what do we 
get ? Production 6, wages 2. In the first instance, 
profits were (4 — 1) = 3; in the second case (6 — 2) = 
4. With higher wages yet profits increase... .” This 
is a most strange way of estimating profits. Profits 
are really only about ; or py of wages, and it would 
most certainly be greatly to the advantage of the 
nation if profits were increased. If one man makes, 
let us say, to take an extreme case, one million pounds 
profit out of his business, only a very limited proportion 
of this sum can be spent in self-indulgence. The 
great bulk is invested and provides the means by which 
the standard of life of the whole people is raised. If 
now, that same million were divided amongst the 
workmen, probably nine-tenths of it would be spent by 
them in different forms of self-indulgence. It certainly 
would not be invested for the benefit of the present 
and future generations. Although the executive 
council of the United Patternmakers’ Association “‘ are 
not responsible for opinions expressed” by the indi- 
vidual members, they may perhaps see fit in their next 
monthly report, to correct their member “§.A.” of 
Bury. 





Speaking at Barrow on the 8th inst., on the occasion 
of the launch of the Scottish Standard, Sir James 
McKechnie stated that the demands of labour which 
were conceded during the war period, the joiners’ 
strike, and the present industrial depression, had 
reduced the British shipbuilding industry from its 
former proud pinnacle in the world’s affairs to a 
condition from which escape was only possible by a 
sweeping modification in the views of labour and a 
keen and hearty co-operation with the employers. 
The employers were ready and willing to do their share, 
but unless they could confidently rely upon the sincere 
support of labour all their efforts would be fruitless, 
and the present unfortunate tide of unemployment 
would not be stayed. He was hopeful that before long 
labour would recognise the undeniable fact that, 
although it may produce wealth, wealth could only be 
produced by yielding a reward to enterprise; in other 
words, wealth must first be produced before labour 
could share with the employer the result of labour and 
enterprise combined. 





The report dated the 19th inst. issued by the London 
Iron and Steel Exchange Company, states that business 
activity in the iron and steel trades is impossible 
whilst the coal strike continues. In the whole country 
there are probably not more than ten or twelve blast 
furnaces now in operation, and most of these will have 
to close down shortly owing to lack of fuel. The 
sharp demand for pig iron that followed the declara- 
tion of the strike cleared out the greater of the 
stocks in producers’ yards. The demand has now 
subsided, as although the foundries and the finishing 
works, owing to their lesser consumption of fuel, are 
able to carry on longer than the furnaces, in the 
majority of cases they are approaching the limits of the 
coal stocks. In their present position few British 
works care to enter into firm conditions of delivery, and 
in the majority of cases are not anxious to quote, as 
it is believed that, whatever the outcome of the 
miners’ strike, the result must sharply affect iron and 
steel prices. Continental producers are reaping the 
benefit of our industrial troubles and are pressing sales 
of pig-iron, semi-finished materials, and finished descrip- 
tions in this country. They have certainly secured 
sere eed all the business that has come into the 

itish market since the strike started ; but the aggre- 
gate tonnage does not amount to an impressive figure. 


page | for a summons against the Hackney 





the demand from British users, 

The owner of certain premises decided to instal 
electric current; he applied to the Hackney Bo’ h 
Council for connection with the Borough Council's 


supply and @ master man electrician to carry 
out the wiring inside the said premises, This work was 
being p ed with, when the electrician received a 


visit from a shop steward who said he came from the 
Borough Council’s electricity de: ent, and asked the 
electrician for his ticket. ‘ ticket,” replied the 
. “Your trade union ticket,” said the shop 
steward. To this the electrician replied that he was 
& master man who did the work himself and emplo 
no labour. The shop steward then informed him that 
since he did not belong to the union the Borough 
Council’s employees would refuse to connect up the 
remises, a decision which was later confirmed by the 
rough electrical engineer. Following this, an apph- 
cation was made to the North London Police Oourt 
by the owner of the premises, through his solicitor, 
Borough Council 
for their failing to supply electric current, and the 
summons was granted. . 





MEASUREMENT OF DISCHARGE OF THE 
RIVER NILE. 
The Measurément of the Discharge of the Nile through the 
Sluices of the Assuan Dam.* 
By Sm Murpoca MacDonatp,  K.C.M.G., 
M.Inst.C.E., and H. E. Hurst, M.A., B.Sc, 


Arter the completion of the Assuan Dam in 1902, 
measurements m. in 1903-5 of the flow through the 
sluices showed that, for the same total area of sluice 
opening and the same head, the level produced at low 
stage in the river at Assuan, about 3 miles below the dam, 
varied from year to year, and that consequently no 
reliance could be placed on discharge curves based on 
values obtained in previous years. 

Obviously the reason for this discrepancy was the 
varying nature of the bed level as sandbanks shifted and 
increased or diminished in size from year to year. 

In 1905 a masonry tank with a capacity of 22,000 
cub, m. was built below the dam to form a water cushion 
for the protection of the rock surface down stream. 
Advantage was taken of this to measure the volume 
discharging through one sluice into this tank and, from 
the information so obtained, to deduce sluice coefficients, 
which were found to be somewhat greater than pre- 
viously estimated. 

Questions having arisen as to the accuracy of the new 
figures by those interested in the older disc tables, 
the senior author asked Mr. Hurst to check all results 
obtained up to date. He has also had the entrance to one 
of the sluices remodelled so that a rectangular opening 
might be obtained, and coefficients for such a sluice 
deduced from the volumes of water passed into the tank. 
‘Lhis was in the expectation that a comparison between 
the two sets of results—those for the particular bell- 
mouthed sluice adopted at Assuan, and those for a 
rectangular opening—would enable a closer approxi- 
mation to be made for any given intermediate form 
of opening, and thus make the results obtained at Assuan 
of use elsewhere. 

This paper is a résumé of what took place at the dam, 
together with the additional data gathered duri 
Mr. Hurst’s examination of the results, The method of 
sluice t of di ges is now believed to record 
the total volume of the summer Nile—January to July 
inclusive—correctly to about 1 per cent. 

After describing the methods of measuring river 
discharges employed in Egypt, the authors point out that 
the measurements descri in the paper are of interest 
because :— . 

(a) They are the first in which the determination of 
volume by means of a tank has been applied to find the 
discharge of a large river. 

(b) They attain an accuracy greater than that of any 
other known method. 

(c) They are direct, and depend on no assumptions 
which may lead to systematic errors, thus forming a 
standard of comparison for other methods, 

(d) They give information about the discharge of large 
sluices in other works. 

The three steps in the method were :— 

(1) The direct t by of a masonry 
tank of the quantity of water discharged by a particular 
type of sluice (“R.L. 100,” 4«.¢., having their sills at 
100 m. above sea-level) under different conditions. 

(2) Experiments by which the discharges of other 
types of sluices, i.e., those at other levels, are compared 
with the discharge of an R.L. 100 sluice. 

(3) The of the river through sluices whose 
dise ve been determined as above. 

The paper then describes the carrying out of these 
three steps, and the necessary corrections and possibilities 
of systematic error are discussed. The results from the 
tank measurements of the discharge through the R.L. 100 
sluices showed that :— . ditens ct tinchenats 

(a) For a given opening the coefficient i 
increases as the head Lassen, until in the neighbourhood 
of 10 m. head it becomes constant. 

(6) For the small openings, 1-5 m. and 2 m,, there 
is not much difference between the coefficients for the 


* Abstract of a read before the Institution 
of Civil Engineers on Tuesday, April 19, 1921. 
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same heed, and the coefficients for both openings attain 
practically the same maximum value, 

(c) For the small heads there is a progressive decrease 
of coefficient as the size of the opening i For 
heads greater than 3 m. this effect is reversed, and the 
coefficient increases with increase of sluice opening. 

The next step was to find whether neighbouring sluices 
interfere with each other when discharging, f.e., whether 
» similar sluices always discharge n times as much as 
one sluice. If there is interference, the effect produced 
would probably differ according as the discharging sluices 
were arranged in groups of adjacent sluices, or were 
separated by aiaéba sluices. This point has been in- 
vestigated under different conditions of head, favourable 
weather always being chosen, but no effect due to varia- 
tion in the arrangement of sluices has been detected. 
Experiments were also made to determine the coefficients 
of discharge of other t; of sluices of the dam, which 
differ in dimensions and in the levels of their sills. The 
results of these experiments are stated and discussed. 

The discharges of four types of sluice have now been 
determined over the range of heads occurring during the 
low supply season. For the last few years, every day 
during this period the river has flowed through sluices 
whose discharges are known. The disc of the river 
from January to July for 1916 and onwards is therefore 
known directly from the records of sluices open, and levels 
of the reservoir, 

Curves constructed from float observations in 1901 
and 1902, and from the mean of sluice discharges from 
1910-19, are of the same form, and approach each other 
closely at the higher discharges, the difference between 
the two being only about 2 per cent. at a discharge of 
1,500 cub. m. per second. As already mentioned, the 
same level down-stream of the dam does not always 
correspond to the same discharge; and the variations 
are considerable, Such differences of this magnitude 
can only be produced by changes of river bed. By 
comparison of current-meter discharges and water levels, 
the same phenomenon is found to exist in varying degree 
at other p aces, being, for example, fairly large at Sennar 
on the Blue Nile, and small at Malakal on the White Nile. 
It is probably not very important at the higher stages of 
the river. It is not to be attributed ily to chang 
near the gauge itself, as no doubt changes over long 
sections of the bed contribute to the change of level at 
the gauge for a given discharge. 

Some experiments were also made with R.L. 100 sluices 
in which the bell-mouth was removed in successive 
steps. First of all the rounded lintel was made flat, 
so that the top and bottom of the sluice were parallel, 
and only the sides opened out at the mouth. Secondly, 
one side was made straight, and, thirdly, the remaining 
side was straightened, leaving the entrance rectangular 
and the sluice of the same section at the entrance and 
throughout the tunnel. 

The authors next review the state of the mathematical 
theory of flow through orifices. Comparisons of discharge 
measurements by sluices and current meters show that 
for moderate river velocities no reduction is required 
on the discharges given by current metere when used 
under conditions. Mr. A. D. Butcher at the 
Delta has found only slight differences of the 
order 5 per cent. between discharges measured in very 
turbulent water just below the head regulators in the 
canals and discharges measured in steadily flowing water 
about | km. down stream of the regulators at the regular 
discharge sites. Mr. B. H. Wade repeated these exper- 
ments at the and found rather larger differences. 

At Assuan near the outfall of the sluices, in water so 
turbulent that a boat was in danger of being swamped, 
so that the discharge measurement was carried out from 
a platform suspended from a cable, discharges up to 
17 per cent. greater than the true value as given by the 
sluices were determined by Mr. Wade and Mr. Herbert 
by means of a current meter. The practical conclusions 
arrived at up to the present are :— 

(1) American experience tends to show that at very low 
velocities in disturbed waters Gurley current meters give 
results which are too low. 

(2) At moderate velocities such as those obtained at 
Assuan with discharges of 2,000 cub. m. per second 
and less, there is no appreciable turbulence effect on 
Gurley current meters. 

(3) In excessively turbulent water Gurley current 
meters record up to 17 per cent. in excess of the actual 
discharge. 

(4) Later experiments show that in the Nile, current 
meters when properly used on well-chosen sites are not 
liable to errors of any imporatnce from turbulence at any 
otege of the river. 

he paper concludes with some suggestions as to 
further hydraulic research in Egypt. 











BRITISH NON-FERROUS METALS 
RESEARCH ASSOCIATION. 

THe annual meeting of this association was held in 
London on the 13th inst. The chairman, Mr. Thomas 
Bolton, in moving the adoption of the report and 
accounts, pointed out that the association was in- 

in January, 1920, the signatories to the 
Articles of Association forming the first council; this 
being the first general meeting of the association, he 
thought it appropriate to congratulate the industry on 
the formation of the association and to thank Sir Gerard 
Muntz and his colleagues of the Provisional Committee 
who had been active in achieving this result, and Mr. 
H. L. Heathcote for his untiring energy as 
seeretary. The association afforded 
be af “= I see th the of 
scope.of .a wi , wi men in the 
front rank of non-ferrous , and at a moderate 
cost made possible by collective action supplemented by 





the liberal Government grant. He 


expressed: surprise at 
the uate the association was receiving 
both from those engaged in the industry and from the 
users of its products, and hoped that now that work was 
well under weigh, a rapid increase in membership might 
be looked for. He alluded to a possible misconception 
that might exist as to there being any obligation to 
divulge trade secrets. In his opinion, it was reasonable 
and natural that manufacturers should guard such 
special knowledge as they might have acquired, often 
at considerable expense, but in his view the function of 
the association was to investigate and instruct on the 
fundamental facts and principles underlying processes, 
leaving the application largely to the members them- 
selves; in this way there was plenty of scope left for 
individual practical efficiency. The first research was 
that on brass and copper castings, which was taken over 
from the Brass and Copper Tubes Association in April, 
1920, and completed in September, resulting in the issue 
of a report containing much useful practical information. 
The research on atmospheric corrosion which’ was 
initiated by the Royal Institution of British Architects 
and the Institute of Metals had also been transferred to 
the association, and was being carried out by a strong 
joint committee. A researcher had been appointed, 
and Professor H. C. H: Carpenter had arranged for the 
work to be done at the Imperial College of Science and 
Technology, South Kensington, where the researcher 
would be under his supervision. Technical committees 
have beon appointed to consider and suggest to the 
council what matters most needed investigation, and on 
their recommendations two further researches had 
been put in hand: (1) On the effect of foreign substances 
up to 1 per cent. in copper; (2) on so-called “ nickel- 
silvers.” The former, which covered a very wide field 
and would probably be the most important for some time 
to come, was being conducted at the National Physical 
Laboratory, under Dr. W. Rosenhain, and the latter was 
in the hands of Dr. F. C. Thompson at the Sheffield 
University. Collaboration with the Scientific Instrument 
Research Association in carrying further an investigation 
which they had made into abrasives and polishing 
wders was also under consideration. The work in hand 
for the current year would cost Ss grag mara, 2,0001., 
which, with about 2,000/. requi for administration, 
would absorb both the subscriptions in sight and the 
Government grant, and it was earnestly hoped that an 
increase in membership would provide all the required 
funds. . 





THE HABER AMMONIA PROCESS AT 
OPPAU. 

How very much more the synthesis of ammonia 
means than the mere suggestion, not made by Le 
Chatelier in the first instance, by the way, of letting 
the gases nitrogen and hydrogen interact at high 
pressures, and temperatures will be understood from 
the succinct report on the Haber process, as worked 
by the Badische Anilin-und Soda-Fabrik at Oppau, 
which Professor J. R. Partington published in the 
Journal of the Society of Chemical Industry of 
March 31 last. The Oppau works near Ludwigshafen 
were completed in 1913, and were raised during the war 
to ten times their original daily capacity of 20 tons of 
ammonia. The Leuna works (near Ritterfeld) were 
added in 1916. The power is in both these works derived 
from lignite. At Oppau the lignite is gasified with the 
aid of air and a little steam in Bamag producers, 12 ft. 
by 25 ft., with rotary grates; 12 of these producers, 
each for 20 tons of fuel per day, are built alongside a row 
of water gas generators, of the Pintsch type, in each of 
which 30 tons of coke are gasified per day. The gas 
contains 40 per cent. of hydrogen, 30 per cent. of CO, 
12 per cent. of CO2, 18 per cent. of N. By passing this 
gas together with steam over a catalyst, consisting of 
ferric oxide to which some chromium oxide is added as 
promoter, at about 450 deg. C., the CO and H20 are 
converted into CO2 and H2 hydrogen. This catalysis 
was mentioned by Dr. Rideal in his recent lectures.* 
The plant comprises 24 units, each of two heat exchangers 
and one catalyst chamber; the latter, 16 ft. by 12 ft. 
by 10 ft., contains two trays of the catalyst. The 
catalyst is said to last two years. 

The gas mixture of carbon dioxide and hydrogen has 
to be purified of any CO left in it, which may amount to 
2:5 per cent, Before this purification the CO2 has to 
be removed ; for this purpose the gas, compressed at 
25 atmospheres, is to the base of eight steel 
towers, 30 ft. by 4 ft., packed with rings into which 
water at the same pressure is injected from the top. 
The water charged with the carbon dioxide is discharged 
on Pelton wheels, which recover 60 per cent. of the power, 
while the CO: and other gas are liberated. The CO, 
is collected. The other gas is freed of spray by being 
passed through steel bottles, and then compressed to 
200 atmospheres for the CO purification, which is effected 
in 16 towers, made of special steel, each of which i 
about 30 ft. high and 24 ft. external diameter. The 
towers are packed with Guttmann balls for distributing 
the absorbing liquid, which is ammoniacal copper 
formate in the first eight towers, and caustic soda in the 
other eight ; the CO absorbed is released again in a 40-ft 
tower and collected. As little as 0-01 per cent. of CO left 
in the hydrogen gas is considered injurious to the further 


process. 

The purified hydrogen should only contain some 
nitrogen from the original air. It is mixed with hydrogen 
from a Linde t to bring the gas proportion up to 


1 No: 3 He. he mixture is dried and sent into the 15 
furnaces or bombs, in which it is converted into ammonia. 
The bombs are made of two steel tubes, 19} ft. long, 31-5 





* See ENGrneEeRtno, March 25, page 363, ante. 








in, internal diameter, 7 in. wall thickness, bolted together 
with their ends and provided with covers. 
Inside the bomb lies a continuous steel liner, pro- 
bably over some lagging, so that the actual diameter 
of the catalyst is ens a to 19} in.; the catalyst is 
kept at a temperature of 600 deg. C., while the outer 
bomb temperature is arranged not to exceed 400 deg. C. 
The temperature inside is maintained with the aid of 
heat. exciiangers, i.e., forged steel tubes of the bomb 
length, 15in. in diameter, fitted with nests of § steel tubes 
fixei in the bombs. The catalyst units are vertically 
mounted in brick chambers, out of which the bombs pro- 
ject alittle. The catalyst is iron, probably mixed with 
molybdenum. Ten per cent. of the gas entering the 
bombs is said to be lost. The argon and methane present 
in the hydrogen accumulate in the bombs. The lique- 
faction of the ammonia formed not having proved success. 
ful, the ammonia is absorbed by forcing water under 
pressure into the gas. Three water-injection pumps are 
connected with nine sets of absorbers, each consisting of 
three water-cooled spirals mounted vertically above one 
another, and rising up to 60 ft. above the ground. 
The gas passes down the lowest spiral, rises to the top 
of the second spiral, then to flow down the same apical, 
and flows similarly through the third spiral, the water 
stream being in all the three spirals downward by 
gravity. A 25 per cent. ammonia solution is obtained ; 
the unabsorbed dried ammonia gas is sent back to the 
catalysers. An ammonia soda-plant is joined to the 
works, which employ or employed over 4,000 men, 
including 350 chemists. Dr. Partington describes the 
works as one of the greatest technical achievements of 
all times ; it is a triumph for both the chemist and the 
engineer. 

The only other synthetic ammonia factory outside 
Germany, of which Dr. Partington knows, is the United 
States Nitrate Factory No. 1 at Sheffield, Alabama, 
erected during the war. There the modified Haber process 
of the General Chemical Company was used, in which 
pumice stone impregnated with nickel (or ferric) nitrate 
serves as catalyst. The nitrate was reduced at 550 deg. C. 
by hydrogen and treated with metallic sodium and 
gaseous ammonia for conversion into sodamite which was 
to act at 500 deg. C. and 70 atmospheres (against the 
200 atmospheres at Oppau). The process did not work 
well, and the works were closed down within three 
months ; on reopening a different process was adopted. 
Dr. Partington does not refer to the process of Georges 
Claude, who gave some notes on two demonstrations of 
his process (made with electrolytic hydrogen so far) 
in the Comptes Rendus of February 21 last. Claude com- 
presses the gas mixture to 900 atmospheres or 1,000 
atmospheres, and he does this now in two stages, first 
to 100 atmospheres, and then at once to 900 atmospheres 
or more.* He did not describe his plant ; he referred to 
the enormous liberation of heat in his new apparatus of 
reduced dimensions without saying how he eliminated 
this heat. 





CANADIAN WEIGHTS AND MEAsURES.—An Advice has 
been received at the Board of Trade from H.M. Trade 
Commissioner’s office at Toronto to the effect that 
United Kingdom manufacturers submitting quotations 
to Canadian firms for ton lots should specify whether the 
English long or Canadian short tons are intended. The 
legal Canadian scale of weights and measures provides 
for a ton of 2,000 Ib. and a ewt. of 100 Ib., and the value 
of a quotation is nullified by the omission of a definite 
indication as to whether Canadian or Imperial tons are 
intended. 


British AssocraTion.—The meetings of the British 
Association are to take place at Edinburgh on September 
7 to 14, and the following presidents of sections have 
been appointed : Section A (Mathematics and Physics), 
Professor O. W. Richardson ; B (Chemistry), Dr. M. O. 
Forster: C (Geology), Dr. J. 8. Flett; D (Zoology), 
Mr. E. 8. Goodrich ; E (Geography), Dr. D. G. Hogarth ; 
F (Economics), Mr. W. L. Hichens; G (Engineering), 
Professor A. Gibson; H (Anthropology), Sir J. 
Frazer; I (Physiology), Sir W. Morley Fletcher ; 
J (Psychology), Professor C. Lloyd Morgan ; K (Botany), 
Dr. D. H. Scott; L (Education), Sir W. H. Hadow ; 
M (Agriculture), Mr. C. 8. Orwin. Among the subjects 
which are being arranged for discussion at joint sectional 
meetings are the age of the earth; the proposed Mid- 
Scotland Canal. The president of the Association, 
Sir Edward Thorpe, will deliver his address at the 
inaugural meeting on Wednesday evening, September 7. 





Precision Device ror Orprnary Latues.—In the 
manufacture of screw gauges from steel which changes 
its dimensions appreciably when hardened, it is desirable 
to cut the threads to a pitch which shall allow for this. 
To obtain the requisite pitch variation when using an 
ordinary Iathe, the Precision and T Grinder Manu- 
facturing Company of Philadelphia, U.S.A., have brought 
out a device by which the saddle of the lathe can be 
advanced by the required amount. An adjustable 
bracket bolted fast to the lathe bed, carries a short 
section of a wide rack, the rack being so arranged that it 
can be swivelled about a bolt in the bracket opposite 
the centre of the lead screw. A clasp-nut embracing 
the lead screw, has teeth on its circumference which 

with those of the rack. It is evident that as 
ic. capa travels along in contact with the rack it 
will be given a certain rotation Fe migy ug to the 
inclination of the rack and so will cause the saddle to 
travel faster or slower than it otherwise would do, thus 
increasing or diminishing the pitch of the thread being 
cut. 








* See ENGINEERING, February 13, 1920, page 223. 
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SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTICE.* 
By K. Baumann. 
(Continued from page 453.) 

(2) Working Conditions.—Of the various methods by 
means of which the thermal efficiency of a power station 
can be improved, those with which we are concerned 
in this paper fall under two main categories : 

(i) Operating conditions which are under the control 
of the power-station designer. 

(ii) Conditions which are under the control of the 
turbine designer. 

Improvement of operating conditions comes under 
the former category, and improved turbine thermo- 
dynamic efficiency is under the control of the turbine 
designer. , 

The purchaser fixes the conditions underJwhich the 
turbine is required to work and such conditions naturally 
affect the design of the turbine. At the same time, 
progress in working conditions is to some extent depen- 
dent upon the limiting features of turbine design. 


Fig.t5a 
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Fig. 16. 
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Re-heat factor 


Wetness factor 


Fic. 16. Reaneat anp Wetness Factors. 


(a) Progress Made in Steam Conditions.—Table IX 
shows the progress made in connection with steam 
conditions, ¢.e., pressure, temperature and vacuum. 
aa the author adopted as standard steam con- 
citions : 

180 Ib. per sq. in. (gauge), 150 deg. F. superheat, and 
28-in. vacuum ; 
and the highest conditions which were in use at that 
period were : 
ead Ib. per sq. in. (gauge), 200 deg. F. superheat, and 
29-in. vacuum. 

At present, steam pressures as high as 350 Ib. per 
square inch (gauge) are being adopted for new power 
stations, and temperatures as high as 750 deg. F. The 
vacuum has been increased from 29 in. to 29-1 in. 
Che heat drop has been increased from 407 to 485 
British thermal units per lb., i.e., by nearly 20 per cent, 
and the ratio of expansion has incre from 418 to 
828, é.e., in the ratio of 1 : 2. 

Higher steam pressures than 350 Ib. per square inch 
are at present not justified except in power stations 
where economy is of extreme importance, where coal 
's very expensive and the load factor very high. A 
steam temperature of 700 deg. F. is the present standard. 
his means that the turbines must be made suitable 





_* Paper read before the Institution of Electrical 
Engineers, April 7, 1921. 


for steam temperatures up to 750 deg. F., to allow for 
variations from the normal temperature. 

(b) Basis of calculations for the improvement in heat 
consumption possible with improved steam conditions.— 
The improvement which is possible with large steam tur- 
bines, of a given s efficiency working with dry 
steam (i.e., hydraulic efficiency), cannot be found 
directly from a comparison of the adiabatic heat drop 
and the heat content per pound of steam, because 
the thermodynamic efficiency of the turbine depends 
to a great extent on the steam conditions, for the 
following reasons : 

(a) The efficiency of a stage decreases with the amount 
of wetness in the steam. 

(b) The reheat factor varies considerably with the 
pressure, superheat and the vacuum. 

(c) With a given turbine the velocity ratio u/co varies 
with the total heat drop (u being the mean pheripheral 
speed and co the theoretical steam velocity). 

(d) Leakage and disc-friction losses increase with 
higher pressures, and leaving losses increase with lower 
back pressures. 

In the calculations of the improvements in heat 
consumption which follow, the heat content and the 
heat drop have been obtained directly from the formule 
of Professor Callendar, and the stage efficiency for dry 
steam of all stages has been assumed to be 80 per cent. ; 
and the following rules have been applied with regard 
to the factors stated above. 

(A) The Thermodynamic Efficiency is corrected by 
multiplying the stage efficiency of every stage working 
with saturated steam by the dryness factor.* This 


The wetness correction can accordingly be divided 
into three parts : 


(a) The wetness correction resulting from varying 
initial pressure, 

(6) The wetness correction resulting from varying 
superheat. a) 

(c) The wetness correction resulting from varying’ 
back pressure. 

It 1s convenient to express the difference in the cor- 
rections for any two rs or superheats by that 
difference which would result if the ratio of the two 


pressures or superheats were increased to 2. The 
difference for any ratio can be obtained by multiplying 
the correction for a ratio of 2 by a factor foun con 
the logarithmic curve in Fig. 15a. i 


On this basis the magnitude of these corrections is 
approximately as follows : Land 

(a) For a ratio of initial pressures of 2 (superheat 
and back pressure remaining constant), the difference 
in the wetness correction varies roughly from 0-75 per 
cent. at a pressure of 200 Ib. to 0-5 per tent. at pressures 
of 500 to 1,000 Ib. ow uare in,, the thermodynamic 
efficiency of the whole turbine being lower at the higher 
pressure, 

(6) For a superheat ratio of 2 (steam pressure and 
back pressure remaining constant), the difference in 
the wetness correction varies roughly from 3 per cent. 
at a superheat of 100 deg. F. to 2 per cent. at a superheat 
of 300 deg. F., the efficiency being higher at the higher 
superheat. 

(c) For a back-pressure ratio of 2 (steam pressure 





and superheat remaining constant), the difference in 


TABLE IX.---ProGress MADE In Stream Conpririons. 
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1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 9 | 10 lL | 12 | 13 | l4 | 15 
4 Normal Steam Conditions. g% # 
_ a a s 
z Ela 3 > 5 3 
2 a isa At Turbine. 36 | ges ; é 
Item | ¢ | Reference and Date. | Customer and Power % er Ee Ses is 
No. © Station. = ie. > I =a z° s E 
E 4g | &@| ae 2 33. EE g2| gt 
E S|e2/82| & Par: # 86) 2 = = 
<= 3 5 < & | Bos| © ry E & 
Es Be E s| & Ss 356 eet - 
| Ae/ES| £ | ® |P azs 
deg. | deg. jin. abs.) deg. 
Ib. Ib. F. F. | (Hg.) F. deg. F. | B.Th.U, 
1 — | Elec. Review | 28/10/10 | Newcastle Elec. Sup- |1910| 200 | 190 | 534 | 150 1: 55 24 407-2 418 
ply Co., Carville 
2 2 | ENGINEER- | 17/10/13 | Commonwealth, Fisk- |1912| 275 350 | 506 | 100 1-0 | 60 19 412-5 540 
ING street, Chicago 
3 — | ENGINEER- 21/1/17 | B.T.H. Experimental |1915| 375 | 350 | 700 | 264 1°5 _ _ 459-9 496 
ING Plant, Rugby 
4* | — | Elec. Review | 23/3/17 | New Buffalo .-|1916| 300 | 275 |689-4) 275 1-0 60 19 465-4 501 
5t | — | Elec. Review 9/7/20 | Newcastle Elec. Sup- |1916| 270 | 250 | 650 | 244 1-0 55 24 450-2 540 
ply Co., Carville. 
6t | — | Power 22/1/18 | Jolliet (Public Service |1917| 325 | 300 | 672 | 250 1-0 _ _— 464-7 642 
Co.) 
7 — | Author - —— Powell Duffryn ..|1920| 375 | 350 | 750 | 314 2-0 75 26 450-4 372 
8 21 | Author... -— Glasgow Corporation |1920) 275 | 260 | 650 | 244 0-9 55 21 455-2 600 
9 — | Author ‘< -—— Birmingham Corpora-|1921| 325 | 300 | 700 | 278 2-0 76 26 437-9 322 
tion 
10 23 | Author — —- Corpora- |1921) 375 | 350 | 700 | 264 0-9 55 21 484-7 828 
tion 
ll 24 | Author —_ Paris .. -/1921; — | 312 | 662 | 236 1:05) — —_ 461-3 631 
t to to to to to 
} 355 | 752 | 314 | 492-8 718 
| 








* Difficulties experienced with monel metal valve seats, 
No difficulties experienced due to high pressure, 


Pipe flanges welded. Sargent-Van-Stone joint. 


correction can easily be ascertained by comparing 
factors obtained by multiplying half the wetness at 
the turbine exhaust by the ratio of work done below 
the saturation line to total work. 

The correction factors for wetness calculated in 
accordance with the above rule have been plotted in 
Fig. 16 for steam pressures of 200 Ib. to 1,000 Ib. per 
square inch, for total’ temperatures of 688 deg. F. and 
788 deg. F., and for back pressures of 0-9 in. (abs.) and 
2 in. (abs.). 

The correction for wetness depends not only on the 
superheat, but also on the steam pressure at the inlet 
of the turbine and the back pressure at the turbine 
exhaust, and, consequently, it affects the improvements 
obtainable with higher pressures and higher vacua.t 





* This correction is in accordance with the author’s 
remarks in the earlier paper (Journal, I.E.E., 1912, 
vol. xlviii, page 830), which are to the effect that the 
efficiency of a turbine will change | per cent. for each 
1 per cent. variation in wetness, and that the steam 
consumption measured as condensed water will be 2 
per cent, higher for each 1 per cent. increase in moisture. 
The new method of correction for the variation in 
superheat is more rational for conditions so vastly different 
from those contemplated in 1912 than the method then 
proposed by the author, in which the efficiency is 
corrected for any steam pressure or vacuum by means 
of a common superheat correction curve. The correc- 
tion obtained by the new method, together with the 
corrections for the differences in the reheat factor, 
gives the correction for superheat, which for ordinary 
conditions co: mds very closely to the correction 
calculated from the author’s curves given in the earlier 
paper, after due allowance has been made for the decrease 
in the ratio u/eg with increased superheat. 

+ Mr. H. M. Martin has very rightly drawn attention 
to these facts in ‘“‘ A New Theory of the Steam Turbine,” 
published in Enctneerine, 1918, vol. evi, in which he 





explains the anomalies of the superheat corrections as 
being the result of undercooling of the steam below the 


+ Steam joints are made with Taylor rings. 


the wetness correction is about 0 -5 per cent., the efficiency 
being lower at the lower back pressure. 

(B) The Reheat Factors have been calculated from 
the formulz published by Professor Callendar, for both 
the superheat and the saturated portion of the ex- 
pansion.* These reheat factors have been plotted in 
Fig. 16 for pressures of from 200 to 1,000 Ib. per square 
in. (gauge), for total temperatures of 688 deg. F. and 
788 deg. F. and for back pressures of 0-9 in. (abs.) and 
2 im. (abs.). The reheat factor varies with the steam 
pressure, the superheat and the back pressure, and 
consequently the correction of the thermodynamic 
efficiency of a turbine resulting from variations of the 
reheat factor can be divided into three parts : 


(a) The reheat correction resulting from varying 
pressures. 

(6) The reheat corrections resulting from varying 
superheats. 


(c) The reheat correction resulting from varying back 
pressures. 





saturation line. The calculations which he proposes 
deserve careful consideration by practical engineers. 
For the calculations given in this part of the paper, 
the author preferred to adhere to the rule outlined 
above, which was used by him prior to the publication 
of Mr. Martin’s theory and which has been found to give 
results substantially in accordance with actual test 
results. As far as can be judged, the improvements 
calculated in this manner should corr d closely 
to those which would result from Mr, Martin’s t A 
The author’s rule has the advantage of being sim 
and easy of application. It would be of cuusidacald le 
interest, however, if the results given here were care- 
fully checked means of the new theory. 

* H. L. Callendar: “ ies of Steam and Ther- 
modynamic Theory of Turbines” (London: Edward 
Arnold, 1920); for superheated steam, formula 17 on 











page 303; for saturated steam, formula 15 on page 
301. 
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The order of these corrections is roughly as follows : 

(a) For a ratio of initial pressures of 2 (aeneet 
and back pressure remaining constant), the difference 
in reheat correction varies roughly from 0-25 per cent. 
at a pressure of 200 Ib. per square in. (gauge), to 0-5 per 
cent. at pressures from 500 to 1,000 Ib. per square in. 
(gauge), the thermodynamic efficiency being higher at 
the higher pressure, 

(6) For a superheat ratio of 2, the difference in the 
reheat correction varies roughly from 0-5 per cent. 
at 100 deg. F., to 1-5 per cent. at 300 deg. F., the efficiency 
being higher at the higher superheat. 

(c) For a back-pressure ratio of 2, the difference in 
the reheat correction varies from 0-25 per cent. to 0-5 
per cent., the efficiency being higher at the lower back 
pressure, 

The wetness and reheat correction 
approximately as follows : 

(a) For the ratio of initial pressures of 2, the difference 
in the combined correction varies roughly from 0-5 per 
cent. at a pressure of 200 lb. per square inch (gauge), to 
zero at pressures of 500 to 1,000 lb. per square in. (gauge), 
the efficiency being lower at the higher pressure. 

(6) For a superheat ratio of 2, the difference in the 
combined correction is roughly 3-5 per cent., the efficiency 
being higher at the higher superheat. 

(c) For a back pressure ratio of 2, the difference in the 
combined correction varies roughly from 0-25 per cent. 
to zero, the efficiency being lower at the lower back 
pressure, 

The combined corrections for steam pressures and for 
back pressures are relatively small compared with the 
more important corrections resulting from higher leak- 
age and disc friction losses at higher pressures, and the 
higher leaving losses at lower back pressures. 

(C) With a given turbine, the velocity ratio varies 
inversely with the square root of the total heat drop, 
and the correction depends on the actual value of u/co 
for given conditions. For the calculations given in 
this part of the paper the stage efficiency has been 
assumed to be indepenent of the steam conditions and 
back pressures, This means that, in order to obtain 
the improvements calculated, a larger number of stages 
will be required to deal with larger heat drops. 

(D) Likewise, no allowances have been made in the 
calculations given in this part of the paper for decreased 
efficiencies resulting from increased leakage and disc 
friction losses at higher pressure, and increased leaving 
losses at lower back pressures. This means that in 
order to obtain the improvements calculated, suitable 
provisions are made to reduce these losses to a common 
standard. 

(c) Lmprovements Due to Higher Steam Pressures.—In 
the discussion on Mr. Shaw’s paper (Journal I.E.E., 
1919, vol. Ixvii, page 97) the author gave an approximate 
rate for the calculation of the improvement in heat 
consumption possible with higher pressures. This was 
to the effect that for every 10 per cent. increase in 
pressure the overall economy is improved by 1 per 
cent, 

Table X contains the result of accurate calculations 
on the basis outlined under (6) for steam pressures up 
to 1,000 lb. per square inch, the total temperature and 
the vacuum being constant, at 688 deg. F. and 29-1 
in. (Hg) respectively. It is assumed that there is no 
feed heating in connection with the main turbine. 

The total variation of the reheat factor for a constant 
total temperature of 688 deg. F. and a constant back 
pressure of 0-9 in. (absolute), as plotted in Fig. 16 is 
only 0-3 per cent., and this small correction has been 
neglected ; due allowance, however, has been made for 
the variation in the wetness correction which is shown 
in Fig. 16. 

The variation in heat consumptions with increase of 
pressure is plotted in Fig. 17. A curve has also been 
plotted in Fig. 17 to show the variation in the con- 
densing surface required for the same total capacity in 
kilowatts. 

Fig. 17a shows the improvement in thermal efficiency 
for 10 per cent. increase in absolute pressures. Its 
value is given in the following table :— 


combined are 





Improvement in Thermal 
Efficiency in per Cent. for 
For Pressures Between 10 per Cent. Increase in 
ure. 

200 Ib. and 250 Ib. per sq. in. (gauge) 0-986 

400 lb. and 450 Ib. per sq. in. (gauge) 0-763 

600 Ib. and 650 Ib. per sq. in. (gauge) 0-613 

800 Ib. and 850 Ib. per sq. in. (gauge) 0-493 








Actually with a given turbine, ¢.e., a given cost, the 
improvements calculated above will not be fully realised. 
[t is estimated that on account of the lower value of the 
ratio u/co and the increased leakage and disc friction 
losses at the higher pressures, te actual improvement 
will be reduced by about 1 per cent. for an increase in 
initial pressure of about 100 per cent, (i.e., for a pressure 
ratio of 2), the total temperature remaining the same, 
or by about 0-14 per cent. for a increase in pressure 
of 10 per cent. : 

For a constant superheat this additional correction 
should be larger, because the decrease in the value of 
the ratio is greater for the same increase in pressure ; 
and also b the leakage losses are slightly increased 
as a result of the slightly larger clearances required for 
the higher temperatures, It is estimated that, in this 
case, the additional allowance would be 1-5 per cent. 
for a pressure ratio of 2. 

This allowance added to the combined thermodynamic 
efficiency correction for t and reheat factor, 
gives for a ratio of initial pressure of 2, a difference 
in the thermodynamic efficiency varying from 2 per 








cent. at pressures of 200 lb. per square inch (gauge) 
to 1-5 per cent. at very high pressures. For all practical 
purposes an efficiency correction of 2 per cent. for a 
ratio of initial pressures of 2 is sufficiently accurate 
as a*guide for comparison of turbine efficiencies. 

With modern methods of feed heating in which steam 
is taken from a low-pressure stage of the main turbine, 
the improvement possible with higher pressures will 
be larger than stated above. It is estimated that, for 
pressures of 200 lb. to 250 lb. per square inch (gauge), 
the improvement for 10 per cent. increase in pressure 
will be approximately 10 per cent. larger than stated, 
and for pressures of 800 lb. per square inch about 
20 per cent. larger; the resulting improvement after 
making this correction and the allowance for increased 
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Fic. 18. 
Single reheating. 
with superheated steam. 
made for drop in pressure in reheater. 


leakage and disc friction losses is accordingly as given 
in the following table :-— 








Ratio of adiabatic heat-drop after 


INCREASE IN THERMAL EFFICIENCY OF STEAM TURBINES DUE TO REHEATING. 


No feed-water heaters used in exhaust. 
Allowance for decrease in stage efficiency due to wetness. 





} Approximate Actual 

| Improvement for 10 per 
| Cent. Increase in Pressure. 
For Pressures Between | ™ 











Improvement in 
For Steam Pressures of ' Heat Consumption 
for 100 Deg. F. 
per cent. 

200 Ib. per sq. in. (gauge) os od 3-47 

400 Ib. per sq. in. (gauge) ¥ 3s 3-66 

600 Ib. per sq. in. (gauge) o> ‘s 3-88 

800 Ib. per sq. in. (gauge) 4-02 





mated that on account of the lower value of the ratio 
u/co at the higher temperature, and the slightly increased 
leakage losses resulting from the larger clearances 
required with higher temperatures, the improvement 


Fig .t7a. 
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pressure, lb. per 8q. in. (gauge) 


Fic. 174. Toran ImproveMentT IN THERMAL 
EFFICIENCY FOR 10 PER CENT. INCREASE 
In ABSOLUTE PRESSURE. 


in thermal 
allowance for wetness) 





O- 
re-heating takes place 


Turbine stage efficiency 75 per cent. for all stages 
No allowance 


will be reduced by about 1-5 per cent. for a superheat 
ratio of 2, for superheats from 100 deg, to 400 deg. F. , 
This correction applied to the improvements givel! 
above results in the following reductions and actual! 
improvements with a given turbine :— 











| Without With Modern ; Actual 
| Feed Method of For Pressures of Reduction. | Improve- 
| Heating. Feed Heating. ment. 
} ile 
} per cent, per cent. 
200 Ib. and 250 Ib. per sq. in. (gauge) 0-85 0-95 per cent. per cent. 
| 400 Ib. and 450 Ib. per sq. in. (gauge) 0-65 0-75 200 Ib. per sq. in. (gauge) on 0-6 2-87 
| 600 Ib. and 650 Ib. per sq. in. (gauge) 0-50 0-60 400 Ib. per sq. in. (gauge) oe 0°75 2-91 
800 Ib. and 850 Ib. per sq. in. (gauge) 0-40 0-50 600 Ib. per sq. in. (gauge) “ 0-89 2-99 
800 Ib. per sq. in. (gauge) oe 1-02 3-00 
| 





(ad) Improvement Due to Higher Total Steam Tempera- 
tures.—In the discussion on Mr. Shaw’s paper referred to 
above, the author came to the conclusion that the heat 
consumption is decreased 3 per cent. for an increase 
in temperature of 100 deg. F. for total temperatures 
between 600 deg. and 750 deg. F. and for steam pressures 
between 200 lb. and 400 Ib. per square inch (gauge) 
Table XI contains the result of accurate salimualins 
{due allowance being made for wetness and reheat 
factor on the basis explained in section (5)] for total 
temperatures of 688 deg. F. and 788 deg. F. The im- 
provement in heat consumption obtained by raising the 
total temperature 100 deg. F. is in the table at the top 
of the next column, 





Actually, with a given turbine the improvement 
as calculated will not be fully realised. It is esti- 








These improvements are identical with those given in 
the discussion above referred to. 

If the decrease in efficiency resulting from the lower 
value of the ratio u/cg at the higher temperature, and 
the slightly increased leakage losses estimated above, 
is deducted from the combined correction for wetness 
and reheat factor'given in section (b), we arrive at a super- 
heat correction for the thermodynamic efficiency of the 
whole turbine of 2 per cent. for a superheat. ratio of 2. 

(e) Improvement Due to Higher Vacua.—It has been 
shown in section (b) that the combined correction 
for wetness and reheat factor for varying back pressures 
varies from 0-25 to zero per cent. for a back-pressure 
ratio of 2. As this correction is small compared with 
the leaving loss, it follows that the improvement i 











ENGINEERING. 


APRIL 22, 1921.] 


593 











































































































*(3yq) ‘ur gz | snotrea 103 sdorp y80ey ey} sear TTX OQ], JO T OMIeg "pe,oejZeu eq uvo sosodind eorovaid [ye 10; pue que4}xe szeded s1q3 jo [I] 28g Ul qzT4 47Bep 
48 uorydumsuoco ey} jo ‘yue0 sod ut uomdumsuoce urvozs ‘dozp qvoy OY} UI esBeldUI oy} WIOIy A}OeIIp | peut] Az0A 8 03 AyUO sory WOT}98LI0N SITY} ‘oUTqIN | AyjMy SI S10}0B; esey} JO JOYS OY], “somsseid =yoeq 
ur guoweaoidun quenbesuoo oy} seals JI worMoeg pouresqo st ‘eaoqe pouryjdxe se ‘yorym uordeunsuod | ureur 043 w0Iy poyq st oveydsouye mopeq A;qviepisuoo | JMO] 3B OUINIOA JOBIB] GY} TILA [wop 0} oUTQUN ey} JO 
‘(3y) “ur gz wey s0yS1y wnowA 30; sdorp yeoy [euONy| uIve}s oy} UI yueWeACAdUTT ey} qIIM [eorUep! ApjueNb | somnssesd 4e uree}s Yor UI ‘perdope Ajjensn mou s0zem | {j10vd¥0 ysnvyxe ey} esver0Ur 03 pue ‘dorp yvoy se3 se] Of} 
-Ipp’ oy} pue ‘ur gz jo UNNoBA B J0j sUOCIZTPUCD UIBE}s|-esuU00 st UOI;duMsUOo ywoy UI yuoUIeACIdUT Oy, peey oy} Zuryvey jo spoyjeul usepour y3I4, ‘“sounssoad | yQim peop 09 seBezs Jo Joquinu oy} osBoIOUT 0} ‘JOAeMO! 
: YOU J@MO] 4V PouTe}qoO 1038M Poey Oy} JO oungesedurE | ‘Aresso00U eq [LM 41 JUOTICAOIdUT sty} UTERQGO OF, 
JOMO] O42 WOIy Sumpnser ureezs P punod sed vey /-ind yeonovid je s0y guormyns st yorum Aowmooe ue 
0L-8¢ 6-0 peswasou! 04} 10; moje 0; soNo"Id O43 eq 04 posM 41 | YIM dorp yoy ul esvesoul ey} uOIy APOeITp pozeElNoTeo 
8% L3 9-3 $-3 £-3 9-3 ¢-% 4-3 £-3 3-2{ ‘uoyjdumsuoo yeoy ut yueueAosdut oy} Buryeoyeo uy eq uvo semssoid yoeq Jomo] YIIM UOMduUINsUOD UTBE;s 
98-9 9-0 
63 | es | 2s | os | +s | 2s | os | os | os | sof a3- | 
. sf 8-02 | $2-0 “sins ant hs wah “ry ay rod } 
0-¢ 6-3 8-3 £3 $-3 8-3 £3 9-3 +3 4 20- . ‘ Lt. uor3dumnsuo0o u | jue 
( LL-SL 6-0 } -duinsuoo eaoaduy 20°F 88-¢ 99° ¥-¢ 1} wwies Gaeta 03 \ eaoaieg 
1-¢ 0-¢ 6-3 8-3 9-3 0-¢ 6-3 £3 ¢-3 e-2{ % peynber “q seei7 2ep ent 25 Bouman yomarn, | yenwy 
j | 96°82 0-1 || -9P Uf emmguredaie, 61-F 40-4 08-8 6c-£ Wy yuomeaciduy Tenjow TeI0F, | 61 } 
4-¢ 0-8 6-3 8-2 9-3 1-¢ 0-§ 8-3 £3 $3, qeneyxe Ul ssEaI9E(T 9F-Z 42-3 18-1 es I ' "quae sod * WOT}OELIOS [VIO | ST |) 
19-16 ¢-1 16-0 #F-0 1F-0 19-0 *-queo red ‘gvoqer J0J wo}9e1I09 | LI | > suO;OoTIOD 
£- 3-¢ 0-¢ 6-3 L3% 3 1-¢ 0-8 8-3 9-2{ 60-2 8-1 OF-T 11-0 “gue sod ‘ss0u90m 103 suop}OeLI0g | gt | / 
I1t- 101 0-2 i (-queo red 60-29 = Aouaqoyo | 
—HIT Gop0°8 ) 02 8-89 | 0-99 | 19 youre) + Aougoyse woyjoIOeY, | ST 
(‘quae s0d g& e¢ = Aouapoye quour 
OT-SI | 99-ST | OT-FI | 08-41 | 00-91 | O9-St | G6-SI | S¢-FI | SS-eT | G9-9T | O2-BE ¢-0 z-¥L | ¢-we z-69 | ¢-#9 | youre9) + Louse Pworjesoeyy, | FI -oaorduy 
OS-IL | O6-TL | OF-ZI | OO-SI | OO-FL | OB-IL | OS-ZI | OL-SL | SE-ST | O9-FL | 98-89 9-0 | jo aus Auge [VULIeyy TBoryer0ey |, 
29-6 | 06-6 | O€-O1 | O8-OI | 89-IT | 88-6 | OZ-OL | O9-OT | ST-IT | ST-ZT | 8-02 | 92-0 | | -soxd oqnjosge av 205 69-1 92-1 68-1 ets [worJar0ay7} UY ay *gue0 Jeg | ST 
ie 00-8 =-6 99-8 ae 20-8 -¢ as S1-6 50-6 LL-8s a | CorMiamaseob 90" ss . “yuao sed (z) + (6) = 
LL: 00-L “L oo-L e ° ° . 06-2 9c: “BL . su00 J ; . pe 1 98 . . AnuaWe ZI 
98-3 | 26-2 | 60-¢ | ¥2-8 | Is-¢ | 96-3 | so-¢ | or-e | ae-s | Zo-S | 29-16 | $-I and wy quomesenteny | 5:0? | 0-08 | ss-08 | 99-08 | SO-s8.| 08-88 | BO-8e | E-1e | ee ee 
—II wor0g -zodns ¥23x0 “gy “Bop @OT OU} 103 
: 6. F ; * d aevouuy “7u00 Jed | TT 
3-99 | 3-99 | ¢-29 | 2-9 | 9-02 | ¢-s9 | z-80 | #99 | 2-99 | 6-89 | o2-8¢ | 9-0 =e 9 pers ha RD ee rend nud 
1-29 0-8¢ 0-6¢ 3-09 8-19 ¥-¢9 3-99 3-L4¢ -8¢ *-09 98-89 9-0 jo aims ‘qeoysodns §=8Hxo * 
9-14 | S-8h | 1-6F | 1-09 | GIS | 1-96 | 8-9 | 9-2F | S-8F | $-0S | SE-0L | G2-0 | | -Sad oynJoSqe Uv JO; $-28 0-18 #62 6-22 001 40s dorp 4voy uf cevaroay | ot 
. 0-6 ie 4 a | vo $-8 2-68 L-OF asa > | sdosp yeoy =TeUuOHMPPV . “al "O'UL a ‘(umnoea “uy ba 
9- 3-8 “te S- . ° Ts L-8& £-FE $s : 4 . ‘ F | 9-¢ < L “zap | 6- -63 =) a" 92 03 domp qwoxT | 6 orp yeoR 
Zot | oor | 2-41 | O-cT | o-ot | o-st | o-st | 3-51 | #51 | O-ST | 29-16 | 9-1 |/ o-org | 9-819 O90 5 PR eee! Oe] OR ore pS Bed fs A fe “Sep OT 
€-96F | 9-28F | 1-LLh | £-Z9P | Z-IbF | S-99F | 8-BEF | G-ShH | F-FEF | Z-FIP | IT-1OT | “0-3 |"° °° =: ge doup quo 0-6¢ z-9¢ #89 2-09 oy} JO} 4voy 1870} uy osvazUr | g 
‘a “Bop | (3H) —I wor0g "ql ted “QUA 
dway | “sav ¢-¥98'L | ¢-962'T | ¥-Z98‘T | Z-908'T| €-0L8'T | 6-9IS'T| F-SLE'T| Z-228'T| “a “Bop 92 Woy voy [wIOL | Z 
Wa ar i “ql tod “UL 
- 868" ene" -90F' -eFe' ere -ooe* -2z¥ tet | * woy 4 TOx, | 9 
8-962 | €-918 | 8-8E8 | 8-S9s | Z-OOF | 8-96I | S-91z | 8-8Ez | 8-c9z | Z-008 “a “Bop ‘ywousodng | [OST | L eee | OTe | Bioee  | Sceue | goes | Socey | Spee. MP SS gp wecuedng | s || 
3-160 | L-ILb | S-6FF | -ZSh | B- LEE | Z-16F | L-ILF | Z-6FF | Z-BZP | 8-L8E “a {Bop ‘amyeiod way WOPFBINIWS | 1» .9z9 L-¥2S Z: 16F Z-16F 2: 6hP Z- OFF 8-288 8-288 “a ‘Bop ‘am qesed u104 uol1zeVMyeg | F | swo;yypucD 
0-009 | 0-009 | 0-008 | 0-008 | 0-002 | 0-009 | 0-009 | 0-00F | 0-008 | 0-006 (8) “uy “bs sod “ay “amseord oBNVH | 751g | 2-918 | 2-819 | Z-P1O | L-BIP | 2-BIe | 2-PIs | L-bIs | “UE "bs sod “qi ‘omssaud omnjosqy |g |} wens 
i “Bop 82 A “Bop 989 smyesodua} [HOE | “ oog | 6-008 | 0-009 | 0-009 | 0-008 | 0-008 | 0-00¢ | 0-002 “uy “bs sod “qy ‘omssoud ofnvp | Z| | 
882 | 0-889 | 0-882 | 0-889 | 0-882 | 0-889 | 0-882 | 0-889 * ‘gq “Bop ‘omywsodmey | t | / 
‘(WIAIOTIOAN SI AOLOVYA LIVAHAY AGNV SSINLAAA AOA NOILOMUBOQ GANIGWOD) SASSO] ONIAVA'T ; 
NV AONDIONMY AOVIG LINVISNOD woa (OH) ALNTOSAV ‘NI Q-Z% LV NOMdKOSNOD AHL OL aauugamu (DF) (9) ALA TOSaV ‘NI §-0 40 
ALAIOSaV ‘NI 0-% NVHL UAMO'T SAUOSSTUG NOV HLIAM NOWAWOSNOD KVALG NI INAWSAOUAW[—']IX WIAVL| TUAssaug wovg V od LVAHUTANG VULXY “J ‘OA OO| AOA NOILAWOASNOD LVA}P{ NI ININZAOUANI— TX AIAVIL 
068-0 FIF-0 Oct-00 86F-0 e¢-0 09¢-0 289-0 $19-0 969-0 189-0 032-0 $92-0 ors-0 $ts8-0 106-0 986-0 “gue sed ‘ous We [VULIEy} WVIIOU] [VNAI [830 [, = 9 |) emssaid 
bLE-0— | S9F-O—| SFF-O—| SIF-O—| 688-0—| 8LE-0—| 998-0—| OSF-0-—| FFE-O—| SIS-O—| F6Z-0—| 1ZZ-0—| LZ-O—| I#Z-0—| L1Z-0—| 810-0— “gueo *WOT}O9IION SOTO - SZ | eynyosqe 
498-0 628-0 £68-0 806-0 336-0 $e6-0 8h6-0 £96-0 086-0 966-0 FIO-T 0-1 290-1 r80-T SII-T 89I-T _gaen qed “Aouapowye TBULIOY} [BOP}JOIO9Y} Ul VS¥oINUT — w% Uy os¥eZOU] “700 
0Lt-0 soc -0 ors -0 ¢oL¢-0 609-0 £h9-0 2419-0 314-0 6FL-0 ¢82-0 28-0 £98-0 906-0 396-0 900-1 920-1 “queo sod ‘doap yeoy Ul osBeIOUT a 8% | aod OT 10} “op 
568-0 pLE-0 ee-0 8-0 €1s-0 262-0 123-0 193-0 18-0 11z-0 161-0 121-0 TSst-0 281-0 |.31L-0 360-0 “quo Jod ‘ year 18704 Uy osvorI0UT -— 3s |/ ‘quewesoidmy 
*queo sed ‘-gu00 Jed OT Jo 
6z¢-0 09¢-0 Lg¢-0 29-0 499-0 012-0 8¢2-0 Tz8:-0 168-0 146-0 £L0-T S6I-T Sté-T ore -T L18-T 461-3 sua uy doys sod omssoid oynjosqe Uy os¥eI0UT > % |) 
88-18 £&-28 82-28 28-8 68-88 ¢-t8 60-¢8 €8-¢8 9¢-98 tP-L8 eF-88 49-68 240-16 69-36 c+ 46 ¥L-96 0-001 |*}u9e0 ted “gndqno oures Joy JosMEpPUOO JO OZ18 OATIBIOY ~ 06 | 
S136 oh-26 SL-26 20-86 28-86 GL: 86 60- +6 FP 6 8-6 63° °6 OL: 86 2-96 28-96 9F- 246 PI -86 56-86 0-001 *gueo Jed ‘urve4s Jo *q] Jed ne ante = 61 | 
“qi + UL’ 
£-888 T- 168 6-£68 0: 268 T-006 ¥- £06 8-906 F-O016 | 3-F16 -816 336 £-L%6 3-886 3-686 0-996 6-896 8-896 ‘urvezs JO “q[ Jod Josuapuo0d 07 dn pozealtep hr ay 81 f IE 
“aia 
4-968 £-96E 3-968 8-968 | ¢h-S6E -b6E 0- +68 1-868 | 0-268 ¢- 068 6-885 ¢-988 L-€88 ¥- 08S €-9LE 0-12ZE 6° £98 “NUL “ue948 Jo “q] ened tebaeth “onthe sod WOH (91) x (8) LI | Uy osveIDEqT 
*gueo sod ‘(a8ne3) *ay 
$Z-9L PP-OL 59-92 8-92 0-22 o-LL OF-LL Z9-LL b8-LL 80-82 2-82 9¢-8L 38-82 80-62 88-62 89-62 0-08 "1 00% 98 “Que0 Jed Og SuyumMsse y ~ hb te {(¢1) — oot) 08-0 9t J 
9L-It 66-01 $L-O1 9F- OT c1-Or 98-6 oc -6 c1-6 €2-8 23-8 09-2 8-9 246°¢ 06-% cL-$ L413 0-0 a bee 5. WOFIAUINSUOS FVOY UT CsBoTOECT — eI 
yueo “a “Bop ego 9e ureeys Zurysn ‘uy | quamoaoid uy 
*bs 10d “Q[ 00Z 38 GUTGING 0} Peliejel Aoud eye [enjoy 
9¢°ZI 18-3 c0-Z1 OL-1T E-IL 26-01 ¢o¢-OL 80-01 29-6 £6-8 33-8 oe-2 te-9 9I-¢ 6° 33°3 0-0 _openwud poursay} uy quouleaoidury Tenjoe [ejOL = tI ) 
OL-F St-P S3-F 0-? gl: o-€ S3- 86°% OLS 0F-S 01-3 8-1 8P-T SI-lt 8L-0 OF-0 0-0 “quae Jed ‘ssoujem JO 40}}90110(/) = SI 
Z8-¢l pe-ol TO-S2 6L-FL 1€-F2 o8-SZ 1h-8L 06°32 98-ZL 62-12 TO-TL eZ-OL 9¢ +69 9¢-89 ¥z-L9 6-99 92-59 *queo iad g¢-g¢ = Aouajoyge efoAo youTeD + OT — rai | 
° *gueo sod ‘(oBne8) ‘ur “bs s0d 41003 (OT) | queweaosduy 
1-81 Pe-LI 96-91 of -91 249°ST 6-F1 Lz: FI 9F-ST 19-21 19-1T ¢-O1 1é-6 6-2 68-9 49-F £9°3 0-0 a 003. 0} poLiejor AOUJOWJS [VULIOY} Uy osBeIOUT | “q] 003 (01) — (OT) ll > = [woyJesooyy, 
9F-0F 242-08 20-0% 98-6 9-68 8 -6E S1-68 28-88 8¢- 8 3-8 28-28 St Lé 86 -9¢ Ch 9S 98- oF 9L-es 93-FE ** *gueo Jed ‘Aouojoyso rT (ofned) “ay bee (9)/(8) or } 
“quedo J “ay 
92-FT ¥6-ST 9-SI 8Z- ST 88°31 Sb-sI 36-11 be- IL 12-01 96-6 21-6 91-8 90-2 9L-¢ 23°F 98-3 0-0 Jod “Q] 00% J0A0 dosp 4yeoy Uy osverOUT [eOTZeI00q,], > 6 } 
8-619 ¢-sI¢ 0-LI¢ €-st¢ ¢-st¢ pig 1-609 ¢-90¢ 9-¢0¢ 3-008 ¥-96F 0- zor 0-L8F T- 18? Tbe 9- SOF 6-tSF * ‘q[ ded “QUE ‘umnowa “Uy T-6z 04 dorp ywoH — 8 
*gueo sod (o8ne3) “a1. 008 (9) i dozp 3we 
OG-€, | 980-8 | GEB-Z, | 629-%, | GBPS | OFS-Z | 980-Z | EB-1 | 619-1, | SIP-T | SIZ-T | LTO-T, | S18-0 | OT9-0 | 2OF-0 | 11Z-0 | 0-0 | | “ur"bs sod “qt 00g 04 possazar yoy [w}04 UY aswoeq | “qio0s(9)—(@) | 2 |f “OP WH 
2-¥8B'T | F-L8Z'T | 1-06Z'1 | 8-Z6z'T | 9-96z'T | 1-86z‘T | 8-008'T | G-S0E‘T | Z-90E'T | 6-808'T | 9-TIE‘T | Z- F181 | 6-OTE‘T | 9-6T8'1| &-Zos'l | 6-F28'T | L-Lz8'T ‘ql 10d *(1°UL'E ‘a “Bop 92 wWory Quoy [830], _ 9 |) 
€-8Z8'T | O-18e'L| L-SEe'T | F-98E"T| L-688'L| L-1FE‘T| F-FHST| T-2hE'T | 8-6PE'T | o-zee'l | Z-oes‘T| 8-2e8'T | ¢-098'T | Z-S98'l | 6-S98'T | ¢-R9e'T| &-1ZE‘T “qi rod “QOL a “A “Bop 3g wo feog [8j07, — ¢ 
8-981 8- TFL 9-SFL 8-SST £-S9t @-1Lt F621 6-281 8-961 £902 £-912 1-422 8-8&Z 9-183 8-99Z L- 18% 3-008 :* =8 ~y : ‘a “Bap ‘yeoyredng ei ee 
£-39o 3-99 4-689 3°2e¢ L-te9 8-9I¢ 9-80¢ T-00¢ 2+ 16% L- 18? L:1Lt 6-00F 3S: 6FF +-O8F Z°SaP £-90F 8-288 “a ‘Bop ‘am jeseduiey uoy}eInjwg | a | & suo; puod 
L-F10T L-496 £-F16 2-498 2-F18 L-POL £-91Z L-99 L-b19 L-b9¢ L-br¢ L-b0F L-blt 2-598 Z-b18 L902 | L-b1Z “uy “bs ee St wn aynyposqy | _ | 3 T1B84S 
000°T 0s6 006 oes 008 ocl 002 oso 009 oss 00s OSF 00F oss 008 0Sz 003% “uy ‘bs sod ‘qy ‘oinssead ofney | —_ | T 





















































“Ur [-6Z JO UMnowA & 04 Burpuodserioo “7 .g7 = oungeiodma, peug { “yt L889 = 


‘ONILVAH Gaad LAOHLIM 
‘AOILOVUd ANIAGUNOL WVALS AOUVT NI 


GUnssaxud CMASVAYONE HIM 


NOILGNASNOO LVAH NI 
SLNUNdOTHAYd LNAOAH FINOS 


ernqzerodurey [etyfuy 


LNANAAOUdNI— X 


aTavib 








504 


ENGINEERING. 


[ APRIL 22, 192). 








Section III gives the decrease in exhaust steam 
temperature necessary to obtain 1 per cent. improve- 
ment in steam consumption or heat consumption at 
various steam conditions and back pressures. 

(f) Improvement Due to Reheating.—The heat consump- 
tion of a turbine installation can be improved by re- 
heating the steam between stages. Owing to the great 
additional expenses involved in reheating the steam more 
than once, and the relatively small additional gain, 
multiple reheating is not a practicable proposition, and 
the following remarks deal with reheating the steam once 
only. Fig. 18 (curve B) shows the improvement possible 
with single reheating to the initial temperature at 
different stages, the initial pressure being 500 lb. per 
square inch, the total temperature 670 deg. F. and the 
back pressure 0-75 in. In calculating the improvement 
allowances are made for variation of the reheat factor 
as well as for the improvement of the stage efficiencies 
resulting from the use of drier steam on the basis stated 
under (b) above. 

The improvement in heat consumptions becomes a 
maximum when the steam is reheated at about one- 
third of the adiabatic heat drop, or at one-fifth of the 
initial pressure, the improvement being 8} per cent. 
Actually, it is more economical to reheat at a higher 
pressure, say one-quarter of the initial pressure, as the 
cost of steam piping is reduced, owing to the smaller 
piping required in such a case. 

If the steam is not reheated to the initial temperature, 
the improvement is reduced practically in proportion 
to the differences in temperatures, and the maximum 
improvement is obtained at slightly lower pressures. 
The correction due to the reduction in the wetness 
of steam in the low-pressure stages affects the result 
considerably, as is evident from a comparison of curves 
A and B, the former showing the improvement without 
allowing for the decreased wetness, whereas the latter 
includes this allowance. It must be left to the results 
of further tests to prove whether the improvement 
shown by curve B can actually be obtained, 

Another advantage obtained from reheating is the 
decreased liability of blade corrosion of the low-pressure 
blades. 

(g) Improvement Due to Feed-water Heating.—The 
thermal efficiency of a turbine can be improved con- 
siderably by heating the feed water by steam taken 
from one or more sta of the main turbine. The 
author has fully dealt with the improvements possible 
in this direction in a recent article,* in which particular 
attention was drawn to the importance of feed heating 
at high pressures. 

(3) The Thermodynamic Efficiency.—-Apart from the 
steam conditions, the thermodynamic efficiency of a 
turbine depends on the blading efficiency and the losses 
outside the blading. The losses which occur in the 
various types of turbines are so vastly different in 
character and value, that it is useless to compare the 
blading efficiencies without, at the same time, comparing 
the losses incident to the particular types of turbines. 

Curves for blading efficiencies which may have been 
obtained from experiments after making a considerable 
number of allowances—more or less problematical— 
for the high losses incidental to an experimental turbine, 
are very bad criteria for the merits of a type of turbine, 
and the practical engineer will always turn back 
the one question : What overall efficiencies have actually 
been obtained ? Have the arguments put forward in 
favour of some particular type of valine been sub- 
stantiated in practice? It is preferred, therefore, to 
leave the answer to test results accurately determined. 

It must be the sole object of the designer to choose 
such types of blading for the different parts of a turbine, 
that the combination will produce the best machine 
considered from the point of view of reliability, efficiency 
and costs, and no prejudiecs of any kind should be 
allowed to enter the designer's mind in trying to arrive 
at the best solution. 

In 1912 there was a considerable tendency towards 
the adoption of the velocity wheel for the high-pressure 
end for medium-sized turbines. Owing to the increase 
in output at a given speed, however, the advantages 
of the velocity wheel are outweighed by the increased 
efficiency of single Rateau stages, except in cases where 
the diameter used for the first stage is relatively small. 
There is a tendency for the high-pressure end of reaction 
turbines to be replaced by impulse stages not necessarily 
of the velocity-wheel type, but also of the ordinary 
Rateau type. 

For the middle portion and the low-pressure end both 
impulse and reaction blading continue to be used, 
but, as it evident from the summary of the commercial 
developments in this country, reaction blading has 
largely given way to impulse blading. 

The merits of one type of blading over the other do 
not depend so much on the type of blading used as on 
the detail construction employed in connection with 
it. It is obvious that such features as lashing soldered 
to the blades, commonly used i:\ connection with reaction 
blades, are less satisfactory trom the point of view 
of steam flow through the blades, and of reliability, than 
the shrouding riveted to the tips of blades genegally 
used with impulse blading. There is, of course, no 
reason why this method should not be used with reaction 
blades, except perhaps the higher costs. 

It is necessary that the steam should fill completely 
the-blade passages of the last row of moving blades to 
ensure that the leaving losses are a minimum for a 
given leaving area. This condition is met by using a 
small amount of reaction, é.e., the pressure between the 
last row of guide blades and the last row of moving 
blades should be slightly higher than the pressure in 





* “Feed Heating for Land Power Stations,” Engineer, 
July 30, August 7 and 14, 1920. 





the exhaust, a condition which automatically obtains 
when a turbine is designed without reaction in the last 
stage, but is run at a higher vacuum than that for which 
it is designed. 

The efficiency of a turbine depends, to a great extent, 
on the average ratio of peripheral speed to the steam 
speed which would result from the pressure drop over 
a complete pair of blade rows containing one row of 
stationary and one row of moving blades. 

In order to compare the efficiencies of different tur- 
bines with varying steam conditions it is necessary 
therefore, in the first place to know the average speed 
ratios of blade velocity to steam velocity, 7.¢., ulco 
for each turbine. Assuming that this speed ratio be 
the same for each row of blades we get :— 


M =k; ul = kee ; Lut = kee 
Co 


or, after dividing by 2 g J, 
2 Co? 3 
Pa = EO wm 2 SAG— ke, (1+ 0 
j ig 2 ( ) 
mechanical equivalent of heat, 
424 (metrical units) or 778 (English units), 
total adiabatic heat drop available, 
adiabatic heat drop per stage, 

reheat factor, 


(1) 





(2) 


odd « 


2 
z~=2 55 = heat drop of peripheral speeds. 
g 


The average speed ratio k = u/co is therefore 


ie 


The heat drop of peripheral speeds = is a constant 
for a given turbine, which can be utilised for rough 
comparisons of blade efficiencies of different turbines 
at different heat drops. 

It is, for metric units (metre, second, deg. C.) 


2. =% (or: )’ f 
91°5 


for English units (ft., second, deg. F.) 


2 
z=2(5)’. (5) 
224 
The use of this heat drop of peripheral speeds is 
preferred to the Parsons constant C, which is defined by : 


2 
Cs (7) er) : (6) 
10 100 
where d= mean blade diameters in inches, 

r.p.m. = speed of turbine. 

The relation between the two constants is as follows : 
Ce = 4,744 Em = 2,635°5 D, (7) 

It will be seen that this constant is approximatel 
proportional to the cubical volume of the turbine wal: 
consequently, proportional to its cost. 

Table XIII, in Part ITI, gives a list of losses outside 
the blading of these different frames of impulse turbines. 
They can be divided into two different categories. 

(1) Constant k.w. losses, i.e., such losses which when 


(3) 


(4) 


to | expressed in kilowatts are —— of the rating for 


which the turbine frame may designed. 

(2) c2 losses, consisting of steam chest, leaving and 
exhaust losses, which depend largely on the rating and 
the vacuum for which the turbine is designed. When 
expressed in per cent. of the turbine output, these losses 
vary as the square of the respective velocities and, con- 
sequently, for given inlet and exhaust pressures, approxi- 
mately as the square of the rating. 

These losses largely control the economical ratings for 
which a given frame may be designed and, consequently, 
the progress towards larger outputs at a given speed. 
Owing to the magnitude of this problem it is proposed 
to review the practical possibilities in this respect in 
detail in Part III. 

(To be continued.) 





LIFE-SAVING APPLIANCES ON CARGO AND 
PASSENGER VESSELS.* 
By E. W. Brocxstpce. 

Introduction—Progress of Legislation.—Previous to 
the year 1846, little interest was taken by the State or the 
community in the cause or prevention of shipping 
casualties. Responsibility for the provision of apparatus 
to maintain a measure of security of life at sea rested 
entirely with the shipowner. During the seven years 
ending December, 1853, sixty-one emigrant ships were 
lost at sea. As an outcome of these startling maritime 
disasters, public opinion began to assert itself, and the 
subject of the safety of crews and passengers immediately 
became one of growing importance. This condition of 
agitation was reflec in the action of the House of 
Commons which prepared regulations for the maintenance 
of a staff to supervise the equipment of vessels with 
suitable appliances, to minimi-e the increasing number 
of lives lost at sea. It may, therefore, be assumed that 
legislation began by the passing of the Merchant Shipping 
Act in the year 1854. 

By this Act the Board of Trade was appointed as the 
Department to undertake the general superintendence of 
matters relating to British Merchant ships and seamen. 
Ship and engineer surveyors were nominated to investi- 
gate and report on the nature and cause of accident or 

age which a vessel may have sustained or caused. 
These officials were also directed to inspect machinery, 





* Paper read at the Spring Meeting of the Institution 
of Naval Architects, March 17, 1921. 





boats, and life-saving equipment on board vessels. 
Regulations were incorporated in the Act whereby all 
British decked-ships and all foreign steamships carrying 
passen between places in the United Kingdom—with 
the exception of ships used solely as steam tugs and ships 
engaged in the whale fishery—were not allowed to proceed 
to sea from any place in the United Kingdom, unless they 
were provided with boats duly supplied with all requisites 
for use, and not less in number or cubic contents than 

ified in an approved schedule, e.g. :—The largest 
size of vessel provided for at that time was 1,000 tons 
(registered tonnage), and the equipment page in the 
Tables for a cargo ship was seven boats of the following 
dimensions :— 


One of 18 ft. by 5 ft. 6 in. by 2 ft. 3 in. 
Two of-24 ft. by 5 ft. 6 in. by 2 ft. 6 in. 
Two of 22 ft. by 5 ft. 6 in. by 2 ft. 6 in. 
Two of 28 ft. by 8 ft. 6in. by 3 ft. 6 in. 


~ If this vessel carried more than 10 passengers she was 
not allowed to proceed to sea without the provision of a 
lifeboat, in addition to the boats before mentioned, unless 
one of them was rendered buoyant after the manner of a 
lifeboat. Two lifebuoys and a supply of distress signals 
completed the equipment of life-saving sous, 
The same equipment appears to have been made appli- 
cable to both sailing and steamships. 

Rules for the exhibition of navigating —— were made 
by the Admiralty, and issued in the ndon Gazette 
from time to time. Regulations were also made for all 
iron steamships to be subdivided into watertight com- 

artments by fitting a specified number of transverse 
bullcheads of equal strength with the shell plating. 
(This provision was subsequently repealed.) Following 
the passing of the Merchant Shipping Act of 1854, a 
Select Committee was appointed to inquire into the 
methods of operating emigrant ships, which resulted in 
the passing of the Passenger Act in 1855. It is of interest 
to note from the Official Report that it was by no means 
an uncommon occurrence for the boats to be used to stow 
away live-stock and goods; consequently, surveyors 
were directed to see that all the boats were clear imme- 
diately before a vessel sailed. It was generally considered 
by marine officers giving evidence before the Committee 
that the regulations for emigrant ships embodied in the 
Act of 1854 were totally inadequate for the safety of life 
at sea. The unanimous expression of opinion indicated 
that cork lifebelts or inflated beds should be supplied for 
every person on board, in addition to the provision of 
boats. The number of crew carried on cargo vessels 
at that period was usually about four to the 100-tons 
register, so that in the case of the vessel of 1,000 tons 
before mentioned, sufficient boat accommodation was 
provided on each side of the vessel for the total number 
of persons carried on board. 

From the year 1854 the intervention of the Govern- 
ment in preparing regulations for the safety of crew and 

assengers became more pronounced. The first Official 
turn of Wrecks was published in 1856. During the 
twelve years following the passing of the Merchant 
Shipping Act, an appalling loss of life oceurred in sea- 
going passenger and cargo vessels, and continued to 
increase, notwithstanding the measures taken by the 
Board of Trade and the improved methods of construc- 
tion in sailing and steamships. Special inquiries were 
made in the year 1866 as to the causes of failure, and what 
means ap to be available for creating greater 
efficiency in the regulations for preventing casualties 
at sea. As an outcome of the loss of the London, an 
iron p t , in the Bay of Biscay, a strong 
presented by the Council of this 





recommendation was 
Institution to the Government in April, 1867, for the 
recognition of a minimum freeboard for all sea-going 
vessels ; the proportion of freeboard increasing with the 
length, one-eighth of the beam being the minimum 
for ordinary ships of not more than five breadths to the 
length, and one-thirty-second of the beam being added to 
the freeboard for each additional breadth in the length of 
the ship. It was also suggested that in proportioning the 
compartments of a ship (particularly in passenger ships), 
they should be so arranged that if any two adjacent 
compartments be filled, or placed in free communication 
with the sea, the remaining compartments would float 
the ship. . 
A widespread agitation began in the year 1870, in 
which a leading part was taken by Mr. Samuel Plimsoll, 
M.P. The public demanded a complete revision of the 
existing lations to ensure a larger measure of 
security of life at sea. This condition of unrest was so 
acute that the Government found it necessary to intro- 
duce a temporary measure in the year 1871 for the 
purpose of allaying popular feeling. During that year 
2,740 British seamen were lost at sea. A Royal Com- 
mission on unseaworthy ships was appointed by the 
Government in 1873 to deal with the general question of 
the overloading of vessels. Its membership included 
the Duke of inburgh and a number of eminent 
representatives of the shipping interests. ‘The Chairmen 
was the Duke of Somerset. The Merchant | 
(Load Line) Act was passed in 1875 and incorporatec 
with the Act of 1854. Compulsory regulations were 
made for all British ships which proceeded to sea— 
with certain exceptions—to be marked with a scale of - 
feet on the stem and stern-post, and also a scale of feet 
amidships, denoting the extent of clear side or freeboard, 
measured from the uppermost continuous deck to the 
centre of a circular disc. The maximum amount ot 
freeboard was that to which the owner, having regard to 
the construction and employment of the ship, claimed 
to be entitled with safety to Toad her. In the meantime, 
Lloyd’s Register of Shipping and the Board of Trade 
issued oy regulations and Load por coe 
pase by their respective departments, which even- 
tually resulted in the appointment of the Load Line 
Committee, the report A ee which was issued in 1885. 
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year 1890. 

The reference to the progress of legislation for the 
recognition of a minimum free is inserted to show 
that constant periodical efforts were made to make the 
vessels more seaworthy, and independent of the regula- 
tions for the compulsory equipment of life-saving 
appliances, the use of which is made only when the 
passengers or crew are in extreme danger and it becomes 
absolutely necessary to abandon the ~ Two years 
after the passing of the Act of 1875, 2,650 British seamen 
were lost at sea, and in 1882, eleven years after the 
Emergency Act of 1871, 2,832 sailors perished, which is 
equal to a loss of 1 in 75. As an outcome of the recom- 
mendations of a Select Committee of the House of 
Commons in 1887, presided over by Lord Charles 
Beresford, the Life-Saving Appliances Act was passed 
the following year. During the proceedings of this 
Select Committee, emphasis was laid on the importance 
of’a satisfactory system of watertight subdivision being 
maintained in all steamships. In accordance with the 
provisions of the Act, a Committee was immediately 
appointed to advise the Board of Trade in the making of 
rules for life-saving appliances, which were issued in 
1889 and came into operation on the 3rd March, 1890. 
Gross tonnage was substituted for register tonnage, as 
the basis for the number of boats to be carried. This was 
the means of increasing the boat accommodation in 
passenger steamships by 50 per cent. beyond the scale 
approved in 1854. Lifebelts or other buoyant apparatus 
were provided for all persons on board. The scale which 
regulated the number and capacity of boats to be carried 
remained in force—with slight alteration in 1894—until 
1912. All foreign and home trade cargo vessels were 
required to have sufficient boat accommodation under 
davits on each side of the vessel for the total number 
of persons on board. Provision was also made for life- 
jackets and buoyant apparatus. 

Following the recommendations of the Advisory 
Committee, a further Committee was appointed to con- 
sider the question of the spacing and construction of 
watertight bulkheads, the report of which was issued in 
1891, and was used by the Board of Trade in association 
with the Rules of Life-saving Appliances. In 1894 the 
Merchant Shipping Act of 1854 was further modified, 
and greatly extended in regard to the provision of life- 
saving appliances. Sec. 427 of the Act was as follows : 

“The Board of Trade may make rules (in this Act 
called rules for life-saving appliances) with respect to 
all or any of the following matters: namely :— 

** (a) The arranging of British ships into classes, having 
regard to the services in which they are employed, to 
the nature and duration of the voyage, and the number 
of persons carried. 

**(b) The number and description of the boats, life- 
boats, life-rafts, life-jackets, and life-buoys to be carried 
by British ships, according to the class in which they are 
arranged, and the mode of their construction ; also the 
equipment to be carried by the boats and rafts and the 
methods to be provided to get the boats and other life- 
saving appliances into the water which methods may 
include oil for use in stormy weather ; and 

“*(c) The quantity, quality and description of buoyant 
apparatus to be carried on board British ships carrying 
passengers either in addition to or in substitution of 
boats, lifeboats, life-rafts, life-jackets, and lifebuoys.” 

For the purpose of preparing and advising on the Rules 
for Life-saving Appliances, the Board of Trade was 
empowered by this Act to appoint a Committee of 15 
gentlemen as representative of all the shipping interests. 
Regulations relating to the marking of freeboards and 
the issue of Load Line Certificates made by the Board of 
Trade, on June 22, 1896, were repealed and replaced by 
others, which became operative on January 12, 1899. 
Vessels continued to increase in size and passenger accom- 
modation, particularly in the Atlantic trade. It, 
therefore, became necessary to modify and extend the 
limits of the regulations then in force affecting boats and 
other life-saving appliances. Detailed rules based on 
the provisions of the 1894 Merchant Shipping Act were 
issued by the Board of Trade in 1902. One of the general 
rules of 1902 was of great importance and eventually 
gave rise to later discussion. vision was made for a 
lesser number of boats, in the event of the ship bein 
divided into efficient watertight compartments an 
ae by the Board of Trade. This regulation was 
abrogated by the Rules of 1913. Concessions were made 
to home trade. passenger vessels, as it was generally 
recognised that the number of passengers carried was 
considerably greater in proportion to the size of the 
vessel, when compared with the foreign-going passenger 
vessel. Most of the voyages were performed in daylight 
and were of short duration, and the number of 





every occasion on which boat-drill was practised on 
— the ship, aincsted } on when a life-saving 
appliances were ii or the purpose o' i 
whether they were in a fit condition and ready for use. 
Further rules for life-saving appliances were 
preparation when the Titanic, on her maiden vo ‘A 
collided with an ice in mid-Atlantic, on April 14, 
1912. The attention of the whole civilised world was 
focused on the inquiry into the circumstances attending 
this remarkable casualty. Much has been written on 
the subject, and many su jons made for the pre- 
vention of further secidanta, ut the bulk of the published 
co! mdence is of little value, as a large awe of 
the critics were unacquainted with the cunlitiens of the 
Mercantile Marine Service, and the difficulties of providing 
satisfactory accommodation in lifeboats for all persons 
on board, with suitable facilities to ensure the boats 
being launched overboard in a reasonable time. The 
statutory Rules for Life-saving Appliances in operation 
at this time were promulgated in the year 1902. 





Shipbuilders and boatbuilders are now supplied with 
detailed information relating to the scantlings of 

boats of Class I, to 30 ft. in e The prinetple 
of standardisation been applied to the dimensions 


in | of boats, and based on the results of actual stability test 


with fully-loaded boats. Lifting-hooks with their 
component parts for attachment to the boat are governed 
by a tabulated scheme of sizes, to suit the particular class 
and weight of boat omy ty full number of persons and 
equipment on board. The builder is, therefore, 

possession of a very comprehensive and useful specifica- 
tion, which is complete in essential details. Makers of 
patent appli for the | hing of ships’ boats from 
the deck of a vessel are now in a position to standardise 
the component parts of their gear to ensure safety in the 
lowering o tion. The uirements insist on a very 
high stan of workm ip, consequently, the cost 
of production has been increased in comparison with 
pre-war practice. It is » however, that the 











additional cost is reduced by the recognition of approved 
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St. 1.—Between places in the United = and places 
= | ep within the home-trade limits. 


St. 5.—Voyages in sheltered 
8 —S 


it. 6. 
during daylight in fine weather in the summer. 


Elbe and Brest, inclusive. 


* Fluctuates according to circumstances. 
Steaming Limits of Passenger Certificate. 


beyond the home trade limits. 


ial voyages along the coasts of the United Kingdom, and available only during fine weather in the summer period. 
St. 4.— Voyages iu partially sheltered waters, such as entrances or mouths of rivers. 

waters, such as rivers and lakes. 

ial certificate issued for open motor launches plying within a short distance of an open beach, and available only 


Home-Trade Limits. 


The coasts of the United Kingdom, the Channel Islands, the Isle of Man, and the Continent of Europe between the River 


From April 1 to October 31 inclusive. 


Almost immediately following the disaster to the 
Titanic, viz., on May 17, 1912, a Departmental Committee 
was appointed to consider further the question of bulk- 
head subdivision in each of the classes of vessels included 
in the Rules for Life-saving Appliances, having due regard 
to the nature of the service in which they were respectively 
en, . The first report was issued on November 3, 
1914, and the second on August 6, 1915, the contents of 
which are generally known to the Members of this 
Institution. The recommendations were embodied in 
the Merchant Shipping (Convention) Act of 1914. 
A Departmental Committee was appointed by the Board 
of Trade on August 2, 1912, to consider the whole 
question of ships’ lifeboats, the arrangements for stowin, 
and launching them, and the extent to which approv 
life-rafts could be utilised. The Report was published 
on May 15, 1913. As a result of the recommendations 
of the Advisory Committee, published in July, 1912, 
new rules for life-saving appliances were issued on 
January 17, 1913, followed—with slight modifications— 
by the rules which came into operation on July 1, 1914. 
The latter are the statutory regulations which govern the 
equipment of vessels at the present date. 

Owing to the need for revision of the Load Line Rules 
of 1906, a Committee was appointed by the Board of 
Trade to advise them as to the attitude of the British 
representatives at the International Conference then 
contemplated. Their report was issued on December 3, 
1915, but owing to the circumstances of the war they still 
inoperative. An international Conference on 





allowed to be carried was fixed on the assumption that 
they were not berthed in the ship. It was, therefore, 
not possible to carry sufficient boats, and at that period 
the difference between the capacity of the boats and 
the number of passengers was made up by the provision 
of life-jackets. 

The result of experience proved the necessity of further 
extending, considerably modifying, and consolidating 
the provisions of the various Acts of Parliament relating 
to cargo and passenger ships; consequently, a new 
Merchant Shipping Act was passed in 1906, and became 
he Saupe Bill presented to the House of Commons and 
en on the Statute Book. The main features of this 
Bill, which influenced life-saving appliances, were 
embodied in Sections 427 and 431, and were also made 
applicable to all foreign ships while they were within 
any port of the United Kingdom. This provision 
came into operation on Jan 1, 1909. he Load 
Line regulations, further modi by this Act, were also 
made to apply to foreign vessels just as they did to 
British ships. The master of every British ship was 
required to enter in the official log-book a statement on 


the Safety of Life at Sea met in London on November 12, 
1913, and continued their investigations until January 20, 
1914, when a Convention was signed by the various 
delegates. The recommendations of this Conference, 
as they affect the construction of passenger ships and 
their life-saving equipment, are being assiduously carried 
out by Great Britain, and were embodied in the regula- 
tions issued by the Board of Trade in 1914. 

The foregoing is a condensed account, or résumé, of 
the various regulations which have been in operation 
during the past 75 years, for the purpose of securing the 
greatest measure of safety for a and crews in 
vessels of the British Mercantile Marine. A survey of 
these various enactments will enable one to appreciate 
the present difficulties in securing a satisfactory system 
for the installation of life-saving appliances. 

Effect of Present-day Legislation on the Efficiency of 
Lifeboats and Boat-lowering Apparatus.—Since the issue 
of the Rules for Life-saving Appliances in the year 1914, 
attention has been mainly devoted to increasing the 
efficiency of the various details of equipment, and 





considerable progress has been made in this direction. 





Summer Period 


standard sizes and scantlings of lifeboats. With a satis 
factory system of oversight during construction, the 
shipowner is provided with officient details of equpiment, 
the upkeep and maintenance of which, to a large extent 
must rest with the ships’ officers. 

The basic principle upon which the Rules for Life- 
saving Appli are regulated practically remains the 
same to-day as when the rules were initiated some 

Merchant vessels are separated into two 





divisions fa 
divisio oreign-going and home-trade—and sub- 
divided into classes to correspond with the nature of the 
service in-which they are engaged. The various classes 
of passenger vessels are regulated mainly by their 
rescribed steaming limits, inserted on the Board of 
rade Certificate or Declaration, and the life-savi 
equipment is arranged accordingly. The number o 
davits for a foreign-going passenger vessel is in accord- 
ance with a table on the registered length of the 
vessel, and sufficient boat accommodation must be 
provided for all persons on’ board, or the number which 
the ship is certi to carry, whichever is the greater ; 
the hig class of boat being stowed under and attached 
to davits. The davits must be of sufficient sti and 
of — design that the boats can be lowered when the 
vessel is to have a list of 15 deg. Foreign-going 
a must be — with a sufficient number 
of on each side of t 
persons on board. Concessions must of necessity be 
made to home-trade passenger vessels for reasons which 
have already been explained. 

Table A shows the relative amount of boat accommoda- 
tion in a number of p vessels of various classes, 
and the effect of the application of the Rules for Life- 
saving Appliances issued in 1913 and 1914. It will be 
readily seen that there was a very large increase in the 
number of boats on foreign-going passenger vessels, and a 
still greater percentage of i in the ber of rafts 
or buoyant seats in home-trade passenger vessels. Boats 
are at present arranged in three classes, viz. >— 

Class I. Lifeboats with rigid sides, 

Class II. Lifeboats with collapsible bulwarks., 

Class III. Open boats, without buoyancy air-cases, 


The latter class of boat is not permitted on a foreign- 

i passenger vessel. The two main groups are 
subdivided as follows :— 

Class IA. Open lifeboats with internal buoyancy 


only. 
. Class IB. Open lifeboats with internal and external 
uoyancy. 
Cc 7 C. Pontoon lifeboats having a well-deck and 
fixed watertight bulwarks. 
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Class II A. Open lifeboats having the upper part of 
their sides collapsible. 

‘ontoon lifeboats having a well-deck and 
collapsible bulwarks. 

Class ILC. Pontoon lifeboats having a flush deck and 
collapsible bulwarks. 

Only lifeboats of Class I are 
to the specified minimum num 
proportion being open lifeboats. Open lifeboats of 

lasses J A and I B are considered of first importance ; 
and owing to their simplicity of construction, those of 
Class IA are carried in preference to Class [B. The 
remainder of the boats not attached to davits, which 
are required t» bring up the total number specified for a 
foreign-going passenger ship in order to accommodate 
all persons on board, are usually of the type fitted with 
collapsible bulwarks, to facilitate stowage. 

Briefly stated, the main requirements of the regulations 
for life-saving appliances now in force for foreign-going 
passenger vessels are as follows :—(1) A life-jacket, 
and a seat provided in a lifeboat, for each person on 
board. (2) Lifeboats stowed in such a manner on the 
boat deck that it is assumed they can be lowered into 
the water froir a davit or other appliance, or t 
by mechanical means from the stowing position to a davit. 
In foreign-going cargo vessels the boats are duplicated 
and accommodation provided for all the crew on each 
side of the vessel. For this reason the davits need not 
be fitted with mechanical means for operating them 
against a list. The consensus of opinion among mer- 
cantile marine officers and shipowners confirms the 
views of the naval architect that the requirements of 
the regulations now in force, as they affect the large 
passenger vessel—particularly the vessel of the “‘ mixed ” 
Lg weer it peetisety impossible for the whole of 
the lifeboats to be | hed in ar ble time, owing 
to the restricted number of davits at the ship’s side 
limited by the vessel’s length. 

Recommendations for an Improved Standard of Life- 
saving Equipment.—aAs a result of the growth of statutory 
regulations, the number of boats required to be carried 
on large passenger vessels has become so numerous as to 
hamper seriously the utility and carrying-capacity of the 
boat deck. While it is quite natural for passengers to 
desire to secure a seat in a boat in case of emergency 
yet it is suggested more attention might be given to 
and an allowance made for, buoyant apparatus which can 
be readily transferred overboard, more particularly if 
an excess of such apparatus be provided. The length 
of the vessel limits the number of davits which can be 
fitted along the vessel’s sides. Lifeboats are attached 
to all the davits, and pontoon or open lifeboats having 
collapsible bulwarks are stowed under the open boats, 
ready for attachment to the davits immediately the latter 
are launched overboard. A proportion of the boats, 
therefore, have to be stowed in other available space on 
the boat deck, which necessitates the provision of special 
transporting appliances, making the procedure one of the 
greatest difficulty when the vessel has a list, and entailing 
so much time in the operation as to be of little value for 
practical requirements. 

Statistics make it very doubtful whether modern 
legislation has been substantially effectual. The record 
of large casualties at sea in recent years proves that in 
each case it was not possible to utilise the available life- 


rmitted to be attached 
r of davits, the largest 








aes accommodation, due to lack of appliances which, 
would ensure speed and safety in the oe opera- 
tion. The disaster to the Titanic occurred on April 14, 


1912, in mid-Atlantic at 11.45 p.m. Twenty lifeboats 
were carried (16 in number attached to davits), giving 
seating accommodation for 1,178 persons, or 53 cent. 
of the total number of persons on board. Sufficient 
life-jackets were provided for all ms. The total 
number of persons on board was 2,201, including 1,316 
passengers and a crew of 885. The total number saved 
was 703, including 491 passengers and 212 of the crew, 
equal to 60 = cent. of the available accommodation in 
the boats. ‘The loss was 68 per cent. of the total number 
of persons on board. ight, at amidships, between 
the boat deck and the water-line was 60 ft. 6 in. The 
difficulty of controlling the passen was increased 
— to 500 persons not being English- i The 

remained afloat, after collision with an ice » 
for 24 hours. teen lifeboats were | d from the 
davits, the last boat being launched overboard 2 hours 
after the collision. Emergency rafts or buoyant appara- 
tus were not carried on board, 

The Empress of Ireland was sunk in the River St. 
Lawrence, as a résult of collision at 2 a.m. on May 29, 
1914. Thirty-six lifeboats and 4 Berthon boats were 
carried, giving seating accommodation for 1,860 persons. 
At the time of the disaster there were 1,057 
on board and a crew of 420. The loss of life was 840 
passengers and 172 of the crew; a total of 1,012, equal 
Daty bes pineens os voi 5 lees than could 

'y 465 persons were saved, bei cou 
be accommodated in the 16 life-boats actually attached 
to davits, and only 25 per cent. of the available seating 
eupetty in all the boats. Only 6 lifeboats were success- 
fully launched. Rafts or buoyant apparatus were not 


carried on board 
oed off the south coast of 





The Lusitania was torped 
Ireland on May 7, 1915, and sank in less than 20 minutes. 
The vessel was vided with “‘ boats for all,” having 
accommodation for 2,605 se in 48 lifeboats. She 
carried a crew of 702 and 1,257 passengers, a total of 
1,959. The number of gers sa was 472 and 
289 of the crew, a total a 761, equal to only 29 cent. 
of the available seating accommodation in all the boats 
or 57 cent. of the seating accommodation in the boats 


actually attached to the davits. The total loss was 

cent. of the number of persons carried on board. 
hese statements are summarised in Table B. The 
Empress of Ireland and the Lusitania were provided 


accordance with the requirements of the Rules for Life- 
saving af Apacs issued in 1913. The disasters to 
each of the vessels mentioned in the Table occurred 
suddenly and without the slightest warning. It will 
be readily seen that, in each case, the number of persons 
saved was considerably less than the accommodation 
provided in the lifeboats attached to the davits ; which 
reveals the fact that the loss of life was, in some 
measure, due to the lack of apparatus which could be 
quickly transferred from the vessel to the water, pro- 
ae Taagnes tmcagy | shelter until the arrival of assistance. 
For this reason the majority of the boats carried on the 
Empress of Ireland and Lusitania, including those 
stowed immediately under the davits, were of little 
use, and, in reality, were a hindrance to the launching of 
boats attached to davits. Lord Mersey’s report on the 
loss of the Empress of Ireland suenaty advocated the 
provision of buoyant apparatus in all passenger vessels. 

The installation of a system of radiotelegraphy on 
board cargo and peameaee ships, apart from the impor- 
tant question of bulkhead subdivision, forms one of the 
greatest safeguards to navigation, considerably lessens 
the chance of casualty, and enables a vessel to render, or 
apply for, assistance when the. necessity arises. The 
introduction of “directional wireless telegraphy,”’ used 
with such great success during the war, will enable a 
vessel to ascertain its correct position, provided it is able 
to get into touch with two shore stations of known 
distance apart. The ss. St. Paul of the American Line, 
was temporarily fitted with a wireless telegraph instal- 
lation in December, 1899, on the occasion of the return 
voyage of Mr. Marconi from New York, for the purpose 
of securing communication with the only existing coast 
station in the world at that time, situated at the Needles, 
Alum Bay, Isle of Wight. 
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The first vessel to be fitted with an installation for 
regular commercial wireless telegraphy was the Canadian 
Pacific Railway Company’s ss. Lake Champlain on 
May 21, 1901, 20 years ago. The number of British 
vessels fitted with een wireless telegraphy appara- 
tus at the time of the disaster to the Titanic in 1912 was 
280. In November, 1920, this number had increased to 
approximately 2,750. Regulations came into operation 
on September 1, 1920, as an outcome of the Wireless 
Telegraphy Act (1919), whereby every sea-going British 
ship registered in the United Kingdom, being a passenger 
steamer or a ship of 1,600 tons gross tonnage and 
upwards, is required to be provided with a wireless 
te! ph service sufficient to comply with the rules 
made under the Act, and with one or more certified 
° tors or watchers in accordance with the size and 
Gan of vessel as laid down in the regulations. 

Progress has been made with the installation of sub- 
marine telephones on many of our passenger steamers. 
Submarine bells have been used for some considerable 
time in the American Atlantic Ports and along the coast, 
for — vessels in foggy weather. Attention is 
also being devoted to the practical uses of the “‘ leader 
gear” for electrically controlling the direction of a 
vessel by a system of cables laid on the bottom of the 
“safe course”? channel, along which a vessel will be 
able to steer into harbour with certainty in the densest 
fog. The development of listening instruments, such 
as the “ Hydropelorus”’ apparatus used by the United 
States Navy with eminent success during the war for 
the detection of submarines, will prove of value as a 
means of discovering with great accuracy the position 
of an approaching vessel in the darkness of night or 
fog. This apparatus is able to record the depth of 
water without the use of sounding machines. These 
subsidiary fittings can rightly be included in the category 


of “ life-saving liances,” and their a apemper to the 
passenger vessel be of the greatest value as a safeguard 
against casualty. During recent years 50 per cent. of 


the lives lost at sea occurred in vessels of 10,000 tons and 
above. It is submitted that in future this percentage 
will be considerably less as a result of the growing 
improvement in saloty appliances, such as directiona 
wireless telegraphy, ireless telephony, and other 
accessories previously referred to. Consequently, the 
foreign-going steamer will gradually come more 
into line with the coasting vessel, whose 
proximity to shore and the means of relief entitle her to 
a relatively small number of lifeboats, a large | go: ous of 
her safety appliances being in the nature of buoyant 
apparatus, which can be easily handled without the 
assistance of davits. The largest number of vessels lost 
is due to gales and hurricanes, with the result that 
disasters occur close to the coast-line. 

From the published records of the past twenty-five 
years the greatest percentage of loss is shown to have 
occurred on sailing ships, and is greatly in excess of 





with boat 


on board, in 





dation for all P 








that on steamships; the loss of life among seamen 


varying from | in 223 to 1 in 80 in sailing ships, and 1 in 
1,250 to 1 in 250 in steamships. During a period of 20 
years before 1912, the average loss of life on sailing 
ships decreased by only 20 per cent., while the decrease 
in the case of s' ips amounted to 75 per cent. 
Information as to the number of passengers carried to all 
parts on British ships, for the purpose of .a percentage 
comparison, is not obtainable, but the recorded number 
of passengers carried between the United Kingdom and 
the United States and British North America during 
20 years (1892-1911) was 9,390,094, on 16,122 direct 
voyages, with a total loss of only 85 passengers (Report 
of Merchant Shipping Advisory Committee, July 24, 
1912). The numbers of seamen and passengers saved 
from British vessels which met with casualties at home 
and abroad, and from foreign vessels on or near the coasts 
of British territory, during the two years ending June, 
1898 and 1913, were 6,449 and 7,246 respectively. The 
following statement shows in detail how the majority 
of the persons were saved :— 

Year 1898. Year 1913. 


By rocket apparatus and assist- 401 447 
ance from shore. 
By lifeboats and other boats 645 577 
from the shore. 
By passing vessels 1,721 3,032 
(26 per) (42 per 
cent.) cent.) 
By vessels’ own boats 3,355 2,668 
(52 per (37 per 
cent.) cent.) 


Eighty-eight per cent. were saved near the coast 
and 12 per cent. on the high seas. These particulars 
show the increasing importance of wireless telegraphy, and 
the value of modern improvements in the design of 
steamships as contributing to an increased measure 
of safety of life at sea. In order that ships’ boats may 
always remain effective and serve the purpose for which 
they are intended, it is absolutely essential to maintain 
a high standard of construction. As a result of various 
inquiries into the cause and prevention of casualties at 
sea, and from the experience gained during the recent 
war, the following proposals are made for the considera- 
tion of the Members of this Institution. It is suggested 
that their early adoption, and inclusion in the Statutory 

tions, would increase the standard of efficiency of 
life-saving appliances, thus tending to reduce the risks and 
minimise the dangers associated with casualties at sea. 

(1) Foreign-going Passenger Steamships.—a) Only 
such lifeboats to be carried as can be attached to or 
stowed immediately under davits at the ship’s side. 
If necessary, further equipment to be installed in the 
form of buoyant apparatus having seating accommoda- 
tion, which can be speedily launched without the assist- 
ance of boat-lowering apparatus. Accommodation to 
be provided for all persons on board, plus 25 per cent. in 
excess. (b) A complete revision to be made of the 
various classes of boats carried under davits. The 
abolition of the present Class I B open lifeboat fitted 
with outside buoyancy, and the wooden pontoon life- 
boats unless fitted with internal buoyancy air-cases. 
(c) All lifeboats to be fitted with efficient hand-pumps. 
(d) The extended provision and use of motor-lifeboats in 
passenger vessels of 10,000 tons gross tonnage and 
above; to act as convoy leaders or rel’ef boats, and 
fitted with wireless telegraphy. (e) Towing facilities to 
be provided in all lifeboats. (f) The compulsory pro- 
vision of emergency lighting apparatus, to facilitate 
the, launching of lifeboats in the darkness of night. 
(g) Rope ladders secured and stowed at the ship’s side. 

(2) Foreign-going and Home-trade Passenger Vessels,— 
(a) The standard unit of capacity for open boats of 
Class I to be increased to 11 cub. ft. instead of 10 cub. ft.. 
as at present, or a definite number of persons allocated 
to boats of standard dimensions, in conformity with the 
actual seating accommodation without interfering with 
the freedom of the oarsmen. (b) The abolition of masts 
— sails, ——— os ub emergency boats. A light 

ie mast to rovii or signalli . 

pos) All Passenger and Ga "Vesela to} Locker 
accommodation to be provided in all lifeboats and rafts, 
for the stowage of portable equipment, such as lantern, 
red lights and so forth. The liquid compass to be 
of the binnacle type and stowed en a cover of the after 
thwart in the stern-sheets. (b) Bilge rails to be fitted 
on all boats, to provide a “‘ hand-hold ” should the boat 
be capsized during the operation of launching. 


(4) Foreign-going and Home-trade Sailing Vessels of 
100 tons gross tonnage and above.—The open, t without 
internal buoyancy air-cases (Class III) to be abolished. Al! 


vessels to be equipped with lifeboats, and fitted with 
receptacles for containing a larger supply of water and 
biscuits than the present statutory rules require. 





New Generatinc Sration, Buenos Arres.—The 
Commercial Secretary to H.M. Legation, Buenos Aires, 
reports that the national Board of Sanitary Works 
in that city, are again inviting tenders, to be presented 
by June 3, for the supply and erection of the plant and 
accessories for a new Doug og station, previous tenders 
having been called for in 1919 and 1920. The plant 
essentially comprises three four-cycle 375 h.p. Diesel 
engines ada; to run on crude petroleum from Como- 
doro Rivadavia, and three three-phase alternators, 
each of 250 kilowatts, at 2,200 volts, 50 cycles, and 
a power factor of 0-8. A copy (in Spanish) of the 
general conditions of tender and specification of the 
plant and accessories required, om gow with a blue 
print showing the general layout of the plant, can be 
seen at the ment of Overseas Trade on application 
to Mr. Holloway (Victoria 9040: Extension 4), up till 
Saturday, April 23, after which they will be available. 
in order of application, for loan to provincial firms, who 
are unable to send representatives to the Department. 
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the conduit a is externally heated. The conduits dd 
“ ENGINEERING” ILLUSTRATED PATENT | aggregated by being cast within a body of aluminium or other LIFTING AND HAULING APPLIANCES. 
REC R metal ¢. In this body an opening f is provided offe com- 153,478. T.H. Hill, Glasgow. Device for 
. ann with the interior of the conduit a, the conduit f| Cases. (3 -) December 15, 1919.—This invention relates 
SELECTED ABSTRACTS OF RECENT PUBLISHED represeot op ings fe the casting ot yt yo rm to vie for use tn ber of Samper eo, wee 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. rior of the conduit d, and i is an outlet from the conduit d, | and pourra se Oy packing case to be slung and to be auto- 
The number of views given in the Specification Drawings is stated wn ich outlet maay be placed in communication with the silencer matically drawn tightly into engagement on the 


case; where none is mentioned the Specification is not 


. each 
Where inventions are communicated from abroad, the Names, <&c., 
of the communicators are given in ttalics. 
“Branch, 7B. Southam may be obtained # the Patent Office, Sales 
yee y-lane, W.C., at 
iform 


The date of de shetaonieis of eng oy Ba a Complete 
Ss ‘ton is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is the date of |} 

Any person may, at any time within two months from the date of | A 
the advertisement of the acceptance of a Complete S; 
give notice af the Patent Office of o 





ion, 
ition 2 Se ouaet A 


Patent on any of the grounds menti in the Acts. 
AERONAUTICS, bal 
153,720. Boulton and Paul, ant Norwich, —_ J.D. 
North, Burgh Apton. Spars Aircraft. Figs.) 


September 5, 1919.—The invention aioe toa ~~ of 
tubular stiffeners or distance pieces applicable for metal spars 
of aircraft. The stiffener comprises a length of thin metal tube, 
having an external annular flange at a short distance from each 
end thereof ; holes are formed through two opposite walls of a 
metal spar, through which holes the ends of the tube are 

and the walls bear against the external flanges, the short lengths 


Fig. 2: 


6 





of the tube then projecting through holes in the walls of the spars 
or the like. The exterior projecting ends of the tube are then 
flanged over. The stiffener is composed of a length of cylin- 
drical tube 1 formed with two flanges 2, 3, one at a short distance 
from each end. The projecting ends 4, 5, extending beyond 
the flanges 2, 3, are passed through holes in the opposite walls 
6, 7, of a structure so that the walls abut against the flanges 
2, 3, and the ends 4, 5, project beyond the walls 6, 7, and are 
then flanged outwardly or spun over. (Sealed.) 


ELECTRICAL APPARATUS. 


154,692. W.F. Grafton, Glasgow, and Grafton Dynamos, 
Limited, Glasgow. Brush Gear. (4 
1919.—The invention relates to moving brush gear for dynamo- 
electric machines of the kind in which the arrangement of 
— brush gear is such that the friction of the brushes tends 
ull the brushes in the direction of rotation of the commutator, 
any variation of pressure of the brushes on the commutator 
ineveanes or diminishes this pull, and again the coefficient of 
friction between the brushes and the commutator varies with the 
speed of the commutator. According to the invention, each brush 
spindle is mounted on an independent rocker and these rockers 





are coupled together in such a manner that one brush spindle 
acts or reacts against the other brush " indie in such a manner 
as to hold it stationary. A and B are brush spindles which 
are mounted on the rockers C and D,. oa of which is provided 
with a series of teeth forming a circular rack or bevel wheel. 
These teeth mesh with the free bevel pinion E which is carried on 
a journal, the latter being mounted on a bracket which connects 
the two rockers together. The rocker arms C and D are carried 
from a mounting from main frame Y. F is the commutator, the 
direction of rotation of which is indicated by the arrow, while f 
and ¢ are the brushes which remain stationary. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


C. Brown, Birmingham, and Brown and 

Inlet Conduits of Internal- 

bustion E Bagince (5 Figs.) September 16, 1919.—The 

invention relates to the inlet conduits of internal-combustion 

Accord 
and an adjacent 

y of aluminium, within which 


engines, and to to the manufacture thereof. 
invention, the induction pi 
collectively cast within a 














lug for the attachment of the carburettor is also cast. The 
internal — for the charge and heating medium are thus 
incorporated in the casting without any coring, appropriate 
openings being ypeviee for admission to and egress from 
heat: a branch induction pipe leading 
to the engine. d ‘s a condulh which is located in proximity 
to the conduit @ and adapted to convey exhaust gases, whereby 








Figs.) August 30, ' 





153,512. W. . ne rans and D. R. Dobson, 
Bolton. Device. (6 Figs.) February 23, 1920.— 
The invention relates to ation plugs with movable electrodes 


of the kind wherein a tubular casing is provided adapted for 
attachment to the cylinder and with the bottom end — 
to form the fixed electrode. Within the casing is moun 
piston carrying the positive electrode. A tubular fitting ., ~~ 
> size and shape somewhat similar to an ordinary 1 -r 
» peoreee with screw threads b for screwing into the c Hienee 
ridge a= ¢e at the lower end of the fitting a enertes a fixed 
— formed from hardened steel riveted in position. 
Mounted in the fitting a is a movable metal piston e having an 
extension ¢2, this piston and extension being bored to receive 
the positive electrode f, which is surrounded by insulating 
material, discs of mica surrounding a tube of mica through which 





the electrode f passes. A fixed collar is formed on the bottom 
end of the electrode, ~~ is screwed at the top end f2 to receive 
a nut A, by means of which the electrode may be secured in 
position, the insulating material and piston extension being 
surmounted by the cap ¢ of of insulating materia and metal washer ). 
The terminal f2 is provid urled nut and the piston . 
is grooved to receive cast iron piston rings to ensure a gast! 
joint in the cylindrical cameer A gland is screwed into ie 
casing a and the bottom X. constitutes a stop to limit the 
outward movement of the p e and govern the length of the 
sparking gap, a lock nut being provided to lock the gland in the 
adjus position. The latter is bored to receive the piston 
extension e2, and the arrangement is such that during the suction 
stroke of the engine the two electrodes are brought into contact 
and separate in during the compression stroke, the to and fro 
movement serving to dislodge any fouling matter which may be 
adhering to the contacts. (Accepted November 17, 1920.) 


153,429. The Vulcan Motor and En ing Company 
1906), Limited, Southport, and E. ersiey, Southport. 
ricating System. q Fig.) September 18, 1919,—This 
invention relates to the lubrication systems of internal-com- 
bustion engines, and particularly to a oanty device of the kind 
wherein the ignition current is cut off automaticclly when the 
lubrication system fails, the oil pressure supporting a spring- 
— piston which drops when the lubrication fails, and earths 
the magneto current. he piston carries an insulated dise or 
finger to which the magneto earthing wire is attached, and which 
is adapted to make contact with part of the engine when the 


piston drops. When the engine is at rest the disc or finger is 
and to break this connection for — J engine, 
according to this invention, an insulated to 


be pressed against the disc or finger hy then. holds t the said 





dise or finger wu 
to be started 
be attached 
part of an ‘ 
ayetom, abe ¥2 
j pressure 
of the piston 
at the end 
in the casing B to reduce leakage 
If so desired, there 
guideway 
wn ee py by a spring A‘, which acts 
against the re on the t side of » and at 
Dof the magneto. ‘The finger © sis dewnsents fran and 
r C pro wo rom 
preferably is integral with the rim of a disc C2. (Sealed.) 
153,401. W. Miller, - 
(3 a .) August 19, 1919.—This invention relates to a sparking 
plug for the i charge in internal-combust 
of the type in which the central electrode is formed with an axial 








(133000) 
passage which extends from the sparking end towards the o ite 
end but does not reach the opposite end. ‘The inner jon A 


of the central electrode is tubular. The outer portion B of the 
sautesl electrode is solid. The other electrode is formed with a 
-shaped end C. (Sealed.) 








therewith 
tensioning of the = According to the invention, each clam 


comprises a body 





cases. =? device prods vy a pair of clamps a mounted on 

sling b. a sheave c ones | ° 4. end thereof 

sa Red tng ec ey Bo 

other en P a cones faces of latte aan 
relative ye movenent 1 


ai on io timnited “ said faces and that “when 
under load the grip he is , Y rupperted on the Supeead Sme 
of the clamp. In this embodiment of the invention the clamps 


employed are built up, each com me @ pair of oon secured 
in place by rivets and distance pieces. (Sealed 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


154,626. W. W. i og Cc. H. ae = | 
Blackpool, and H. Mackay, West iackay, W F 
Fasteners. (4 Figs.) Miay 18, 1917.—The invention mJ 
to devices for use in applying belt fasteners to the ends of driving 
belts, and to that type of fastener consist of wire hooks of 

V-shape in side elevation with the extreme ends turned inwardly 
to form points for entering the belt material. The means consists 
of a central spindle a formed in cross-section to resemble a cross. 
to each portion b of which is attached a bent metal plate e, of 
U-shape in cross-section, the outer portion of the plate being 
slitted 2 at d with slits at any required pitch to take a definite 
gauge of wire hook e. The outer edges of each portion b are a 


Fig. 1. Aner Fig.2 











little distance within the loo 
as to allow tm age dy 
hooks in position J. 

rivets or screws. The spindle a may project at the end to form 
journals to en with bearings in the ordinary types of belt 

k closing caglenee 80 the device > be rotated into 

position to bring the hooks upon the rting part of the 
machine which assists = the forcing of the ks into the belt 
material. Instead of the spindles projecting at the ends holes 
may be drilled at such ends to fit on corresponding pins in the 
closing tool. Flanges g are secured near the ends of the 
= and against the outer ends of the plates c. (Accepted 


December 15, 1920.) 
153,782. A. Anthony, ee. and T. E. 
Brazier, Wolverhampton. Driving-Belt Fasteners. (3 Figs.) 
November 24, ore Jy y= relates to fasteners for the 

riving belts of motor o t type comprising a b 
ate pted to cover the abutting ends of the of the Poel ts so wien 

8 age id, the : here face of the latter, each bsg of tthe plate 
being attac! e respective ends of the belt by — ae a 
clamping om Me tampa por to the invention, the clamping device 
comprises a cross-bar of circular cross-section ada to engage 
the usual transverse grooves Ny the underside the belt and 
carried by rods adapted to be secured to the ends of the plate. 


edges of the meta plate ¢, 
between the parts for holding’ the 
lates ¢ are secured to the parts b by 


2 


A rectangular metal plate 1 is hinged at the middle, and adapted 
to cover the ends x the belt a are arranged to abut against 
one another. The said plate ko pepiind So tee Supse face of t 
belt and yt ee latter by a pair of clam 
bolts. of the said bolts is of a T-formation comp 
a vertical stem 3 externally screwed at its upper end and ins 
at its lower end a transverse bar 4 of circular c 
The stem of each of the bolts is pues vertically through the 
material of the belt so that the circular cross-bar e with 
one of the usual transverse grooves 5 in the unde: of . 
a pate 





= = ae screwed end of the stem being arran 
a hole 6 in the respective end of the hi 
ee i it ° asoueed to the latter by means of a nut 7, 


MOTOR ROAD VEHICLES, 


Westminster, C. K. Edwards, 
Lendon. Automobile Vehicles. 
—tThe invention relates to automobile 
the invention, there is provided a torque member for the rear 
axle of an automobile vehicle, —— torque member is a spring 
blade and is deep and thin and is as to its cross-section 
with its greater dimension vertical. spring blade is deep 


rh , Limited, 
(3 Ae ns Fly yh" 20, 1918. 
coording to 
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enough to be stiff and aed as —— ing stresses applied 
in the vertical plane, as by the driving ae ° but thin enough 
to yield elastically to twisting couples having their axes length- 
wise | (ithe torque member, but not ing through the ball- 
a centre and also thin enough to yield elastically under lateral 
ding stresses applied to it in or about in the horizontal plane. 

A chassis longitudinal is indicated at 10, a transverse is 
member at 11 and the differential casing around the rear axle 

at 12. A torque member 13 connects the casing 12 to the chassis 
member 11. This torque member consists of a deep springy 
te bolted at one end at a lug 14 projecting from the casing 12. 
torque member 13 is secured at its other end, which lies 
forward of the rear axle, to a ball and sliding pin joint con- 








nection 15 carried by the chassis. This connection 15 {encloses | 
a casing which is bolted to the chassis member 11 and encloses 
a ball 16, which is received between two cups 17,18, seated upon 
rubber packing pieces 19 and 20. The ball 16 has a cylindrical 
hole through it, in which is mounted free to slide a pin 21 having 
a flattened extension 22, which is secured to the torque member 
18. A dust cover fitting upon a spherical seat and controlled 
by a spring, is employed to resist the entrance of dust into the 
interior of the connection 15. Instead of the torque member 
being springy | throughout the whole of its length, it could be 


com of two rigid end-pieces with an elastic intermediate 
portio (Sealed.) 

153,467. Bs 5 pet Goreutt and Sons, Limited, Leiston, 
and F. Ga Controlling Gear for Electricai 
Vehicles. (2 (2 Fie ve 19, 1919.—The invention relates 
to safety podt.. gear for electrically- hyp oye vehicles 
comprising aadenion for cutting off the laey 4 of ns ue when 


either or both of the brakes are a ’ rakes m 

removed entirely before the controller can be  Crought into action 
again. According to the invention, two spindles arranged with 
lengthwise movement are provided, and can be depressed by a 
lever to contact with the controller shaft to/rotate same, and 











Sooo 
8B 
A 
Z 
F 
. © 
(53.467) oD G 


thus operate the controller. D and G are two halves of a 
clutch. The half D, which is rigidly attached to the controller 
shaft J, is provided with two projections F. Two spindles B 
are placed above these projections and slide in slots agalant the 
action of the springs K, so that if depressed they will come into 
contact. with t projections F and cause them to rotate, thus 
operating the controller L. These two spindles are operated 
by a pedal C which moves about the pivot H. If the pedal C 
& Lenni in one direction it depresses one of the spindles. 


pane sel oe ane nt oe ape 


153,803. H. B. y. Tram Rail Tie. 
(2 Figs.) January 10, 108 rr . Lee relates to appliances 
for tying together two tram rails to a desired gauge, oe consists 


in the employment of a tie-rod of round cross-section. with two 
irs of clips to engage the rail bottom flanges and held in position 
y nuts engaging screwed portions of the rod, and on the portion 
ot the rod between the rails is mounted a rope roller, which 
may bear directly on the round rod, or on renewable bushes 
secured thereto. @ is a tie-rod of round section, b, b1, are clips 
for engaging the lower flanges of the railsc. The clips b, bi, 





ition on the rod 4 to suit the 
in place inst the rail flanges 
gyre of the rod a. The tie 
jon, serves as a spindle for a 

s on 
rope haulage roads. The tie-rod a ir fixed, and the roller ¢ is 
free to revolve around same, and is provided with renewable 
bushes f secured on the rod AA set screws fl, and the roller ¢, which 
is fitted with hardened steel rollers ¢l, runs on the reduced 
portions of the said bushes f, the shoulders f2 preventing the 
roller from endwise movement, deren 


can be 


laced in any desired 
gauge of the rails, and are he’ 
by nuts d@, dl. engaging screwed 
rod @ being round in cross 
roller ¢ of the flanged type employed for supporting ro: 


152. S. H, Bevan, umbles. Spring Buffers. 
(L Fig.) September 19, 1919. = invention relates to spring 
buffers wherein « compound action is obtained a ag gp 
int ~- ~ a he oe ep being the 
nter e Or was! rt ing spr! 
ote wo, so as to take he initial ial shocks. fo ES 
and } the head: wo being connected together in the 
pen ag manner. They emer eis d centrally in 

he casing, and is — two a \y-a aper- 


~~ @ and e¢ formed 
respectively. 


a the buffer casing 


springs f and g 


arranged axially 
r spindle, separation of the two being obtained by 
plate A by 
plunger 


the 
means of an intermediate - This plate is sup 
a cotter i arranged within a slot cut transversely in 


= 


So Oo 





ciate. The leading spring f is weaker than the spring g, the 
ratio being such as to enable this leading spring usefully to atsorb 
ray shocks without compressing the stouter spring g. 
(Sealed. 


non J. N. Lewis, Wallasey. ‘Trolley Head. (3 Figs.) 
October 11, 1919.—The invention relates to trolley heads for 
electrically-propelled vehicles, and consists in a pair of wheels 
ae on inclined axles so that their steeply-inclined faces 
upport the wire, being themselves supported on fixed inclined 
xles mounted on a swivelling stock beneath the live wire. 





A, A, are inclined shafts rigidly mounted on the vertical shaft D 
which is swivelled within member E. Wheels B having bevelled 
edges are rotatably mounted on the shafts A and are secured by 
washers and nuts engaging threaded portions of the shaft. The 
bevelled surfaces of the wheels B form a groove C, within which 
the live wire can rest. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


153,534. A. L. Henderson, Greenock. Propeller. 
(2 Figs.) May 5, 1920.—The invention relates to marine pro- 
) nn | the kind in which the propeller blades are clamped in 
ition in recesses —- in a split globular — 7 
Each of the blades 1 is provided with a 
bosses 2 are of circular shape and are coned so as in engage in 
underout recesses 3 in the two halves 4 and 5 of the split boss. 
The two’ halves of the s _ boss are divided upon a transverse 
line 7, which coincides with the axis of the blades and the centres 
of the bosses 2 thereon. ‘The two halves 4 and 5 are located in 
the correct relative position to one another by means of dowel 
pins upon one portion of the boss, which engage in recesses in 





the other portion thereof. The split boss is adapted to be 
mounted upon the tapered end of the propeller shaft, and the 
two halves 4 and 5 are clamped together and secured upon the 
by means of the stream-line nut 10 engaged upon the screwed 

end of the shaft. A key 12 engages in ke ys in the shaft and 
the boss, so as to prevent the propeller from turning w the 
shaft. The two halves 4 and 5 of the boss are ho! out in 
their interior so that only the = 14 and 15 of the bore bear 
the tapered end of the shaft. Conical recesses 17 are 

the bors to receive similarly-coned portions on the 
A flat surface 19 is provided at the inner end of each 
of these coned portions 17, a similar flat surface is provided 
in the boss. flat sirfaces bear against each other and 
securely locate the blades at the correct radial distance from the 
centre of the propeller. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


154,634. The — og. and Rubber Company, 
Limited, London, and G. H. Robinson, London. 
for Piston Rods. (7 Pee) — 18, i918. —The invention 
relates to metallic packing for piston rods or other members 
requiring to be packed in a fluid-tight manner in order to prevent 
teakage of of the ewe othe: jum 


or r invention relates 
ore S the kind comprising one or more metallic rings, 
each of ich is cut into four sect by saw-cuts arrang 
tangentially or in an inclined manner and located near the opposite 
ends of a diameter, so that two sections assume a somewhat 
wedge-shaped formation while the other two sections are more or 
less pa or anchaneny mp The invention consists in metallic packing 
com prisi v Fn or more rings, each of which comprises two 
crescent sections and two wedge-sha sections, each 
py A. the latter be having a wear-com ting a guiding segment 


provided in 
sses 2. 


and in series around are secured wear-co’ 
wear-compensating weg pe 
than the packing ring so that the extra bearing surface provided 


prrastine and guiding plates f. 
is bored out to a greater La 





by the compensating segments will gradually come into action 
and thus increase in proportion as the wearing area of the corres- 
ponding wedge segment. decreases. (Accepted December 15, 1920.) 


Ca; 53,509. " J. W.-Mather, Rugby. Surface Condenser. 
(1 Fig.) February 9, 1920.—The invention relates to surface 
condensers of the kind wherein a number of tubes are arranged 
within a cylindrical casing having an opening at one side fora 
fluid or steam and outlet es for removing air and water. 
The outer casing 1 is cylindrical and is provided with a large 
opening 2 for steam, and with openings 3, 3, at the opposite side 
for the removal of air and water. The tubes 4 are arranged 
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within the casing 1 parallel to the axis of the casing, but near 
the opening 2, spaces 5 are left between the bank of tubes 4 and 
the casing 1. e¢ bank of tubes extends unbroken from one side 
of the casing to the other. The spaces 5 are proportiuned or 
tapered so that the cross-sectional area of the path for the steam 
is greater near the entrance than it is at the point of greatest 
cross-section of the casing 1, this area decreasing gradually from 
ay to the point of maximum cross-section of the casing. 
( 3 


152,829. Cammell Laird and Co., Limited, Birkenhead, 
Sir G. J. Carter, Bromborough, and J. Purves, Birken- 
head. Water Gauges for Steam Generators. (5 Figs.) 
September 1, 1919.—This invention relates to water gauges 
for steam generators, in which there are combined in the one 
fitting, a perforated metal tube gauge and a transparent tube, 
the arrangement being such that the water level is normally 
iadicated in the glass tube in the ordinary way, but so that, should 
the glass tube be broken, as frequently happens, the boiler steam 
and water connections are, by the movement of suitable cocks, 
cut off from the glass tube and connected to the metal tube, the 
water level being thus indicated by the different character of the 
jets issuing from the res oy openings in the metal tube. 
A is the upper part and B the lower part of the gauge fitting. 


Fig.2. 


fy 
= 











parts are 
hg my oped 


ee with the usual flange cl and spigot c. 
ich joint is made with the front of the steam 
generator; a screwed gland fitting di, gland nut d2, packing 
fing and packing d4, to take the ends of the metal tube gauge D; 
and a screwed gland fitting el and gland nut e2, to take the glass 
uge E, between the ends of which and the parts A and B 
re oF joints are made in the usual manner, t the junction 
of the main bore of the part A and the branch bore d° leading 
to the upper end of the metal tube D, a three-way cock F, with 
a through port and | mapa is fitted ; and at the junction 
of the main bore of the and the bore leading to the lower 
end of the metal tube a v4, cock with a through port 
and branch port is also fitted. (Sealed.) 





Lasour Conruicts 1x Denmark.—There are at 


ed | Present very serious labour conflicts in Denmark, the 


employers being anxious to terminate the old wage 
eee in order to reduce wages. Work has been 

ped in several branches, the men responding with 
pra notices in all works belonging to the Union of 
Danish Employers. Negotiations have been resumed, 





apted to contact with the member to be pac pied engin | 





The movement of the plunger is controlled by two 


is formed from one or more rings, each of eich. is di 
four sections by cuts a, b, c, d, and to the wedge-shaped sections ¢ 





but alt both the employers and the trade unions 
showed wi to accept the mediators’ proposal, 
the t ition taken up by some branches is 


hme 
likely to render the attempts at a compromise difficult. 
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THE MASTER SHIPWRIGHTS OF THE 
: 16TH AND 17TH CENTURIES. 


By A. W. Jouns, C.B.E.,. R.C.N.C., M.L.N.A. 
(Continued from page 412.) 


Peter Pett, son of a Harwich shipbuilder, was 
the second master shipwright, his patent being 
dated 1582. The records show that John Pett 
was engaged in caulking the Regent in 1499, 
and Peter Pett was one of the shipwrights pressed 
into service from Essex and Suffolk for naval work 
at Portsmouth in 1523.. These two were probably 
the grandfather and father of Peter. The latter 
had been for some time in the King’s service before 
he was appointed master shipwright, for in 1544 he, 
with Baker and others, “ skilful in ships,” had 
visited Portsmouth. He was granted a “‘ wage and 
fee’ of sixpence a day for life, in 1554, which was 
increased to 12d. in 1558. He surrendered the patent 
of 1558 for the new one of 1582, his eldest son 
William being joined with him in the new appoint- 
ment. The date of Peter’s birth is not known, but 
he must have been advanced in years in 1582 and 
probably that is the reason why William had the 
reversion of the post. In 1559 Pett and Bright 
built the Elizabeth Jonas, of 855 tons, one of the 
largest units of the fleet, at Woolwich. Most 
of his time, however, was spent at Deptford, where 
he built the Achates, Swiftsure (416 tons), Moon 
(70 tons), Rainbow (480 tons) and started the 
Defiance (550 tons) and Advantage (216 tons). 
He also rebuilt many ships. He died in 1589 at 
Deptford, his son William having died in 1587. 

Richard Chapman, the third of the master ship- 
wrights, was appointed in 1587 as a reward: for 
building the Ark Royal (830 tons), Sir Walter 
Raleigh’s ship and flagship of the Lord High 
Admiral against the Spanish Armada. The patent 
for his appointment was made out in his name 
only, no second person being joined with him as 
in the cases of Baker and Pett. Probably he was 
a distant relative of the Pett family, for Peter Pett’s 
sister married a John Chapman, and Phineas states 
that Richard Chapman was “ one whom my father 
had bred of a child to the profession.” In addition 
to the Ark Royal he built the Guardland (670 tons), 
Talbot, the galley Tremonta (165 tons) and the 
Crane (274 tons). The Guardland was one of the 
three ships whose dimensions were settled by 
Howard’s Committee of 1588, and of which Chapman 
was a member. She showed signs of structural 
weakness or, as the Commission of 1618 stated, 
she “‘ swayed in the back.” Chapman died in 1592, 
at Deptford, and William Bright, one of the assistant 
‘masters there, was appointed in his place. Bright 
appears to have built very few ships, for his name is 
not associated with any in the records. It is 
probable, therefore, that he was chiefly 
in rebuilding ; he rebuilt the Rainbow at Deptford 
in 1617-18 and the Vanguard at Chatham in 1630. 
He was a severe critic of Phineas Pett in 1609, and 
appears to have died about 1630. 

On the death of his father in 1589, Joseph Pett 
was appointed to the vacant post, which he held 
until his death in 1605. He completed the Defiance 
and Advantage which his father had started. In 
1594 he prepared the former ship at Woolwich for 
what proved to be the final voyage of Drake and 
Hawkings. In 1597 he rebuilt the Elizabeth Jonas 
at the same yard. 

The death of Joseph left a vacancy, which was 
filled by his step-brother—Phineas Pett—the most 
famous of the family. In 1603 Edward Stevens, a 
private shipbuilder who, in 1596, had built the famous 
Warspite, or Warspight, of 518 tons, commanded by 

Xaleigh, and the Scourge of Malice, a privateer, 
for the Earl of Cumberland, had been granted a 
patent for the next vacancy for a master shipwright, 
but in 1605, when this vacancy occurred, some 
technical objection was raised to the patent. by the 
friends of Phineas, and the latter was appointed. 
Stevens had to wait until the death of Baker in 
1613 for his appointment, and there is little doubt 
the hostility displayed by him in 1609 against Pett 
was largely due to this. 

Phineas was the fifth son of Peter Pett of Deptford, 
and a step-brother to William and Joseph, Born 
in 1570 he was educated at schools at Rochester 
and Greenwich before proceeding, in 1588, to Cam- 





bridge, which he left in 1590 with.an M.A. degree. 
His mother desiring him to follow his father’s 
profession, he was apprenticed to Richard Chapman, 
and joined Chatham Yard. On Chapman’s death 
in 1592, Phineas was free, and endeavoured to 
become apprenticed to Baker, but failed. He 
joined the Galleon Constance of London as a 
carpenter’s mate, and made a voyage to the Levant, 
returning to London in 1594 after a wretched 
experience. Joseph was then preparing the Defiance 
at Woolwich, and Phineas worked under his brother 
on that ship, but seeing no chance of promotion 
joined Baker, then building the Dieu Repulse at 
Deptford. Whilst Phineas was with Baker the 
latter instructed him in the evenings in the “‘ secrets” 
of his profession. After the launch of the Dieu 
Repulse in 1596 Phineas served as a timber surveyor 
for his step-brother Peter, of Wapping. In 1597 
he obtained an introduction to the Lord High 
Admiral Howard of Effingham, afterwards Earl of 
Nottingham, who two years later secured him a post 
as timber storekeeper at Chatham Yard. At the 
end of 1600 he was appointed Assistant Master Ship- 
wright at Chatham, and whilst holding that position 
rebuilt the Moon (74 tons) and Answer (270 tons) 
in the dockyard, and built a merchantman, the 
Resistance (140 tons), in a private yard at Gilling- 
ham. ‘Trevor (surveyor) and Mansell (treasurer) 
held shares with Pett in the merchant ship. In 
1605 Pett, on the Resistance, in company with 
British warships, visited Spanish ports. Later the 
ship was sold to Mainwaring for 700/., and under 
that officer took part in many piratical adventures. 
In 1604 he built a small sailing boat—the Disdain— 
for Prince Henry, son of James I, and on presenting 
this to the prince was made one of his servants. 
Joseph died in 1605 and through the influence of 
the prince and Howard, Phineas was appointed to 
the vacancy. In 1606 Pett took in hand the 
rebuilding of the Victory and Ark Royal at Wool- 
wich, completing them in 1608. In September, 
1608, he was placed in charge of the design and 
construction of a new “great” ship, the Prince 
Royal, to be built at Woolwich. She was of 1,200 
tons measurement, or about 50 per cent. greater 
than the existing largest English warships. The 
choice of Phineas, the junior master shipwright, 
for such an important work was bitterly resented 
by Baker and Bright, both much his senior in years 
and experience, and also by Stevens and others. 
They strongly protested, and the matter developed 
into one of some political importance. Pett’s side 
was naturally taken by Howard, whilst the Earl 
of Northampton took up the cudgels on behalf of 
Baker and Bright. James being approached on 
the dispute appointed a Commission, which 
deliberated and decided in Phineas’ favour. North- 
ampton, dissatisfied with this result pressed for a 
further inquiry, and James decided to investigate 
and settle the matter himself. On May 8, 1609, 
at 8 o’clock in the morning, James arrived at 
Woolwich Yard to conduct the inquiry. Duri 
the proceedings Phineas had to kneel at the feet 
of the king. A large number of witnesses, including 
most of the private shipbuilders on the Thames, 
were against Pett, his only expert supporter of any 
note being William Burrell. Baker and Bright 
were the two chief witnesses, and they questioned his 
capacity as a designer and builder, and also stated 
they were dissatisfied with the materials and scant- 
lings employed. Baker stated in evidence that in 
the cases of the Moon and Answer, rebuilt by 
Phineas, and the Resistance built by him, they were 
found on completion to be so crank that they had 
to be sent back to Chatham for alteration. The 
written statement of Baker and those with him 
pointed out that the mould of the Prince Royal 
was imperfect and furred; the sweeps of the 
sections. were not in accordance with practice, 
the depth was too great and the sides too upright 
for satisfactory stability ; and the extreme breadth 
was carried too high, thus leading to a greater 
draught than necessary. Then followed objections 
to the depth of the floors and the method of working 
the futtocks ; to the overgrowth and cross-grain of 
the wood employed and so forth.. Bright’s evidence 
corroborated that of Baker and stated that on 
previous “ great” ships it had been usual to employ 
two master shipwrights. James listened patiently 
to the evidence, went out on the ship and looked into 





some of the alleged faults, and gave a decision in 
Pett’s favour, admonishing the opposition for the 
personal animosity they had shown. As a sop it 
was decided that Baker and Reynolds—a private 
builder—should visit the ship and act as overseers. 
According to Phineas they came but seldom. The 
Prince Royal, the: first English warship double 
planked, was launched in 1610 and taken to Chatham 
on completion. In 1623-24 Pett accompanied 
Prince Henry on her in a voyage to Spain. In 1621 
she was condemned by a Commission of which 
Burrell was the only technical member. Phineas 
protested at this decision, and with good effect, for 
the ship was rebuilt in 1641 by his son Peter, at 
Woolwich, and again by Sir Phineas Pett at Chat- 
ham in 1663. She was wrecked in 1666. In 1611 
Pett docked the Merhonour and Defiance at 
Woolwich, both to be rebuilt, the former under the 
charge of Baker and the latter under Phineas. 
Baker died in 1613, and on his deathbed requested 
Phineas to finish the Merhonour. In 1612 Pett 
built the Phoenix, a pinnace of 250 tons, at Chatham. 
In 1615 he rebuilt the Elizabeth Jonas and Triumph 
at Woolwich, and in 1616 built the Destiny, of 
620 tons, for Sir Walter Raleigh. As Raleigh, who 
had been pardoned after twelve years’ imprisonment 
in the Tower and with his estates confiscated to the 
Earl of Essex, could not meet the whole of the 
expenses, Pett lost a considerable amount. Later 
the Destiny was brought into t + Navy and her 
name changed to Convertine. »ae was captured 
by the Dutch in 1666. In 1618 a Commission, 
of which Burrell was a member, was appointed to 
inquire into naval matters. According to Pett 
the members treated him with scant consideration, 
and from 1617-20 he had little to do beyond super- 
intending the construction of a new dock at Chat- 
ham. In 1620 he built the Mercury and Spy at 
Ratcliffe. The two ships were ordered by the 
merchants of London and intended for the expe- 
dition to Algiers. They were to be of a specified 
tonnage, but Pett, in building them, considerably 
exceeded it, and as the merchants would only pay 
on the specified tonnage Pett had to withstand the 
loss. In 1626 he built two pinnaces, the Henrietta 
and Maria, of 70 tons each, at Chatham, and im 
1627-30 rebuilt the Vanguard at Woolwich. He 
was made an assistant to the principal officers of 
the Navy in 1629 and the year following Naval 
Commissioner at Chatham. In 1630, accompanied 
by Andrewes Burrell, Peter Pett (nephew), and 
John Taylor (later master shipwright at Chatham), 
he visited Portsmouth to inquire into the presence 
of the worm—teredo navalis—at that port. In 1632 
he was directed to assist his son Peter at Woolwich 
in building the Charles (810 tons). He also assisted 
Peter in building the Leopard (515 tons) in 1633-35, 
In 1634 King Charles mentioned to Pett his desire 
to build a “great” ship. Plans were drawn out 
by Phineas, who also made a model of the new ship. 
These were inspected by the king, and after some 


ring | alterations, approved. Trinity House hearing of 


the project protested strongly against it, pointing 
out that it was beyond the wit of man to construct 
a ship of the size contemplated and if it were 
possible to build her the depth of water in the 
English seas prevented her from being floated. In 
December, 1634, the keel of the Royal Sovereign 
or Sovereign of the Seas was laid, and she was 
launched in 1637. Phineas’ son Peter supervised 
her construction, he being then the master ship- 
wright at Woolwich. Her tonnage coincided with 
the year in which she was launched. On comple- 
tion she proved crank, and was “cut down a 
deck.” As originally designed the decks aft 
followed the Elizabethian fashion, i.e., a half deck, 
quarter deck and poop were fitted. It is probable 
that one or two of these uppermost decks were 
those removed. With this alteration the stability 
was satisfactory and she was considered one of the 
finest ships of the time. According to some accounts 
she was designed by Pett to mount 90 guns, but 
Charles insisted on 100, with which she was com- 
pleted and remained in service. This addition to 
the armament beyond that contemplated in the 
design stage may account for her initial. lack of 
stability, Her upper, main and lower decks ran 
continuously throughout her Jength. Previous to 
this these decks had been stepped as the extremities 
were approached. The omission of the steps was a 
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recommendation of the Commission of 1618. Some 
previous ships, as the Commission pointed out, 
had “ swayed in the back” and the alteration was 
intended to assist against this structural weakness. 
The Royal Sovereign was rebuilt by John Taylor 
at Chatham in 1659-60, and again by Robert Lee 
at the same yard in 1685. She was at Chatham 
for another rebuilding in 1696, but was destroyed 
by fire. She served as flagship at the Battle of 
Solebay in 1672. It would seem that on her 
second rebuilding she was girdled, for the breadth 
is then given as 50 ft. in place of 48 ft. when built. 
There is little doubt she was a great success, and so 
long as British naval history is read Charles I’s 

“‘ great ship” and her designer Phineas Pett will 
be remembered. Her to was not exceeded 
in the British Navy until 1682, when the Britannia, 
of 1,730 tons, was launched at Chatham. Her 
designer and builder, was another Phineas Pett, 
not a direct descendant of the first Phineas Pett, 
but a son of his cousin Peter, of Deptford. The 
elder Phineas had, however, shown the way, and the 
Britannia was not such an advance on existing 
ships, as was the Royal Sovereign. Phineas built 
no more ships after her, and appears to have carried 
out his duties as Commissioner at Chatham until 
his death in 1647. Phineas was in trouble on one 
or two occasions in connection with alleged mal- 
practices in naval matters. He succeeded in 
clearing himself, hough there is little doubt he 
was not altogethe: innocent. The times were, 
however, corrupt and it may be said of him, even 
if he were not innocent, that his offences were 
relatively small compared with those of other and 
more highly-placed officials. The charter of the 
Shipwrights’ Company, dated 1612—the first was 
dated 1605—mentions Phineas as the Master of the 
Company, William Burrell as one of the throe 
Wardens and Baker and Bright as two of the 16 
Assistant Wardens. In the 1605 charter, Baker 
was the Master and Phineas an Assistant Warden. 
The supercession of the old master shipwright by 
his junior must have been a bitter blow for the 
former. 

William Burrell, who has been mentioned, 
although not appointed a master shipwright, 
carried out for some years similar duties. He 
was the naval architect to the East India Company, 
and in 1610 King James launched two ships from 
the company’s yard at Deptford which Burrell 
had designed and built. These were named the 
Trades Increase and Peppercorn. The former 
had a tonnage of 1,100 tons and was by far the 
largest merchantman which had been built in this 
country up to that time. She was wrecked on the 
coast of Java on her first voyage in 1613 and burnt 
by the natives. The Peppercorn was of 250 tons. 
Burrell was the only technical member of the 
Commission which inquired into naval matters from 
1618 onwards. In 1619 he was placed by the 
Commission in charge of the building and repairing 
of naval ships, and between that date and 1623 
built ten ships at Deptford yard. As the naval 
architect of the East India Company he was paid 
a salary of 200/., but on taking up his new post 
this was increased to 3001. The ten ships built 
by him were the Constant Reformation (750 tons), 
Victory (875 tons), Happy Entrance (580 tons), 
Garland (680 tons), Swiftsure (890 tons), Bona- 
venture (675 tons), St. George (895 tons), St. Andrew 
(895 tons), Triumph (922 tons), and Mary Rose 
(390 tons). The Swiftsure was wrecked in 1624, 
the Bonaventure lost in action, the Garland cap- 
tured by the Dutch in 1653 and the Mary Rose 
wrecked in 1650. Apparently there were serious 
complaints as to these ships, for in 1623 a Special 
Commission was appointed te inquire into the 
matter. The report drawn up by this Commission 
shows that the Victory, Garland, Bonaventure and 
Mary Rose were “‘ tendersided”’ and required to 
be fitted with “ girdlings.”” Of the others all were 
weak or defective, with the exception of the St. 
George and St. Andrew, which were reported as 
well-conditioned, the former being, however, 
“thought somewhat leeward.” A writer of the 
time, commenting on this report, suggested that 
Burrell—“ a man friendless, but full of money ”— 
should pay the cost of remedying the defects, but 
he appears to have. suffered no loss and retained 





his position. Phineas Pett and the other master 
shipwiights were doubtless not displeased with 
the result of the Commission’s work, for whilst 
Burrell was in charge they had very little to do. 
Although Burrell had spoken in Pett’s favour at 
the Prince Royal inquiry in 1609, he had con- 
demned the ship in 1621, and as Pett appeais to 
have examined the ships which the Committee 
reported upon he may be forgiven for having made 
a more critical examination and report than would 
otherwise have been the case. Burrell quarrelled 
with the East India Company in 1626 and left 
their service, continuing at Deptford Yard in the 
naval service until 1630. In 1629 he and Pett 
were made assistants to the Naval Commissioners, 
and the year following, during a tour of inspection 
of the naval yards, they visited Portsmouth. Both 
were taken ill on the journey back to London, 
and in the case of Burrell the illness proved fatal. 
Burrell had a son Andrewes Burrell, also a naval 
architect, who journeyed with Phineas Pett and 
others to Portsmouth in 1630 to inquire into the 
presence of the worm in the waters of the port. In 
1627 the navy authorities decided to build by 
contract ten small gunboats, which were named 
The Lion’s Whelps, and were intended for the 
“enterprise at Rochelle.” These vessels were 
62 ft. long on the keel, 25 ft. beam and of 190 tons, 
carrying 14 guns. Andrewes Burrell addressed a 
very strong remonstrance to the authorities against 
the building of these craft, but it was of no avail. 
Phineas Pett was busy in 1627 bargaining with the 
shipbuilders as to the building of these vessels. 
It was on the sixth Lion’s Whelp, built by Peter 
Pett, that John Pett—her commander and son of 
Phineas—was killed in action in 1628. 


(To be continued.) 





REPAIRS TO THE STRUCTURE OF THE 
CRYSTAL PALACE. 

Tue Crystal Palace belongs to an earlier genera- 
tion, and it is doubtful if many present-day engineers 
realise what a remarkable structure it is. It is built 
almost entirely of cast-iron, with the exception of 
the roof girders and cross ties. The building has 
a@ maximum height of 192 ft., a maximum length 
and breadth of 1,392 ft. and 384 ft., and covers 
462,760 sq. ft. It was built in 1852-4, and in view of 
its dimensions and the materials of its construction 
it will be realised that much very able design work 
must have been incorporated in its structure. We 
believe it is correct to say that the builders of the 
Crystal Palace estimated its life at 20 years, and in 
view of the fact that it has stood for 66 they evidently 
achieved better work even than they intended. 
The building generally is still in excellent condition, 
but owing to some of the features of the type of 
construction adopted signs of failure have become 
apparent in connection with the outer face and 
bonnet of the east end of the centre transept. In 
this article it is proposed particularly to deal with 
the very interesting repair job which this failure 
has involved. Incidentally it will naturally be 
necessary to refer in some detail to the special 
features of the original structure which are involved 
in the failure. 

The repair work with which we propose to deal 
is concerned with the columns and arch of the outer 
east face of the centre transept. The actual glazed 
face of the transept is set back some 24 ft. from the 
outer columns and arch and a portico is thus formed 
over the main entrance to the palace from the 
grounds. This portico is well shown in the illustra- 
tion on page 511, while the outer face is illustrated 
in Fig. 1 on page 512. The construction of the 
columns and arch forming this portico differs from 
that of the series of columns and arches which are 
carried across the building and form the main 
members of the transept, and it is this outer member 
which has shown signs of failure. This may be 
attributed to the difference in its construction 
together with its greater exposure to the wéather. 

As we have said, the original structure is built 
of cast-iron, the section with which we are now 
concerned consisting of a series of hollow columns 
resting one above the next and connected together 
by short cast-iron girders. As shown in Fig. 1, 
X is one of the three columns and Y is the con- 





necting girder. :.. The cast-iron panels Z between the 
columns are ornamental filling only and take no 
load. The columns which would appear from Fig. 1 
to be simple castings are actually of a duplex con- 
struction with an inside plate covering the space 
between the two sections. The arrangement is as 
shown in broken lines in Fig. 8, on Plate XXIV. 
The two members shown in that figure with the 
through bolts are the columns proper. They are 
tubular castings with end flanges, by means of 
which they are bolted together. The cover plate 
fastened between them on the front side is again 
merely of an ornamental nature and serves no 
constructional purpose. 

These various sections of column X are bolted 
one above another to build up the main columns 
as shown in Fig. 1. The various columns sections 
and the connecting pieces Y which lie between 
them have machined faces. Incidentally it is of 
interest to note that the whole of the complicated 
structure of the palace is built without machined 
joints anywhere except in the case of the columns 
which are all turned at the ends. Apparently the 
engineers who constructed the building had centre 
lathes in which long stanchions could be faced at 
each end, but no other machine tools would appear 
to have been available and there is no machining 
work to suggest that any type of planing machine 
was used. 

The type of construction we have described for 
the main columns is carried upwards to the springing 
of the arch, the only difference in the arch itself 
being that each main member, instead of being built 
up of two circular tubular members side by side, 
consists of a series of tubular segments of cross- 
section, as shown in Fig. 27, on page 513, and in 
the details given in Fig. 2, on page 512. It will 
be noted from Fig. 2 that these curved segments 
have rough ends furnished with lugs, and are 
separated by 10 in. by 5 in. soft wood radial tim- 
bers through which they are bolted. These timbers 
are concealed externally by hollow ornamental 
column castings and covered on the inside by a 
plaster casting. As might be expected these soft 
wood radials have proved the weak point in the 
construction. The timbers have not been treated 
in any way, and some of them have rotted, particu- 
larly where the bolts pass through, with the result 
that the various members of the structure have 
settled and become seriously out of line one with 
another. Looking at the arch of the portico from 
below in the plane of its front face it is seen now 
to consist of a series of members pursuing a very 
zig-zag course, The full variation of these zig-zags 
from the original plane amounts to about 6 in. 
in the outward direction and about 34 in. inwards. 

The conditions imposed by the war have rendered 
the maintenance of the structure of such a building 
as the Crystal Palace one of much difficulty, and it is 
probable that in more normal times it would have 
been possible to undertake the reparation of this 
portico at an earlier stage. It is doubtful, however, 
if at any time it would have been feasible to repair 
it in any radically different manner from that which 
has now been adopted, that is by reinforcing the 
whole structure by means of an entirely independent 
arch built behind it and securing every individual 
unit of the original cast-iron work to the new steel 
reinforcement. It might appear to one who had 
not inspected the job that the way to tackle it 
would have been to take the whole of this portico 
face down and re-erect it with new wood or other 
packings. This would, however, have entailed 
difficulties in either removing, or temporarily sup- 
porting, a portion of the roof of the centre transept, 
which would have been a matter of considerable 
expense. Apart from these considerations, however, 
it would have been impossible to take this portico 
down without entirely destroying it. The perishing 
of the radial timbers of the arch has allowed rain to 
obtain access to the interior of the hollow segmental 
castings, with the result that the bolts holding the 
various parts together have become eaten away. 
The old arch has been left alone as far as possible and 
has simply been attached to the new structure 
without any attempt being made to line it up or 
modify it in any way. 

A showing the whole of the new steelwork 
which has been built to carry the old cast-iron 
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work is given in Fig. la, on page 512, while details 
of one side of the new vertical framework are 
given in Figs. 3 to 13, on Plate XXIV. The full 
length of the north vertical framework is shown in 
Fig. 3, while a similar view of some of the upper 
panels of the framework to a larger scale are given 
in Fig. 4. These views show the new steelwork 
as seen from behind (left hand). The inner stanchion 
in Fig. 3 consists of a 16-in. by 6-in. rolled steel 
joist. The joist is naturally in sections, details of a 
joint being given in Figs. 4 to 6. The outside 
stanchion is a 12-in. by 6-in. joist. These two 
main upright members are joined by 6-in. by 3-in. 





stanchion. It may appear at first sight from Fig. 4 
that these brackets are continuous with the cross- 
members, but an inspection of Fig. 5 will show that 
this is not so. In the case both of the cross-members 
and the brackets a connection is made to the web 
of the stanchion by angle cleats. The brackets are 
also supported by 3}-in. by 34-in. bent angle gussets 
underneath, as is well shown in Fig. 4. These 
projecting channel brackets are introduced to carry 
existing cast-iron cross-girders which attach the 
existing cast-iron face of the portico to the next 
main structural member forming the face of the 
palace. These girders are shown in broken lines 
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channel horizontal members forming panels, which 
are not, however, of uniform depth. The shallower 
panels correspond to the cast-iron cross-members 
shown at Y in Fig. 1, while the deep panels corre- 
spond to the long panels of the cast-iron work made 
up by the tubular members X, of Fig. 1. The 
arrangement shown has been adopted in order that 
the steelwork backing shall not be too prominently 
seen from the front of the cast-iron work. It will 
be evident from Figs. 1 to 3 that the 3-in. by 3-in. 
angle iron lattice bracing which has been adopted 
in the steelwork does not quite agree in form with 
the cast-iron grids Z, but in this particular it was 
difficult to follow the cast-iron work exactly and 
at the same time to maintain a simple steel structure. 
The fact that the 3-in. by 3-in. angles do not exactly 
follow the diagonals of the grids is hardly noticeable 
from the front. 

The method of attaching the horizontal cross- 
members and the bracing to the columns is clearly 
shown in Figs. 4 to 6 and need not be referred to 
in detail. It will be noted from Fig. 4 that at the 
left-hand end of the cross-members channel brackets, 
1 ft. 6 in. long are bolted on the outer face of the 





in cross-section, in Fig. 4, and are also indicated in 
Fig. 3. They are bolted on to flat faces formed 
on the back side of the existing cast-iron columns. 
The relation of the new steel stanchion to these 
cast-iron stanchions is well shown in Fig. 8. As 
shown in Fig. 4, a clearance is left between the 
brackets and the cast-iron girders to allow of 
irregularities of position in the latter. After the 
brackets are in position packing is introduced and 
secured between them and the under flanges of the 
girders. These brackets are in the main intended 
to take the weight of the old cast-iron girders and 
so relieve the old columns. 

There is a somewhat similar arrangement in 
connection with the right-hand stanchion, that 
is the inner stanchion of the new framework. 
In this case, however, the stay girders are 
built up steel lattice structures, with the excep- 
tion of the lower two. The bottom girder of 
all, as shown in Fig. 3, is an old cast-iron 
girder similar to those already referred to and is 
supported by the new work in the same way. 
The other girders on this side, however, are new, 
and, as we have said, are built up of steel lattice 





work, except the lowest of the new ones, which 
is a rolled steel joist. This latter stay girder is 
marked F in Fig. 3, while the other new ones are 
marked E. The same letters are usdd in Fig. 1 and 
show the relation of these girders to the structure 
as a whole. As indicated in the reference table 
accompanying that figure a similar arrangement is 
carried out in connection with the south column. 
The method of attaching the new stay girders to 
the columns by means of short lengths of 3-in. by 
3-in. angle iron is clearly indicated in Figs. 4 and 6, 
and need not be referred to further. In connection 
with this matter of stay girders it will be seen that 
six girders of this type are indicated on the centre 
line of the column in Fig. 3. These, again, are old 
cast-iron girders, and have not been interfered with 
in any way. As will be seen, the new steelwork 
has been arranged to clear them. 

The attachment of the new stanchions to the old 
columns, which is one of the chief points of interest 
of the work is carried out by means of pairs of 
lapping angle irons, one of which is bolted to the 
new steel stanchion and the other to the old cast- 
iron column. Details of one of these connections 
are shown near the upper part of the stanchion in 
Fig. 5 and in Fig. 8. Owing to the old columns 
being somewhat out of upright on both sides of 
the portico the distance between the faces of the new 
framework and the inner faces of the castings forming 
the old columns varies materially in different parts of 
the structure and some method of fastening which 
would meet this variation was necessary. The double 
angle-iron cleats of varying sizes which have been 
adopted does this admirably. The two horizontal 
flanges which come together allow of considerable 
variation in the distance between the two columns 
and yet overlap sufficiently to enable holes to be 
drilled for the connecting bolts in every case. 
These bolt holes are naturally marked off for drilling 
after the angles have been fixed in place. As will 
be seen from Fig. 5, the angle bolted to the casting 
lies above that bolted to the stanchion. The angles 
bolted to the castings are secured by through bolts, 
as shown in Fig. 8, which are carried through newly- 
drilled holes. The positions of the various points 
of attachment, similar to that we have just described, 
are indicated by the letter B in Fig. 1. Before 
leaving this new framework we should direct atten- 
tion to Figs. 11 to 13, which show the arrangement 
of the base of the stanchions and the built-up sole- 
plate. These figures will be self-explanatory. 
Details of the upper end of the stanchions are given 
in Figs. 7,9 and 10. We shall have occasion to 
refer further to these in connection with the new 
steel arch with which we must now deal. 

The old cast-iron arch, which is shown in Fig. 1, 
is built up of segments bolted together with wood 
packing pieces between, as previously described, It 
has been reinforced by building a steel arch behind it, 
as shown in Fig. 14, and in greater detail in Fig. 14. 
This steel arch is connected to the cast-iron arch at 
various points somewhat in the same manner as in 
the case of the steel stanchions and the cast-iron 
columns. We will refer to the details later. As 
will be seen from Figs. 1a and 14, however, the 
steel reinforcement has been carried somewhat 
further than the mere construction of the backing 
arch, and a main cross-girder has been introduced 
at the springing point of the arch, which is 100 ft. 
from the ground. This girder relieves adjacent 
parts of the old building from stress due to any 
tendency of the arch to spread, and in considering 
the scheme this girder was constructed of sufficient 
strength to enable it to carry a scaffolding upwards 
from this level, thus obviating the heavy expense 
necessary had a scaffold been carried up from 
ground level. The arch is further stiffened 
by radial stringers carried from an inner arch 
formed from a 6-in. by 5-in. joist and secured 
to the cross-girder. The arrangement will be fully 
understood from Figs. la and 14. The radial 
stringers and inner arch follow the lines of the fan 
window which lies at the back of the upper part of 
the portico and form the upper part of the face of the 
east end of the centre transept. 

The details of the construction of the steel arch 
can be followed from Figs. 14 to 16, on Plate XXIV, 
and Figs. 17 to 23. As will be seen, the inner and 
outer main members consist of 8-in. by 34-in. 
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REPAIRS TO THE STRUCTURE OF THE CRYSTAL PALACE. 
Fig.t.a 
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channels bent so that the flanges in each case come 
to the inside of the arch. These channels are 
connected to the top of the columns by angle 
brackets and 4-in. plate gussets, as is shown in 
considerable detail in Figs. 4 tv 7 and Figs. 9 and 10, 
on Plate XXIV. The two main channels of the 
arch are connected by radial cross-members con- 
sisting of 2}-in. by 24-in. angles arranged in groups 
of four behind each radial. These -angles are 
arranged to enclose the existing old and some new 
purlin girders between the existing arch and the 
face of the main building or fan, and are connected 
to the top and bottom flanges of these purlin 
girders by means of plates and angle cleats, thus 
transferring the weight from the old cast-iron arch 
to the new steelwork (see Fig. 14). The larger 
-panels have eross-bracing of 4-in. by 3-in. channels. 
A glance at Fig. 1, in conjunction with Fig. 14 
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will show that this arrangement corresponds fairly 
closely with the panels of the original cast-iron arch, 
and at the same time gives a simple construction. 
Further stiffening is introduced into the larger 
panels by central radial arms of 2}-in. by 2}-in. 
channel. These are secured to the cross-bracing 
by }-in. connecting plates. Details of these joints 
and also of the connections between the cross- 
bracing members are given in Figs. 17 to 20, on 
Plate XXIV. 2 rae 513. The channels are prevented from sagging 

The details of the inner arch, which is made from| by means of an angle bracing meeting on a 
a 6-in. by 5-in. joist and of the 6-in. by 5-in. radial | }-in. plate between the two middle channels and 
members which connect it to the inner 8-in. by 3}-in. | 3-in. by 3-in. distance angles fixed in the centre 
channel of the new-main arch, are given in Figs. 14| of their lengths between the remaining channels 
and 23... To the. lower ends of these radial joists|and cleated to them as shown in Figs. 14, 15 
10-in. by 3}-in. horizontal stay channels are cleated|and 16. Details of the new main cross-girder 
and carried back and secured to the face of the| and the connection of the inner arch are given in 
main building, as shown in Figs. 30 and 36 on page | Figs. 21 to 23, and the construction will be followed 
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from these illustrations. The method of connecting 
this girder to the top of the stanchions is shown in 
Figs. 5 to 7. The arrangement will best be followed 
from Figs. 6 and 7, in which it will be seen that 
two 4-in. by 3-in. channels are riveted to the web 
of the main stanchion and are spaced out to the 
proper centres by gas pipe separators. The main 
girder is riveted to the outer flanges, and its weight 
during riveting is taken by an angle bracket secured 
- “ web of the stanchion which is shown in 

ig. 6. 

Further stiffness is added to the structure by 
four horizontal stay girders carried from the new 
main girder to the face of the building. The 
position of these is indicated at G, in Figs. 1 and 14, 
while their method of connection to the girder is 
shown in Figs. 22 and 23. One of these girders is 
also shown in Fig. 24, above. This figure also shows 
the angle cross-bracing which connects either end 
of the lower purlin girders on the arch to the 
opposite ends of the 10-in. by 3}-in. horizontal 
























stay channels from the 6-in. by 5-in. radials to the 
fan, referred to above. The intersecting points of 
the diagonal cross-bracing are connected each to 
the next by l-in. diameter suspension tie rods. 
The position of these rods is indicated in Fig. 24 
and they are shown in Fig. 14. 

The method of attachment between the new steel 
arch and the old cast-iron arch is shown in Figs. 
25 to 27, and occurs at the points marked AAA 
in Fig. 1. This attachment is made by means of 
a 3-in. by 3-in. angle running at the back of the 
three main tubular members of the old arch. 
This 3-in. by 3-in. angle is adjusted to the 3-in. by 
3-in. angles of the arch by means of 5-in. by 3-in. 
angles which are varied in length to suit each 
position and bolted to the groups of 2}-in. by 24-in. 
angles. It is thus rendered possible to bolt up the 
3-in. by 3-in. angle snugly to the old cast-iron arch 
without packing pieces which otherwise would have 
been n The attachment between the 3-in. 
by 3-in. angles and the old cast-iron tubular members 


DETAILS AT BF; 














1.08944 

















is shown iniFig. 25, and to a somewhat larger scale 
in Fig. 27. - New holes were drilled for the through 
bolts and gas pipe separators are used inside to 
prevent theicastings being crushed. In positions 
where the holes come near the ends of the castings, 
the tubes are inserted from the end by removing 
the timber packing. In other positions holes are 
drilled through the side of the castings for the 
insertion of the gas-pipe distance pieces. . 
Our remaining figures show the attachment 
between the new steel archwork and the face of the 
building. As will be seen from Fig. 24 there is a 
semi-circular lattice rib reinforcing the existing fan 
window. This rib did not form part of the original 
building, but was added some fifty years ago. 
A lage flat area is exposed to wind pressure at this 
point and it was felt that the old construction was 
hardly secure. The original bracing for the sill 
at the springing of the glazed fan consisted of 
horizontal hollow cast-iron compressed members 
carried to cast-iron columns which formed part of 
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the inner structure of the building. These can be 
seen in Fig. 24, and a detail showing the outer 
end of one of the members and the top of the 
cast-iron column to which it is secured is given in 
Fig. 28. Additional support for the fan and the 
semi-circular rib has now been secured by the addi- 
tion of the diagonal strut made from 6-in. by 5-in. 
joist, which can be seen in these two figures. The 
method of connecting the new steel arch with the 
semi-circular rib through one of the stay channels 
and the cross-bracing is detailed in Fig. 30. Other 
details of the points A, C, D and F, of Fig. 24, are 
given in Figs. 31 to 37. The detail shown in Figs. 
34 and 35 may in particular be noted, as it shows 
the method of connecting the new work on to one 
of the timber radials which form part of the frame- 
work of the fan window. It is not, we think, 
necessary to comment on the other details as they 
will be clearly understood from the figures. 

In concluding the description of this interesting 
and unique piece of structural work we must thank 
Mr. Wright, the resident engineer at the Crystal 
Palace, for the facilities he has placed in our way in 
connection with the preparation of this description 
and for personally conducting us over the job. We 
may say that the whole of the work in connection 
with the strengthening of the columns and the 
erection of the new main cross-girder was completed 
by the end of last autumn. A working platform 
has also been erected at the level of this girder 
on which a complete scaffold has been carried up 
to the highest points necessary to facilitate the 
erection of the new steel work. Owing to the very 
exposed position in which this latter work has to 
be done, but little attempt has been made to carry 
it on during the winter, but the work of fixing is 
now in progress, and completion is expected during 
the summer. The work has been designed by 
Mr. Wright in conjunction with Sir Douglas Fox 
and Partners, who acted as consulting engineers. 





RELATIVITY. 
By F. W. Lancuester, LL.D., M.Inst.C.E. 
(Concluded from page 479.) 

Rerereine to Figs. 1, 3 and 4, on pages 477 and 
478 ante, it is clear that two systems in motion 
relatively to one another are incapable of simulta- 
neous mutual comparison of lengths in the direc- 
tion of relative motion, since their planes-instanta 
are inclined to one another, and if one end 
of the metre bar in each case be assumed to 
be the point at which the planes-instanta intersect 
the other ends of the bars will be in different 
positions in point of time. This is the avenue 
of escape from the reductio ad absurdum—such 
a thing as a mutual truly instantaneous com- 
parison cannot exist. What actually we must 
conceive as happening in the four-dimensional 
continuum, when a comparison is made between two 
lengths situated respectively on systems moving 
relatively to one another, is that, provided the con- 
ditions are arranged that both observers shall 
compare one end of their respective rods simul- 
taneously (say the leading end of the rod B with the 
trailing end of the rod A) then when A compares 
the leading end of his rod with the trailing end of the 
rod B he is really comparing it to the position 
of B a little later in point of time, and consequently 
B appears to be shorter than it measures in his own 
system. Conversely, when B co’ the trailing 
end of his rod with the leading end of the rod A 
he is comparing it with the rod A a little earlier 
in point of time, and consequently rod A is also 
apparently shorter. This will be followed better 
by reference to one of the «liagrams. By way of 
analogy we may compare the shortening effect 
to the distortion produced by the focal plane shutter 
in a photographic camera. If such a shutter be 
arranged to work in the line of motion it will either 
result in shortening or lengthening the appearance of 
a body in motion ; which effect is produced depends 
upon which way round the shutter is arranged 
to work. Presuming that the slot in the shutter 
travels in the opposite direction to the moving 
image the result is a shortening, because the trailing 
edge of the image, which we may imagine as a 
measuring bar, is photographed at a later period than 


with cameras so arranged were to photograph each 
other as they passed in the street they might each, 
when the photograph was developed, jealously 
imagine the other to be considerably slimmer than 
was really the case. 

Let us compare the shortening as derived graphi- 
cally on the system adopted in the present exposition 
with that required by the Lorentz transformation. 
Conceive of a rigid immutable body, i.e., one that 
is permanent and unalterable in shape, such as an 
ideal measuring bar should be, in a space time con- 
tinuum, represented in three dimensions by the 
omission of one of the space dimensions. Such 
body will take the form of a prism or cylinder, 
and will be defined in our diagram, that is on the 
plane of the paper, by two straight lines. Let us 
think of a measuring bar consisting of a sphere 
and let us take the plane x z as passing through the 
centre of that sphere, that is to say for our datum 
condition the sphere will appear as a cylinder of 
circular section. We will now examine the diameter 
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of this sphere on its x axis, as it will appear viewed 
from the standpoint of the system in motion 2. 
On this assumption the relative shortening in the 
line of motion, which appears as one of the terms 
of the Lorentz transformation, namely, 4/ 1-S 
is quantitatively accounted for as follows :— 
Let | (Fig. 8) be the diameter of the supposed 
sphere, then / is our measuring bar. Let t, be the 
time difference on planes-instanta z and 2,. 

Let s be the length of J (the measuring bar) 
measured on system 2, then, as before, 


a2 = [2 — 4,2 


OT ms 
i Ji-2 


But from the construction it follows: 


= ve 
t Wing 


Which is the contraction factor in the Lorentz 
transformation. 

I now propose to carry matters one step further. 
Hitherto we have taken the system x as datum, 
nominally as fixed, i.e., in permanent association 
with a medium by which light is transmitted. We 
have taken the system x, as having motion relatively 
to the system xz and have shown how its plane- 
instanta is determined and how distances on the 
plane-instanta in the line of relative motion are 
measured and that optical phenomena are un- 
affected by its motion. Let us suppose that the 
difference of velocity between x and z, is very small, 
and we take another system 2, differing from 2, 
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amount, and yet again another system, and so on. 


by the same amount, and we take again another 
system x, differing in turn from z, by the same 


So long as we are near the axis of the cone of light 
emanating from o these increments of velocity are 


chosen x axis. But does this condition continue ? 
In ordinary terminology we say that the velocity 
of light is 3 x 10'° cm. per second. If each incre- 
ment represented 1 m. per second difference and if 
with the addition of 3 x 10° such increments 
arrive at the extreme case where the plane-instanta 
reaches the path of the light beam on the surface 
of the cone, and the velocity of the system becomes 
equal to the velocity of light, we should find our- 
selves in agreement with the ordinary older con- 
ceptions of the physicist. The now proved impossi- 
bility of such a condition being reached has been 
commonly said to be due to an increase in the mass 
of a given quantity of matter due to velocity. 
Under such conditions no two systems travelling 
in opposite directions could possibly recede from one 
another with the velocity equal to twice the velocity 
of light, but again the question arises—are these 
conclusions valid ? The answer is undoubtedly in 
the negative. 

Let us make a diagram of the conditions as in 
Fig. 9, in which, taking the system whose plane- 
instanta is indicated by the axis z as datum we 
add an increment of velocity A v and obtain 
the system whose plane-instanta is represented by 
the axis x, ; in deriving this system we measure off 
on the axis x a distance A v representing the 
increment to scale in terms of the velocity of light c. 
Now let us add a further increment of the same 
value and derive the system whose plane-instanta is 
represented by the axis x, ; in doing this we measure 
the increment along the axis 2z,, and likewise in 
adding a further increment we take our measurement 
along the axis x, and so on. If we imagine the in- 
crements infinitesimal, this will lead us to make our 
measurements along the hyperbola to which the 
@XeS 2, 21, X%, &C., are everywhere tangential. 
But we must be careful. The measurements along 
the hyperbola require to be made with due regard 
to the fact that they comprise a ¢ component and 
time quantities require to be multiplied by the 
factor ,./—1. We have seen that a consequence 
of this is that the axes x, x, 2, &c., as intercepted 
by the light cone, have the same real linear dimen- 
sion. This was proved in the demonstration given 
with respect to Fig. 7. Now the half lengths of the 
AXES Xp, X1, Xo, Xz &C., as cut off by the cone of light 
are each equal to the radius vector joining the point 
of contact with the hyperbola to the origin O. 
Hence in order that the velocity increments laid out 
on the hyperbola shall be truly equal each to each 
as representing really equal additions to velocity 
between system and system, the actual linear 
increments on the curve (hyperbola) will require 
to be proportional in length to the mean distance 
of the said increment from the origin.* Now when 
the construction is extended far down one or the 
other limb of the hyperbola the linear increment of 
the curve and the linear increase of the line drawn 
to the origin become approximately equal, and 
therefore the lengths of the increments and the 
lengths of the lines increase in geometrical pro- 
gression whilst the corresponding velocity increases 
by equal increments, that is to say in arithmetical 
progression. But such an increase in geometrical 
progression may be carried on indefinitely without 
reaching a limit, hence we may add _ velocity 
increment to velocity increment indefinitely without 
reaching the velocity of light. 

Let us try and put a physical interpretation on 
the above. The axes x, 2, 2, &c., represent in 
conjunction with their z dimensions the planes- 
instanta of a number of bodies or systems moving 
at different velocities, each of which differs by an 
equal amount from its neighbour. Moreover, this 
series of planes as connected by the tangent hyper- 
bola in common represent the corresponding 
instantaneous condition for the infinite series of 
systems, in relation to the event O because on 
the axis of z at right angles to the paper, the light 
wave originated by the detonation at O has 
travelled the same distance on all systems, and light 
as measured physically on some one, any one, of the 
systems has a finite velocity figured asc. Confining 
ourselves strictly to the system x, if we could add 
velocity in equal increments until the value ¢ is 





* An interesting and useful consequence of this is that 
equal increments of velocity are represented by equal 
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reached there would be a finite number of such 
increments; thus, if the increment be 1 m. per 
second the finite number as measured is 3 x 10°, 
that is one point of view. But let us now imagine 
that from standing on a platform belonging to a 
system x, we transfer ourselves to another platform 
accurately timed in relation to xz, to be moving at 
1 m. per second, and from this platform, which we 
will call x,, we transfer ourselves to another plat- 
form on a system x, which is moving relatively 
1 m. per second faster than z,, and again to a plat- 
form on a system x; moving 1 m. per second in 
relation to z,, and so continue indefinitely, the 
increased increments all being taken in one direction ; 
then we no longer remain in the system 2p, but travel 
down the limb of the hyperbola ; under these con- 
ditions we can add increment after increment to 
infinity and never acquire the velocity of light. 
Incidentally the continued addition of velocity 
increments through the various phases betokened by 
the axes 2%, 2, X,, z,, &c., if combined with a 
motion along the ¢ axis, is by way of constituting 
an accelerated system or, according to Einstein, 
a gravitational field. Of this more will be said. 

In looking at the diagram, Fig. 9, and comparing 
the two contrasted conditions, namely the hypothe- 
tical feat of added velocities and remaining on the 
axis 2, as in a Newtonian system, and that of 
passing down the limb of the hyperbola through 
systems 2,, 2, Z;, &c., it appears that the so-called 
increase of mass that it is found necessary to 
postulate in modern electromagnetic theory as 
arising when the velocity increases, is a paradoxical 
way of expressing the fact that a velocity cannot be 
integrated by summing its components. In other 
words, whereas the view of the physicist of recent 
years has been that the mass of a body increases as 
due to velocity, the position might perhaps be more 
correctly explained by saying that the integration 
of a velocity within any given system is less than 
that due to the sum of its real components on a 
system accelerated upwards from zero. The pheno- 
menon can be accounted for by expressing the 
velocity in different terms instead of assuming the 
mass to vary. For the ordinary conception of a 
finite velocity = c and an infinite virtual mass as 
the limiting condition, we substitute a finite mass 
and an infinite virtual velocity. Likewise we have 
seen that the so-called shortening of a rigid body 
(system or framework) in the direction of motion 
is only to be regarded as true so long as we are 
measuring one system from another. 

However, since we make all our measurements of 
velocity, mass and length in the system to which 
we belong it is clear that there is adequate justifica- 
tion for representing that the velocity of light is a 
finite constant representing an ultimate limiting 
value to any velocity physically possible, and that 
the mass of a body increases as a function of its 
velocity, and that the linear dimension of a body or 
system is diminished in its line of motion also as a 
function of velocity. But it should be nevertheless 
recognised that these are the phenomena as manifest 
to an observer confined to one system and not 
absolute or general conditions relating to the time- 
space continuum. 

In order that there shall be no doubt as to the 
origin of the virtual mass or increase of mass which 
has been both calculated from electrical theory and 
experimentally determined for electrons in motion 
{ have made a computation by graphic methods 
of the relative magnitude of the apparent increase 
in mass from the present theory. A plotting of the 
curve obtained is given in Fig. 10 with, for the 
purpose of comparison, a number of both calculated 
results and experimental determinations, quoted 
from Professor Sir J. J. Thompson’s “ Corpuscular 
Theory of Matter,” page 33. The agreement is 
sufficiently close to leave, I think, no doubt as to 
the main fact. My own graph is slightly higher 
than either Sir J. J. Thompson’s calculation or 
Kaufmann’s determinations, though it agrees more 
nearly with the latter. 

Coming back once more to Fig. 9 the question 
arises—Is there in fact such a thing as a natural 
fixed datum system or not? It has in the past 
been customary to think of some one system as 
fixed relatively to the luminiferous ether, or to 
something we may call space if light is borne by 








space, and that co-existent with this fixed datum 
system there may be an infinity of other uniformly- 
moving systems that masquerade as fixed so suc- 
cessfully that no physical means or agency can 
detect their motion from within. The theory 
of relativity puts a different. complexion on the 
matter. Suppose in Fig. 9 we move the axis 
x, to the position now occupied by 2, we know 
that light and other physical manifestations will 
behave just the same relatively to 2x, as to 2, 
and consequently the displacement effects no 
change in the physical conditions. Let now 2, 
Xx Ly Xs, X, &c., each and all be displaced one 
increment of velocity so that as 2x, replaces 2 
2, replaces x,, &c. Then if the number of possible 
systems as determined by their planes-instanta 
were finite we should create a vacancy on the one 
hand, and on the other hand we should reach a 
condition exceeding the velocity of light. Under 
these conditions we should be justified in stating 
that the system z, is a true stationary system and 
that the other systems 2,, x, &c., are truly moving 
systems with absolute velocities, although the fact 
of their motion could not be detected by means 
available to the physicist. But the fact is other- 
wise ; the number of increments of velocity that 
may be added without reaching the velocity of 
light is infinite, that is to say the planes-instanta 
denoted by 2, x,, %, &c., are infinite in number, 
and a displacement such as suggested is possible, 
and its repetition may be continued indefinitely, 
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the identity of the conditions being unaffected 
thereby. The conclusion therefore is that there is 
no fixed system and that any system may with equal 
propriety be arbitrarily chosen as the datum system. 
In other words, if we could have a number of 
moving platforms each differing by some definite 
velocity increment such as 1 m. a second from its 
neighbour, space could contain an infinity of such 
platforms and we could step from one to another 
and measure as accurately as we pleased the truth 
of each velocity difference, and do this for an in- 
definite number of times without any difference 
whatever to our condition of existence being 
observable ; there would be an infinity of platforms 
and numerically an infinity of velocity increments 
plus and minus, yet, measured in the system 
belonging to any one platform the velocity of the 
fastest relatively-moving platform (even an infinite 
number of steps away) cannot reach the ordinarily 
determined velocity of light = 3 x 10° cm. per 
second. 

Although the increase in mass of a fast moving 
body or particle (such as shot off by radium or from 
the cathode of an X-ray tube) is an experimentally 
established fact, and both the increase of mass and 
a contraction in the line of motion are theoretially 
predicted from mathematical (electrical) theory ; 
yet if we could accompany the particle in its flight 
we should find neither the contraction nor the 
increased mass ; moreover, if from one such particle 
moving, say, at half the velocity of light we could 
measure the velocity of another particle movi 
equally fast (relatively to our earth) in the opposite 
direction the observed sum of the two would not 
be the arithmetical sum at all, but a far lower 

re. However high the individual velocities 
might ‘be, even if 0-99 of the velocity of light, each 
moving oppositely, the velocity directly measured 
of the one from the system of the other would yet 
be less than the velocity of light.* Velocity there- 


* This is in full agreement with the results obtained 
by applying the Lorentz transformation, the truth of 
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fore cannot be considered as a simple algebraic 
quantity in the four dimensional continuum but is 
only so, provided we confine the seat of observation 
to one particular system. 

The conception put forward in an earlier para- 
graph of a displacement of the systems ; x, taking 
the place of x, x, taking the place of 2,, etc., carried 
out uniformly in conjunction with a steady move- 
ment in time, would correspond to an acceleration 
being impressed on the whole series of systems, that 
is to say if the systems were chosen as representing 
steps of one metre per second velocity and if each 
stage of the displacement took place in one second, 
then we should have the whole cosmos, if we may 
so term it, subject to an acceleration of 1 metre/ 
second per second. In Fig. 9 we visualise the 
constant acceleration betokened by the continued 
exchange of position of the planes-instanta of the 
different systems, these drawing from an infinitely 
capacious reserve on the one hand and passing into 
an infinitely capacious dump on the other, the 
acceleration going on for ever and ever and yet the 
velocity of light as measured from any individual 
system never being reached. The physical interpre- 
tation may be construed as a undirectional field 
of gravitation. Certain difficulties arise in con- 
nection with such a system; its exact rendering 
if not quite so simple as might appear since the 
radius vector no longer represents the path of a 
particle ; all such paths become curvilinear. The 
conception of a cosmos of systems in acceleration 
opens an approach to the gateway leading into that 
broader aspect of the subject developed and dealt 
with by Einstein with such striking success, as 
termed by him the general theory of; relativity as 
distinct from the special theory with the exposition 
of which the present article is mainly concerned. 
The terminology is, I think, open to objection. 

If any doubts should arise as to the propriety of 
dropping out the space axis of y from our three 
dimensional world or universe in order to make room 
for the axis of time such doubts, I think, may be 


|| set at rest by performing the whole operations again 


with the axis of z omitted and the axis of y taking 
its place. It is necessary to retain one of these 
axes in order to connect the instantaneous condition 
of any two systems or of members of a number of 
systems having different velocities relatively to one 
another ; really the progress of light along this axis 
plays the part of the “clocks” in Einstein’s ex- 
position ; we can now see what the so-called “ clock ” 
means. Every hyperbola represents a section of 
the light cone parallel to its axis, and in every 
system the light travelling along the z (or y) axis 
from the plane of the paper to this plane of section 
traverses the same distance, and the time is the same 
at O, hence this time on the hyberbola is the same 
for all systems, and each system within itself carries 
its own time. 

In resumé I have shown that the present graphic 
method of demonstration brings out accurately 
the main tangible points deduced from the mathe- 
matical theory, notably the degree of shortening 
and quantitative increase of mass in addition to 
the more general consequences. This is to be 
expected in view of the fact that the postulates that 
have been used to control the mathematical develop- 
ment of the theory are identical with those assumed 
in the present geometrical demonstration, which 
therefore may be taken as strictly parallel. It is 
true that I have elected to assume one of the 
results of Minkowski’s investigation, and have shown 
by the aid of the construction in 6 and 7 (page 
478 ante) that the results lead to rmability with 
the postulates. There would have been nothing, 
however, to have prevented the inversion of this 
process allowing the geometrical demonstration to 
stand on its own bottom, in other words to have 
derived Minkowski’s time-space 
transformation from the tes themselves. 

In conclusion I fear that the thinking world will 
be for a long while divided between those who 
accept the principles of relativity for the fruit it 
yields and are prepared to sink or sacrifice all their 
whi lication has been tested comparison 
fete t furelshed by the well-known Bo Mme of ne. 
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own, intuitive “horse sense” of realities, and 
those who will not. Compared to the choice that 
is now open, the old bones of contention in the 
world of thought have been the merest bagatelle. 
For example, those who for long persisted in 
believing that the world was flat because they 
could not understand a man walking upside down ; 
those who disputed as to the validity of the wave 
theory of light as against the corpuscular theory ; 
those who waged war for the caloric versus the 
mechanical theory of heat. These differences are 
as nothing—a question of Tweedledum and Tweedle- 
dee—compared to the difference between physical 
science based on relativity and that of the old- 
established Newtonian regime. It will probably 
be necessary, for a time at least, that we should 
keep two mental departments in commission one 
of which carries on with the older modes of thought, 
a cosmos in which space is Euclidian and infinite, 
where time is just the old-fashioned time, length and 
velocity are honest linear algebraic quantities, mass 
is constant and unchangeable and where Newtonian 
dynamics hold sway, and the other in which we 
deal with measuring bars that contract, masses that 
vary or velocities that won’t add up, accelerations 
that don’t accelerate, space and time that become 
inextricably mixed, and all the other slippery 
paraphernalia of relativity—special and general. 





THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 
(Concluded from page 497.) 

In our last article we dealt with a tar macadam 
plant on view at Olympia. This machine was, of 
course, concerned rather with road-making than 
with building, but this remark would apply to a fair 
number of the exhibits, since the exhibition was 
obviously intended to appeal to most of the pro- 
fessional interests of a city engineer, or county 
surveyor. Other material coming within somewhat 
the same class was shown by Agricultural and 
General Engineers, Limited, of Central House, 
Kingsway, W.C. 2, who exhibited a 10-ton to 
12-ton motor road roller of the well-known class 
manufactured by Messrs. Barford and Perkins, 
Limited, of Peterborough, a steam road roller built 
by Messrs. Aveling and Porter, of Rochester, and 
a 6-ton end-tipping trailer and a sleeping van for 
three men made by Messrs. Richard Garrett and 
Sons, Limited, of Leiston. The products of all 
these firms will be well known to our readers and 
it is not necessary that we should deal in detail 
with these exhibits. 

Plant of various kinds used in building work was 
exhibited by Messrs. Builders’ and Contractors’ 
Plant, Limited, of 15, Victoria-street, S.W.1. 
This consisted of examples of the “ Exe” hoist 
intended for lifting material in connection with 
building construction and for similar work. In 
some types this hoist is mounted on wheels and can 
be moved by one man from one cottage under 
construction to the next, thus doing away with any 
necessity for scaffolding. The firm also showed 
concrete mixers, portable oil engine-driven pumps, 
&c. Concrete mixers were also shown by Messrs. 
The British Steel Piling Company, of Dock House, 
Billiter-street, E.C. 3. This firm also showed sand 
and ballast washers and examples of their sheet 
piling. An interesting exhibit including portable 
cranes, winches and‘ other allied building plant, 
was shown by Messrs. Hill and Co. (Engineers), 
Limited, of St. William’s College, York, and 
7, Hobart-place, Eaton-square, 8.W. 1. This firm 
also exhibited a working model of the Sauerman 
dragline excavator. This device consists primarily 
of a scraper bucket attached to a carrier running 
on an inclined cable track. ‘The cable is connected 
at its upper end by tension blocks to a mast and is 
anchored at its lower end to a movable A frame. 
The bucket is dragged forward and fills itself, 
dumping automatically into a bin when it approaches 
the mast. The line of digging is changed by 
shifting the lower end of the carrying cable. The 
plant can be controlled by one man. 

Two very interesting types of light portable crane 
were exhibited by Messrs. Hill. One of these was 
an example of the Clayden crane which was des- 
cribed and illustrated by us in connection with the 





Royal Agricultural Show at Darlington last year. 
The description will be found in our issue of July 16 
last. The other type of crane we now illustrate 
in Fig. 4 on this page. The example shown is a 
portable crane driven by a two-cylinder petrol 
engine and having a lift of 15 ft. Both }-ton and 
1-ton sizes are built. The general construction of the 
crane will be clear from the figure. Its special 
feature is the dynamometric control clutch. This 
consists of an epicyclic train of gear through which 
the drive takes place. With the engine running 
continuously by checking one part of the gear 
with the control handle, any lifting speed from a 
creep to the maximum can be obtained instantly. 





and suitable for installation in office buildings, 
was showed by Messrs. The Sturtevant Engineering 
Company, Limited, of 147, Queen-Victoria-street, 
E.C. 4, who also exhibited smaller portable plants 
of the same class. Some neat and well-made 
small petrol- or paraffin-driven electric lighting sets 
were shown on the stand of Messrs. Frederick Sage 
and Co., Limited, of 58 to 62, Gray’s Inn-road, 
W.C. 1. The engines of these sets, which were 
built by Messrs. T. G. John, Limited, of Holyhead- 
road, Coventry, were of 4-h.p. single cylinder or 
8-h.p. twin-cylinder types. Magneto ignition was 
fitted, with water-cooling and pump lubrication, and 
the sets appeared excellent examples of workman- 
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Fic. 4. Portasie Prerrot-Driven Crane; Messrs. Hitt anp Co. 
(Enornzers), Luarep, Lonpon. 


Further, if the handle is released the brake is 
instantly applied and the crane comes to rest with 
the load suspended. Ball and roller bearings are 
used throughout the construction and slewing is 
very easily accomplished by hand. 

Passenger and service lifts form a distinctly 
engineering feature of modern building, and this 
feature was illustrated at the exhibition by Messrs. 
Waygood-Otis, Limited, of 54 and 55, Fetter-lane, 
E.C. 4, and Messrs. Medway’s Safety Lift Company, 
Limited, of 1 and 2, Bucklersbury, E.C.4. Messrs. 
Waygood-Otis showed a working passenger lift 
connecting the ground floor of Olympia with the 
gallery. It was capable of carrying 10 passengers 
and had a travelling speed of 175 ft. per minute. 
Messrs. Medway’s also showed a passenger lift in 
operation, a push button service lift and an elec- 
trically-operated friction winch. A turbine vacuum 
cleaning plant, driven by an 8-h.p. electric motor, 





ship for a very moderate price. A smallJ but 
ingenious device rendering incandescent gas lighting 
available in very small units was shown by Messrs. 
Brax, Limited, of Balfour House, 119, Finsbury 
Pavement, E.C. 2. The device, which is known as 
the “ Discon,” consists of a mantle in the form of 
a disc which is held at an angle above a small gas 
flame. The arrangement is protected by a mica 
chimney and, should be of value for use in passages 
and other places where high illumination is not 
required, or to act as a night light. The con- 
sumption of gas is, of course, very small. 

An important feature of the exhibition to which 
we have not yet referred lay in the large number 
of roofing materials shown and examples of various 
methods of constructing panels and partition and 
other walls. In this latter connection mention may 
be made of the reinforcing examples on their well- 
known system shown by the Expanded Metal Com- 
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pany, Limited, of York Mansion, Petty France, 


Westminster, S.W. 1. A method of reinforcing 
walls with a form of expanded metal was also 
exhibited by the Self-Sentering Expanded Metal 
Works, Limited, of 110, Cannon-street, E.C. 4. 
Asbestos and cement enter largely into various 
forms of sheeting, and panels which are used in 
connection with modern building construction 
and products of this class were shown by the 
British Everite and Asbestilite Works, Limited, of 
29, Peter-street, Manchester, and the British Uralite 
Company (1908), Limited, of 8, Old Jewry, E.C. 2. 
Not concerning the same material, but allied in 
the sense that it forms a method of building ap 
house panels and walls, is the “ P. and P.” system 
of building which was shown by Messrs. Panels, 
Limited, of 14, Red Lion-square, W.C. 1. In this 
form of construction an adhesive stone plaster can 
be fixed over wood work or any other material. 
This firm also showed a form of concrete con- 
struction for general building. 

From among the roofing materials which were 





Sagar’s stand, in common with the other wood- 
working exhibits, were naturally mainly of the 
standard types which are now used to such a 
large extent in connection with builders’ joinery, 
cabinet-making, &c. The firm showed planing 
and thicknessing machines, moulding and planing 
machines, chain cutting morticing machines, saws, 
&c. The display made by Mr. A. Cooksley, of 
21 to 25, Tabernacle-street, E.C. 2, consisted mainly 
of chain and hollow chisel mortising machines, 
tenoning machines and moulding machines. An 
interesting new and simple type of tenoning machine 
was shown which will deal with most of the work 
which can be handled by the larger and more con- 
ventional pattern. 

A large and very complete display of wood- 
working machinery was made by Messrs. Haighs 
(Oldham), Limited, of Globe Ironworks, Oldham. 
This covered tenoning, moulding and __ thick- 
nessing machines, saw benches, dovetailing ma- 
chines, chain and hollow mortising machines, &c. 
An extensive display of varied wood-working 





Fic. 5. 


DIAMOND AND! CARBORUNDUM SAw FOR STONE; THE ANDERSON-GRICE 


Company, Limitrep, CARNOUSTIE. 


shown we may mention the “ Asbestic” slates 
shown by the British Roofing Company, of 150, 
Southampton-row, W.C. 1, and the “ Fibrent” 
slates and corrugated sheets of the British Fibro- 
cement Works, Limited, of Erith, Kent. Vulcanite 
roofing was shown by Messrs. Vulcanite, Limited, of 
Blackfriars House, New Bridge-street, E.C. 4, 
while an excellent display of their well-known 
products was made by the Willesden Paper and 
Canvas Works, Limited, of Willesden Junction, 
N.W. 10. Roofing and lining felts were shown by 
Messrs. D. Anderson and Son, Limited, of Lagan 
Works, Belfast, ‘‘ Ruberoid ” roofing by the Rube- 
roid Company, Limited, of 81 to 83, Knightrider- 
street, Queen Victoria-street, E.C., and bitumen 
roofing by Messrs. Robert W. Blackwall and Co., 
Limited, of 36, Emperor’s Gate, South Kensington, 
S.W. 7. In connection with the matter of roofing 
we may mention the very simple and apparently, 
inexpensive form of glazing without putty which 
was shown by the “ Metacon” Patent Glazing Bar 
Company, Limited, of 124, Chancery-lane, W.C. 2. 
In this form of glazing a deal bar is used slotted 
on the top side. A strip of sheet lead is placed 
above the bar and is forced into the slot and held 
in position by a rectangular metal fixing strip. 
Che glass rests on the deal bar and the sheet lead 
flashing is pressed into position over it. 

Machine tools were represented at the exhibition 
by a number of stands devoted to wood-working 
machinery, which, of course, has a very definite 
relation to much building work. From among 
exhibits of this class we may refer to that made 
by Messrs. J. Sagar and Co., Limited, of Canal 
Works, Halifax. The tools shown on Messrs. 











machinery was also made by the British Wood- 
working Machinery Corporation, Limited, of Luton 
House, 64, Great Eastern-street, E.C. 2, who, in 
addition to single-purpose machines of the classes 
already referred to, showed various universal 
wood-workers. The firms ‘“ Premier’ universal 
woodworker combines a band saw, a rising table 
circular saw, moulding and tenoning apparatus with 
hand and power feed planing and thicknessing 
arrangements. Ball bearings are used throughout 
the machine. An exhibit of wood-working tools 
comprising saws, mortising machines, sand-papering 
machines, &c., was also made by Messrs. Perkin 
and Co., Limited, of Junction Works, Whitehall- 
road, Leeds. 

One of the most interesting machines, from the 
engineer’s point of view, which was shown is 
illustrated in Fig. 5 above. This is a cross-cut 
saw for dealing with marble and other stone. 
It was exhibited by Messrs. The Anderson-Grice 
Company, Limited, of Queen Anne’s Chambers, 
Tothill-street, Westminster, and Taymouth En- 
gineering Works, Carnoustie. As will be clear from 
the figure the saw, which is called by the makers 
the ‘“‘ Simplex,” is in every sense a modern machine 
tool. It is intended for cutting and moulding, 
but may equally be used for slab and block work. 
It can saw work 8 ft. long by 1 ft. thick, while 
stones 27 in. deep can be accommodated on the 
table. and a check 12 in. deep worked in them. 
The tool is particularly intended for use with “ An- 
derson ’’ diamond saw blades, but carborundum 
wheels are also used, particularly for moulding. 
A diamond saw 32 in. in diameter can be accom- 
modated, and any smaller size can be taken down 





to about 12 in. diameter, which is about the usual 
Size for moulding wheels. 

The general arrangement of the machine will be 
followed from the figure. It consists of a bridge 
frame carrying a saddle on its underside, in which 
the saw spindle is mounted. The work rests, or is 
fixed, on a cast-iron table lying between the columns 
of the bridge frame. The cross-member of the 
frame has a vertical travel of 14 in., while the 
travel of the saddle along this member is 8 ft. 
The table may be adjusted sideways on the rails 
shown for setting-up and adjusting the work to 
position, but has no vertical movement. Hand 
and power traverse are arranged for all these 
motions. The to and fro movement of the saddle 
is controlled by adjustable trips so that any length 
of stroke in any position of the slide may be ob- 
tained. The driving arrangements of the machine 
are not well shown in the figure as they lie behind, 
but the arrangements do not differ from those 
common in machine-tool practice, and no detailed 
explanations are necessary. In general, forward 
and reverse motions are obtained by open and 
crossed belts. It should be said that the photo- 
graph from which our illustration is prepared was 
taken at Olympia, so that the set-up of the machine 
as shown is of a temporary nature only, the rails, 
for example, on which the table travels would in 
practice be set in flush with the ground. Another 
small point has reference to the water service 
pipe to the saw. This is shown secured to the ceiling 
in the figure, but not connected up to the saw. 
The machine as shown in the figure is fitted with 
a 32-in. diamond saw-blade. 

Much attention has been paid to the protection 
of working parts against grit, and all feed-change 
gears are enclosed in oil-tight boxes, while felt- 
wipers are employed on sliding surfaces. Ball 
or roller bearings are fitted to all high-speed shafts. 
The gear change for the saw traverse gives six 
speeds, varying between 2} in. and 27 in. per 
minute. The cutting speed used naturally depends 
on the type and thickness of the material being 
cut, but in general it may be said that much higher 
traverse is allowable with diamond saws than with 
carborundum wheels. A carborundum wheel gives 
a better arris at the back of the work than does a 
diamond wheel, especially when the work is cut 
at a high speed. The saw runs at 1,200 r.p.m., 
and very complete water service arrangements 
are provided. At its maximum output the machine 
takes 15 h.p. to drive. The power cross traverse 
of the table is at the rate of 5 ft. per minute, while 
to accommodate smaller work a light table is pro- 
vided which can be mounted and secured on the 
main table. A turret arrangement is also provided 
for mounting on the main table, and by means of this 
squares, hexagons and other forms may be worked. 
It may be of interest, finally, to say that the diamond 
saws are built up of a disc turned thinner at the 
rim on both sides. Saddles carrying each an 
individual diamond are then mounted on the rim 
and riveted through in the manner familiar in 
connection with turbine blading. The diamonds 
are mounted in the saddles so that finally they 
are staggered in reference one to another. They 
are secured by partly drilling through a saddle 
from inside, inserting the diamond and then elec- 
trically welding it over.. The saddles are then 
mounted on the wheel which is run against a piece 
of hard work until the surplus metal is worn away 
and the diamonds project. This type of wheel 
and the machine with which it is used form ex- 
cellent examples of the application of modern 
machine methods to stone and marble working, 
and should enable remarkable economies to be shown 
over some still existent methods. 





Crewe Purits anpD Premium Apprentices.—The 
thirty-second annual dinner of the past and present 
Crewe pupils and premium apprentices was held at 
Princes’ taurant on the 22nd inst. Mr. Charles H. 
Dent, general manager of the Great Northern Railway, 
was in the chair, and, dealing in his » h with the 
criticisms on railway management, pointed out that 
there was no half-way house between private enterprise 
as it now existed and complete nationalisation. He 
claimed that the record of the British railways, which 
were the only ones in the world that had ever able 
to come into existence without a Government subsidy, 
was an excellent record. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

A GENERAL meeting of the above Institution 
was held on Friday last, the 22nd inst., at the 
Institution Building, Storey’s Gate, Westminster, 
the President, Captain H. Riall Sankey, C.B., 
C.B.E., R.E. (ret.), occupying the chair. 


Limit GAUGING. 

The usual formal business was first despatched, 
when the President stated that a wish had been 
expressed for the discussion of several points 
arising out of Sir Richard T. Glazebrook’s recent 
Thomas Hawksley Lecture on “ Limit Gauging.” 
As a consequence Sir Richard had kindly consented 
to open a discussion on the subject. 

Sir Richard T. Glazebrook then gave a résumé 
of his lecture, a summary of which will be found 
on page 537 of our issue of this week. 

The President, in expressing the thanks of the 
Institution to Sir Richard Glazebrook, remarked 
that he hoped the discussion would materially 
help towards settling the difficult points referred to. 

Mr. William Taylor, O.B.E., said for many years 
he had, with others, been concerned with the com- 
mittees that had been dealing with limit gauges, 
and he had recently come to the conclusion that 
little had been accomplished. The delay in getting 
a decision on the subject of limit gauging was, he 
thought, due to the division of the committee into 
two camps, which he would characterise as the 
“academic” and the “ practical.” Personally 
he endeavoured to represent the practical men, 
and he looked to the meeting—mainly composed 
of such—for encouragement. In standardisation 
the need was for simplicity. It appeared to the 
speaker that as between the unilateral and the 
bilateral systems there was as much difference as 
between truth and falsehood. There could only 
be one true statement in regard to any subject— 
although everything had many aspects; but 
an indefinite number of false statements were 
possible. Whitworth introduced plug and collar 
gauges, and the practice had been followed by two 
generations of engineers. Thousands of engineers 
were to-day using plug and collar gauges to ensure 
that the shaft was never larger than the nominal 
size and the hole never smaller, when a standard 
push or running fit was required. The shaft might 
be smaller where allowance was needed for lubricant, 
or the hole might be larger. There was no one 
bilateral system. The datum line between the 
shaft and the hole could obviously be anywhere, 
and there could be any number of bilateral systems. 
He could not believe that English engineers would 
throw over the work of Whitworth and establish a 
bilateral system. Mr. Hedley Thompson had some 
time ago sent him a list of the advantages of the 
bilateral system, but inspection of the list had not 
disclosed any very strong argument. He had, 
however, found that the bilateral system which 
was there recommended was not a bilateral system 
which anybody used at the present day. 

On the subject of tolerances on gauges, he had, 
seventeen years ago, proposed to the Standards 
Committee that tolerances on gauges should be 
considered as well as tolerances on the work. He 
had been unsuccessful in his effort at that time, 
but the war had compelled the consideration of 
tolerances on gauges. The question had not yet, 
however, been adequately considered, since, so far 
only the tolerance on the making of the gauge 
had been considered, no tolerance being given for 
the wear. For this reason, during the war, it 
happened that as much was aid for a gauge which 
was virtually worn out as for a gauge which had a 
full life. He believed the time would come when 
the tolerance for the wear of the gauge would be 
considered. Sir Richard Glazebrook had remarked 
that the tolerances should step up by equal incre- 
ments. What had been proposed by the Com- 
mittee was that while the tolerance was small 
the steps should sometimes be 100 per cent. in 
size. Starting with, say, a tolerance of a quarter- 
thousandth—an attainable thing with the modern 
grinding machine—the next tolerance should be a 
half thousandth. In the case of large diameters 


it was still proposed that the steps up should be 
by small increments, with the result that in the 





Report as drafted there were something like 100 
or 150 tolerances, when most practical men would 
be able to manage quite well with four or five. 
With regard to the formula, while looking upon 
mathematics as a means to an end and by no means 
decrying its value, he did not quite approve of 
strictly following a formula giving such figures 
as were suggested, where the difference between 
one range and the next was defined by 3°59, 
or something like that. The idea that every man 
whose work was worth anything spent a large part 
of his time in solving equations should be abandoned. 
In practice, simple tables and figures were required 
to work to, and ranges should be defined simply, 
without a lot of fractions. A férmula could be 
used in arranging a series of standards to get order 
and harmony in the series; having done that, the 
right thing would be to put.the formula into an 
appendix, and the practical man would forget it. 

Mr. Robert Dumas spoke next. He supported 
the view put forward by Mr. Taylor, so far as the 
choice of the unilateral hole was concerned. He 
believed that the initiation of the limit-gauge 
system had been effected by a theoretical engineer 
rather than a practical shop man. He also believed 
that the armchair engineer wanted to get the hole 
as near as possible to the actual standard dimension ; 
knowing that, generally speaking, the hole was a 
little larger than the “ go in” gauge, he suggested 
that the “‘ go in” end of the gauge should be a little 
smaller than the standard sizes. It was that man 
who was to blame for the present trouble. Had 
he been content to build up his practice on that 
which then existed in the shops, the limit-gauge 
systems would now have been in current use by the 
great majority of the engineering concerns in the 
country. He (the speaker) suggested that, though 
late, the limit system should be built up upon a 
unilateral basis, as it should have been in the first 
instance. It seemed reasonable that there should 
be one line in the system of limits on the standard 
dimension, as that would facilitate clarity of 
thinking, and would make the dimensions on draw- 
ings much more informative. Taking a shaft for 
a running fit, and taking the maximum dimension 
of that, it was then known that the difference 
between that dimension and the nominal was the 
minimum running clearance provided for. That 
was of value both to the draughtsman and the 
people in the shops who were using the system of 
limits. In these days of mass production and 
deadening of interest, matters should be presented 
to the people in the shops in as informative a manner 
as possible. From the psychological standpoint, 
therefore, he advocated as much simplification as 
possible. He felt that the balance of argument was 
decidedly in favour of having a minimum hole 
as the line which should be on the standard 
dimensions. — 

It was desirable, in regard to any particular piece 
of work that there should be as big a tolerance 
as possible. If the tolerance were to be kept up 
to the maximum, it followed that it must vary 
by small increments as the diameter varied. If it 
were objected that too many sets were produced by 
means of the range and range-factor system, the 
objection could be met by plotting the limit lines 
on paper on which various limiting lines were also 
placed ; for certain dimensions the lines given as 
by the formula would be shifted a little bit up or 
down, and would give practically the same result 
from the workshop standpoint. It would then be 
possible to limit the number of dimensions used, 
the steps varying either by two ten-thousandths 
or four ten-thousandths, or even eight ten- 
thousandths when bigger limits and tolerances were 
being used. In regard to the size of the step to be 
adopted he would certainly support two ten- 
thousandths or four ten-thousandths, in view of the 
very simple relation existing between those dimen- 
sions and the hundredth or half-hundredth of a 
millimetre. 

Mr. Hedley J. Thompson said that though he 
put forward the suggestion for a compromise he was 
a believer in the bilateral system. It was quite 
clear that it was possible to have a series of fits 
without regard to the nominal size, but it was very 
obvious that in practical work all limits must be 
referred to a series of nominal sizes, restricting the 
number of the latter to as few as possible. It 








seemed almost a natural thing to make the hole 
as near the nominal size as was economically 
possible. It would follow that if that result was 
worth obtaining the system which provided for 
minimum-maximum deviation from the objective, 
while using a given tolerance, should be preferred 
to any other. Deviation in the unilateral scheme 
with the low limit on the nominal line must neces- 
sarily be twice as great as the deviation on the 
bilateral basis. In support of the unilateral scheme 
it had been argued that the existing stock of Whit- 
worth gauges would serve as a part of the limit- 
system, when supplemented by the “not go” 
gauge, to give the high limit. Workmen, however, 
in using a “ go” gauge of alleged nominal line, would 
ignore altogether the available tolerance. A very 
large proportion of the Whitworth standard gauges 
in use throughout the country were already worn 
well below the nominal size, and to ensure the 
success of any good limit system it was important 
that nothing should be taken for granted, and that 
the gauge equipment should be such as would give 
the results prescribed by the tabular limits. It 
was believed that the only sure method of obtaining 
that result would be by the installation of new limit 
gauges or by a thorough investigation and checking 
of existing equipment, accompanied by any necessary 
replacement of worn gauges. 

Again, in regard to the unilateral system, it had 
often been asserted that the limits of paramount 
importance were, in the case of clearance fits (a) the 
low limit for the hole, (b) the high limit for the shaft, 
and in the case of interference fits (a) the high 
limit for the hole and (c) the low limit for the shaft. 
It had been insisted, in reference to clearance fits, 
that, if the hole low limit were on the nominal line, 
the difference between the maximum shaft size 
and the minimum hole at once gave the minimum 
clearance. That would be of importance if the 
sizes continually came together. In practice that 
could very seldom occur. In any case this claim 
of facility vanished when the test was applied to 
interference fits. Moreover, proposed standards 
were being considered, and if those were settled 
all limits for clearance and obstruction would also 
be settled, and could be given in the tables, direct 
calculation being unnecessary. 

Dr. Agnew, the Secretary of the American Stan- 
dards Association, said that in America it was 
practically the universal custom to use the hole as 
a basis. There was, in America, a decided tendency 
towards the unilateral system. The chairman of 
their Sectional Committee had stated the point 
thus: “The main dimension on the drawing shall 
represent the maximum metal.”’ 

Mr. A. E. Berriman remarked that the one real 
fact in the situation was that the B.E.S.A. had 
agreed to recommend that the hole be the nominal 
size. It had been widely assumed that the next 
question to be answered was whether the tolerance 
on the hole should be unilateral or bilateral, but the 
speaker felt that the next step should be the stan- 
dardising of the system on shafts. A rational 
basis existed for this, and Mr. Hedley Thompson’s 
development of it was reasonable enough to form 
the basis of a good standard. He was strongly 
inclined to the logic of the supporters of the uni- 
lateral system. The issue might be determined 
by vote, but not by conviction. He felt that the 
interests of engineering would be served by legis- 
lating for both parties, and recording the majority 
recommendation in favour of one, rather than by 
making one system the exclusive standard. The 
question seemed to be one of getting everybody 
to adopt a standard system of shafts, and this 
would become probable if each realised that, for all 
practical purposes, such a system would work in 
with his pet theory. It was a point of real conse- 
quence that engineers of both the unilateral and 
bilateral persuasions should have a common basis 
of inter-communication. 

Mr. Max R. Lawrence was strongly in favour of 
the unilateral system on account of its convenience 
in recording the tolerance on the drawing. With 
the bilateral system a tolerance of five thousandths 
would be expressed as 2} thousandths. With the 
unilateral system, putting the dimension of the 
hole as 3 in. and making the tolerance give initial 
wear, the figure would be plus three thousandths. 
Then, dimensioning the shaft to the required size, 
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and remembering the minus tolerance upon it, the 
whole could be expressed consecutively. Some- 
times it was not known in which direction the 
tolerance ought to be dimensioned. The difficulty 
could be overcome by putting “ plus” and “‘ minus” ; 
on the other hand, by bearing in mind that the 
tolerance had a permissible initial wear a good many 
complicated problems could be simpkified. 

Mr. C. le Maistre, the Secretary of the B.E.S.A., 
said it was easy to set up a standard, but difficult 
to get it adopted. The sole object of the Associa- 
tion was to assist industry to unify its requirements, 
and therefore, although standards could only be 
arrived at by compromise, he scarcely thought 
the matter should be put to the vote. If put and 
carried by a small majority, the only course for the 
Association would be to wait until the majority 
grew larger. How was the question to be ap- 
proached ? Should there be an effort to obtain 
some measure of national interchangeability, or 
should the endeavour be to unify the needs of a 
certain number of firms at present using some system 
of limit gauging? He believed that the firms 
using limit gauges were few in comparison with the 
number which it was felt should be employing 
some system of limit gauging in order that the 
present tendency towards mass production might 
be benefited. If the work was the point of approach, 
and enquiry were made of the industry as to the 
present practice in regard to tolerances for the 
particular work which was being carried out, it 
might be found that such small figures as the Com- 
mittee were at present talking about would not 
apply. 

Major P. Bishop, who was very indistinctly 
heard, said he was in favour of the unilateral system. 
The use of stair curves and the numerous tables 
were alarming, and in no case was it practicable to 
memorise the tolerances or limits specified. In 
the case of screw threads, experience had been 
obtained throughout the country, and it was 
possible to memorise the limits on screw threads 
without any reference to tables at all. Sir Richard 
Glazebrook had stated that there was a tendency 
to define tolerances only. The speaker had not 
quite gathered the meaning of the remark, as if 
the allowances were missed out there were no 
tolerances for the gauges. In connection with 
steps and ranges, he would prefer to use the unit 
step of one-thousandth instead of half-a-thousandth. 
The “ thousandth” was a familiar term to every- 
one. 

Mr. Richard W. Allen, C.B.E., said that he had 
been very glad to hear Mr. le Maistre’s remarks, 
touching, as they had done, the human element. 
Those who employed limit gauges on one system 
or the other would obviously regard the system 
they used as the best. He had, twenty-two years 
ago, visited Berlin to study Messrs. Loewe’s system 
of limit gauging, and as a consequence his com- 
pany had adopted that system of bilateral limit 
gauges, and had retained it ever since. Among 
the objections raised to the system, one speaker 
had mentioned the question of drawings. As a 
matter of fact there was no objection in this direc- 
tion. The draughtsmen simply stated on the 
drawings whether the fit was a running fit or 
hydraulic fit, or any other fit. From a practical 
point of view the work turned out on the bilateral 
system was equal in quality to that produced on 
the unilateral or other system, provided the limit 
was right. He agreed that the question should 
not go to the vote, as it would divide people. Years 
ago it had been proposed that a change should be 
made from the Whitworth standard to the metric 
principle, and this caused an uproar in the country 
and was followed by a tremendous discussion. 
No large firm using bilateral standards and sending 
their work all over the world could now afford to 
change their system and run the risk of having 
another set of gauges. If consideration were given 
to the enormous capital outlay on limit gauges 
and the great number of sizes, each size having 
no less than six gauges, no one firm could under- 


take to change its system. With regard to the 


recommendations of the Standard Committee on 
Keyways, to alter keyways was simple, but to 
change the whole system of dimensions was like re- 
constructing Sone’s business. He would say, how- 





ever, that if his firm had not already adopted the 
bilateral system they would probably have adopted 
the unilateral system. 

Mr. T. W. Cooper, of the Hoffman Manufacturing 
Company, agreed with the last speaker. As manu- 
facturers of bearings, his company had originally 
adopted the bilateral system, because, in making 
a hole or a diameter, it was necessary to get as near 
to dimensions as possible. It was felt that this 
object could be better attained by opposing the 
tolerances on either side of the nominal dimension. 
Members could readily imagine what would be 
involved in a change over to the unilateral system. 

Major A. A. Ross, O.B.E., said that early in the 
war he had been instructed to visit a large number 
of manufacturers to see how far it was possible to 
ensure standard production of aircraft engines. 
He had been asked to try and encourage contrac- 
tors to adopt the Engineering Standards system. 
Actually, he found that no one was using the 
Engineering Standards system. The system chiefly 
in favour was the bilateral system, and the manu- 
facturers stated that the Standards system was not 
applicable to modern engineering work, but only 
to old, heavy marine practice; that it was quite 
unsuited to work on which grinding machines were 
replacing the old methods of manufacture. For 
interchangeable work, where large quantities were 
dealt with, some other system was necessary, 
particularly as the old engineering system only 
dealt with running fits and not with those most 
important fits known as transition fits. 

For such fits the system most in favour was 
the Newall system. Many contractors had altered 
that system in the course of time by modi- 
fying the transition fits to suit their own particular 
class of work. There were, however, contractors 
who were turning out excellent work on the uni- 
lateral system, and the Government departments 
were largely in the hands of the designers with 
regard to the system to be used on the drawings. 
It appeared that there were six for one system and 
half-a-dozen for the other. It might be ten or 
fifteen years before a standard system, if intro- 
duced, became general, if indeed it became so at 
all; if not generally adopted it would never be 
adopted in the same way as the old system. A 
commercial man might desire to order a particular 
article to fit in with his own production and to 
know to what dimensions that part could be 
delivered, without asking for drawings. If some 
system could be mentioned he would be quite 
satisfied. It was impracticable to get the country 
to agree to one particular system because of the 
personal element, and it seemed therefore desir- 
able to induce an agreement to a compromise, 
when, provided both the systems were clearly 
known to the entire industry, the requirements of 
standardisation would be met. 

Colonel R. E. Crompton, C.B., remarked that he 
still hoped to live to see a settlement of the standards 
question. He did not think a division should be 
taken; it was better to go on as at present, and 
see if a compromise could not be effected; he 
thought it could. 

Mr. Herbert Carpenter thought it was useless to 
provide a standard of limits unless there were a 
standard system of work. Manufacturers should be 
persuaded to make parts that would be interchange- 
able at factories all over the country. He would 
mention, as a practical point in favour of the 
bilateral method, the wear and tear of reamers 
and broaches. Reamers, of course, did not wear 
large. 

Sir Richard Glazebrook, in replying, said he felt 
the position to be this: if a fresh start were to be 
made it should be on the unilateral system ; about 
that he had no doubt. It was essential, when 
endeavouring to standardise, to take a wide out- 
look and see that the system employed was one 
which could or would. be adopted, not merely in 
this country, but fairly generally outside it. Dr. 
Agnew had pointed out that it was almost certain 
that the unilateral system would be adopted in 
America. It was known that that system was 
adopted on the Continent, and it was already 
employed here in the case of screw threads, and 
that would have to be altered if the bilateral 
system were generally adopted for holes, He 





would therefore express the hope that, in some 
way, it could be arranged that for new work the 
unilateral system should be the one worked to, 
leaving it open to those who were at present using 
or wedded to the bilateral system, to continue to use 
that for all their old work and possibly for a time 
for some of the products of their shops. The gauges 
would wear out in time and the standards need 
renewal, and when that happened he hoped it 
might prove possible for them to change over to 
the unilateral system. He commended the arrange- 
ments that had been made in Germany. There, 
those who were deeply committed to the bilateral 
system had all come together and agreed that it 
was in the interests of manufacturers in Germany 
that they should do their best to change, and adopt 
the unilateral system. It might be hoped that in 
time, at any rate, a similar idea might grow here 
and we might learn that a standard unilateral 
system was possible. For the present there must 
be some kind of compromise, and if a series of 
shafts such as Mr. Hedley Thompson had put 
before the committee was adopted, it was quite 
possible to use them with the standard unilateral 
hole, and at the same time to get good quality 
interchangeable work with the bilateral hole that 
Mr. Hedley Thompson had proposed. In some 
such way the difficulties might be surmounted for 
a time, with the ultimate object of settling down 
to the unilateral system. 

The President then closed the proceedings with 
the following announcements, namely, that on 
Friday, May 7, at 7 p.m., there would be an in- 
formal meeting of the Institution, when a discussion 
on “ Ball and Roller Bearings’ would be opened 
by Mr. A. P. Bale. The Eleventh Alloys Report 
would be discussed at the opening meeting next 
autumn, and, as announced in the Journal, the 
full report would be available in June. He further 
announced that a two-day meeting would be held 
in London at the end of June, at which there 
would be informal discussions and an exhibition of 
appliances connected with the means of improving 
the thermal efficiency of heat engines. On some 
date, probably Friday, May 27, at 6 p.m., a lecture 
would be delivered by Mr. J. G. Graves, of Sheffield, 
on the “ World’s Money System.” This date was 
not, however, quite definite. 





ALUMINIUM OR IRON PISTONS FOR AUTOMOBILES.— 
According to comparative experiments conducted at the 
Charlottenburg Technical High School, pistons made of 
aluminium are somewhat superior to cast-iron pistons in 
several respects, the superiority expressed in percentages 
ranging from 10 up to 30 for the various factors. In the 
experiments the stroke, compression ratio and mixing 
ratio were varied, and the fuels tried were benzene and 
various benzines, comprising one mixture rather prone to 
spontaneous ignition. The aluminium pistons did not 
give rise to any unpleasant pinking, and the most favour- 
able compression ratio could be raised 20 per cent. higher 
than with cast-iron. The power was increased by 10 per 
cent., the fuel consumption decreased by 30 per cent., 
especially with short stroke. Combustion being more 
rapid with aluminium pistons, the exhaust gases were 
slightly less hot (by 8 per cent.) than with iron pistons ; 
the heating of the cooling water was not influenced by 
the piston material, The pistons used had a diameter of 
121 mm. (4} in.) and were given about 2 mm. clearance. 
Some of these advantages seem to be debateable. 

Tue Evrorgan Trape Srrvation.—Mr. Charles M. 
Schwab, chairman of the Bethlehem Steel Corporation, 
has returned from a visit to Europe, says The Iron Trade 
Review, Cleveland, Ohio. Although he only visited 
France and Italy, he got in close touch with conditions 
in Germany through talks with manufacturers and 
economists of that country. He predicted that Germany 
will be the first European country to get back to normal. 
““Germany will recover from the effects of the world 
war much sooner, perhaps, than any other European 
country involved in it,” he said. ‘I noted that France 
and Italy were getting on their feet swiftly, but from the 
information I obtained I am confident that.the world 
will have to look out for Germany as a possible com- 
petitor in much shorter time than is generally allotted 
to her. I believe, however, that the United States need 
have no fear of being outstripped by Germany in- 
dustrially, and in regard to shipping I have no doubt 
that we will still retain the lead we have achieved and are 
achieving. Germany is a conquered country and her 
people are aware of it, but they are like a strong man 
who has failed in business and sets his teeth determined 
to win back by hard work and competent ma ment 
what he has lost. The secret of Germany's industrial 
success was the efficiency of her yeaa > They still have 
that efficiency and the training that is necessary to win 
in the world of commerce and facture. Busi 
is bad, of course, in Germany, as in all other countries, 
including America, but it is on the mend.” 











ERUreeeni ne _ 











THE 


SYKES DOUBLE HELICAL GEAR GENERATOR. 


[APRIL 29, 1921. 





CONSTRUCTED BY THE POWER PLANT COMPANY, LIMITED, ENGINEERS, WEST DRAYTON. 














| 
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Aw early form of the Sykes’ gear generator was 
described in the columns of EnGrveErtne in 1916 
(page 34, vol. cii), and we have since referred to later 
developments in connection with the Machine Tool 
Exhibition of September last,* at which several types 
were demonstrated. During the five years since its 
inception a number of modifications have been made 
tending to the more accurate and more rapid pro- 
duction of work, and as a result of the experience 
obtained the machine which we now illustrate in Figs. 1 
to 7, on this and the opposite pages, has been evolved. 
The principle of the original machines is retained, 
that is to say, the cutters take the form of pinions in 
gearing contact with the wheel being cut, and, with 
the latter, are rotated during the process of generation. 
The reciprocating motion given to the cutters is 
combined with a helical movement in order to secure 
teeth set at the required angle of 30 deg., which is the 
standard adopted by the Power Plant Company, 
Limited, of West Drayton, who are the makers of the 
Sykes’ machine. The necessary helical movement is 
secured by means of the guides shown in Fig. 1, which 
comprise one of the most interesting details of the 
machine. 

The views shown in Figs. 5 to 7, page 521, give an 
idea of the several sides of the latest machine, this type 
being capable of generating gears up to 53 in. in 
diameter. Other machines on the same principle are 
capable of dealing with gears up to 180 in. in diameter. 
The action will be clear if reference during description 
is made to Figs. 2, 3 and 4, of which Fig. 2 is a front 
elevation, Fig. 3 a plan, and Fig. 4 an end elevation. 
Before entering into details it will be well briefly to 
describe the action involved, though it will be familiar 
to those of our readers who remember the earlier 
descriptions above referred to. The gear to be 
generated is fitted to a mandrel a (Fig. 3), which with 
the blank is revolved by the large enclosed dividing 
wheel 6. Two cutters are employed c and ¢,, and these 
are reciprocated to and fro across the blank, being 
controlled in this movement by helical guides to the 
left, these guides being given a rotational movement to 
correspond with the revolution of the blank. 

We will deal first with the work drive. The main 
drive to the machine is by belt on to the cone pulley 
shown to the left of the machine in Figs. 2, 3 and 5. 
This, by a worm wheel and worm, drives the four-step 
cone pulley d, to be seen in Figs. 3 and 6. From here 
the drive is taken to a corresponding pulley below, 
which, by means of gears and bevels, drives a horizontal 
shaft at the back of the machine. The drive to the 
main index wheel is taken through bevels and change 
wheels seen at the corner of the bed in Figs. 3, 6, &c., 
and a second shaft carrying a worm wheel which meshes 
with the large dividing wheel. The wheel is made as 
large as possible, in fact, of greater diameter than the 
wheel being cut. The wheel is split in a plane at right 
angles to its axis for the purpose of checking its 
accuracy, and for correcting it during the process of 
manufacture, on the principle which is commonly 
used in astronomical and optical work. The Power 
Plant Company inform us that in the machines they 
use for Slebanend gears for such purposes as turbine 
work, the maximum cumulative accuracy of 0-002 in. 
is worked to. As this is spread over ahout 300 teeth, 
the actual inaccuracy between teeth is very small. 
In the train of change wheels referred to above the 
driver must represent the number of teeth in the 
cutters (or some multiple thereof); the idler may be 
any convenient size, while the driven gear must repre- 
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sent either directly, or as a multiple, the number of 
teeth required on the wheel to be cut. 

The next movement we will deal with is the re- 
ciprocating motion of the cutters. The main cone 
pulley is driven from a countershaft running at 500 
r.p.m. The cone pulley speeds range from 330 to 
750 r.p.m., the pulley being mounted on a shaft, 
which carries a worm, gearing with a 10: 1 reduction 
with a worm wheel which drives the disc crank d,. 
The worm shaft is mounted in ball bearings, and the 
end thrust is also taken by a ball bearing. This disc d, 
is fitted with a crank-pin which is adjustable for stroke, 
and this is coupled to a large slide carried by the back 
of the machine. This slide carries two heads e, e,, 





on which are mounted the cutters. The two heads 





3. 


are adjustable on the main slide by means of lugs 
and two screws most clearly seen dotted in Fig. 3. 
Each head is provided with a slanting face with cover 
guides, and in these guides are placed stiff brackets 
which carry the cutters. The brackets are allowed a 
small endwise movement on the slanting faces of the 
heads, and this naturally results in moving the cutters 
up to or away from the work. This is the new method 
of obtaining the necessary relief for the return stroke, 
formerly provided by tilting clapper boxes. In the 
old method the cutter carrier was hinged, and a pair of 
gears had to be introduced between the cutter spindles 
and helical guides to be mentioned subsequently. 
This introduced a possible source of slight inaccuracy 
which now has been abolished. The new mechanism 





52) 


ENGINEERING, 




















APRIL 29, 1921. | 








‘g ‘OM 


















































‘NOLAVUG JSAM ‘SUMANIONGA ‘GULINIT ‘ANVdKOO INVTId UWAMOd 


UMOLVUANAD 


UVaAg 


TVOITUH WIaNOd 


GHL Ad 


SAMAS 





GCaiLONALISNOO 


QAL 
































§22 


ENGINEERING. 





[APRIL 29, 1921. 








provides positive relief in a manner we shall indicate 
immediately, and also secures much more accurate 
alignment for the cutters. 

The reciprocating movement thus imparted to 
the cutters across the face of the work is combined 
with two other movements. The first of these is an 
oscillating helical movement to make the cutter follow 
the lead of the gears to be cut, while the second is a 
continuous revolution to keep the cutters in unison 
with the revolution of the work blank. The first 
movement was obtained in the original machine by 
mounting the cutters on separate rifle bars, which 
worked in nuts so that as the main slide was moved 
to and fro these bars caused the cutters to twist 
round and back. Later machines have been made 
more compact by bringing the bars and guides all to 
one side, one set having a hollow spindle through 
which the other is passed, so that the guides can be 
placed close together on the left of the machine. At 
the same time the original small diameter bars have been 
replaced by large guides and housings of cast-iron with 
two guiding faces. These are shown in Fig. 1, page 520. 
The fixed member is held in each case in a revolving 
housing and the reciprocating members work to and 
fro in these also, The design permits of both members 
being machined in exactly the same way. The fixed 
part is in two sections, the joint between the two being 
straight and in line with the axis. This enables wear 
to be taken up, one section being fixed and the other 
capable of adjustment longitudinally. 

hese guides have to control very accurately the 
helical trace of the teeth of the cutters. For this 
reason they are made as large as practicable and are 
ground very carefully. In the machine illustrated the 
cutter used is 6 in. in diameter, while the guides are 
74 in. in diameter. The guides are finished to a master 
lead screw of the highest accuracy. The cutter c, is 
operated by a spindle running to the extreme left of 
the machine, controlled by the guides f;. The cutter c 
is worked by a hollow spindle or sleeve operated by the 
guide f. 

The continuous revolution of the cutter is obtained 
by means of large indexing worm wheels in housings 
surrounding f; and f. These wheels are driven by 
worms on the two vertical spindles seen in Fig. 2, 
gearing with a central spindle fitted with a bevel drive 
at the bottom, off an horizontal shaft driven by gears 
off the second belt cone pulley d. In order to obtain 
the greatest accuracy of pitch the two indexing worm 
wheels are made as large as possible ; they are at least 
three times the diameter of the cutters so that any 
error in spacing is reduced to one-third. With the 
ratios adopted, any slight error in the gears g, q, 
would be reduced to 1/600 at the cutters, so that with 
accurately-made gears throughout the final error is 
only infinitesimal. 

The relief mechanism has been referred to above. 
Allowance is made as explained for this by the cutters 
being actually carried on brackets which slide in 
slanting guides on e, e;. To render this relief move- 
ment positive a link and shaft gear is introduced, 
driven by a cam plate seen in Fig. 4 close to the small 
belt cone pulley d. This plate works a lever through 
a small range, and this in turn causes a shaft A (Fig. 
4) to oscillate. In Fig. 2 it will be seen that this 
shaft is coupled to another j7. This shaft has two 





cams k, ki, which contact with wedge faces on the 
cutter brackets. The cam action is timed so that at the | 
end of a cutting stroke the bracket is held while the | 
main slide reverses, the slanting guide thus causing the | 
cutter to draw back from the work. In order to make | 
allowance for this slight movement in the guides and 
indexing gear, the whole of the latter is mounted on 
ways which permit it to move through a small amount 
under control of links /, J,, Figs. 2 and 4, operating 
cams best seen in Figs. 2 and 5 on the body under the | 
gear. It may be mentioned that the stress on the) 
cams k, ki, is very slight, and the relief is practically | 
automatic, though the positive mechanism is provided | 
to ensure satisfactory operation. 

The work spindle mounted on a sliding carri 
is hollow and 9 in. in internal diameter, so that the 
machine will take gears integral with shafts. The 
machine described is commonly used for rolling mill 
pinions, in which case this is an essential requirement. 
The whole work carriage can be! moved towards or 
away from the cutters, by the screw and hand wheel 
shown in Fig. 3, &c., fitted with a micrometer dial 
reading in 1/1,000ths of an inch, so that correct depth 
of tooth may be secured. ° 

In setting up work either the blank is mounted on a 
suitable mandrel or it is set up with its own shaft in the 
hollow spindle, and driving dogs and face plate steadies 
are arranged in position. For testing the setting-up 
the indexing worm below the large indexing wheel is 
dropped out of mesh, one of its bearings being pivoted 
to permit of this being done. The large wheel and 
work can then be rotated by capstan bars used in 
sockets plainly to be seen in Figs. 6 and 7. The spindle 
of the cutter c, can be disconnected for the purpose of 











mounting the two cutters between the heads, For 


continuous teeth the cutters have to finish their stroke 
on the same line, and the heads have to be adjusted for 
this with the crank on the dead centre. The length 
of stroke is adjusted by the graduated crank disc 
already described, which in this machine allows of a 
range of work between 1-in. and 18-in. width of face. 

The cutters have, of course, to register correctly 
together. This is accomplished by means of two 
toothed clutches at m, m,, Fig. 2. The work is set 
up to the cutters till they just mark it, and then they 
are adjusted by the vertical worms, the clutches being 
afterwards screwed down so that the driving gears are 
engaged again. 

The standard spiral angle adopted by the Power 
Plant Company is 30 deg. This angle can be varied 
between 25 deg. and 35 deg. by using larger or smaller 
cutters. Further divergence from the standard 
necessitates alteration of the guides. Straight teeth 
can be cut by using straight guides and cutters, and 
internal teeth by a simple change of one cutter spindle. 
Staggered teeth may, of course, also be cut. The 
cutters used on the Sykes’ machines are accurately 
ground to true form after hardening, the tooth profiles 
and helical trace of the cutters being simultaneously 
generated in a machine which produces the proper 
cutting angles with relief on the sides and periphery. 
The angles of this relief are so proportioned that the 
cutter will generate correct teeth, whether it be new or 
old, grinding for sharpening being all done on the ends, 
the sides and periphery not being touched. 

A typical example of marine turbine gears cut on this 
machine may be given. Transmitting 2,500 h.p. 
with the primary pinion running at 4,800 r.p.m., the 
smallest pinion of the set was of 5 in. diameter, 14 in. 
face and 5 diametral pitch, while the largest was 50 in. 
in diameter, 18 in. face and 3 diametral pitch. A 
0-5 per cent. carbon steel pinion of 14 teeth, 5 diametral 
pitch and 8 in. wide can be cut in 60 minutes. 
Wheels of cast-iron of 5 diametral pitch, 6 in. wide and 
45 in. in diameter, take 7 hours. Cast steel wheels, 
50 in. in diameter, and of 16 in. face and 3 diametral 
pitch are cut in 14 hours. Rolling-mill pinions integral 
with 9-in. shaft, of 0-7 Mn and 0-5 per cent. carbon 
steel, 25 teeth of 1} in. pitch, take about 9 hours each. 
48-in. turbine reduction gears with 18 in. face, of a 
maximum degree of accuracy take about 24 hours each. 





Wortp’s Larcest Evrcrric STeeL FuRNACES.— 
The first operation of the largest electric steel furnaces 
in the world was recorded when the United States Naval 
Ordnance plant at South Charleston, W. Va., poured 
its first heats on February 2, says the Iron Age, New 
York. These furnaces, which are two 40-ton Heroult, 
refine the steel as it comes from the open-hearth depart- 
ment, which has two 75-ton basic open-hearth furnaces. 
The pouring of the first heat was witnessed by Mr. Gordon 
Woodbury, assistant secretary of the Navy; Admiral 
C. B. MeVay, chief of the Bureau of Ordnance, Navy 
Department ; and Captain George R. Marvell, inspector 
of ordnance in charge. The operation was under the 
supervision of Mr. William J. Priestley, steel superinten- 
dent of the plant. 


CrreutaR Surpe Rute ror GEAR CALCULATIONS.— 
In order to facilitate calculations relating to the power 
which can safely be transmitted by toothed gearing, 
Messrs. Matterson, Limited, machine tool makers, of 


| Shawclough, Rochdale, have brought out a simple and 


very inexpensive form of slide rule. This consists of 
three different-sized circular discs of glazed cardboard 
which can be rotated relatively to each other about a 
central pin. To use the instrument a point denoting 
the tooth material, e.g., cast-iron, brass, &c., on the 
intermediate disc is turned into line with a number on 
the outer disc denoting the tooth pitch. The inner disc 
is then turned until a number on its edge denoting the 
revolutions per minute, is in line with a number on the 
intermediate dise denoting the number of teeth of the 
wheel in question. This having been done, a pointer 
extending from the inner disc re Ree on a scale on the 
outer dise the horse-power which can be safely trans- 
mitted per inch width of tooth, 





PATENTS, DESIGNS AND TRADE Marks.—The thirty- 
eighth report of the Comptroller-General of Patents, 
Designs and Trade Marks for the year 1920, showing a 
record for the work done during any twelve months since 
the institution of the Office, says that the substantial 
increase in the work was due to a very large extent by 
the filing of a large number of applications from abroad, 
under provisions of the Treaties of Peace. The total 
number of applications for the year was 36,672, the 
largest number received in any one year, and an increase 
of 3,819 as compared with 1919. The complete specifica- 
tions filed were 21,786, or 2,874 more than in 1919. 
There was an increase of 49 per cent. in the number 
of completed specifications filed on application, the 
number of complete specifications filed after provisional 
specifications showing a slight decrease. The applica- 
tions from women inventors numbered 311, as compared 
with 306 in 1919. The report also gives figures dealing 
with the applications to register designs and trade marks. 
The receipts from patent fees, design fees and trade-mark 
fees showed a higher total than in 1919, and notwith- 
standing higher salaries, the surplus of receipts over 
expenditure amounted to 86,5071. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Steelmaking throughout South 
Yorkshire is practically at a standstill. Inquiries from 
foreign buyers are still coming to hand, but prices have 
not yet reached a level that is regarded as attractive, 
even if supplies. were available. Manufacturers . of 
engineering products are working on stocks, plus a minor 
tonnage of imported material. Structural steel for 
building purposes is attracting more attention, but 
business in special steels is almost at a standstill. French 
purchases have fallen off considerably, and are further 
threatened by the proposal to increase the coefficient 
numbers of consignments to that country. The crucible 
steel trade is undergoing a spell of very severe depression. 
Only about one-tenth of the plant in this district is 
operating. Prices are considered prohibitive. Potential 
buyers flatly refuse to renew contracts until values are 
brought to what they regard as a more reasonable level. 
The position so far as local industry is concerned is not 
assisted by the fact that Continental manufacture of 
crucible steel appears to be making considerable head- 
way, and that ower and Austria have re-entered the 
list of foreign competitors. British corporations are 
buying sparingly on tramway renewals account. Several 
substantial contracts for railway material and _ loco- 
motives are under execution for Colonial buyers, notably 
India and Africa. Home business is held up owing to 
the uncertain future facing British railways in regard 
to Government supervision. In the hardware section, 
buyers are restricting stocks to the minimum in the hope 
of further price cuts. An increasing business is being 
done in farm and garden implements. Makers of 
mining tools have a fair volume of unexecuted orders 
for home collieries, but the indefinite outlook in the 
coal industry reacts severely on machinery buying. 
The cutlery trade is absorbing an increased tonnage of 
stainless steel for the manufacture of domestic and 
hotel ware. 


South Yorkshire Coal Trade.—The prolongation of 
the miners’ dispute makes it inadvisable to draw upon 
colliery stocks to supplement manufacturing needs. 
Reserves at works supplying their own power are quickly 
nearing exhaustion. Those departments are best placed 
that depend on corporation supplies. Many works are 
mixing coke with slacks to help to carry on a little 
longer. Export business is at a standstill. House- 
holders are now practically dependent on outcrop seam 
supplies. Quotations, which are nominal, are unchanged. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is very little business 
passing, traders holding off until an end can be seen 
of the trouble at the collieries. Pig-iron producers have 
not altered their a d-on minimum home and export 
rates for Cleveland qualities, viz.: No. 1, 125s.; No. 3 
G.M.B., 120s.; No. 4 foundry, 119s.; No. 4 forge and 
mottled, each, 117s. 6d. ; and white, 115s. ; but so scarce 
has become No. 3 that buyers needing any of that 
description have to pay more than the fixed minimum, 
and one firm of makers is now asking up to 130s. 
for No. 3. Output of Cleveland pig-iron has practically 
ceased, but with the exception of No. 3 quality, stocks 
are heavy. 


Hematite Iron.—In the East Coast hematite branch 
home quotations are purely nominal at 182s. 6d. for No. 1 
and 180s. for mixed Nos., whilst for export, makers are 
ready enough to sell at 20s. below these rates. 

Foreign Ore.—There is absoluiely nothing passing 
in foreign ore. 

Coke.—There appears to be no coke on offer, and 
prices cannot be fixed. 

Manufactured Iron and Steel.—Producers of finished 
iron and steel can draw on stocks for the few small orders 
coming forward, but they report that output has 
dwindled to practically nil. Common iron bars are 191. ; 
iron ship rivets, 26/.; packing iron (parallel), 121. ; 
packing iron (tapered), 18/.; steel ship, bridge and tank 
plates, 191. ; steel boiler plates, 25/.: steel angles, joists 


and sections, 171. 10s.: hard steel billets, 15/.; heavy 
steel rails, 15/.; fish plates, 20/.; and corrugated 
galvanised sheets, 22/. 10s. - 





THe Socrety or Moror MANUFACTURERS AND 
Trapers, Liwtrep.—Mr. A. 8S. Mays-Smith has been 
unanimously re-elected president of this society. The 
vice-presidents are Mr. H. G. Burford and Mr. T. C. 
Pullinger, and Mr. H. M. Hobson has been reappointed 
hon. treasurer. At the first meeting of the Society's 
new council, a letter from the Ministry of Transport 
to Mr. Mays-Smith was read, thanking him for his offer 
of assistance on behalf of the society in connection with 
the strike arrangements. 





CONVERSION OF THE 8.8. “‘SpanreL.”—The s.s. Spaniel. 
which was originally built as a passenger and general 
cargo boat, including the carriage of cattle on the main 
deck, has been entirely stripped of her passenger accom- 
modation, and her cattle-carrying capacity has been 
increased to 400 cattle and over 500 sheep. Additional 
ventilators have been provided to all the cattle spaces 
and a complete wash deck service fitted for cleaning out 
stalls, together with a steam ejector for draining the 
bilges. The work was carried out at Liverpool by Messrs. 
H. and C. Grayson, under the direction of Mr. W. L. 
Roxburgh, engineer-in-chief of Coast Lines, Limited, 
the present owners, with the assistance of Messrs. A. T. 
Wall and Co., consulting naval architects and engineers, 


Liverpool. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Iron and Steel Trades.—The iron and steel 
trades of the West of Scotland are now practically idle 
through the shortage of fuel, and only a little plant is still 
in operation. In some cases where electricity is the 
motive power there is more doing, but even that cannot 
continue very much longer. As industry all round 
has had to slow down to such an alarming extent because 
stocks of coal are almost exhausted there is no demand 
for manufactured iron and steel, in fact buyers are 
not in evidence at present. Continental material, 
which has been coming fairly freely of late, has received 
a check through the situation now prevailing, but there 
are still many tons on order from that quarter, and 
deliveries will be resumed whenever conditions improve. 
Quotations are nominally unchanged, but an easier 
tendency is in evidence. Inquiries do not bring out 
business, because the probable date of delivery cannot 
be named, but signs are not wanting to show that when 
the fuel question is settled there will be an improvement 
in the turnover of home steel material as well as of bar 
iron, the latter being the subject of good inquiry at the 
moment. 


Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
is now at a standstill, as demand has ceased. The 
stocks held by producers are quite ample to meet any 
calls made upon them in the near future, and business 
will have to show a decided improvement before smelting 
is resumed on anything but a small scale. Consumers 
are doing little or nothing, but stocks are not being 
allowed to get too short in view of the resumption of 
trade and a run on makers’ supplies, as the rekindling 
of the furnaces is not the work of a day. Prices are 
officially unchanged, but easier. 


Engineering and Shipbuilding.—In the engineering 
and shipbuilding trades of Scotland the miners’ strike 
has had a disastrous effect and much unemployment has 
resulted. Engine shops all over have been reducin, 
their working week, and every man whose services coul 
be legitimately dispensed with has been paid off. A 
system of squads carrying on during alternate weeks 
has found favour in a number of engineering as well as 
shipbuilding establishments, but in the latter the work 
is fast diminishing and unless costs come down con- 
siderably in the near future a large number of men will 
be getting paid off weekly before long. The inquiry 
from both the home and foreign buyers is of the smallest 
description meantime, and little business of any kind is 
going through. 





PERSONAL.—Messrs. Walker, Crosweller and Co., 
engineers, Dane’s Inn House, 265, Strand, W.C. 2, state 
that they are the sole selling agents for the Néogéne 
oxy-acetylene blowpipe for the British Isles and all 
British Colonies, with the exception of Canada.—Messrs. 
Harland and Wolff, Limited, who hold the sole licence 
for Britain and the Colonies for the construction of Diesel 
engines on the Burmeister and Wain system, have just 
granted to the old-established firm of John G. Kincaid 
and Co., Limited, Greenock, a sub-licence for the con- 
struction of this type of internal-combustion engine. 





THe Martry Hanp Marxinc-Macuine.—A small 
machine has been produced by the Martin Machine 
Company, of Greenfield, Mass., U.S.A., for the purpose 
of marking metal products with trade names, brands, 
&c. In this machine the die ‘used is circular, with the 
lettering cut on the wer ggeen The die is mounted on 
a slide over an anvil block, upward pressure being applied 
to the latter by a treadle. The die slide is moved in a 
horizontal direction by a.lever. The work is placed on 
the anvil, pressure is applied and the die wheel run over 
the work. The operation is very expeditious and results 
in neat work. The machine is in the hands of Messrs. 
Alfred Herbert, Limited, Coventry, for this country. 


THe Farapay Socrery.—The Faraday Society is 
organising a general discussion on physico-chemical 
problems relating to the soil, to take place during the 
afternoon and evening of May 31 next. The meeting 
will be held in the rooms of the Chemical Society, 
London, and it will be presided over by Sir A. Daniel 
Hall, K.C.B., F.R.S., Chief Scientific Adviser to the 
Board of Agriculture. The discussion will be opened 
by Dr. E. J. Russell, F.R.8., director of the Rothamsted 
Experimental station, who will give a general survey 
of the subject. A series of papers will then be put 
forward as a basis for discussion. It is e ted that 
among those os will be Professor Sven Oden of the 
University of Upsala. Further particulars of the meeting 
may be obtained from the Secretary of the Faraday 
Society, 10, Essex-street, London, W.C. 2. 





Hersert INDEPENDENT Jaw Cuucxs.—The failure 
of the usual independent jaw chuck to stand up to the 
strains which are often put upon it in the shops has caused 
Messrs. Alfred Herbert, Limited, of Coventry, to bring 
out a new independent four-jaw chuck designed to over- 
come some of the weaknesses very often encountered. 
A frequent cause of failure is the cracking of the body 
at the point where it is weakened by the ways cut for 
the jaws. In Messrs. Herbert’s new chuck the depth to 
which the body is cut at these points is greatly reduced, 
and the resistance to failure therefore. also reduced. 
Again, by providing the chuck with steel sector front 
plates, greater resistance can be provided to the tiltin 
action of jaws. The jaws similarly are not wean 


by being grooved for guiding, but have strong pro- 
jecting ledges offering greater resistance to shear, while 
the screws are of large diameter and of nickel-chrome 
steel, so that risk of stripping is considerably reduced. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—-Though negotiations for a settlement 
of the coal dispute have been reopened the stoppage of 
work continues and the prospects of an early re-start 
appear none too hopeful, as the miners are apparently 
determined to adhere to their original domotie for a 
national — board and a national 1, while the 
owners and Government, though doing all in their power 
to mitigate the inevitable reduction in wages, are, u 
to the present, firm in their resistance to the pool. 
Meanwhile business in the coal trade remains at a stand- 
still. It is true that tentative inquiries for delivery 
after a resumption of work are fairly numerous, but these, 
in the majority of cases, are regarded more as feelers than 
prospective orders for definite business. Colliery owners 
in most cases are not disposed to pay much attention 
to these inquiries, or to quote, as they recognise that 
prices will to a large extent be governed by the eventual 
terms of settlement arrived at between the owners and 
the men. Those prepared to give quotations indicate 
on the basis of 50s. Leb. for best steam large, which was 
the figure quoted for April delivery prior to the stoppage. 
The restrictions with regard to the delivery and shipment 
of coal are being rigidly enforced in the effort to conserve 
supplies, and the District Committee have now decided 
that releases will only be granted for household pu 
and gas works in Monmouthshire and South Wales, for 
electricity works, for waterworks, for food-production 
works, for bunkers, for trawlers and a limited quantity 
for bunkers for other vessels, and for other works of 
national importance. There was practically a suspension 
of foreign exports of coal from South Wales last week, 
for the total shipments amounted to only 2,816 tons, 
of which 1,828 tons went to Lisbon from Cardiff and 
988 tons to Rotterdam from Swansea. The export of 
patent fuel and coke was entirely suspended, while the 
import of pitwood amounted to only 4,021 loads, 


Bristol Channel Pilotage.—The Cardiff Pilotage Board, 
at a meeting yesterday, adopted a resolution to the effect 
that pilotage should be compulsory for all ports in the 
Bristol Channel over an equal portion of the different 
pilotage districts. In regard to a proposed amalga- 
mation of the Cardiff and Barry Pilotage Boards the 
Cardiff Board approved of the proposal, provided that 
both the pilotage services were also ama) ted. A 
proposal that representatives of the Cardiff City Council, 
Glamorganshire Canal Company and the Penarth Urban 
District Council should be withdrawn from the Board, 
and that the representatives of the Cardiff and Bristol 
Channel Shipowners’ Association should be increased 
from three to six, was opposed by the Board. 


Shipowning at Cardi ff.—According to 4 return of the 
Cardiff District Shipping Federation there were, on 
March 31 last, 122 Cardiff firms controlling 423 vessels 
of approximately 958,000 tons gross. Compared with 
the list for the corresponding date of 1920 there is an 
increase of 9 in the number of firms, of 44 in vessels, 
and of 2,000 in tonnage. The deadweight of Cardiff- 
owned shipping on March 31 last approximated 1,533,000 
tons, compared with 1,500,000 tons a year previous. 





Tae “Duco” Micrometer ReEtease VALve.—We 
have received from Messrs. Brown Brothers, Limited, 
Brown’s Buildings, Great Eastern-street, E.C. 2, a release 
valve for pneumatic tyre inflating plants, giving an 
automatic release for any predetermined pressure ranging 
between 30 Ib. and 120 lb. per square inch. The valve 
consists of a brass cup containing a spring-loaded ball 
valve, the whole fitted with a cap or thimble marked on 
the edge for increments of 10 lb. pressure, this scale 
being set as required to an index mark on the or 
body. The adjustment is very simple and rapid. ith 
such a release the tyre pump can be left at work and no 
harm will arise if the pump is properly set. 


Tue Carpirr Year Book, 1921.—We have received 
from the publishers, 5, Exc Chambers, Mount 
Stuart-square, Cardiff, the first edition of this year book, 
by Messrs. Alfred 8S. Williams and R. F. Kewer-Williams. 
The price of the book is one guinea net. It gives the official 
status of the city, the names of its authorities and 
officials, data on its government, tramways, waterworks, 
education, &c., a description of its public buildings, 
details on the coal trade of South Wales, on coal prices 
and wages for different years, the railways of the district, 
colliery companies, shipping, industries, &. A diary 
of local events follows, from July, 1919, down to Decem- 
ber 31, 1920. The trade of the port—coal names, 

roprietors, agents or shippers—covers a — rtion 

tt the book. This is conehallg printed and i renee, 
and will appeal to a wide circle both in this country and 
abroad. 

Tue Ketvix Mepav.—tThe presentation of the first 
award of the Kelvin medal will be made by the Right 
Hon. A. J. Balfour, O.M., F.R.8.,-in the Hall of the 
Institution of Civil Engineers, to Dr. William Cawthorne 
Unwin, F.R.8., on Wednesday, May 4, at 4 p.m. The 
medal was founded in 1914, principally by British and 
American engineers, to commemorate the achievements 
of Lord Kelvin in those branches of Bn. Bry eg 4 
especially applicable to engineering. aw: is t 
with =f commmabeteo of the presidents of the re- 
sentative British engineering institutions, after thei 
consideration of recommendations received from similar 
bodies in all parts of the world, and, in accordance with 
the terms of the trust, it is made to the person whom the 
committee find to be most worthy to receive this recog- 
nition of pre-eminence in the branches of engineering 
with which Lord Kelvin’s scientific work and researches 
were identified, 





NOTICES OF MEETINGS. 


Tue Socrety or Enoineers.—Monday, May 2, at 
5.30 p.m., in the Apartments of the Geological Society, 
Burlington House, W., when a paper will be read on 
“The Physical Properties of Clay,” (third paper), 
by Mr. Alfred 8. E. Ackermann, B.Sc.(Eng.), A.M.1.C.E. 


Tue Royat Socrery or Arts.—Tuesday, May 3, 
at 4.30 p.m.: Indian Section, “ Paper-Pulp Supplies 
from India,” by Mr. William Raitt, F.C.S., Cellulose 
Expert to the Government of India. Sir Robert W. 
Carlyle, K.C.8.I., C.I.E., late Member of the Government 
of India, in the chair. Wednesday, May 4, at 4.30 p.m. : 
saneaay Meeting, ‘‘ Anglo-American Relations: A 
Perso Impression,” by Sir Geoffrey Butler, K.B.E., 
M.A., Director, British Bureau of Information in the 
U.8.A., 1917-19, and Member of Executive Committee, 
** Reunion of British War Missions to the United States.”’ 
The Right Hon. Viscount Bryce, O.M., G.C.V.O., D.C.L., 
F.R.S8., will preside. 


Tue INstiITuTION oF Crvi, EnGrngEers..—-Wednesday, 
May 4, at 4 p.m., in the Hall of the Institution. Pre- 
sentation of the Kelvin medal to Dr. William Cawthorne 
Unwin, F.R.S8., by the Right Hon. A. J. Balfour, O.M., 
F.R.S. 

Tae Instrrution or Sanrrary ENGINEERS.—Wednes- 
day, May 4, at Caxton Hall, Caxton-street, Westminster, 
when a Sessional Meeting will be held. Subject : ‘‘ Water 





Meters and Water Waste-Preventing Fittings: Their 
Construction, Relative Merits and Application,”’ by 
Mr. 8. A. Battey, Associate Member. Mr. Nandy 
Hoskins, President, will take the chair at 7 p.m. Dis- 
cussion to follow. 

THe Instrrute or Merats.—Wednesday, May 4, 


at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, when the Eleventh Annual 
May Lecture will be delivered by Professor ‘I’. Turner, 
M.Se., A.R.8.M., of Birmingham University, on ‘‘ The 
Casting of Metals.” 


THe Institution or Eeorrican ENGINEERS.— 
Thursday, May 5, at 6 p.m., at the Institution of Civil 


Engineers, Great George-street, Westminster, 8.W. 
Continuation of discussion on “ Tariffs." 
Tue Instirvre or TRANSPORT—GRADUATES AND 


Stupents Section.—Friday, May 6, at 5 p.m., at the 
Royal Society of Arts, John-street, Adelphi, London, 
w. Lecture by Mr. D. J. Owen (General Manager and 
Secretary, Belfast Harbour Commissioners), entitled 
“Docks and Harbours: General Structural Lay-out, 
Systems of Control, Operation and Charges.”’ 


Tae Jontor Instirvution or Enoineers.—Friday, 
May 6, at 8 p.m., at Caxton Hall. Lecturette, “ Fire 
Resistance of Aggregates for Reinforced Concrete,” by 
Mr. D. W. Wood (Associate). 


Tue Roya. InstirvoTion or Great BrIvTAIn.— 
Friday, May 6, at 9 p.m., a discourse will be delivered by 
Sir Robert Robertson, K.B.E., D.Sc., F.R.S., M.R.1. 
The subject is “War Developments of Explosives.” 
Afternoon Lectures, at 3 p.m.: Tuesday, May 3, Pro- 
fessor Arthur Keith, ub. LL.D., F.R.S., M.R.I., 
Fullerian Professor of Py srg oh on “ Darwin’s Theory 
of Man’s Origin (in the Light of Present-Day Evidence) ” 
(Lecture II1); Thursday, May 5, Mr. Charles 8. Myers, 
M.D., Se.D., F.R.8., M.R.1., on “ Psychological Studies 
(1) The Localisation of Sound”; Saturday, May 7, 
Mr. E. C. C. Baly, C.B.E., F.R.8., on ‘“ Chemical Re- 
action "(Lecture I). 





Atuminium-Dust Exp.osion.—The explosion of 
aluminium dust, which last year killed six girls in an 
American von § and seriously injured as many more, 
was a matter of ventilation and concerns the engineer 
rather than the chemist. In the works aluminium 
kitchen utensils are made from sheet metal. The sheets 
are coated with grease during the process of cutting 
and stamping, the grease being removed after shapi 
with the aid of naphtha, lye and acids, and the dri 
articles are then “— the finishing lish. ~~ “ satin- 
finish” is ui b ing the article against a 
revolving } very wire fecah, ‘which is run at a high 
speed. Two brush wheels are attached to the 
spindle of a lathe, and nine lathes are arranged alo 
a bench, underneath which runs the exhaust tru 
i in. in a steel casing ; 


away. On the morning of the accident a grating noise 
was heard in the fan, and immediately afterwards a 
was seen. The explosion did little da to the 
ilding, and the automatic sprinklers soon extinguished 


the fire ; but they could not prevent fatal injury to some 

of the 50. in the room. A piece of wire, 5 ft. long, 

was iy Seaee fe ie ee cove. in two pieces, 
the longer piece curled round the fan b . Buildi 

ions been going on outside, and it is eupposed 

the wire was accident ily or mischievously introduced 


into the mouth of the exhaust pipe, in which it probably 
had been gliding down yong & sparking, it seems, 
between the wire and the fan blades finally caused the 
explosion. This assumption is supported by the fact 
i previous, a small harmless explosion 
bed occurred when the man cleaning the trunk had 
accidentally pushed a wire into the fan. To prevent 
similar accidents it is pro (Chemical and Metal- 
lurgical Engineering, 25, page 915) that the dust be 
removed by injecting air jets separately into each hood, 
the dust being disch into the air from each hood 
by as short a pipe as possible. Recovery of the aluminium 





dust would eee be excluded; but the point is 
not mentioned. 
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enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
Pepa: Der copy: and this price dated from and 

remy aang eleeageens ay seine 1920. As the 
onal rates have been again in the price 
of single copies sent by inland post is now Is. 2}d. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “‘ ENGI- 
NEERING” each week should place an order for 
the Journal with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week will be found on page 523. 
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ENGINEERING WORKERS’ WAGES. 


THE negotiations regarding engineering workers’ 
wages have reached an acute stage, and an important 
meeting between the employers’ and workers’ 
representatives which met last week was adjourned 
until this week. It is to be hoped that a wide view 
of the present situation and the future prospects 
will lead to a friendly settlement as it must cer- 
tainly be recognised that the engineering industry 
is in the same position as all other industries. In 
our article on wages and production in our issue 
of April 1 (vide page 395, ante) we referred to 
the question whether the workers realised that the 
only way out of the present crisis in trade is in- 
creased production and lower wages. Since then 
there have been further conferences between 
employers and employed and meetings of the 
workers to consider their employers’ proposals 
for the necessary reduction in wages. In the 
meantime statistics have been published showing 
that the number of the unemployed had risen by 
April 15 to the figure of 1,686,892. 

The immediate proposal of the employers in the 
engineering industry is that the wages should be 
reduced by the amount of the 6s. advance granted 
by the Industrial Court in March, 1920, and of the 
Churchill 124 per cent. bonus to time-workers and 
74 per cent. bonus to piece-workers. The ship- 
builders have arranged with their employees for 
the 6s. being taken off in two weekly instalments 
of 3s. in May and June, and it is understood that 
the question of the standard ship bonuses is still 
to be dealt with. Reductions in the wages of sea- 
men and transport workers have also been arranged, 
and although at the discussions between the 
employers and the Amalgamated Engineering Union 
and the Foundry Unions on the 21st inst. the unions 
devoted their efforts rather to discussing questions 
of a general économic and even social nature, to 
the avoidance of the main question, viz., that orders 
cannot be obtained at the present prices, and that 
the number of their unemployed members is 
increasing daily, there are not wanting signs that 
the workers and their leaders realise that a reduction 
is inevitable, although, as a matter of tactics, they 
are seeking to avoid anything in the nature of a 


* | consent to such a reduction. 


At the conference held at Westminster on 
April 22, of representatives of the unions affected 
by the engineering employers’ proposed reduction, 
viz., the Amalgamated Engineering Union, the 
Engineering and Shipbuilding Trades Federation, 
the National Foundry Workers, and the National 
Federation of General Workers, a cautiously-worded 
resolution was passed that the representatives of 
these organisations had not committed themselves 
to a joint recommendation with the employers to 
reduce wages, and that a further meeting of the 
representatives be held. The representatives re- 
frained from passing any more definite resolution 





and the National Employers’ Federations referred to 
in our previous article was a novel and unpre- 
cedented effort by the employers to bring home the 
present situation to the minds of the workers, 
but it has not unnaturally resulted in the workers 
engaging in the discussion and criticism of the 
pamphlet in some detail, with the possibility of 
gaining more time than the exigencies of the 
situation really warrants. For example, they point 
out that while unfavourable rates of exchange may 
operate against our trade with certain countries, 
this should be balanced to some extent by favourable 
rates in relation to other countries, such as the 
United States, Canada, and the Argentine. This, 
although plausible so far as it goes, is, of course, 
not a complete or satisfactory answer. Another 
example of the ingenious sparring indulged in was 
that while British manufacturers complained of 
foreign competition, foreign manufacturers com- 


- | plained equally of the effects of British competition. 


It is pointed out also that the cost of production 
in America is lower than that in this country, 
although earnings in America are higher, and the 
suggestion is that the cost of production here could 
be lowered sufficiently to enable our manufacturers 
to recapture their foreign trade without it being 
necessary to reduce wages. This, again, is of the 
nature of a red herring across the trail. Earnings 
are dependent on the degree of effort made by the 
men, which under payments by result is greatly 
stimulated in the United States. The results are 
high earnings and reduced cost of production. 
This is not paradoxical but sound economics, and the 
sooner every worker here realises the fact the better 
for industry and the lower will be the cost of living. 

Again, the workers compare the value of our 
exports to-day with the value in 1913, but they 
have to admit that the whole basis of comparison 
is destroyed by the alteration in prices. It is easy 
also for the workers to select a number of prosperous 
companies and point to their dividends, and they 
may be inclined to make a good deal of the fact 
that many companies have considerably increased 
their capital during the war. Figures in this con- 
nection, however, are unconvincing without careful 
scrutiny, for, to some extent, they are due to capital 
represented by foreign establishments or mortgages 
or debentures, and they ignore the high rate of 
interest which is being paid for the new capital. 

The Foundry Unions, without engaging in 
dialectics of this kind, put forward a demand that 
the employers should give particulars of the profits 
and new capital of the industry as a whole, without 
taking into account the enormous difficulty of 
defining what is to be regarded as profit and ascer- 
taining the totals. Even if the employers were 
prepared to accede to this demand, which they are 
not, the investigation would be most prolonged, 
and time is pressing. The employers answer not 
only that if wages are to-be based on profits they 
must also be affected by loss, but that past profits 
or losses cannot regulate present wages. 

Mr. Brownlie, when interviewed at the close of 
the conference with the employers to which we 
have referred, endeavoured to illustrate the effect 
of the proposed reduction by reference to the average 
pre-war rate of pay for skilled engineers, and said 
that the proposals would affect about 315,000 of 
his members and would reduce the annual wages 
bill of the union to the extent of about 12,500,000I. 
per annum. It is no doubt undesirable, from the 
point of view of the leaders of the trade unions, 
that any reduction should take place in the wages 
which were secured during the period of the 
national extremity, but, as we have indicated, 
there is reason to doubt whether the workers are 
really so much opposed to a reduction as their leaders 
would have the employers believe, and whether they 
do not in fact realise that orders must be obtained, 
and that they, as well as other sections of the com- 
munity, must bear their share of the effects of the 
present depression in trade and must make up their 
minds to be content with less than they have 
hitherto enjoyed, for it is clear that in the end they 
will have to choose between lower and no 
employment at all. The cost of living is falling, and 
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the reduction which has already taken place, 
and may still be hoped for in that connection, 
can be set against the reductions in wages which have 
become absolutely necessary. In any event, the 
workers have it in their power to increase their 
earnings by giving greater output, and that desirable 
end could certainly be secured without any undue 
pressure or strain on their part. 

Further conferences between the employers and 
the various unions are being held, and it may be 
expected that the discussions will be concerned less 
with general economic questions of the kind to 
which we have referred, and more with the hard 
facts and immediate necessities of the present 
situation—in other words, with the necessity of 
an immediate general reduction in wages. 





AGRICULTURAL TRACTOR TRIALS. 
Tue Royal Agricultural Society has now issued a 
report on the trials of agricultural tractors which 
it carried out at Lincoln during September and 
October last, conjointly with the Society of Motor 
Manufacturers and Traders. We dealt very fully 
with these trials at the time and illustrated and 
described most of the machines taking part in them, 
so that we need not again explain the conditions 
of the competitions except in a very general way. 
The competing machines were entered under seven 
classes, the classification being made both according 
to type and horse-power. The site was specially 
chosen so as to include light, heavy, level and hilly 
ground, and the trials were conducted with all the 
care which characterises and gives the value to the 
periodical tests of machinery organised by the 
Royal Agricultural Society. The number of entries 
was 46, and of these 38 took part in the competition, 
all completing the series of trials except two which 
were withdrawn before the end. Considering the 
comparatively recent development of the agri- 
cultural tractor and the strenuous and varied nature 
of the work which it has to perform, the fact that 
only two machines failed to endure unto the end is 
creditable alike to designers and manufacturers. 
The report of the judges gives the names of the 
prize winners in each class, but as these were pub- 
lished last October we need not repeat them. It is, 
however, satisfactory to note that in the largest 
class, namely, that for tractors driven by internal 
combustion engines rated at not more than 30 h.p. 
and suitable for pulling three furrow ploughs, out 
of 17 starters the first and second prize winners 
were British built machines. Indeed, of the whole 
of the 11 prizes awarded, five firsts and three seconds 
fell to British makers, and two firsts and one second 
to foreign makers. Just about half the machines 
competing were British built, but in considering 
the preponderance of the prizes which fell to this 
country it must be remembered that there were 
no foreign entries in the classes comprising steam 
tractors, and steam and motor cable-ploughing 
apparatus. The British firms concerned with the 
manufacture of ploughing tackle of these kinds 
hold such a pre-eminent position as regards their 
particular specialities that only two firms competed 
in the cable ploughing classes. 
Of the fairness of the trials and the care with 
which they were carried out there can be no ques- 
tion. In order that the tests should not be com- 
plicated by the results of using different ploughs, 
the tractors in the two and three-furrow classes 
were all provided with exactly similar ploughs 
made by an independent manufacturer and adjusted 
by his men. A special form of dynamometer, 
which we illustrated in our issue of November 26, 
1920, was used to record the draw-bar pull, and when 
this indicated a variation in the nature of the land, 
the tractors were changed about so that each should 
have its fair share of light and heavy work. The 
tests included not only the ploughing of various 
kinds of land, but also manoeuvring capacity, 
radius of turning circle, hill climbing powers, 
distance of stopping, &c. These tests, or some of 
them, were apparently confined to certain selected 
machines, but whether the selection was made 
according to the desire of the competitors or the 
judges is not clear. In fact, there are an enormous 
number of things which are not clear and the value 
of the report is very much less than it might have 


the prizes the judges were unanimous, and from 
the standing of the gentlemen concerned we are 
perfectly sure that their unanimous decisions 
accurately reflect the respective merits of the com- 
petitors. But it is perfectly justifiable to ask what 
points were taken into consideration in deciding 
upon the order of priority, and what were the 
number of marks available and actually earned in 
respect of each of them. It is impossible to get 
any information on this subject either from the 
regulations governing the contest or from the 
report of the judges. 

We do not raise this question from any desire 
to be critical. The trials we believe to have been 
of great value, and not the least to the competitors 
themselves. Furthermore, the prospective buyer of 
an agricultural tractor may be sure that in placing 
his order for a prize winner he has selected a machine 
which in the opinion of competent and impartial 
judges was the best of its class. But this is not 
enough. One might reasonably want to know what 
was the fuel consumption of the selected machine 
and how long it took to plough an acre of a certain 
quality of land. On both these very important 
questions the report is silent. All we are told 
about fuel consumption are the minimum and 
maximum figures attained by machines of that 
class, and the average of the five most economical 
machines. Not a word is said about the actual 
economy of the prize winner, which may have 
earned its award for excellence in respect of some 
entirely different characteristic. To show that 
this is not a trivial point, we may quote the only 
figures given for machines of the three-furrow 


was 2-96 gallons per acre. Here we have a differ- 


3-63 gallons per acre. 


consumption. 


convenient to calculate the 
“equivalent acre.” The “ 
constant at 500 Ibs. per share. 
presented indicate a considerably greater dis 
machines than when the actual acreage is taken 
For example, the fuel consumption for the three 


furrow tractors mentioned above 
1-78 to 5-34 gallons per 


performance of each tractor actually was. 


five was 1-21 hours. On heavy land the corre 
hours respectively. 
may have been either the fastest or the slowes 
soil at any intermediate pace. 


tion at all as to the speed of the prize winner, o 
indeed of any other specified machine. 


descriptions of them which are given. 





been on that account. We are told that in awarding 


class. On light land the minimum consumption 
was 2-06 gallons per acre, the maximum 4-12 
gallons per acre, and the average of the lowest five 


ence of exactly 100 per cent. between the best 
and the worst, which is equivalent to practically 
4s. per acre, with paraffin at 1s. 1ld. per gallon. 
With the same tractors on heavy land, the corre- 
sponding consumption figures are 2-96, 6-51 and 
On such land we have a 
difference of 6s. 9}d. per acre or 120 per cent. be- 
tween the fuel costs of the best and worst machines. 
And yet, with so great a range of economy, there is 
nothing to indicate how the prize winner, or, indeed, 
any other specified machine, stands as regards fuel 


The judges state that, in order to compare figures 
of fuel consumption on a basis which would allow 
for differences of draw-bar pull due to inevitable 
variations in the nature of the land, they found it 
consumption per 
equivalent acres” for 
any machine are the number of acres which would 
have been ploughed, had the draw-bar pull remained 
Only very few 
figures are given on this basis, but such as are 


crepancy between the efficiency of the various 


varies from 
‘equivalent acre,” a 
difference surely great enough to have caused the 
judges to see the desirability of stating what the 


Turning to the question of the speed of ploughing, 
and still considering the popular three-furrow class, 
we find a similar absence of useful information. 
On light land, for example, the fastest machine 
took 1-09 hours to plough an acre, the slowest 
took 1-99 hours, and the average time of the fastest 


sponding times were 1-30 hours, 4 hours and 1-52 
As there is no indication to 
the contrary the fastest machine on the light land 


on the heavy land, or it may have ploughed this 
There is no informa- 


The real value of the report lies in the tabulated 
information concerning the leading particulars of 
the various competing machines and in the short 
The tabula- 
tion is quite well done and furnishes a concise 


summary of the principal features of the leading 
tractors on the market, which is very convenient 
for purposes of comparison or reference. The 
absence of any information as to the irrespective 
performances, however, is particularly jregrettable. 
If one compares the report of the Royal Agricul- 
tural Society upon the trials of gas engines and 
producers which were carried out at Derby in 1906, 
the failings of the present report are painfully 
obvious. In the former case, the trials were con- 
ducted by the R.A.S.E. alone and the judges were 
able to give the fullest possible figures as to perform- 
ance without considering the feelings of any other 
organisation. The consequence was that a docu- 
ment of great engineering value was produced, 
which served for years as an unimpeachable work 
of reference. One has learned to look to the Royal 
Agricultural Society for work of this sort and it is 
to be hoped that the earlier practice may be re- 
verted to. Every competitor should know that 
every important fact concerning the performance 
of his machine will be recorded and faithfully 
attributed to it, whether for good or evil, so that 
those who propose to purchase machines may form 
their own opinions as to their respective merits. 
No reputable maker would refuse to enter such a 
competition with judges and observers of the type 
appointed by the R.A.S.E. Having confidence in 
their machines the best makers would welcome the 
opportunity of publicly demonstrating their capa- 
bilities before an impartial jury, and of obtaining 
in this way the credit they deserve. The objects 
of the R.A.S.E. are presumably to bring about the 
improvement of agricultural machinery and to 
protect the buyers from claims which cannot be 
substantiated. Both of these aims are best attained 
by publishing openly and fearlessly the facts con- 
cerning the performances upon which the respective 
merits of the machines are determined. 





CONCRETE HOUSES. 

Durine the war skilled labour was used more 
economically and effectively in this country than 
at any other period of our industrial history. With 
the assistance of just a few craftsmen, girls and 
women showed themselves fully competent to turn 
out, not merely comparatively rough products such 
as shells, but to manufacture complete machine guns, 
and cannon up to 6-in. in diameter, a class of work 
previously considered to require almost the highest 
class of skilled workmanship. Unfortunately the 
experience thus acquired has had, to a large extent, 
to be scrapped in concession to long-established but 
highly ignorant and shortsighted prejudices. So far 
as the engineering trade were concerned the public 
had no choice in the matter as the trades unions 
declared frankly enough, that unless promised a 
restoration of former practices at the end of the 
war, the nation would have to fight them and the 
Hun simultaneously. No such promise was, how- 
ever, necessary in the building trades, as little 
building not directly contributing to the defence of 
the realm was permitted during those tragic years. 
On disbandment, there were a large number of 
ex-soldiers seeking jobs, and there was at the same 
time an unprecedented demand for additional 
housing. As the Romans proved two milleniums 
back, building is one of the trades in which un- 
skilled labour can be readily and effectively utilised 
by choosing suitable methods of construction. If 
instead of spending years in arguing with intransi- 
ent and ill-informed labour leaders, the authorities 
had set to work promptly to employ the ex-soldiers 
on building, much further progress would have been 
made in meeting the need for houses, and by the 
introduction of piece-work, costs would have been 
reduced so largely that the consequent demand for 
buildings would have secured permanent employ- 
ment with large earnings to a body of building trades 
operatives very much more numerous than it will be 
possible to find work for under existing conditions. 
Once it was apparent that the masons, bricklayers 
and the like, were determined to maintain their 
selfish and shortsighted restrictions,’ steps should 
have been taken to make building possible without 
the assistance of any but a small corps of specialists. 
A more general adoption of concrete would have 
made it possible to employ much unskilled labour. 

At present, as pointed out in a highly interesting 
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discussion, which took place at the recent meeting of 
the Institution of Municipal and County Engineers 
at Worcester, the building trades are demanding that 
concrete work shall not be done by untrained ex- 
soldiers, and as a consequence costs are much 
higher than they should be, since the only labour 
that the building trades unions will permit to be 
employed on such work is at least semi-skilled 
and barred from working on piece. Nevertheless 
a certain number of concrete houses are now being 
built, and in a paper read at the meeting aforesaid 
Mr. Wm. Ransom, A.M.I.C.E., described work of this 
character now in course of execution at Worcester. 
Here 56 houses are being erected with concrete 
blocks. The external walls are hollow, and in the 
case of the lower storey the outer face consists of 
blocks measuring 16 in. by 8 in. by 4 in., made of 
gravel concrete. For the second storey, the thick- 
ness of the blocks is reduced to 3 in. For the inner 
face, blocks of the same dimensions are used, but 
clinker is used for the aggregate. Other houses 
in this district are being constructed on a system 
due to Mr. J. Mitchell, a New Zealand architect, 
who uses blocks of special form, so constructed 
that they can, after erection, be keyed together in 
position by straight iron rods. The interspaces are 
then filled in with grout, and the result is an exceed- 
ingly strong structure, which is practically mono- 
lithic. At Leeds, some 800 houses are being built 
on the “Duo” slab system. These slabs are 
3 ft. 7 in. long by 8 in. high, and are 2? in. thick. 
They are made, on the site, in stacks of 36, 
and require no handling until they are to be 
used. Sawdust is employed to separate the blocks 
aud keep them moist whilst setting. When walled 
into the house the slabs give a unit length of 4 ft. 
In fixing, the foundations are built up to within 
3 in. of the floor line and a damp course laid as usual. 
On this course vertical guide pieces measuring 
8 in. by 1} in. by 8 ft. long are erected at 4 ft. 
centres and held upright by the first floor joists, 
which are at once placed in position. Similar ex- 
ternal guides are next fixed and bolted to the 
internal guides, and the slabs are then laid dry 
between the guides so as to leave between them a 
2-in. cavity. A parting slip is placed in this cavity 
at the end of the slabs, and completes the shuttering 
between the internal and external guide pieces. 
The whole is filled in with concrete, and the guide 
pieces and bolts are readily removed for use else- 
where. The external face is finally rough cast 
by means of the cement gun. 

From the discussion on the paper it appears 
that the cost of concrete houses has so far not 
been materially less than that of brick. As further 
experience is gained, however, there should be a 
material reduction, particularly if steps are taken 
to dispense as far as possible with skilled labour. 
Plastering, for instance, could perhaps be largely 
abandoned, as an excellent internal finish can now 
be obtained in other ways. The main hope, 
however, lies in the introduction of piece-work, by 
which the men will secure higher yearly takings, 
whilst the labour costs will be materially reduced ; 
thus encouraging building and providing many more 
men with employment. 





THE INSTITUTE OF PHYSICS. 

TovucusToNE defined a natural philosopher as one 
who knew that “‘ the property of rain was to wet,” 
a generalisation which is daily confuted by the 
work of the lithographer. Nowadays this kind of 
knowledge is considered to. be rather the mark 
of the craftsman, who often knows exceedingly well 
highly important scientific facts,:but whose know- 
ledge and interest stop there. The natural philo- 
sopher or physicist differs from the craftsman in that 
his province is to ascertain how it happens that 
water does not always wet, and the solution of such 
problems has for the most part been sought by him 
solely to satisfy an intellectual curiosity. Never- 
theless such studies in their ultimate outcome 
have inaugurated a new age in the history of man- 
kind, the age of energy which, inheriting the 
accumulated lore of the iron, the bronze, and the 
stone ages, which preceded it, has added a new 
factor which directly or indirectly has largely trans- 
formed the face of the globe and completely altered 
the intellectual outlook of mankind. When Queen 
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Victoria ascended the throne in 1837 practically all 
educated people accepted without question the view 
that the world was only some 6,000 years old, whilst 
to-day, the physicist, by a study of the sequela of 
past radioactivity is able to date certain rocks as 
laid down at least 100,000,000 years ago. 

On the material side the change has been equally 
startling. Intercourse between man and man has 
been increased, and the ultimate outcome will 
certainly add not merely to the material comfort 
of mankind but will most certainly also raise his 
ethical standard, which in one particular at least 
stands higher than ever before in human history. 
Wanton cruelty is far less prevalent than at the 
dawn of the present age, and is a direct outcome of 
the greater facilities now available for the inter- 
change of thought. 

It is true, of course, that the changes in question 
have for the most part been due to the engineer, 
but if it be his province to direct the great forces 
of Nature to the use and benefit of mankind, it is the 
task of the physicist to ascertain the nature of these 
forces and the character of the mechanism at work, 
when the component parts are too minute to be 
perceived save by the scientific imagination. 

In this country, owing largely to the narrowly 
specialised instruction provided in our schools, 
the value of the work of the physicist was long 
appreciated by few. Up tothe outbreak of the war, 
the Treasury (controlled in the main by the half- 
educated product of Oxford) were far from liberal 
in the value they attached to scientific knowledge. 
In frequent instances the salary they offered to 
expensively-trained graduates in science was of the 
order of 31. a week. When the Germans made their 
assault on Western civilisation it took no little time 
to convince the Departments of State that some- 
thing more than the possession of a good literary 
style was necessary to defeat the raid. In the end, 
however, the physicist and the engineer were called 
in—inadequately and imperfectly, it must be ad- 
mitted—-but, nevertheless, effectively, and amongst 
the principal factors, in our ultimate but hardly- 
won success, must be reckoned the contributions 
made by our physicists. As one result the number 
of physicists has greatly increased, and whilst twenty 
years ago, almost up to the outbreak of the war, 
few students of science could hope for anything 
but a badly-paid teaching career, the demand for 
their services now exceeds the supply, although 
the number available has enormously increased 
and is estimated by Sir J. J. Thomson to be 800 
to 1,000 to-day. The time is therefore apt for 
more completely organising this body of workers, 
and in the Institute of Physics a start is being made 
with 300 members, the president designate being 
Sir J. J. Thomson, who, as Prof. Bragg aptly said 
at the meeting, had for years constituted in himself 
a British Institute of Physics, his magnificent work 
at Cambridge having played a large part in bringing 
the study of science into the esteem in which it 
was held to-day. The inaugural meeting of the 
new Institute was held on Wednesday last at the 
Institution of Civil Engineers. 

In his address to the meeting, Sir J. J. Thomson 
recalled the fact that when the Cavendish laboratory 
was founded at Cambridge in 1873, the original 
estimate for buildings and equipment complete was 
6,3001., and he further stated that right up to 1914 
the cost of new apparatus required for research work 
never exceeded 400/. in any year. This fact is the 
more striking in view of the revolutionary and 
fundamental character of the discoveries made, 
which are out of all proportion immensely more 
important than the voluminous investigations 
characteristic of the extremely liberally-equipped 
and endowed laboratories of the Fatherland. This 
fact emphasises the truth of an observation made 
by Mr. Balfour, who attended the meeting in his 
capacity of Lord President of the Council and official 
head of the Department of Scientific and Industrial 
Research. Mr. Balfour made the point, to which 
we have repeatedly called attention in our own 
columns, viz., that you cannot ensure work of funda- 
mental importance by increasing the number of 
your investigators or the lavishness of your equip- 
ment. Men of genius are born, and a great scientist 
can no more be created by education than canja 








great poet. Nevertheless, as Sir J. J. Thomson 
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pointed out, even the pioneer is helped by the work 
of the mass of scientific hodmen. The promul- 
gation of any new creative idea is necessarily 
followed by a period of suspense in which its 
implications are tested by comparison with experi- 
ment, and the bulk of this work requires little but 
intelligence, honesty and a reasonable amount of 
ingenuity on the part of the observer. This work 
requires time, and the more workers that are 
available, the less is the period which must elapse 
before the new contribution to human thought is 
fully assured, and the ground cleared for another 
move forward by the pioneers. The great difficulty 
in the way of increasing our army of workers is the 
financial one. When the Cavendish laboratory was 
first inaugurated the equipment was small, but so 
were the number of workers, and as one consequence 
a student could be sure of retaining necessary 
instruments till the end of his studies. As the 
number of students increased, this happy condition 
of affairs terminated, and as Professor Bragg said, 
investigators had to copy the example of the temple 
builders described in Nehemiah, and conduct their 
work with “their trowel in one hand and their 
sword in the other.” Otherwise, they were likely 
to find missing some essential part of their plant. 

Owing to our present poverty, the Treasury has 
had to cut down the grants appropriated to scientific 
research, but Mr. Balfour said that this had been 
done most reluctantly, as it was recognised that 
no possible form of expenditure promises to yield 
a richer return to the nation. If, he said, our 
industries expended half as much energy in increas- 
ing the natural productivity as they did in quarrel- 
ling over the distribution of the present relatively 
feeble gains, there would be not merely an immense 
improvement in the material well-being of the 
nation, but there would also be much greater leisure 
for all, a condition which could be nothing but 
beneficial, intellectually and morally, provided 
always that men learnt to use it wisely, which as 
matters stand is too infrequently the case. Educa- 
tion only can supply a remedy. 

The qualifications for members of the new 
Institute of Physics will be high, but it is hoped that 
some 800 to 1,000 members may be secured within 
the next year or so. There will be two classes of 
members, viz., associates and fellows, the former 
will be required to pass an entrance examination, 
or some recognised equivalent,.and to have had, 
in addition, a year’s approved research or manu- 
facturing experience. Fellows will have to show 
a record of five years’ experience either in research 
or in a position requiring a thorough knowledge 
of physics. The entrance fee will be respectively 
one guinea and two guineas for the two classes, 
and the annual contributions will be the same 
amounts. The secretary is Mr. F. 8. Spiers, of 
10, Essex-street, Strand. 





NOTES. 
Tue New Evxcrriciry Supriy Bm. 

A Biz to amend the Electric Supply Act of 1919 
was introduced by the Government on the 12th 
inst. Its essential purpose is to provide some 
method by which the activities authorised by the 
earlier Bill may be financed. The new Bill is to 
all intents and purposes identical with the Elec- 
tricity (Supply) (No. 2) Bill which was introduced 
towards the end of the late session, and was then 
withdrawn. We analysed this (No. 2) Bill in some 
detail in our issue of January 2] last, and the time 
which has elapsed since that date has not added 
any new brightness to the whole electricity posi- 
tion brought about by the Act of 1919. As we 
have said, the essential purpose of the 192] Bill 
is to provide some system of finance for the Joint 
Electricity Authorities which are to be brought 
into existence, but it is impossible to consider the 
financial aspects of the matter without regard to 
the formation of the authorities concerned. So far 
remarkably little progress has been made in con- 
stituting these authorities, and the various local 
inquiries have suggested that in general there will 
be much difficulty in getting them formed. A 
start appears to be likely, however, in the West 
Lancashire area, and one working example} may 
possibly assist those concerned in other areas to 





come a little closer together. The chief opposition 
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to the new Bill is likely to turn on the fact that 
local authorities will be able to loan money to the 
Joint Authority with which they are concerned. 
In \view of the (attention which is being given to 
the whole matter of local taxation at the present 
time one may anticipate considerable opposition 
to any new borrowing by local authorities. A 
further point which is being canvassed is the handling 
of public funds by a non-elected, or partly non- 
elected body such as the Joint Authority will be. 
In this respect, however, the case would not appear 
to be different from that of investment in trustee 
railway stock by a municipal corporation. 


THe Proposep THAMES TUNNEL. 

Some time ago we briefly mentioned in this 
column the proposal to construct a tunnel under 
the Thames between Tilbury and Gravesend. 
The developments now afoot intended to increase 
the facilities of the Tilbury Docks and to advance 
industrial development in Kent lend importance 
to the scheme, and we understand that the 
Minister of Transport has announced his willingness 
to receive a deputation on the subject. The pro- 
posal has not, of course, taken absolutely definite 
shape as yet, but is so far advanced that the best 
points for the crossing, and those where a tunnel 
line would link up with the existing Midland Rail- 
way on the north side, and the South Eastern and 
Chatham Railway on the south, have been suggested. 
Connection would be made on the north side with 
the present Tilbury Docks Station so that traffic 
landed here could pass direct by rail to the south- 
east and southern counties without going through 
London. A deep-level station could also be pro- 
vided close to the river for passenger service, with 
another deep-level station on the Gravesend side 
at Queen-street, the line emerging near the Gas 
Works, and joining with the South-Eastern and 
Chatham Railway half a mile beyond. The deep- 
level stations would be provided with lifts, and would 
serve the very considerable and increasing passenger 
traffic from Gravesend to the docks opposite, which 
now has to depend upon a somewhat unreliable 
ferry service. According to a map published in 
the Gravesend Reporter recently the complete 
scheme includes an outer belt railway connecting 
up with the Great Eastern, the Great Northern 
and the Midland main lines. This line would run 
from near Pitsea on the Southend line of the 
Midland to a point near Ingatestone on the Great 
Eastern, across to Sawbridgeworth, also on the 
Great Eastern, Stevenage on the Great Northern, 
and Luton on the Midland, where also connection 
would be made with the London and North Western 
Railway. In addition to facilitating the distri- 
bution of the traffic entering the country by way 
of the Tilbury Docks, that from the South-East of 
England, including a good portion of the incoming 
Continental traffic, would have a means of access 
through such a tunnel direct to the midlands. This 
would be of inestimable advantage in the case of 
perishable traffic such as fruit, &c., in which the 
delays in transit via London are very serious. There 
is little doubt therefore that the tunnel would be 
advantageous for the development of Kent. That 
it should have some military value is proved 
by the fact that during the war it was considered 
necessary to keep a pontoon bridge ready for use 
across the river at much the same point. The 
strategical value may not perhaps be of quite the 
same moment now as recently, and it is mainly on 
the possibilities as regards industrial development 
on both shores of the river, and of the advantages 
which should accrue to the whole South-East of 
England, that reliance is placed to bring the scheme 
into actual being. So far as imvestigations have 
gone, from the engineering point of view the scheme 
appears to be eminently practicable. 


TELEPHONE ProGRESs AND THE Cost OF SERVICE. 


Owing, apparently, to reasoning based on an 
analogy with the cost of electric power, which, in 
general, decreases as the load on a supply area 
increases, it has been held that the cost of the tele- 
phone to the individual subscriber should decrease 
as the number of subscribers becomes larger. 
Some point has been made of this matter in connec- 
tion with recent discussion about the British tele- 
phone service, but the idea is not supported by 


telephone charges in other countries in which the|_ 


highest rates are charged in large towns where the 
telephone installation is most dense. A detailed 
examination of telephone charges which was 
brought forward by the Engineering Department 
of the Post Office on Wednesday last at a meeting 
of the Select Committee on the Telephone Service 
contained some interesting information relating 
to this subject. Increase in the number of sub- 
scribers brings in economies of a more or less 
obvious nature, but at the same time it also 
brings in increased expenditure in other direc- 
tions which more or less balance the economies. 
Savings per individual installation are introduced 
owing to apparatus and plant being bought in larger 
quantities and owing to the wiring becoming more 
dense and the cables becoming larger and conse- 
quently cheaper per wire. Against savings made 
in these ways, however, the cost of constructional 
and road work is for obvious reasons greater in 
busy urban districts than in rural districts. In 
the matter only of the provision and maintenance 
of subscribers’ lines, these various conditions work 
out overall somewhat in favour of the urban area 
and relative figures for instance, for London and 
the Provinces, are 7]. 10s. and 81. 4s. 6d. These 
figures, however, do not cover the whole cost of 
a telephone service, and the cost of switching 
and switching plant rises as the system becomes 
more complex. Junction operators have to be 
introduced whose only duty is to pass calls between 
the different exchanges in an area and the number 
of these junction operators and the complexity of 
the plant they have to handle obviously increase 
with increase in the size and density of the area. 
This is well brought out by the fact that London, 
with 150,000 subscribers, requires 150,000 miles of 
inter-exchange junction circuits, while Manchester, 
with 20,000 subscribers, requires only 8,000 miles 





of junction circuits. The cost of exchange switch- 
boards also increases rapidly with the size of the 
exchange, the multiple equipment increasing ap- 
proximately as the square of the number of sub- 
scribers. The overall result is that the cost per 
message in London is 1-65d. as compared with 
1-38d. for the provinces. With the 14d. per 
message adopted for the whole country a small 
overcharge is obviously made in the provinces and 
a small undercharge in London, and to adjust this 
a difference has been made in the installation 
rental which has been fixed at 8/. 10s. Od. for 
London, and 71. 10s. Od. for the country generally. 
It will be evident from the figures quoted earlier 
that the provincial installation charge is less 
than the actual cost, the difference making up 
the increase in message rate which is imposed. 
Although the Post Office engineers cannot suggest 
any cheapening of the telephone service on the 
score of mere increase in the number of subscribers, 
they point out that technical improvements may do 
much in the future. In the past the development 
of the common battery system, air-space cables 
and the loading of telephone lines by the insertion 
of inductance coils, have all acted in the direction 
of cheapening service and the quite recent develop- 
ment of the thermionic valve telephone repeater 
is acting in the same direction, by enabling the 
amount of copper in the lines to be greatly decreased. 
A Post Office trunk cable ordered in 1913 and in 
use between London and Liverpool, contains 
52 pairs of copper conductors, some of which 
weigh 200 Ibs. to 300 lbs. a mile. Trunk cables of 
about the same size are now being laid, intended 
for use with repeaters, which contain 308 pairs of 
conductors weighing only 20 lbs. a mile. 





Crinan Canat Inqurry.—The Minister of Transport 
has appointed a committee to inquire into the advan 
to the trade of the country and to the population of the 
Islands and the West Coast of Scotland in maintaining 
the Crinan Canal, or in improving it, and in the latter 
case for the accommodation of what size of vessel. 
The chairman of the committee is Sir W. H. Raeburn, 
M.P. ; the other members are Mr. Thomas Stark Brown, 
Corporation of Glasgow; Mr. P. D. Hendry, Chamber 
of Shipping of the United Kingdom ; i ee > 
Houghton, Scottish Union of Dock Labourers ; 1 
John Maclachlan of hlan, Argyll County Council ; 
Mr. Melville Neill, National Farmers’ Union of Scotland 
and Mr. William F. Russell, of the Glasgow Chamber of 
Commerce. Mr. Arthur Sharp, of the Development 
Department, Ministry of Transport, 6, Whitehall Gar- 





dens, 8.W. 1, is appointed as secretary. 
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NOTES ON NEW BOOKS. 


When Professor Paul de Chambrier read a paper 
on “ Petroleum Mining by Shafts and Galleries” before 
the Institution of Petroleum Technologists—we 
commented upon this paper in our issue of February 18 
last—he passed lightly over the dangers and difficulties 
they had encountered in the Perhelbronn mines in 
Alsace, his object being to outline the possibilities of 
the method. This pamphlet on “ Exploitation du 
Petrole par Puits et Galeries” [Paris, H. Dunod] does 
not conceal the serious risks. Oil vapours are ex- 
plosive. Ordinary safety lamps are no good in these 
vapours, because the vapours fume on burning, and 
deposit soot on the wire gauge, which may smoulder; 
hence portable accumulator lamps have to be used. 
The vapours are also poisonous ; that the smell gives 
warning is little help to the men who may be over- 
powered before they can escape. Two grave accidents 
occurred in August, 1919, within three days of one 
another. In the first a pickaxe striking a nodule of 
pyrite started a fire near well I which spread rapidly. 
The safety iron doors were closed and dammed with 
sand; the doors were reopened five days Jater, but 
the air being still explosive, had to be closed again ; 
another explosion (not explained) occurred four days 
later. Then steam was forced down for four weeks, 
during which time the whole operations were stopped, 
while after another explosion the steam injection was 
resumed, and this part of the mine was closed for a 
year. The second accident was caused by a failure 
of the cage rope in well II. The cage fell, the sparks 
produced during the fall set fire to the oil, and four 
men remained suspended in another cage for 2 hours ; 
one of them died. There were also more victims. 
Fire extinguishers and gas masks were provided at 
Pechelbronn. Altogether one gains the impression 
that the German Government would hardly have 
ventured upon the use of this method of sinking late 
in 1916 if it had not been for the dearth of petroleum 
and the war stress. 





WE are told so much nowadays about the structure 
of the atom and atomic numbers and that physical 
and chemical properties, affinity and valency depend 
upon the relations between electrons and nuclei, that 
we may feel somewhat disappointed at not finding the 
first two terms mentioned at all in a book on chemical 
theory, while electrons are only just alluded to. Though 
terms are quite as significant and rea] to the modern 
physicists, as atomic weight and molecules are to the 
old-fashioned: chemist, we do not, however, blame 
Professor R. M. Caven, Professor of Chemistry at the 
Royal Technical College, Glasgow, for leaving them out 
of his “ Foundations of Chemical Theory”’ [London 
and Glasgow: Blackie and Son, Limited, price 10s. 6d. 
net]. The author endeavours to make the founda- 
tions of chemical science plain and real to the average 
student who is to consult the book during his second- 
year course. At that stage the student is best not 
worried about views on specialised physics, which, 
however widely held, might lead the beginner astray. 
The states of aggregation of matter and properties of 
gases, liquids, solids and solutions, to which Dr. Caven 
devotes chapters of his volume, are likewise rather 
physical than chemical; but those foundations of 
physical chemistry are truly laid, and the teacher 
will probably continue to start from them for a long 
time to come. Though we are doubtful about the 
justification of statements such as that colloidal “ sols 
are converted into gels by catalysis,” we think that Dr. 
Caven’s volume of 266 pages, printed in clear type 
on good paper, can on the whole be recommended. 





Tue Design or Winp TunNeEts.—Report No. 98, 
recently issued by the United States National Advisory 
Committee for Aeronautics on the subject of wind- 
tunnel design and propellers for wind tunnels, is a con- 
tinuation of an earlier report numbered 73, and it con- 
tains the results of an experimental investigation of the 
variations in velocity and direction of the air stream. 
The effeets were studied by means of a recording air- 
speed meter and a recording yaw-meter, and the work 
was carried out in a model tunnel 1 ft. in diameter and 
also in a full-size 5-ft. tunnel. Radial vanes placed 
directly in front of the propeller in the exit cone were 
found to increase the efficiency considerably and also to 
give a steadier flow. A honeycomb placed at the mouth 
rtion, however, was found to 
decrease the efficiency, although it was of great assistance 
in straightening the flow. Several different types of 
diffusers tried in the return air stream effected only 4 
slight improvement in the steadiness of the flow, and 
experiments on the effect of the shape of the exit cone 
showed that a straight cone gave the highest efficiency 
in all cases. The effect of a closed room placed round 
the model tunnel, and having the same proportional 
dimensions as those of the room enclosing the 5-ft. tunnel, 
was to decrease the wind speed by 14} per cent. for the 
same expenditure of power. Spinners fitted on the 
propeller in the model tunnel did not give any improve- 
ment in efficiency or steadiness. A copy of the report 
may be obtained from the National Advisory Committee 





for Aeronautics, Washington, D.C., U.S.A. 
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THE ITALIAN GEARED TURBINE PASSENGER LINER “ESPERITA.” 


CONSTRUCTED BY THE 





SOCIETA ESERCIZIO BACINI, SHIPBUILDERS, GENOA. 
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On the present page, and on page 524 of this issue, 
we reproduce photographs of the passenger liner 
Esperia, which has recently been completed by the 
Societa Esercizio Bacini, of Genoa. The vessel has 
been built to the highest class of the Registro Navale 
Italiano for the Societa Italiana di Servizi Marittimi, 
and is intended to run between Genoa, Alexandria and 
Venice. The half-tone engraving, Fig. 1 on this page, 
shows the general appearance of the ship at sea, and 
the remaining illustrations give some idea of the 
luxurious nature of the passenger accommodation. 
The main dimensions of the Esperia are: Length 
between perpendiculars, 492 ft. 1 in.; breadth, 61 ft. 
7in.; draught, 23 ft. 7in.; and gross tonnage, 11,393. 





Tse Lounce. 


Her contract speed was 21 knots on a 6 hours’ trial, 
while the speed actually attained in the trials just 
completed was 21-38 knots. This, we believe, is the 
highest speed of any Italian passenger vessel. 

The passenger arrangements, which were planned 
by the owners, provide accommodation for 205 passen- 
gers in de luxe staterooms, 118 second-class passengers, 
56 third-class passengers and 100 emigrants, while the 
officers and crew total another 300 persons. The 
principal saloons for the de luxe passengers are situated 
on the promenade deck and include a large lounge 
in Regency style, illustrated in Fig. 2 above, a writing 
room in Louis XV style (Fig. 3, on page 524), a smoking 
room in Italian Renaissance style, two galleries in 





, 











Louis XVI style, one of which is illustrated in Fig. 5, 
a ladies’ room, restaurant and two private dining 
rooms. These apartments meet all possible require- 
ments as regards comfort. Three tastefully decorated 
and conveniently arranged private suites are also 
provided in the de luxe passenger accommodation. 
These each consist of one double-bed stateroom, a 
single-bed stateroom, a sitting room in Louis XVI 
style, illustrated in Fig. 4, a bath room supplied with 
hot and cold fresh water, and a w.c. The doors are so 
arranged that any of the rooms can be used inde- 
pendently of the others if desired. 

On the lower bridge deck are placed 108 cabins 
arranged for either one or two persons, and on this 
deck is also situated the main dining room, which is 
capable of accommodating 150 persons, and is illus- 
trated in Fig. 6, on page 524. It is decorated in Louis 
XIV style, and is lighted in the day time by 10 large 
windows and an ornamental glass dome. An electric 
passenger lift runs between the two decks above- 
mentioned. All the de luxe general rooms were 
decorated and furnished by Messrs. Ducrot and Co., of 
Palermo. 

The second-class accommodation, which is also very 
comfortable, comprises a spacious dining saloon, 
music saloon, smoking room and children’s room, 
The cabins, which are fitted for two, three or four 
persons, are situated in the after part of the ship. 
Third-class passengers are berthed in cabins for two, 
four or six persons, and a large dining saloon and reading 
room are provided for their use. 

The vessel is propelled by two sets of Parsons 
turbines developing 19,600 shaft horse-power together, 
and driving two screws through mechanical uction 
peering. Both turbines and gearing were constructed 

y Messrs. N. Odero and Co., of Genoa. Steam is 
supplied at a pressure of 220 Ib. per square inch from 
10 cylindrical boilers grouped in two separate stoke- 
holds. Each group consists of two double-ended 
boilers with six furnaces each, a double-ended boiler 
with eight furnaces, and two single-ended boilers 
with four furnaces each. The total grate area of the 
boilers is 1,129 sq. ft., and the total heating surface 
47,312 sq. ft.; forced draught is supplied on the 
Howden system. The boilers, auxiliary machinery, 
piping, &c., were all constructed by the shipbuilders, 
while a set of six 2-ton hydraulic cranes mounted on 
the decks for handling baggage and goods, were con- 
structed by the Officine Elettro-Meccaniche of Rivarolo 
Ligure, Genoa. 

We understand that the trials, above referred to, 
were entirely satisfactory, and that a noticeable feature 
was the almost complete absence of vibration. 
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INDUSTRIAL NOTES. 


Deattnc with the labour situation, the Minister 
of Labour states that employment in March showed 
a further decline and there were large increases both 
in the numbers unemployed and in the numbers working 
short time. In a few industries, including brick making, 
shale mining, building and agriculture, employment 
was generally maintained, but most of the other 
industries were seriously depressed. The percentage 
ier among members of trade unions (mainly 
of skilled workpeople) from which returns are received, 
rose from 8-5 at the end of February to 10-0 at the 
end of March, and the percentage of unemployed 
among the 12,000,000 workpeople insured under the 
Unemployed Insurance Act rose from 9-5 at the end of 
February to 11-3 on March 24. In addition to those 
unemployed, 382,000 males and 456,000 females were 
registered as working systematic short time on 
March 24, to such an extent as to entitle them to benefit 
under the Unemployed Insurance Act or the Out-of- 
Work Donation Scheme. At the end of February the 
corresponding numbers were 320,000 and 423,000. 
The number of workpeople registered at the Employ- 
ment Exchanges as unemployed on March 24 was 
approximately 1,414,000, of whom 936,000 were men, 
365,000 were women, and the remainder were boys 
and girls, At the end of February the corresponding 
number was 1,218,000, of whom 802,000 were men and 
310,000 were women. The number of vacancies 
notified by employers to the Exchanges and unfilled 
at the end of March was 41,000, of which 12,000 were 
for men and 25,000 for women. At the end of 
February the total was 42,000, of which 15,000 were 
for men and 24,000 for women. 

The total number of. trade disputes, involving 
stoppages of work, reported to the department as 
beginning in March, was 42. In addition, 63 disputes 
which began before March were still in progress at the 
beginning of that month. The total number of work- 
people involved in all disputes in progress in March 
was about 31,000, as compared with 28,000 in the 
previous month, and 134,000 in March, 1920. The 
most important dispute in progress was that involving 
ship joiners, who have been on strike since December 1 
last against a pro reduction in wages. The 
estimated regate duration of all disputes during the 
month was about 469,000 working days, as compared 
with 378,000 days in February, 1921, and 788,000 days 
in March, 1920. (It will be remembered that the 
dispute in the coal-mining industry commenced on 
April 1.) 

In the industries for which statistics are collected, 
changes in rates of wages reported to the department 
as having been arranged to come into operation in 
March affected over 360,000 workpeople, of whom 
350,000 sustained decreases, amounting to 60,0001. 
in their weekly wages, and over 11,000 received in- 
creases, amounting to nearly 2,900/. a week. The 
trades chiefly affected by the reductions in March were 
the textile trades. About 200,000 woollen and worsted 
operatives sustained a further decrease, under the 
operation of sliding scale agreements by which wages 
fluctuate in correspondence with the Ministry of Labour 
index number of retail prices and rents, making in the 
case of timeworkers a total decrease since the beginning 
of the year of 30 per cent. on basis rates or about 
11 per cent. on the rates current at the end of 1920. 
Other bodies of workpeople whose wages were reduced 
during March included iron ore miners in Cumberland 
and Furness, shale miners in Scotland, steel millmen 
in Scotland, iron puddlers and millmen in the North 
of England and Scotland, electricity supply workers 
in London, youths and boys in engineering works in 
the Birmingham and Wolverhampton district, lock, 
latch and key makers and drop-forgers in the Birming- 
ham district, and stoneware workers in Scotland. 

On April 1 the average level of retail prices of all the 
commodities taken into account in the statistics pre- 
pared by the Ministry of Labour (including food, rent, 
clothing, fuel and light, and miscellaneous items) was 
133 per cent. above that of July, 1914, as compared 
with 141 per cent, at March 1. 





Since our last issue, conferen¢es on the mining 
industry have continued to succeed each other practi- 
cally without intermission and have remained without 
any successful issue. The last proposals on the part of 
the owners, made last Monday, cover a durable scheme 
and also make provisions for a temporary transitional 
period of three months. 

The durable scheme has the following clauses :— 

1. The wages of the industry shall depend upon the 
financial ability to pay ; the coalfields shall be divided 
into agreed upon areas. (2) The following principles 
shall be adopted to determine the wages payable in 
each area in accordance with the financial ition 
of the area: (a) Standard wagesJshall be fixed fas 
against standard profits, the standard wages being 
the first charge on the industry; (6) the surplus 





revenue of the area to be divided between the owners 
and the men. 

A note adds that the detailed application of these 
principles has already n discussed between the 
owners and the men, and that the proposals of both 
sides are already before the Government. 

The provisions for the transitory period read as 
follows :—({1) For a period of three months, reductions 
in wages in each area shall be of uniform amount 
per shift worked for all workmen in the area, and shall 
not in any area exceed such an amount as may be 
fixed by the Government, the owners and the men 
for each of the three months respectively. No pay- 
ment to be made for days not worked. (2) For each 
month of the temporary period, ascertainments to be 
made upon the basis of the durable scheme; but the 
owners in the aggregate in any area (a) shall not have 
any share in the surplus revenue of the area if the 
taking of such share shal] have the effect of reducing 
the rate of wages in the previous month ; nor (0b) shall 
they have their standard profits either in whole or in 
part if, by the taking of either the whole or part, 
the men in the area would, on the area results for the 
month, be suffering a reduction in wages of more than 
the maximum fixed under paragraph (1) for the month. 
(3) The Government shall, where necessary, make 
such a contribution to any area as will prevent the 
reduction, after the operation of (2) (b), being more than 
the maximum amount for the month fixed under 
paragraph (1). (4) The temporary period to extend 
to July 31, 1921, and thereafter the wages paid in each 
area to depend solely upon the financial ability to pay 
as determined under the durable scheme. (5) For 
the p' of accounting, the March results in each 
area to be applicable to May and June, and the May 
results to July. The wages to be paid in August under 
the durable scheme to be calculated by reference to the 
June results in each area. No loss of either surplus 
or standard profits during the temporary period to be 
carried forward into August, but any net loss to be 
carried forward. 


On Wednesday negotiations continued through 
Sir Robert Horne, who met both parties independently. 
Sir Robert put a proposal before the miners on behalf 
of the Government that wages should not be reduced 
by more than 3s. per shift for May, 3s. 6d. for June, 
and 4s, for July, on the understanding that a durable 
settlement was worked out on the scheme recently 
put forward by the owners. In the event of this being 
brought about the Government would find money, 
variously estimated at a sum of between 7,000,000 and 
10,000,000 sterling, to tide the industry over the 
temporary period of three or four months. The matter 
will, it is believed, be referred either to the districts or 
4o a ballot, and there is some indication that the present 
proposal will be found acceptable. 





Mr. Bridgeman, Secretary of Mines, in a written 
Parliamentary reply to Captain Bayley, has stated that 
the total amounts of wages and profits in the coal 
industry for the years 1913 and 1920 were estimated to 
be the following :— 


1913. 1920. 
£ £ 
Wages 91,000,000 264,721,000 
Profits 21,000,000 27,000,000 





We have received a pamphlet from the Industrial 
Publicity Bureau, 11, Archer-road, Penarth, Cardiff, 
which explains the “ Pay-Day Talks” system of 
educating the workers on industrial economics. The 
promoters have prepared a large number of small 
printed folders which are provided for inclusion in the 
men’s pay envelopes each week, and are designed to 
counteract insidious extremist and revolutionary pro- 
paganda among the workers, to secure also maximum 
efficiency in the works through bringing about the best 
possible understanding between employer and employed. 





In this connection, we venture to su; that 
probably hardly any of the men’s leaders have any 
idea, or any very definite idea, of the problems which 
are constantly occupying the minds of responsible 
managers and scientific workers generally In order 
to enlighten them, it would, most probably, be an 
excellent measure to send them a cordial invitation to 
assist regularly at the meetings of technical societies 
which are held periodically in London and in the pro- 
vinces. To take, as an illustration, the recent meetings 
held under the initiative of the Faraday Society, had 
Labour leaders been present, they would have gained an 
insight into some of the most intricate problems which 
surround both metallurgy and engineering. They 
would have found, to use an expression put forward by 
Mr. A. Lamberton, when he explained a new rolling 
mill of his invention at a meeting several years ago of 
the Iron and{Steel Institute, that most of the works’ 
owners and scientists “‘ go to bed ”’ with those problems. 





We do not remember this suggestion having ever been 





put forward previously, in regard to technical matters, 
and we make it in the full conviction that if acted 
upon it would yield excellent results. Our readets, 
however, will remember the very interesting discus. 
sions which were held last summer and autumn at the 
Institution of Mechanical Engineers, on “‘ The Human 
Factor in Industry,” a question of quite a different 
nature, when the labour side was ably represented. 

While on this topic, and bearing in mind the meetings 
and conferences on the subject of wages which have been 
held of late, though admittedly the mining industry, so 
much in prominence just now, may be in a different 
category, weidoubt whether the owners have invariably 
been the right men to select for explaining to Labour 
what is the real industrial situation, and for asking and 
obtaining its collaboration in the task of meeting the 
present very great industrial difficulties. We believe 
that a majority of the owners never come in actual 
contact with Labour; their work—and that it is a 
strenuous, constant work, we know—lies in quite 
another field. In the majority of industrial establish- 
ments at the present time, processes of manufacture are 
divided into very distinct departments. For example, 
the steel-making department is separate from, and 
supplies—we may even say, actually sells steel ingots 
to the rolling mill and to the forging departments ; 
these latter, which are separate departments also, 
supply rolled and forged material to the engineering 
side of the establishment, each division being a distinct 
entity, in which the head, an expert in his profession, 
has given by the owners undivided authority. 
The owners do not concern themselves with actual 
manufacture in each separate department, they have no 
real need to do so. The heads of the departments in 
question are those who come into hourly contact with 
the men, who know the men’s qualities and failings, 
who are acquainted by constant intercourse with their 
colleagues with the processes of manufacture through- 
out the establishment and with their scope, and it is 
they, or one of them selected by his colleagues, who 
should be called upon to discuss Labour problems with 
the men, in all cases where the owners are not their 
own metallurgists and engineers. 





With a view to further cementing a happy relation- 
ship established some time ago with organisations in 
America and Canada engaged in propaganda on lines 
similar to their own, namely, the improvement of 
relations between employers and employed, the Execu- 
tive Committee of the Industrial League and Council 
recently decided to send a delegation to America for 
the purpose of conveying greetings, but primarily 
to study economic conditions and ascertain the possible 
channels through the medium of which a revival of 
trade can be stimulated. The idea has received the 
cordial approbation of large organisations of employers 
and employed on the other side of the Atlantic, amongst 
which is the National Civic Federation of America, of 
which Mr. Samuel Gompers, president of the American 
Federation of Labour, is a vice-president, the organisa- 
tion embracing within its ranks all the great employers 
and representatives of labour in the United States. 
Mr. E. J. P. Benn, honorary treasurer, and Mr. Frank 
Elliott, member of the Executive Committee, the 
delegates from the league, sailed on the 23rd inst. 
The Industrial League entertains high hopes that as a 
result of the visit and the establishment of more 
intimate relations with American manufacturers and 
employers a great step forward will be accomplished 
towards the revival of trade. 





Propucer Gas ror Motor VeHicies.—We had an 
opportunity on Wednesday last of witnessing a very 
successful demonstration of a new suction-gas plant 
suitable for use on lorries, tractors and other heavy 
motor vehicles. The plant, which was shown fitted on 
two A.E.C. 3-ton lorries, is the invention of Mr. J. W. 
Parker, though the detail design has been worked out 
by Mr. H. W. Bamber, M.I.M.E., M.I.A.E., who, it may 
be remembered, was one of the first works managers 
of the Daimler Company. The apparatus comprises a 
producer using coke as fuel, a combined gas cooler and 
dust collector, and a scrubber through which the gas 
passes on its way from the producer to the engine. The 
total weight of the equipment is 400 Ib., or about 10 Ib. 
per h.p. The remarkably low fuel costs possible with this 
apparatus are indicated by the fact that the guaranteed 
consumption for a 3-ton lorry with full load, and running at 
the same d as with petrol, is 3 Ib. of coke per mile, 
although Mr. E. Shrapnell-Smith, speaking at a luncheon 
which preceded the demonstration, mentioned that he 
had personally noted a coke consumption of 2-3 lb. 

r mile. The corresponding petrol consumption would 

about -17 gallon, so that allowing 4/. per ton for 
coke and 3s. a gallon for petrol, the reduction in’ fuel cost 
amounts to nearly 80 per cent. Reliability in service 
is, however, a matter of extreme importance, and in this 
respect it may be mentioned that several lorries have 
now been running with the Parker equipment for long 
periods with results which, we understand, are entirely 
satisfactory. The equipment is being manufactured and 
sold by Parker Producer Gas Plants, Limited, 166, 
Piccadilly, London, W. 
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“SURFACE CONDENSERS.” 
To THe Eprror or ENGINEERING. 

Sir,—Mr. Luther D. Lovekin has called my attention 
to the letter published on page 180 of ENGINEERING 
for 1921, referring to surface condensers, and has re- 
quested me to reply to the last two paragraphs of the 
letter, which [ am pleased to do herewith, The total 
steam consumption of the Radojet air pump and turbine- 
driven condensate pump at full power was 1,160 Ibs. 
The air-handling capacity specified in the contract, at 
28-5-in. vacuum, was 12} cub. ft. of free air per minute, 
which could hardly be considered a small margin of air 
capacity. Hoping that this information will satisfy 
Mr. H. Fothergill, and thanking you for publishing the 
same. 

Yours faithfully, 
G. L. Koruny. 

Lehigh and Sedgley-avenues, Philadelphia, 

April 19, 1921. 





SOME NOTES ON THE COAL STRIKE. 
To THe Eprror or ENGINEERING. 

Sir,—In the various public discussions on the coal 
strike there are certain points which are of very great 
importance, but which seem to be very little dwelt on. 
Let us look at the matter from a purely outside view. 
The pits cost a great deal to put down, and were sunk 
by various private people with their own money. Had 
they desired they could have invested the capital in some 
other business, perhaps in some foreign country, and in 
this case the pits would not have been sunk. Pits 
vary greatly in the efficiency of their equipment, and also 
in the thickness of the seams to which they give access 
and other natural advantages. Hence it takes more 
labour to get a ton of coal in some districts than in others. 

As the coal cannot, in cases where the conditions are 
adverse, be sold at a price which compensates for the 
extra labour required to obtain it, the coal owners 
propose different rates of wages in different districts, 
while the men insist on a uniform wage for the whole of 
the country and want a national pool to enable this to be 
carried out. In practice a very large section of them 
appear really to object to the coal owners making any 
profit, and there are many outsiders who think that a 
‘living wage ” should be the first charge on the industry 
and that everything should give way to this. 

Taking the matter of the general profit first, it is 
evident that if there is no profit the industry will soon 
come to an end and there will be no wages in it at all. 
No one will sink any new pits if the industry is unprofit- 
able, and, further, it is only out of the profits that the 
present pits and their machinery can be kept in working 
order. Again, if the industry as a whole shows no profit, 
some of the less favourably situated pits will show a loss 
and will be closed at once. Not only will the industry 
be a dying one, therefore, but it will begin to die at once, 
and every year a certain number of men will be thrown 
out of a job. If this happens many of our industries 
would be able no doubt to carry on on imported coal or oil, 
but other industries could not do so and would shut down. 
The pitmen from the closed-down mines would, of course, 
have to find some other job, and in the circumstances 
they might have great difficulty in finding one as good 
as their old one. Of course, it is really true that if an 
industry cannot pay a living wage that industry should 
be eventually shut down. This has happened with 
some industries, and we import goods in place of making 
them for the simple reason that the wage we could pay, 
owing to climatic or other conditions, would be less 
than people can get in other trades. It remains, how- 
ever, to be proved that it would be better for the miners 
if the pits were shut down and they looked out for other 
jobs. 

If it is admitted that the industry is worth carryin 
on and must be made profitable in order that this shoul 
be done, there remains the question of whether a pool 
is desirable or practicable. The effect of a national 
wage without a pool would presumably be that a good 
many of the pits could only be carried on at a loss and 
would be shut down. Would a pool alter this? In 
practice the coal could be pooled without any Govern- 
ment interference or control, simply by forming the whole 
of the coal trade into one huge limited company ; in fact, 
by making a coal trust. This would pay the same wages 
in all districts, regulating the price of coal so that the 
company made a profit on the average though some pits 
showed a loss. It does not seem likely, however, that 
this arrangement would continue long, and the trust 
would very soon begin closing up the unprofitable pits 
and developing more profitable areas if it was worth 
while to do so. In fact, the trust would probably soon 
have no option in the matter as otherwise new pits.sunk 
by outsiders to the trust would be able to undersell them, 
owing to not being handicapped by unprofitable pits. 
Exactly the same would happen with a nationalised 
industry unless, of course, it was made illegal for any- 
one to sink a new pit. In this case we may safely assume 
that the management would be worse than that of a 
trust and therefore the price of coal greater. This would 
probably mean either that we should import coal or that 
our industries would decline, bringing down the coal 
trade with them. In fact, no scheme can be sound 
which keeps pits going which are permanently un- 
economic. It seems inevitable, therefore, that if a 
uniform wage is granted, whether with Government 
control or without it, the less economical pit will soon 
be closed altogether, As to whether the differences of 
wages in different are reasonable or not it is 
impossible to speak without a great deal of detailed 
information. What one wants to know is not what 
basic rates are in different places, but what men can 
actually earn with a reasonable amount of exertion in 





different mines. On this at present the public have 
really very little information. 

According to the figures put forward there is a very 

t difference in the rates proposed for different dis- 

tricts. There is no doubt that there are v great 


merits in having different rates for different districts 
in moderation, not only in the mining industry but in 
every other. Living is cheaper in one place t it is 


in another, while there are other advantages and dis- 
advantages. If each district settles its own rates the 
tendency will be not to have the same rate of wages, but 
wages which will make men equally well off. Such 
differences will, however, only be moderate in amount. 
Now the proposed wages vary according to the owners’ 
statements by 70 per cent. and according to the miners’ 
by 90 per cent., reckoned on the minimum. If this 
really represents the ratio of wages for the same work it 
is difficult to justify it, and in this case the conclusion 
appears to be inevitable that some of the pits are not 
economic propositions, and should be clo: It is, of 
course, possible that some pits are uneconomical from 
inferior plant and could be made better if brought 
up to date. 

A point very little considered, especially by the 
Labour leaders is that the miners’ wages, whether paid 
out of the price of coal or from a subsidy out of the taxes, 
are eventually paid mainly out of the wages of the other 
classes of workers. That is to say, the higher the miners’ 
wages the less there will be for other people. A little 
consideration will show that the cost of coal and also 
taxation is simply part of the cost of various manufac- 
tured goods. As the price these can be sold at is limited 
the greater the cost of coal and the greater the cost of 
taxation the less money there is to pay in wages. An 
instance of this is the iron trade, where there has recently 
been a reduction of wages. Coal is a considerable item 
in the cost of smelting iron, and had coal been cheaper 
it might not have been necessary to reduce wages, at all 
events to the same extent. This is, in fact, the real 
essence of the case, and the main question is really how 
far the wages of the pitmen compare with those of the 
other workers of the community, regard being had to 
hours of working, conditions, &c. In fact, do the pitmen 
really want to change places with other workers ? 

It will be a very serious question for the future whether 
we can maintain our output of coal and still more whether 
we can continue to employ the present numbers of 
pitmen. In pre-war days coal was cheap and we ex- 
ported a considerable amount. Further, because coal 
was cheap we used it freely, economising in capital 
expenditure in many cases by doing so, and on account 
of its cheapness coal was the universal fuel. With the 
rise in the price of coal this position has changed con- 
siderably in many ways, and three courses are open to 
many who formerly used large quantities of British coal. 
In the first place they may use foreign coal. In the 
second they may use oil. In the third they may econo- 
mise in fuel by putting up more economical plant. 

The first should not be dismissed too lightly. It is 
true that “‘ bringing coals to Newcastle ’’ has been used 
as a by-word of absurdity for generations, and man 
people will scoff at the idea of importing foreign coal, 
Ten years ago, however, it would have been considered 
equally absurd that American or Australian coal could 
be sent to France or Sweden in competition with our own, 
but this has been done. It may be a very long time 
before coal is sent to the actual coalfields, but it may not 
be very long before it is sent to London and many other 
places a considerable distance from the coalfields. 
There is a great deal of coal in other parts of the world, 
and it is often very much nearer the surface than here, 
where the shallow seams have been largely worked out. 

With the development of the large steamer, possibly 
propelled by oil engines burning something under } lb. 
of oil per horse-power per hour, it is quite likely that 
freights in the near future may become so cheap that it will 
be more economical to mine coal where it is practically 
on the surface and to bring it a long way by sea rather 
than to sink deep pits to get coal at home. Oil will also 
be a very serious competitor of coal in the future. Modern 
factories of moderate size are now frequently driven by 
oil engines, and the latter are making headway in marine 
work. Oil is even being burnt under the boilers of 
steamships, which is a very uneconomical ment, 
for « steam engine must involve the consumption in the 
boilers of about twice as much oil per horse-power as is 
used by an internal-combustion engine. : 

There is also undoubtedly a very large margin for the 
reduction in the amount of coal used in many industries, 
and also for private consumption. This doubtless will 
in many cases entail putting up more expensive plant, 
and it is, of course, possible that that would not pay 
and that the industry which has depended on cheap coal 
would, therefore, move elsewhere. 

Altogether the position is a very serious one, both 
from the point of view of the country in general and also 
of the miners themselves. It is perhaps a pity that the 
matter has ever been treated as a national or political 
question, and that the owners and men were not simply 
left alone to settle the matter between them. The pits 
were sunk by private enterprise and the owners paid 
for them with their own money. Had they not done so 
there would have been no pits, no coal and no job for the 
pitmen. If no new pits are sunk then the industry will 
come to an end, and if fresh capital is not constantly put 
into other industries they will also come to anend. Now, 
as mentioned, there are plenty of countries anxious to 
have capital invested in them, and if the rights of owners 
here are subordinated to political considerations it will 
deter investors from investing money here when it is 
very much needed to get our industries going again. 

AsYthe matter Thas'become Tone fof! — discussion, 
and seems likely to be settled by public opinion, it is 
very desirable that the fullest information should be given. 





What is wanted is information as to what men actually 
can earn, including all bonuses, piece rates and extras. 
Also how far the work in the various districts is similar. 
The miners’ leaders state that in some pits it is physically 
impossible for men to work more than 44 days a week. Is 
that true of all pits? If not, it will in itself justify very 
different rates. How far are the pits equally equipped 
with machinery ? If the public are to judge between 
ee owners and miners there are many things they should 
now. 
Yours faithfully, 
“An OvurTsIpEer.” 





“THE EDUCATION AND TRAINING 
OF A DRILLER.” 


To tae Eprror or ENGINEERING. 
Sir,—In your otherwise excellent précis of my paper 
on “* The Education and Training of a Driller,” there are 
certain phrases which appear to me to misconstrue my 
meaning and also one or two inaccurate statements. 
I shall glad, therefore, if you can spare me space to 
correct them. ° 
I think it might appear from the text that it was 
desired to select men for “ muscle,” guts and savvy. 
This is exactly what the paper aims at avoidi It is 
the means by which the p tive British driller is 
selected to a great extent at the present time, and my 
remarks under “The Englishman as a Driller’ show 
clearly that [ regard this of selection as the 
cause of the failure to make drillers of Englishmen in the 
past. [am quoted as saying that the young Englishman 
was not “ready to take hie coat off.” This is incorrect. 
agraph as above referred to, [ sa 





In the same par “Ib 
is a favourite complaint—not only in relation to drillers— 
that the young iden of to-day will not ‘take 
his coat off’.” Later, I say, “. . . It is almost 
— axiomatic that if a man will not ‘ take his coat 
off’ he is either on the wrong job or there is insufficient 
incentive.” 

Later, it is said that. I wish to impress on students 
of 22-23 that the success of the scheme would be 
proportionate to the support it received from collective 
units. It is not the slightest good impressing this point 
on the students. It is on collective units that it is 
desired to impress the point, and it was to this end that 
my remarks—to which reference was made as being in 

dition to the printed matter—were directed. 

I think it might appear from the text of the erect 
that I propose a ‘“ Junior Technical School for drillers.” 
This is not in my mind, It would be fatal to attempt 
any specialisation at the age of 13 to 16. My suggestion 
is to select from each of the 40 to 50 Junior Technical 
Schools already established in this country, a few boys 
who appear to have suitable characteristics, and to whom 
the work seems to appeal, because they receive at these 
schools a basis technical knowl which will stand 
them in stead for the rough technical work required 
in the field. 

I appear, in the opening remarks, to have been gently 
taken to task for not confining myself more fully to a 
schedule of training. I particularly avoided doing so 
too, as in my opinion there is no one who can detail a 
curriculum for trade teaching except those directly 
engaged in the trade with the aid of technologists con- 
cerned in the industry of which the trade forms a part. 

I am, Sir, your obedient servant, 
Avan W. Davson. 

Abbey Buildings, 8, Princes-street, Westminster, 

8.W. 1, Apri! 25, 1921. 


‘ 





Tue tate Mr. Watter May.—We regret to record 
the death of Mr. Walter May, R.N., M.Inst.C.E., 
M.I.Mech.E., which occurred on the 20th inst., at his 
house at Woodford Green, Essex. Mr. May was born at 

baston, Birmingham, and after a training at Keyham 
and the Royal Naval College, Greenwich, received his 
commission as engineer. e retired from the Navy 
in 1897 and joined the staff of the Pulsometer Engineering 
Company, Limited, later becoming works manager and 
afterwards a director of the company, In 1912 he 
became joint managing director, with his two brothers- 
in-law, and at the time of his death, which was brought 
about by heart failure in his fifty-eighth year, he was in 
sole charge of the company’s Westminster office. 


New Dry Dock mw Norway.—The new dry dock of 
the Rosenberg Engineering Company which is the largest 
in the north and west of Norway has now been put into 
service. It has been excav: a bY blasting in a narrow 
strip of rock but the northern is not yet completed. 
When this is done the dock will be able to accommodate 
vessels up to 17,000 tons; in the meantime the c ity 
is limited to vessels of 12,000 tons deadweight. hen 
the dock is completed it will be possible to divide it into 
two portions and the northern portion will then be used 
for smaller vessels. The dimensions are: Clear length 
inside the dock gates, 460 ft. ; breadth at top, 90 ft. 3 in. ; 
breadth at bottom, 75 ft. 6 in.; depth to the keel 
blocks at ordinary water level, 24 ft. 6 in.; and height 
of keel blocks above floor of dock, 4 ft. The dimensions 
of the gates are 78 ft. 8 in. wide and 32 ft. 10 in. high, 
and the water pressure on them when the dock is roe! 
amounts to 900 tons. The gates were constru of 
steel at a time when this material was difficult to obtain, 


and their weight was consequently kept as low as ible. 
The gates only 105 tons, and, compared with other 
gates similar dimensions, this 


of — shows a savi 
of 30 per cent, to 40 per cent. dock is empti 
Fee electric pumps. The company also owns a 
ipwayj,with a hauling capacity of 3,500 tons dead-weight 
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X-RAY APPARATUS FOR WORKSHOP USE. 


As an example of one of the innumerable industrial 
applications of X-rays referred to in an article on 
page 412 ante, we illustrate herewith a portable X-ray 
outfit which was designed and constructed in the 
Research Department of Woolwich Arsenal by 
Dr. V. E. Pullin, the Director of radiological research, 
Its object is to enable large numbers of grenade boxes 
to be examined without being opened, to ascertain 
whether certain essential parts are present in all cases. 
The apparatus had to be designed in the form of a 
portable, self-contained unit, capable of continuous 
operation under rough workshop conditions and by 
unskilied labour. Simplicity and mechanical strength 
were therefore essential features in the design, and it 
was also necessary to protect the operator from the 
possibility of electric shock, as well as from injury by 
the rays. “ 

The general appearance of the set is shown in the 





half-tone engraving, Fig. 1, while the electrical arrange- 











Fie 1. 


ments ate indicated diagrammatically in Fig. 2. It 
will be seen that the apparatus is mounted in an angle- 
iron framework fitted with tour rollers, on which it can 
be moved from place to place, and with four feet which 
can be screwed down on to the floor to provide a firm 
base while the set is in use. On the lower part of the 
frame is mounted a rotary converter which takes direct 
current from the mains at 250 volts and delivers 
alternating current at 170 volts and 50 cycles to the 
primary of a high-tension static transformer. The 
plug, switch and starter for the motor are shown in 
Fig. 1. The transformer, which ig placed above the 
converter in the frame, supplies a current of about 
5 milliamperes at 60,000 volts to a Coolidge tube 
covered by a lead-lined box in the upper part of the 
frame over the transformer. The latter is of the 
closed-core, oil-immersed type, the high-tension 
winding being wound on the continuous-layer system 
in 10 sections, each containing 48 layers. The layers 
consist each of 120 turns of 36-gauge double silk- 
covered wire wound on a disc ef paper 8 mils thick 
and impregnated with paraffin wax. Two insulating 


tubes, } in. thick, are used to separate the secondary 
from the primary winding. Five of the secondary 
sections were assembled on each tube and, with the 
insulating end plates, were impregnated in vacuo, and 
the excess wax afterwards pressed out. 


Finally the 


two halves of the winding were bound with tape and 
coated with shellac, the middle point being earthed 
through the iron and containing tank. The latter is 
of sheet tin fitted into a strong wooden box, and the 
cover, to which the transformer is bolted, is screwed 
down over a hard rubber gasket to prevent leakage 
of oil. The high-tension wires are taken through the 
cover by insulating tubes sealed with paraffin wax, the 
lower ends being plugged with insulating material 
and the upper ends being fitted with ebonite supports 
in which the arms of the Coolidge tube are clamped. 
A high resistance, with its middle point earthed, is 
shunted across the transformer primary, as shown in 
Fig. 2, to protect the rotary converter from high- 
tension static effects. The transformer also supplies 
a low-tension current of 4-5 amperes at 12 volts for 
heating the filament of the tube, as indicated in the 
diagram, Fig. 2. The high-tension current through the 
tube is adjusted by regulating the heating current, 
but the adjustable resistance — for this purpose 
is made inaccessible, so that having been once set for 





Fig 2. 





a particular purpose, it cannot be interfered with by 
the operator ; no switch is necessary in the transformer 
cireuit. To keep the tube cool when operating con- 
tinuously for Jong periods a small electric fan is pro- 
vided, the discharge from which is divided into two 
streams, one being directed on to the bulb and the other 
on to the radiator. 

The X rays pass up through an aluminium window 
fitted in the top of the lead-lined tube-box, and above 
the window, a wooden bridge, open at each end, is 
mounted as shown in Fig. 1. The bridge carries a 
light-tight box of triangular section, in the base of which 
is a fluorescent screen of cadmium tungstate. Inclined 
to this at an angle of 45 deg. is a plane mirror, and 
by looking through a shielded aperture attached to the 
vertical side of the triangular box, the operator sees 
the screen reflected in the mirror. The operator, it 
will be seen, is quite clear of the direct path of the 
rays, and it should also be mentioned that a sheet of 
transparent lead glass is placed above the fluorescent 
screen to absorb the rays which pass through it. 
The grenade box to be examined is placed on a light 
angle iron trolley which runs under the bridge carrying 
the screen, The bottom of the trolley, at one end, 
is covered with a sheet of lead, so arranged that when 
the trolley is pulled out to receive a box, the lead covers 
the aluminium window of the tube-box, and so cuts 
off the rays. When the trolley is replaced with the 
box in position, the window is automatically uncovered 
and the shadow picture of the box and its contents, 
formed by the passage of the rays through the box 
on to the screen, can be viewed by the operator as above 
explained. Dense objects such as igniter sets, of 
course, show as black shadows, and their presence or 
absence can be easily detected. 

The lead-lined box covering the tube, it should be 
mentioned, is fixed to the upper edge of the framework, 
and is completely separated from the tube supports 
which are carried by the cover of the transformer box. 
By this arrangement the tube is protected from 
mechanical shocks due to placing heavy articles in 
position for examination. The necessary openings 
in the tube-box for ventilation and cooling are all lead- 
shielded, and the vertical sides of the bridge through 
which the grenade-box passes are also covered with 
sheet lead. The thickness used is 4 in. in all cases, 
which is sufficient to afford complete protection to the 
operator. To avoid danger from electric shock all 
metal parts of the apparatus are connected with the 
angle iron frame which is provided with an earthing 
terminal. 

The set, we understand, has proved quite satis- 
factory in working, and with minor modifications it 
could evidently be easily adapted to other workshop 
requirements. It would, for example, be quite suitable 
for examining non-metallic, or thin metallic, articles, 
such as timber, light aeroplane parts, light welds, 
insulating materials, cables, mica, &c., and even for 
the visual examination of heavier objects, of steel 
or other metals up to } im. in thickness, a set could be 





designed on similar lines. 


SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTICE.* 


By K. Baumann. 
(Continued from page 504.) 
PART III. 


Tue Economic RatinGc oF A GIVEN TURBINE FRAME 


(1) General._.The steam consumption of a given 
turbine designed for a given economical rating under 

iven steam and vacuum conditions varies with the 
joad, as indicated by curve X in Fig. 19, the consumption 
at the economical rating being shown at X. 

If the same turbine frame is designed for a higher 
economical rating under the same steam and vacuum 
conditions, the steam-consumption curve would be as 
shown by Y, the consumption at the economical rating 
being shown at Y. The consumption at Y is higher 
than at X owing to the higher leaving losses. 

Again, if the same turbine frame be designed for a 
lower economical rating under the same steam and 
vacuum conditions, the steam-consumption curve would 
be as shown by Z, the consumption at the economical 
rating in this case being. shown at Z. The steam con- 
sumption at Z may be higher than at X, owing to the 
mechanical efficiency being lower at the reduced rating. 

It is possible to design a given turbine frame for 
any rating within a given range, and the economical 
consumptions at such designed ratings will lie along a 
curve D, which it is proposed to define as the “‘ economical 
consumption characteristic’? for the given turbine 
frame for given steam and vacuum conditions. 

The problem investigated in this section of the paper 
is the determination of the particular point along curve 
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ECONOMICAL CONSUMPTION 
CHARACTERISTIC. 


Steam conditions: Pressure 200 lb. per sq. in. (gauge), 
200 deg. F. superheat, 1 in, abs. (Hg). 


D at which the economic rating can be fixed for given 
load factor, fuel costs, capital charges, &c. 

Any change in the steam or vacuum conditions will 
affect this curve D, so that there is a definite ‘“‘ economical 
consumption characteristic’ for every set of conditions 
for which a given turbine frame can be designed. 

Blading efficiency is practically independent of rating 
within a given range of output except in the case of the 
last stage, the efficiency of which will decrease for given 
conditions with increased output, due to increased c? 
losses, 

All mechanical losses (items 1 to 6 of Table XIII) when 
expressed in kilowatts are practically independent 
of the rating for which the turbine frame may be designed. 
The mechanical losses are consequently inversely 
proportional to the rating. 

Steam chest, leaving and exhaust losses, i.e., c2 losses 
(items 9 to 13 of Table XIII) expressed in per cent. of 
the total heat drop available, vary as the square of the 
quantity of steam flowing through the turbine. The 
effect of these losses is to reduce the heat drop available 
for producing mechanical work in the blading. 

The manner in which the losses classified in Table 
XIII vary with the rating of a given size of turbine for 
given steam and vacuum conditions is shown graphically 
in Fig. 20, the curves shown in this figure being as 
follows :— 

Curve A shows the variation of the steam consump- 
tion s» in lb. per kw.h. at the blading if c? losses do not 
exist. This consumption is independent of the rating, 
and curve A is, therefore, a horizontal line. 

Curve B shows the variation of the mechanical losses 
expressed as a percentage of the output measured at 
the coupling (items 1 to 6 of Table XIII). In the case 
which is considered, the mechanical losses amount to 
Km = 835 kw. (item 7 of Table XIII). 

Curve C shows the variation of the c® losses expressed 
in percentage of the total heat drop available for a back 
pressure of 1 in. absolute. These losses vary approx!- 
mately as the square of the rating. 

Curve B plus C shows the variation of the total losses 
expressed as a percentage of the output at the turbine 
coupling. Bag. 

Curve D is the economical consumption characteristic, 
and shows the variation of the economical steam con- 
sumption for the various designed ratings referred to 
the outputs at the turbine coupling. j 

The output of the turbine measured at the coupling 
is given by the following formula :— 








* Paper read}, before the Institution of Electrical 
Engineers, April,7, 1921. 
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K. =Kp (l—le)—Km . (1) 


the rating in kw. at the turbine coupling, 
the work possible in kw. at the blading 
if the c2 losses do not exist, 


where Ke 
Ko 





Ky (1 — Ll.) = the work done by the blading in kw., 
l. = the c? loss ratio 
c2 losses in B.Th.U.’s 
total heat drop available in B.Th.U.’s 
Km = mechanical losses in kw. 


From this it follows that the economical consumption 
referred to the output at the coupling is 
1 
8 = & ———__—__—— 2 
= * TE Kal S 
which has been used for the calculation of curve D. 

It can be shown that the percentage increase in steam 
consumption for a given percentage increase in kilo- 
watt rating at any given point F can be calculated from 
the following formula :— 


A& ., AK ( s Es eK) (3) 
8c K, 1-4, K. + Kn 
(2) The Minimum Steam- Consumption Rating. — 


The rating at which the economical steam consump- 
tion becomes a minimum can be obtained from formula 
(3), since this rating is that at which the increase in 
steam consumption for an increase in rating becomes 
zero, t.e., when 

2 l. mn Km 


l1-—-k Ket+Km 

It will be seen from this formula that the minimum 
steam-consumption rating is a function only of the c2 
and the constant kw. losses. 

The c? losses for various ratings which satisfy formula 
(4) are shown by curve G. The intersection of curves 
G and C at H gives the minimum consumption rating, 
the actual consumption in Ib. per kw.h. being shown at 
E on curve D. 

Referring to Fig. 20, it will be seen that for a back 
pressure of 1 in. absolute (Hg) the rating K- at which the 
steam consumption becomes a minimum is 19,250 kw.h. 
the corresponding c? losses being 1, = 2-04 per cent. 


a ee 


These c® losses are made up of the steam-chest losses | 


(inlet losses) i; = 0-40 per cent. or 0-196 Jp and the 
leaving and exhaust losses (outlet losses) which are 
lo = 1-64 per cent. or 0-794 lL. 

For a back pressure of 2 in. absolute it has been 
calculated that the most economical rating becomes 
Ke = 24,000 kw. or 1-3 times the rating for a back 
pressure of 1 in. absolute. The c? losses in this case are 
le = 1-59 per cent., made up of steam-chest losses 
1; = 0-78 per cent. or 0-49 1., and outlet losses lg = 0-81 
per cent. or 0°51 L.. 

It will be seen from the above that the steam-chest 
losses are relatively larger for a back pressure of 2 in. 
than for a back pressure of 1 in. absolute. This indicates 
that the rating of the frame is handicapped by the fact 
that the steam chest is on the small side. The steam- 
chest losses, which include the losses in the stop, emer- 
gency and governor valves, can easily be kept within 
the desired limits by providing a steam chest of appro- 
priate size, the extra cost of providing such a chest being 
small compared with the total cost of the turbine. 

In order to obtain satisfactory governing and a slight 
margin in output, a pressure drop of 10 per cent is 
usually allowed. This drop corresponds to a loss in 
efficiency of approximately 1 per cent. If the usual 
governing requirements are not essential, as for instance 
when the turbine is required to run‘in parallel with other 
machines, this pressure drop can be considerably re- 
duced by providing larger valves. In any case, the 
steam-chest losses do not affect the output which it 
is possible to obtain at a given s and, for the pur- 
poses of determining the economic rating of a turbine, 
the steam-chest losses can be considered to be a constant 
percentage loss which results in a fixed reduction of 
heat drop available for mechanical work. 

For the determination of the most economical rating 








of a given turbine frame having constant steam-chest | 


losses, formule (3) and (4) can be applied if the outlet 
losses lg are substituted for the c? losses .. We thus 


get for the percentage increase in steam consumption | 


As, 


2lp a Km 
Ke \l—lo Ke + x.) 
and the steam consumption becomes a minimum for 
1— Ke+Km 

The most economical rating of the turbine under 
consideration, under the stated steam conditions and 
for a back pressure of 1 in. absolute now becomes 
Ke = 20,900 kw., the corresponding outlet losses being 
lo = 1-88 per cent. 

For a back pressure of 2 in. absolute the most economi- 
cal rating is K, = 31,000 kw. or 1-48 times the rating 
for a back pressure of 1 in. absolute. The corresponding 
outlet losses are lg = 1-29 per cent., or 68-5 per cent. 
of those obtained for a back pressure of 1 in. abs. 

The variation of the most economical rating with the 
back pressure is shown in Fig. 22 by points marked 2, 
the rating for 1 in. absolute being unity. The rating 
varies approximately as the square root of the back 
pressure. 

The variation of the corresponding outlet losses with 
the back pressure is shown in Fig. 24 by points marked 
2, the losses for 1 in. absolute being unity. The losses 
vary approximatély inversely as the square root of the 
back pressure. 

(3) The Economic Rating.—In actual practice it does 


AK- (5) 


Pe 





not pay to design a given turbine frame for the rating ! 
whic 





gives the lowest possible steam consumption, | 


because the turbine will be too expensive for such a 
rating. In order to determine the commercial economic 
rating of a given turbine frame (or what is termed 
simply the “economic” rating in this paper), it is 
necessary to consider the relative influence of the fuel 
and capital cost charges per kw.h. on the generating 
costs. The capital cost of the turbine itself varies 
inversely as the rating, whereas the fuel charges in- 
crease from the point of maximum efficiency with the 
rating. 


-20. 





©8039 £) 
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a 
lI 


evaporation of boiler in Ib. ¢ 
per Ib. of coal. 


= 


¢ = cost of coal in shillings perton @ = 40 
= interest, depreciation and main- yy = 0-20 
tenance in per cent, of initial 
cost of turbine, 
X = load factor referred to therating A = 0:5 


of turbine. 
In formula (9) Km and m are constants for a given 


Steam consumption, lb per kWh 


4X, =Turbine rating m 


VaRIATION OF LossEs AND STEAM CONSUMPTIONS WITH THE RaTINGs OF A TURBINE. 


Steam conditions : Pressure 200 lb. per sq. in. (gauge), 200 deg. F. superheat, and 29 in. vacuum. 


TABLE XIII. 





Losses In STEAM TURBINES. 





| 


























1 | 2 3 4 5 
| 
| Output of turbine at coupling, kw. 3 Ss << “8 os 28,900 
Revolutions per minute .. os pe - se ds os 1,500 
Item | 
No. Type of Losses. ‘ames 
Loss in Kw. 
M at Loss in 
Coupling. per Cent. 
1 Disc friction ge - 315 1-09 
2 | Constant kw. losses ( Diaphragm leakage losses . . 174 0-6 
3 in per cent. of tur- High-pressure gland losses. . 185 0-64 
4 bine output at)}| Water and steam seal losses 36 0-12 
5 | coupling | Bearing losses ee a“ 109 0-38 
6 Governor and oil pump drive 16 0-05 
7 _ Total constant kilowatt losses .. ae Ve ve vu 835 _ 
8 — Total constant losses in per cent. of turbine output at coupling — 2-89 
Q e2 losses in per cent. Steam chest losses .. ee °° ee °° os - _ 0-53 
10 } of adiabatic heat Leaving losses ° os _ <0 - 2-85 
11 drop \| Exhaust losses — ion ae ” ab — 0-75 
12 — Total ¢2 losses in per cent. of adiabatic heat drop a6 : a 4-13 
13 ~ Total ¢2 loss in per cent. of turbine output at coupling - wa -= 4°45 
14 — Total losses in per cent. of turbine output at coupling (8) + (13) .. -- 7°34 
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It can be shown that the generating costs (wu) become 
a@ minimum for 


Abe = so(F . ° ° ° . 
8. Ke \f ) 


where cr = capital charges due to turbine per kw.h. in 


(7) 


pence, 
jf = fuel costs per kw.h. in pence, 
From (5) and (7) it follows that : 
=> Km — 
l-k Ke+Km f 
from which the outlet losses Io for the economic rating 
can be cal ted. 
This formula (8) can also be written as follows : 


ee 
l-lh Ke+Km Ke . 8 
where cy = initial cost of turbine in £, 


cr 


(8) 





(9) 





m = 5-11 2:7 where m = 0-409 
@-r 








25000 
K.=Turbine rating in kW 
Economic Ratrnes or A TURBINE FraMe For Various Vacua anp Loap Facrors. 
Steam conditions ; Pressure 200 lb. per sq. in. (gauge), 200 deg. F. superheat. 


frame and given conditions and are independent of the 


rating. i varies approximately as the - ay of Ke, 
whilst the steam consumption varies slightly in accord- 
ance with the sum of the mechanical and the outlet 


losses. The cost of the turbine cr increases slightly 
with the rating, mainly on account of the larger steam 
chest required for the ao ratings. The solution can 
best be obtained graphically, as shown in Fig. 21, where 
curves L represent J) for varymg rating and varying 
vacua under given conditions, and curves F represent 
the values for lb given by formula (9) for various load 
factors. 

For the turbine frame and the steam conditions 
already considered, and taking into consideration the 
influence of the additional factors given in the right- 
hand column above, the economic ratings for the various 
back pressures are indicated by the points which are 
cireumscribed in Fig. 21. } 

It will be seen that the effect of the fuel and capital 
charges is such that for a back pressure of | in. absolute 
the rating becomes K, = 32,500 kw., é.¢., 1°55 times 
the minimum steam-consumption rating of 20,990 kw. 
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already referred to, The corresponding outlet losses 
become Io = 4-6 per cent. For a back pressure of 
2 in. absolute the rating becomes 45,000 kw. or 1-38 
times the economic rating for a back pressure of | in. 
absolute. The corresponding outlet losses for 2 in. 
absolute are lo = 3°19 per cent. or 69-3 per cent. of the 
corresponding losses for a back pressure of 1 in. absolute. 
The variation of the economic rating with the back 
pressure is shown in Fig. 22 by points marked 3, the 
rating for 1 in. absolute being unity. The variation 
is practically the same as found above for the most 
economical rating shown by points marked 2. 





o 


oO 





p-~Abs.pressure in inches Hig. 


Fria. 22. Variation oF Economic 
TurBINE Ratinc FoR VARYING 
Vacuum. 


Fic. 23. 





Tursine Ratina FOR VARYING 
Loap Facror. 


factor of 50 per cent., the outlet losses being 40 per 
cent. larger; on the other hand if the load factor is 
75 per cent. instead of 50 per cent., the rating would be 
reduced by 10 per cent. and the outlet losses by 20 per 
cent. 

The economic rating varies approximately inversely as 
the fourth root of the load factor, and the losses vary 
inversely as the square root of the load factor, and 
similarly it follows that the economic rating varies : 
manne & as the fourth root of the cost of coal; or— 
Directly as the fourth root of the interest factor ; or— 





Directly as the fourth root of the evaporation; or— 


28. 


a 





Losses coefficient 


0-60 
oO 


= Load factor 
VARIATION OF Economic 











TABLE XIV.—Arrroxtmate Cost or A Power Station or a Tora Instatuep Capacity K, (EcoNoMIcAL 
Ratina) or 100,000 Kw. Steam Consumption 10-0 ts. Kw.a. 
Total Cost | Ratio of | Cost in 
— in £. Total. |£ perKw. —_—- 
(a) For boiler plant 3-51. per kw. capacity. 
1. Land, buildings and foundation, roads| 850,000 0-303 8-50 (6) For condensing plant 1-5. per kw. capacity. 
and railway sidings (ce) For —— plant and turbine 3-51. per kw. 
capacity. 
Total cost of boiler and coal plant 6-2/. per kw. 
2. Boiler-house plant ,000 0-171 4-80 * 
3. Coal-conveying plant 140,000 | 0-050} 1-40 po ver or 0-621. per pound per hour of steaming 
4. Turbine ee oe ee ee .-| 250,000 0-089 2-50 | | 
5. eee plant, house set and | 220,000 0-078 2-20 | >Total cost of condensing plant 3-7/. per kw. capacity. 
auxiliaries J 
6. River work, water culverts -+| 150,000 0-054 1-50 | \ 
7. Alternator .. an af ,000 0-078 2-20 | | Total cost of electrical plant 7-2J. per kw. capacity. 
8. Transformers én - 100,000 0-035 1-00 | } This is independent of the steam economy of the 
9. Switchgear and instruments ae oe ,000 0-071 2-00 | | plant. 
10. Converting plant, wiring, cranes, mis-| 200,000 0-071 2-00 | / 
cellaneous 
Total . |2,810,000 1-000 28-10 




















p «Abs. pressure in inches 


Fic. 24. Variation oF |, LossEs 
ror Varyine Vacuum. 


(4) The Overall Economic Rating.—In the cases con- 
sidered above, no account is taken of the fact that, 
by installing a more efficient turbine, the boiler-house 
plant may be made smaller, resulting, not only in 
decreased interest and depreciation charges for the boiler 
plant, but also in a decreased quota of charges for 
maintenance and operation. 

The same applies to the condensing plant, the size 
of which depends, amongst other things, on the quantity 
of steam discharged from the turbine. Moreover, an 
increase in turbine efficiency reduces the heat content 
per lb. of steam, since the greater the efficiency of the 


. 25. 


Losses coefficient 





oO 
10 


4 factor 


Fic. 25. Variation or /, Losses 
ror Varyinc Loap Factor. 


turbine the larger is the proportion of the heat content 

r lb. of steam entering the turbine which is converted 
into mechanical work. For every 1 per cent, improve- 
ment in steam consumption, the amount of heat to be 
dealt with per kw. capacity of the installation is decreased 
by about 1-4 per cent., which is the amount by which 
capital cost of the condensing plant will be di s 

It may be urged that the sizes of the boiler and the 
condensing plant are not usually fixed within such 
fine limits as are contemplated above, and that the 
advantages of adhering to such fine limits cannot be 
obtained in actual practice. It is clear, however, that 
even if the sizes of the various parts of the plant are 
fixed from other considerations, considerable advan- 
ta, can be obtained since, for an increase in turbine 
efficiency, the boiler plant will be more easily rated 
in actual operation, thereby effecting a reduction in 
maintenance charges and also an increase in boiler 
efficiency. The same remarks apply to the condensing 
plant where a decrease in turbine consumption results 
in a higher vacuum and, consequently, in a further 
improvement in economy. 

In fact, the most economical rating of a given boiler 
or a condenser is ascertained by exactly the same 






















































































Per Kw. kind of considerations as have been shown to apply 
A. Cost of plant which depends on the kw. capacity of the station (1c) + (7) + (8) + (9) + (10).. - =  10-7l, | in the case of the turbine, ¢.e., by comparing the decrease 
B. Cost of plant which depends on the steaming capacity of the station (ia) + (2)+(3) .. .. .. = .. | .. = 97. | of the capital costs resulting from a given increase in 
C. Cost of condensing plant which depends on the steaming capacity and on the thermodynamic efficiency of the rating with the increase in the cost of fuel which results 
turbine (1b) + (5) + (6)... -s = +4 ve “e “2 is + oa se ae . = 5-2i. A : : 
D. Cost of turbine ua 9.51, | fom the same increase in rating. 
’ ow a o : For the best commercial rating of the boiler or con- 
Total 28-1). | densing plant the saving in capital cost for a — 
, increase in rating is equal to the extra fuel cost entailec 
TABLE XV.—Summary or Economic Rattnes anp Losses ror Various Vacva. by the same increase in rating. It is obvious, therefore. 
| that the financial gain resulting from the use of a more 
1| 8 3 4 5 6 7 | 8 10 11 12 13 14 | 15 | efficient turbine is equivalent to that which would have 
—| Ss ee ee a seal resulted had co mdingly smaller boiler and con- 
a se ya bbs ge densing plants been installed. 
é 8 * 7 5 In Table XIV, particulars of capital costs are given 
a es = 3 EE< s 4 s jonvins of the various parts of a power station. ; 
Case . 3 : ° £6 Ee s Re) 7 The cost of a power station with a steam turbine 
Ite’ Gon. g < : i 3 Fy & a a £ having a steam consumption differing from 10 Ib. per 
No. | sid 4 8 : 3 i - | ow kw.h. can be found as follows :— 
eo si °2 3 > A. Remains unaltered. 
2 3 - MS _ Output os 2e\s cE 2 = Le i Ratio. B. Varies in proportion to the steam consumption. 
§ 2 3 i< P- Coupling Pes 3 &8 a5: as $a ‘ C. Varies as the steam consumption, but in addition 
- a 5 a reduction is to be made of 0-4 per cent. for every | 
5 Farge r cent. decrease in steam consumption due to decrease 
1 | No.1 | 58-8] 1-0 | Any | 19,250] 1-64 1-74 4°33 6-07 1-0 1-26 6-35 518 | 1-9 | ™ heat content of the steam leaving the turbine. 
2 No. 2 | 58-8 | 1-0 | Any | 20,900| 1-88 2-0 3-99 5-99 1-0 1°45 6-15 556 | 1-0 The cost of the station is therefore 
cea z - 10— 
8 | No.3 | 58-8 | 2-0 | 0-5 | 45,000 | 3-19 | 3-36 | 1-85 | 5-21 | 1-092] 2-5 | 9-7 607 | 0-708 | C# = 10-7 K + 149K 8-5-2 x 04K ——* +Cr 
4 o. 3 8: 1:5 0-5 | 39,600 3°6 3-8 2-11 5-91 O01 . 11-4 755 . - 
@ | No.3 | 8-8 | 0-75 | 0-6 | 27700] 8:5 4-04 | 2:57 | 7-81 | Lo | 3-6 | 15-2 a72 | 1-0" | Ce = 8°62 K + 1-698 K.s + Cr 
0. . . ° 7,7 5°5 6-0 3-01 9-01 0-986 4°3 18-8 970 1-112 = c 
7 | No.3 | 58-8/ 0-5 | 0-5 | 23,700] 6-5 7-2 3-52 | 10-72 0-971 | 5-07 | 23-1 1,070 | 1-23 mann The Tt Bie nd +S : (10) 
ere where K = kw. rating of station, s = steam consumption 
s [msg] ia ee | s3] ses] ee | ges | ess | see | rom] ass | a | a | samlpaie. 
‘1 ° . ° ¥ ° . ° ° ‘ ° . 682 . . c= t ri 
10 | No. 4| 58-8 |1-0 | 0-6 | 28/000] 3-6 | 3-84 | 2-89 | 6-73 | 1-0 | 2-85 | 12-05 | 778 | 1-0 | The cost of the plant consists of three main items, viz.. 
1l | No. 4 | 58-8 | 0-75 | 0-5 | 24,800 | 4-25 4-6 3-37 7:97 0-986 | 3-32 | 14-5 852 | 1-092|C. = 6b-.K = that portion of the cost of the plant 
12 No. 4 | 58-8 | 0-5 0-5 | 21,100 5-00 5-47 3-96 9-43 0-975 3-9 17-8 945 1-212 which is dependent only on the 
electrical capacity of the station and 
which may be termed “ Electrical 
The outlet losses are shown in Fig. 24 by points| Finally, directly as the fourth root of the initial cost Capacity Cost.” (It is apparent from 
marked 3, the variation being similar to that which is the "Shien. d : rad the table above that the actual cost 
indicated by points marked 2. Thus, for an increase of 20 per cent. in the cost of the of the electrical plant is higher than 
The economic ratings depend to a great extent on | turbine, the rating of the turbine should be increased the electrical ages cost.) 
the factor m, which for a given evaporation ¢, cost of | 5 per cent., provided that the cost of coal remains the | ©: = &-K.s = that portion of the cost of the plant 
coal @, and a given interest, depreciation, maintenance | same. It will generally be found, however, that the which is dependent on the steam 
factor ‘y, is inversely proportional to the load factor X.| cost of the turbine increases with the cost of coal, these capacity of the station and which is 
The variation of the economic rating and the corre- | factors being industrially interdependent. The rating termed “Steam Capacity Cost.’ 
sponding outlet losses due to m are practically indepen- | of the turbine would accordingly i h d Cr = the capital cost of the turbine in £. 


dent of the vacuum and can be represented by curves 
M and N tively, in Figs. 23 and 25, in relation 
to the load factor \, the values for a load factor of 


50 per cent, being taken as unity. 





The leaving losses vary :— 
Inversely as the square root of the cost of coal; or— 
Directly as the square root of the interest factor ; cr— 
Directly as the square root of the evaporation; or— 
Finally, directly as the square root of the initial cost of 





For a load factor of 25 per cent. the economic rati 
of a given frame is 20 per cent. larger than for a load 





the turbine. 


For the case given above where b, = 8-62, bs = 1-698, 
# = 10 lb. per kw.h., and K = 100,000, we get 
C = 862,0001. + 1,698,0007. +- 250,0001. = 2,810,0007., 


i.€., 
Electricity capacity cost = 862,000/. = 30-6 per cent. 





of to’ 
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ver op id cost = 1,698,000/. = 60-5 per cent. of 
to 


Turbine cost = 250,0001. = 8-9 per cent. of total. 

An improvement in the steam consumption of 1 per 
cent, would result in a saving in the steam capacity costs 
of about 17,0001., which is 6-8 per cent. of the capital 
cost of the turbines. On the other hand the fuel charges 
are 
F= Ke Y 

m 
and 1 per cent. improvement in steam consumption 
results in a saving in fuel charges which is equivalent 


Ks or, with K = 100,000 kw. 
™m 


. 1 
to a capital value of 
J i00 * 

s = 10 Ib. per kw.hr. and m = 0-409, a 1 per cent. im- 
provement capitalised is equivalent to about 25,0001. 
or, say, 10 per cent. of the capital cost of the turbines. 

The saving resulting from the reduction in the steam 
capacity costs is therefore of the same order as the 
direct saving in fuel costs, and it is evident that both 
factors must be considered in determining the economic 
rating of the turbine. 

When the saving of the steam capacity of the station 
is taken into consideration the outlet losses for the 
economic rating are given by 


2 ly Kn cr 
1-)~ K. + Ke SL +6 
where f = fuel cost charges per kw.hr. in pence, 


cr = capital cost charges per kw.hr. due to turbine 
in pence, 

capital cost charges in pence per kw.hr. due to 
steam capacity costs. 


It will be seen that the additional item is now 


ruc typ Oe 


Cs 


cr 
‘eet. ; : + es 
which is considerably less than cr/f which appears in 
formula (8). 

Formula (11) can be written as follows :— 


2h - Km i} 1 m Cr 
r-E"K+k, i14+08.8 Kiva 


This equation can be solved in the same manner as 
formula (8). It is possible, however, by applying the 
relationship already arrived at under (3) in connection 
with the determination of the economic rating, to 
determine the overall economic rating by multiplying 
the economic rating (i.e., 32,500 kw.) by 


Y (mm) 

1 + mb, 

or, for the case under consideration where m = 0-409 
and b = 1-7, by 


© (sew eTs = 0-875 
I + 0-409 x 1°70 


In like manner the corresponding outlet losses can be 
obtained by multiplying the losses as calculated under 


(3) by 
rea) =" 


Thus, for a back pressure of 1 in. absolute the most 
economic rating becomes 


32,500 x 0-875 = 28,400 kw. 


and the outlet losses are 4-6 x 0-768 = 3-54 per cent. 

A separate calculation based on formula (12) gives 
an overall economic rating of 28,900 kw., which is 
0-89 times the economic rating and a leaving loss of 
3-6 per cent. For a back pressure of 2 in. absolute 
the rating now becomes 41,000 kw., or 1-42 times the 
rating for 1 in. absolute, the corresponding outlet losses 
being 2-52 per cent., or 0-7 times the losses for 1 in. 
absolute. 

If follows, therefore, that in this case also the ratings 
vary as the square root of the back pressure, and the 
outlet losses vary inversely as the square root of the 
back pressure. 

It will be seen that when allowance is made for the 
steam-capacity costs the effect of such factors as cost 
of coal, initial cost of turbine, &c., on the rating becomes 
smaller simply because the influence of such factors is 
offset to some extent by the influence of the steam 
capacity. It will be found that the variation of the 
overall economic rating with coal cost, load factor, &c., 
is only about one-half of that which 1s obtained in the 
case of the economic rating (3). 

The variation of the rating with the load factor is 
shown by curve P in Fig. 23, and the variation of the 
losses with the load factor is shown by curve Q in Fig. 
25, the value for a load factor of 50 per cent. being 
taken as unity. 

Calculations for other turbine frames show variations 
similar to those shown in Figs. 22, 23, 24 and 25, although 
the actual ratings depend to a great extent on the 
mechanical losses, leaving area, and the cost of the 
turbine. 

As the rating varies as the square root of the back 
pressure, it follows that for a given kilowatt capacity 
the cost of the turbine varies inversely as the square 
root of the back pressure. 

Table XV gives a summary of the calculations set 

forth above. 
_ The leaving velocity for the overall economic rating 
is 778 ft. per second for a back pressure of 1 in. absolute. 
For other back pressures the leaving velocity can be 
obtained from curve A in Fig. 25a. 

For a back pressure of 1 in. absolute the total losses are 
6-73 per cent. for the overall economic rating, and the 
correction in thermodynamic efficiency for other back 
pressures, resulting from the outlet and mechanical 





(12) 





losses, is shown by curve B in Fig. 25a. It will be seen 
that for a back pressure of 2 in. absolute (Hg) the 
efficiency is 2 per cent. better, and for a back pressure 
of 0-5 in. absolute 2-5 per cent. worse, than it is for 1 in. 
absolute (Hg). 

This difference in efficiency does not include :-— 

(a) The improvement which results from the smaller 
amount of work done by wet steam with higher absolute 
back pressures. 

(b) The decrease in efficiency resulting from reduced 
reheat factor with higher pre de back pressures. 

(c) The improvement which results from the smaller 
steam velocities and the correspondingly higher ratio 
u/co in some of the stages which is obtained with higher 
absolute pressures. 

It has been shown in Part II that the combined 
correction for (a) and (b) is small and can be neglected. 
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The correction for (c) is estimated to be of the order 
of 4 per cent. for an absolute pressure ratio of 2. This 
correction is shown by curve C in Fig. 25a. 

The resulting total efficiency correction for different 
back pressures is shown by curve D in Fig. 25a. 

It is evident from the results obtained that in order 
to determine the rating of a turbine it is n to 
know the average vacuum with which the turbine will 
be run. To ascertain the vacuum, it is n to 
know the average cooling-water temperature obtaining 
throughout the year. If too high a temperature is 
given to the manufacturers, as is often the case, the 
turbine will be large enough as far as load-carrying 
capacity, #.e., steam-chest and nozzle nee is con- 
cerned, but the exhaust end will be too small, thereby 
impairing the efficiency of the turbine. On the other 
hand, if too low a temperature is given, the turbine 
will be unnecessarily expensive. 

It is interesting to note that American practice has 
standardised turbine ratings on the basis of a vacuum 
of 29 in. (barometer 30 in.) although the average cooling 
water temperature would justify a vacuum slightly 
higher than this. 

(To be continued.) 





ACTION OF INTERNAL STRESS ON 
TOOL STEEL.* 


The Failure of Metals through the Action of Internal Stress 
Irregularities with special reference to Tool Steels. 


By J. New Greenwoop, M.Sc. 


Ir is well known that steel in the hardened state is in 
& condition of considerable stress due primarily to the 
suppression of allotropic and phase changes, causing 
the metal to occupy a smaller volume than it normally 
would, 

It is perhaps not so well known (thqugh the phenomena 
have now been under scientific observation for some 
ame yo in + rains steel - — Fa ge gente 
c are taking place involving evolution o t, 
change of volume, decrease in electrical resistance, &c., 
and that these changes continue in some cases over 

months or may be years. 

In the light of these phenomena it is not rising 
therefore, that occasionally these fundamental c 
take place to such an extent that the stresses assume 
— magnitude than those of the normal cohesive 
‘orces between the molecules, and the piece of hardened 
steel flies into pieces (sometimes with miniature explosive 
violence). It is proposed in this paper to examine the 
basic reasons for such failures and to see which directions 
to take in order to minimise such occurrences. 

Origin of Internal Stresses.—Any mass of pure metal 
has internal stress if it has been subjected to one or 
more of the following processes :— 

(a) Distortion of the equilibrium space lattice by cold 
wo . 
(6) Suppression of an allotropic change (involving 
modification of the dimensions and nature of the space 
lattice), by cooling too quickly through the transforma- 
tion temperature. 

Alloys can also be considered to be in a state of internal 
stress under the following conditions :— 

oD. When a soos —— has - ot po — ho 
solidify hom: ly and coring en place, ti 
whole cannot be in equilibrium. 


(d) When two or more co-existing phases have different 


coefficients of e jon (either normal, or abnormal 
arising from a pe in one phase only). In such 
cases stresses arise during cooling. 





* Abstract of read at a joint meeting of the 





paper 
Faraday Society with other institutions, April 6, 1921. 





(e) When a phase change (such as the deposition of a 
new phase) has been suppressed by rapid cooling. In 
this connection “rapid ’’ must be taken com tively 
with the rate of the reaction or transformation under 
consideration in each case. 

(f) When a phase change (involving volume changes) 
is a yey to such a temperature that the mass of 
metal is not able to adjust itself. 

(g) When in the cold-worked state with either single or 
polyphase systems. In the latter, if one constituent is 
considerably harder than the other local “ tearing ” may 
pred age implying stressing to rupture point, This 
actually takes place in over-drawing steel wire and it is 
im ble to remove the condition thus caused. 

t is advisable to consider each of these cases in 
detail. 

(a) When metals (pure or solid solutions 
jected to cold working, elongation of the crystal 
grains takes place. The internal mechanism of this 
elongation will vary somewhat according to the method 
of working, but in each case it can be considered that 
since the yield point is wholesale movement of 
atoms takes place, thus partially destroying the original 
symmetry. 

It is quite conceivable that three types of movement 
take place. 

1. Simple distortion of the original space lattice. 

2. Complete destruction of the same, leaving merely 
debris. 

3. Allotropic transformation by change of type of 
lattice, for example by formation - a face centred or 
centred cube from the simple cube lattice. Such a change 
would cause an increase in the dimensions of the unit 
cube, i.e., of the specific volume. 

The first of these types of movement would cause an 
increase in tensile strength, for there would be a tendency 
for the distorted lattices to return to their original 
formation, and in a tensile test this tendency would have 
to be overcome. 

whilst 


are sub- 


suppression of an ic in a pure 

is rather simpler than theabove. It only involves 
ing of the atoms in a meta-stable state, and the 
stresses set up mn :— 

(1) The extent to Asie the "daags is suppressed, 

i.e., the proportion of the two phases present. 

(2) The difference between the crystal structures of 
the two phases. 

(3) The temperature at which the change would 
a, place. 

(4) T difference between the normal working 
temperature and the transformation point. 

Generally speaking the suppression of allotropic 
changes in pure metals is not such a nature as to 
cause very severe internal stresses, Of those which are 
known with certainty, they either occur at temperatures 
below 400 deg. C. and so are never very far removed 
from their normal, or else they occur at temperatures 
above 700 deg. to 800 deg. C. and so are extremely 
difficult to suppress on account of the great velocity 
of the transformation. In cold ing on the other 
hand pure metals can be left in a state of considerable 
internal stress and this must therefore be considered as 
a possible origin of failure. 

(c) In the case of alloys which exhibit cored crystals, 
the composition of the latter varies, from that of the 
original dendrite to that of the last. “ filling in” metal 
to solidify. 

iy such 
tad b a = 





and so during c' 
are bound to be set up within each o . 
tude of these i ities will depend upon :— 

(1) The extent of the differences in composition. 

(2) The rate of change of the expansion coefficient 
with composition. 

(d) logous to this is the case of a duplex alloy. 
The two phases will generally be of widely different 
——e and probably properties. Cracks would 
tend to follow the boundaries between the two phases, 
for here the stresses would be test. 

(e) The suppression of a p in an alloy is 
similar to the suppression of an allotropic transformation 
in many respects. In general, however, the volume 
changes need not occur at constant temperatures but 
may occur over a wide range of several hundred degrees 
centigrade. In this case, unless one of the phases has 
a constant composition, the attainment of equilibrium 
is a slow process. Even when a definite compound 
from a solid solution, annealing can often bring 
this into a granular form which may be ly 
difficult to get in solution again owing to the slowness 
of diffusion. Such is the case with carbides of chromium 
“ “The ~ “+ hase in solution by too kc 

retention of a in soluti y i 

Y F 4 the 


of course, that the pepe worm 
by an evolution of heat 


force usually accompanied 
(on ing), is checked. Once the alloy has been cooled 
through 


transformation point (or range) without the 
taking place, the opposing factors are :— 
(1) The atomic forces of A and B (respectively) attempt- 
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ing to condense to form two separate phases. (Where 
A and B may be pure metals, solid solutions, or com- 
unds. ) 

(2) The stability of the — structure at the lower 
ternperature, brought about by decrease in the thermal 
agitatiqn of the atoms (or molecules). 

(g) Cold working of alloys is probably attended by 
the same types of atomic disturbances as in the case of 
pure metals. In addition, however, there is the effect 
of internal rupture due to a hard phase which will not 
flow. Naturally the plastic phase flows past the hard 

articles, so long as it is ductile, but when it has been 

ardened by cold working, its mechanical properties are 
such that in attempting to flow round the hard phase, 
rupture occurs on a microscopic scale. (The same 
applies to non-metallic inclusions in metals.) 

That this action does take place is proved by Fig. 1 
below. This is a longitudinal section through a patented 
wire which originally contained a very marked ghost 
line, such as is rarely found fortunately. In the rapid 
cooling from patenting this ghost has become martensitic 
whilst the remainder of the wire is sorbitic. On drawing, 
the extremely hard martensite would not flow and ob- 
viously to elongate with the remainder of the wire it 
had to break up into short lengths. The photograph 
shows distinctly the flow lines of the sorbite round these 
hard particles in the subsequent drawing and also shows 
some debris of the original martensite line. 

From this brief survey of the origin of internal stresses, 
these appear to group themselves into two main classes, 
namely :— 

(a) Those due to distortion by cold working. 

(6) Those due to suppression or depression of a phase 
change. 

It is this latter class, which is of importance in the case 





Fic. 


l. (xX 75.) Broken MaRTENSITIC 
SEGREGATE IN Drawn WIRE. 


of hardened steels, a closer consideration of which will 
be given later. 

Properties of MetaJs with Regard to Resistance to 
Failure.—In the case of stresses below the yield point, 
especially with rapidly alternating stresses, the elastic 
limit is important, for if this is passed, a certain number 
of slip oy form, due to the breaking and rearrange- 
ment of the atomic force fields in those planes. This 
process is irreversible and cumulative, so however slight 
the amount of slip, it is bound ultimately to cause failure. 

With this type of stress ductility is of little, if any, 
advantage, for the process is very gradual. 

Steel.—This alloy even in its simplest (binary) form is 
particularly subject to internal stresses, owing to the 
fact that volume changes accompany :— 

(a) The allotropic change from a to ¥ iron. 

(6) The phase change when FezC passes into solution. 

(c) Probably the allotropic change in cementite. 

Owing to the method of manufacture, irregular dis- 
tribution of impurities occurs, and, if such should remain 
in the finished product, trouble is encountered owing to 
differences in expansion coefficient. All of these sources 
of trouble are liable to be exaggerated by :— 

(a) The presence of more or less evenly distributed 
non-metallic inclusions trapped in the solidifying metal. 

(b) Large grain size especially if cementite is the phase 
occupying the grain boundaries. 

(c) Increase in the dimensions of the article in the form 
of a solid block, when an attempt is made to suppress 
the carbide change by quenching. 

Naturally the physical properties of the structural 
constitutents of steel play a Torge part in the action 
of internal stresses against cohesion. Almost as impor- 
tant is the distribution of these constituents, a point 
which in itself is intimately connected with the origin 
of the stresses. 

The Magnitude of the Volume Changes in Carbon 
Steels.—In pure iron the only change worthy of note as 
previously mentioned is that from a to y. This is 
accompanied by a slight contraction which can be 
measured from the published dilatation curves. The 
results of three recent observers as quoted in the paper 
show that there is a volume contraction equal to approxi- 
mately 0-5 per cent. (obtained from the dilatation curve 
by extrapolation). 

With the introduction of carbon another change takes 


place due to solution of iron carbide at and above 725 deg. 
transformation of the solvent iron 
is is also associated with a volume 


C., accompanied b 
to the + state. 


content. It is evident from the curves of Andrew and of 
Honda that the two changes occurring simultaneously 
are opposite in their effects on the specific volume. This 
increase in the contraction with the first addition of 
carbon is difficult to explain, but, since it is the higher 
carbon steels which are being considered here, this is of no 
importance. The chief point is that the expansion due 
to solution of the carbide does not equal the contraction 
due to the formation of y iron even with 1-5 per cent. 
carbon present. With 0-8 ay cent. carbon or more, the 
contraction is approximately half of that due to the a 
to y transformation in pure iron. The following is then 
an approximate analysis of the volume changes during 
the criticial range :— 


Per cent. 

volume, 
Contraction—a to + iron... 0-5 
Expansion—Fe;C solution 0-25 
Net contraction . on 0-25 


The compressibility of steel is 0-62 x 10-6 per megabar* 
which is equivalent to 0-945 x 10-4 per ton per square 
inch. In other words a pressure of 1 ton per square inch 
causes a diminution in volume of 0-009 per cent.; so 
that an external pressure of at least 50-—-60 tons per 
square inch would be required to cause a contraction 
equal to that of the a to y transformation. 

The compressibility figure given is a calculated value, 
but if the experimental value of Richards for iron is 
taken (Kaye and Laby, loc. cit., page 29) namely, 0-40 
x 10°68 per megabar, the pressure required to give 0-5 
per cent. diminution of volume is approximately 90 tons 
per square inch. (This again is a minimum figure, for 
the compressibility must decrease as the pressure 
increases. ) 

The volume change due to the transformation :— 


a Fe3® a B FesC 


at about 200 deg. C. is very slight, and only becomes 
ao in comparison with the other changes with 
about 2-0 per cent. carbon present. 

A further source of stresses is the difference in expan- 
sion coefficient between iron and its carbide. The linear 
coefficient of pure iron is approximately 1-2 x 10-5, 
i.e., about 2-5 times that of the carbide. 

From a curve given in the paper it is at once evident 
that the expansion coefficients of the 8-cementite and 


ferrite are nearly equal. The approximate values 
300 deg. to 400 deg. C. are :-— 

(8) FesC a = 1-44 x 10-5 

Ferrite a= 1-53 x 10-5 


Hardening of Carbon Steels.—This is effected by cool- 
ing rapidly through the critical ranges. In other words 
it is an attempt to keep the FezC in solution and thus 
automatically to retain the iron in the y state. There 
is ample evidence however that if both of these ends are 
attained the object of the process is frustrated. 

If, however, the allotropic change takes place} whilst 
the carbide solution is retained the hard martensitic 
state results. In this latter case the specific volume is 
greater than that of the annealed steel by the amount 
due to solution of the carbide. 

It is obvious then that by varying the rate of cooling, 
time of soaking, maximum temperature, &c., of the steel, 
it is possible to obtain expansion, contraction or no 
change of dimensions, at will. 

The hardness of the steel after quenching depends on 
the extent to which the allotropic and carbide changes 
have been suppressed. In plain carbon steels it is 
impossible to completely suppress the allotropic change, 
but in certain cases, such as the teeth of taps, where 
very rapid covling is possible a certain amount of ¥ iron 
is retained. High quenching temperature and high 
carbon content favour this. Under such circumstances 
maximum hardness is not attained. 

Steel sometimes cracks in quenching and from an 
examination of these cracks, it can be seen that they 
form at low temperatures (below 120 deg. C.). The 
conditions favouring the formation of cracks are high 
quenching temperature, drastic quenching (i.e., very 
rapid cooling), and high carbon content (not considering 
for the moment irregularities of composition). Now 
these are all conditions favourable for the retention of 
y iron. In addition the high temperature promotes a 
more dilated state in the resulting martensite,t and a 
coarser crystal grain and the rapid cooling causes con- 
traction stresses owing to the expansion coefficient of 
martensite being lower than that of troostite. The 
cracks can then be explained as being due to the mar- 
tensite expansion in an intermediate layer which has 
cooled at the appropriate rate. This would tend to 
expand the surface (austenite) zone with resultant 
cracking. 

Owing to the great strength of steel in this state the 
martensite change would have to make considerable 
progress before the stresses could overcome the natural 
cohesion. Since the change does not start until 300 deg. C., 
it is obvious that the outside may be almost down to 
room temperature before cracking occurs. 

Spontaneous Cracking of Quenched Steel.—In high 
carbon (over 0-80 per cent.) steel spontaneous cracking 
is well known as was mentioned earlier. This is due 
either to a continuation of the hardening reaction or to 
the progress of the reverse reactions at normal tempera- 
tures. Whilst in most cases these chan are slow, in 
certain pieces of steel they are sufficiently rapid for the 
effects to be followed visually. For example, a certain 





* Kaye and Laby, Physical Constants, page 27. 
t+ Andrew, Rippon, Miller, and Wragg, Journ. Iron 





change, 


which naturally increases with the carbon 





and Steel Inst., 1920 (1). 
t Ibid. 


iece of steel sheet 4-in. thick, when water quenched from 
boo . C., would remain sound for a length of time 
depending on the hardening conditions (about 30 minutes 
in the above case), and then would open from the ends. 
This would proceed for two or three hours with gradual 
falling off in the velocity of movement. In many cases, 
when all mov t finished it was found that the 
two halves could be lifted apart. The stresses appear 
to be caused by relative contraction of the outer layers 
with respect to the interior aided by a plane of weakness 
in the centre of the strip which seems to be connected 
with rolling. Undoubtedly the plane of weakness 
mentioned was the cause of these phenomena becoming 
apparent, but the stresses responsible for the movements 
are due to the three causes set out previously. 
The spontaneous changes in length in hardened steels 
have been studied by Matsushita*. He finds that in 
steel of the composition :— 





0-75 per cent. C., 0-35 per cent. Mn., 0-10 per cent. 
Si, 0-018 per cent. S., 0-010 per cent. P., 0-07 per 
cent. Cu. 


(bar 6 mm. diameter) oil hardened from 800 deg. C. or 
900 deg. C., there is a slight expansion for 2 hours followed 
by a greater contraction which continues for at least 30 
hours. When water hardened from 800 deg. C. the same 
steel begins to contract immediately and to a greater 
extent than in the other two cases. Increase in carbon 
content gives the same effect as the more rapid cooling. 

he same author shows curves indicating the spon- 
taneous heat generation with time, and shows that the 
rate of evolution attains a maximum after 1} to 3 
hours. The amount of heat given out is very small. 
From the point of view of the failure of tools, the chief 
importance of these spontaneous changes is that owing 
to the necessarily differential nature of the quenching 
operation, with resultant stress irregularities especially 
with intricate cutting tools, these small stresses added to 
those previously existing may just exceed the. resistance 
of the material, causing ultimate cracking. For this 
reason steel is not, in good practice, allowed to stand long 
in the hardened condition, without tempering. 
Tempering of Hardened Steel.—The first effect of raising 
the temperature of hardened steel is to allow partial 
ultramicroscopic aggregation of the carbide, with 
corresponding decrease in volume and electrical resistance. 
This reaction takes place quite appreciably at 150 deg. 
C. and the rate of change increases rapidly with tempera- 
ture. At about 200 deg. C. the remaining + iron changes 
to a iron, with an increase in volume which tends to mask 
the decrease due to carbide association. Hence this 
expansion is more marked when the hardening con- 
ditions have been such as to increase the retention of 
¥ iron. 

It will be seen that the tendency in tempering is to re- 
verse the volume changes which have occurred in harden- 
ing and therefore to reduce the stresses which were 
present. 

Free Carbide.—The presence of free carbide in tool 
steels, whilst giving greater cutting efficiency, certainly 
adds to the fragility of the steel even when in its least 
harmful (nodular) form. With increasing carbon content 
also, the spontaneous contraction after hardening is 
greater, and, being greatest in the external layers of the 
tool, cracks are more likely to develop on standing. In 
addition the cementite itself is in a meta-stable con- 
dition owing to rapid cooling and tends to revert to the 
stable form—especially if the temperature is~ raised 
slightly——with increase of volume. 

Non-Metallic Inclusions.—These act in the same way 
as particles of carbide but with the additional dis- 
advantage that they tend to be elongated in the rolling 
direction and so offer a line of least resistance for the 
release of stresses. They are often associated with 
segregates, and in such cases considerable irregularity in 
the volume changes arises during quenching, and so the 
stresses become greatest in the weakest parts. 

Manganese and Chromium Content.—Both of these 
elements are frequently found in carbon tool steels to 
the extent of 0-5 per cent. From the work of Mat- 
sushitat { up to 1 per cent. appears to have little effect 
on the magnitude of the allotropic volume change. 
In the case of manganese there is a marked minimum 
in the effect on the coefficient of expansion of 7 iron at 
0-6 per cent., and beyond this the rise is comparatively 
rapid. This means that as the manganese increases the 
normal contraction of the y iron during quenching 
increases, and so when the austenite-martensite trans- 
formation takes place the expansion which occurred due 
to carbide going into solution tends to be counter- 
balanced, and so the difference in volume between the 
annealed and quenched states becomes less. This effect 
is further aided by the very marked tendency for man- 

ese to increase the stability of y iron. This will in 
itself cause a decrease in the austenite martensite 
expansion. 

Chromium has not the same marked tendency to re- 
tain 7 iron, but seems to retard the separation of carbide, 
and so aids the quenching by making the effects more 
uniform throughout the piece. Manganese acts in the 
same direction and the advantages are obvious, for 
irregularities in the internal stresses (most frequent cause 
of failure) are minimised. 

Summary.—(1) The possible origins of internal stresses 
in pure metals and alloys are examined. They fall into 
two main classes. Those due to cold working and those 
due to suppression of phase changes by rapid cooling. 

2. The volume changes taking place during the heating 








* Matsushita, Tohoku Science Reports, vol. vii. 

+ Matsushita, ‘‘ Influence on Mn on physical properties 
of Carbon Steels,” Téhoku Science Reports, vol. viii. 
t Ibid., “‘ Physical Coristants of Chromium Steels, 

vol. ix. 
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and cooling of steel are considered. There are three 
factors :— 

(a) The change from a to y iron—contraction 0-5 
per cent. by volume. 

(6) Solution of iron carbide—expansion—variable. 

(c) Change from a to 8 cementite—contraction—very 
small. 

3. The difference in expansion coefficient between a 
cementite and a iron is emphasised. This is of special 
importance in connection with the clinking of high 
carbon ingots. 

4. The conditions governing the hardening of steel 
are set out in detail and the volume changes causing 
the internal stresses are analysed. 

5. The phenomena of spontaneous change are examined 
in the light of results published by Matsushita. 

6. The relief of stresses by tempering hardened steel 
is explained. 

7. The influence of free carbide and non-metallic 
inclusions in weakening the steel is shown to be similar. 

8. Manganese and chromium are shown to reduce 
internal stress irregularities by making the quenching 
effect more uniform throughout the piece. 





LIMIT GAUGING. 

THE discussion on “ Limit Gauging’ which took 
place at the Institution of Mechanical Engineers on 
Friday last was based upon points arising out of the 
Thomas Hawksley Lecture, delivered by Sir R. T. 
Glazebrook, before the Institution, on November 5, 
1920. This lecture has already been reprinted in 
extenso in the Institution Journal (page 1075 et seq., 
Parts VIII and IX, 1920) and we there’ore merely 
reproduce below a résumé of the remarks with which 
Sir R, T. Glazebrook opened the discussion on Friday 
last, referring our readers to the journal for fuller treat- 
ment of the subject. Sir Richard Glazebrook said :-— 


In relation to the first point which he wished to bring 
up—the basis for standardisation—the chief concern 
at the moment was the standardisation of cylindrical 
work. Was the basis of that standardisation to be the 
hole or the shaft? In other words, was the hole to be 
the part that approached most nearly to the nominal 
dimensions, the allowances required to secure a proper 
fit in the case of a running shaft being made on the shaft, 
or were these conditions to be reversed? It was now 
practically agreed that for nearly all kinds of work 
the hole was the proper basis to take, though there were 
certain kinds of work—shafting, for example—in which 
it was necessary to take the shaft as the basis and to 
make the allowances, &c., on the hole. If it was settled 
that the hole should be the basis, the important question 
of the unilateral and the bilateral systems of gauging 
was raised, The difference was indicated in Fig. 8 of 
his previous lecture. A decision was required as to 
which of the two systems was to be adopted. In the 
original report of the Engineering Standards Association 
the shaft was taken as of nominal dimensions—as the 
basis—but it was worked on the unilateral system, 
because the tolerances on the shaft were negative and 
the allowances on the hole made, of course, the hole 
somewhat larger than the shaft. The nominal dimension 
was the dividing line, and in the unilateral system the 
tolerances on the hole were positive. The maximum 
clearances between the hole and the shaft would be equal 
to the allowance plus the sum of the tolerances. 

Those who had been in the habit of using a series of 
standard plug gauges, and not working to limits, had 
practically adopted the unilateral system as their basis. 
The unilateral system had also been adopted in Germany 
and Switzerland, and practically was adopted in America. 
It had also been adopted in this country in connection 
with screw gauges, in which the nominal size (only in 
connection with screws, the shaft was the basis) was the 
maximum dimension of the shaft. The matter had been 
discussed to a considerable extent by the British Engin- 
eering Standards Association, always with the result 
of a small majority in favour of the unilateral system, 
but a majority so small that it was difficult to act on it 
without further authority, At the last meeting of the 
committee dealing with the matter, however, a resolution 
was come to that the unilateral system should be the 
only system recommended as standard in the report, but 
that reference should be made to the bilateral system, 
indicating the manner in which this could be used in 
conjunction with the series of shafts, and suggesting a 
method of giving effect to these. That matter needed 
some little explanation, because the committee had come 
to the conclusion that it was possible to standardise a 
series of shafts which could be used satisfactorily either 
in a unilateral hole or in a bilateral hole. The suggestion 
was therefore to-adopt as standard that series of shafts, 
rather leaving the question of the hole to settle itself 
in the future. But if an agreement could be come to, 
he felt it would be better that the question should be 
settled once for all, and that one system or other should 
be standard, and an endeavour made to arrange in some 
way for those using the other system to fall in with the 
standard method. 

The next question referred to the systems of limits 
and the quantities to be dealt with, these latter being 
the allowances and the tolerances. It had been sug- 
zested that it might be sufficient for the present to 
standardise the series of tolerances, and to say that for 
work of the more general kind tolerances of half a 
thousandth of an inch would be satisfactory ; for other 
sorts of work tolerances of one thousandth of an inch 
should be used and so on, no attempt at any general 
scheme being made. He felt that that would not be 


satisfactory, as it would not afford the user sufficient 
information as to the kind of limits that were advisable 





for various classes of work. The limits to be considered 
were limits applicable to the work. That raised the 
important question of how the work and the gau 

to be used for testing the work were connected. fre 
would not dwell upon that, but wished to call attention to 
the fact that the effective tolerance on the work was some- 
what reduced by the tolerance allowed on the gauges. 

His next point dealt with the relation that must exist 
between the nominal size—nominal diameter—and the 
limit ; the tolerances and allowances would vary with 
the diameter of the work. Formerly firms were working 
to a relation which made the tolerances proportional to 
the square root of the diameter. Subsequently, most 
of the schemes of limits that had been used had been 
based on a + 6b /D + cD, as explained in his lecture, 
the quantities a, b or c being sometimes different, accord- 
ing to the class of work, one or other of them at any 
time being zero. In dealing with running fits the 
ec term vanished, and the limit worked to was usually 
a+b J/D. 

There were a number of reasons why the steps on the 
parabolic curve fulfilling the above conditions should be 
equal in length. If the steps were of uniform length, 
the limits given by the curve, and the fact that the steps 
were always of uniform length, fixed the length of the 
ranges. In his lecture he had dealt with the relation 
more fully. The steps and ranges agreed very fairly 
with the steps and ranges in a number of the limit 
systems at present in use. 

It was necessary to settle the number of ranges required 
and then the class of fit for which those various ranges 
were applicable. These fits included running fits, 
transition fits and interference fits. While it was probable 
that there was not much difference of opinion as to the 
applicability of a limit system of running fits, and 
obtaining interchangeable work, it would be found, when 
dealing with transition and interference fits there were 
difficulties, the matter being much less simple than 
appeared at first sight, much less simple than devising 
a system only for running fits. 

In settling tolerances and allowances in limits it 
was useful to have some recognised unit to work to. 
Two suggestions were made. One was that the unit 
step should be 0-0005 in. That was said to be con- 
venient for use with a micrometer. The other 


Direct Wages.—Direct wages are payments made to 
employees (in return for services ele which can be 
allocated exclusively to the respective manufacturing 
orders under which the work in question is being carried 
out. Such orders may be for customers or for stock. 
There is a lack of unanimity amongst the accountants and 
auditors as to the exact dividing line between direct 
wages and oncosts. 

Oncosts.—The term oncost includes all expenditure 
apart from :— 


(1) The cost of the material to be manufactured into 
the finished product. 

(2) Sub-contracts. 

(3) Direct wages. 

Classification of Operatives by Skill.—It is desirable 
to understand prevailing practice in this matter. In 
pre-war days it was customary to divide adult male 
labour into three approximate classes: Unskilled, semi- 
skilled and skilled. The corresponding majority rates 
were about 20s., 30s. and 40s. per week, representing 
their respective labour values. For the actual post-war 
time rates of skilled and unskilled operatives, see Table I. 
This division into unskilled, semi-skilled and skilled, 
is convenient and has been established by custom. 
It will therefore be used throughout this paper, although 
some operatives of the repetition class have acquired great 
efficiency on the particular work to which they are 
accustomed, and it would be more logical to speak of the 
comparative range of skill of the different operatives. 


Taste I.—Table showing the Time Rates paid to Turners 
(as representing the Skilled Craftsmen) and Labourers 
(as representing the Unskilled Class) and showing the 
Proportionate Number of such Work in the United 
Kingdom in receipt of the various Weekly Rates. 











was for a unit step of 0-0004 in. The advantage of that 
dimension was in the fact that it was an even number. 
Further, 0-0004 in. was, for this purpose, the same as 
one-hundredth of a millimetre, and the figures in inches 
were easily and directly transposable into metric units 
when wanted. 





A COMPARISON OF PRE-WAR AND POST- 
WAR PRODUCTION COSTS IN 
ENGINEERING.* 

By R. J. A. Pearson, M.Se., M.I.C.E., M.I.M.E. 


I¥ in any industry the total costs of the materials used 
and the amounts paid to sub-contractors i 
industries for work given out to them are deducted from 
the value of the gross output, a remainder is obtained 
which is usually called the net output. Engineering 
is the last link in a chain of productive industries asso- 
ciated together in order of sequence, in which certain raw 
materials are taken from the ground, and each industry 
in turn contributes its net output, the product of one being 
the raw material of the next until the final product is 
completed. The engineering net output represents the 
value added to the material in the course of manufacture 
within that industry, and the elements of which it is 
composed are: Direct wages, oncosts and profits. The 
changes brought about in consequence of the war 
advances have profoundly affected the inter-relationships 
of these elements, and it is the author’s desire to analyse 
some of these changes and finally illustrate their far- 
reaching effects on production costs, distinguishing 
throughout between repetition work and miscellaneous 
work, 

Production costs are usually divided into: Material, 
wages and oncosts. To facilitate the comparisons aimed 
at in this paper, oncosts will be subdivided into : Standing 
charges and running charges. Every item of e diture 
in an industrial establishment can be brought within 
one or other of the four grouped items of cost: Direct 
wages, direct material, standing charges and running 
charges. The total of the direct wages group can be 
easily and continuously ascertained, and will therefore 
be used as a standard of reference for the other three 
groups, which will eventually be expressed in terms of 
their respective ratios to direct wages. It will be 
necessary in the first place to define certain terms which 
are frequently used, and to analyse the conditions 
associated with the terms thus defined. A few principal 
items of oncosts will be then selected for detailed descrip- 
tion, these being merely typical examples of the many 
dozens of items of expenditure which fall within this 
group. The terms: Jar advances, direct wages and 
oncosts, skilled and unskilled operatives, as used through- 
out this paper, relate to the engineering industry only 
and are defined as follows (normal working hours are 
assumed in all cases) :— 

War Advances.—(See appendix, page 540.) These are 
as follows :— 








8. d, 
Men 39 6 per week + 124 per cent. 
on total earnings. 
Women ... 19 6 per week + varied increases 
in time rates averaging 10s. 
per week. 
Boys «+» 10 9 per week. 
Girls «» 8 O per week. 
* Paper read before the Royal Statistical Society, 


April 19, 1921. 





Turners. Labourers. 
Per Cent. Per Cent 
of the of the 
Total Number | Rate per Week | Total Number | Rate per Week 
of Turners of 47 Hours. of Labourers | of 47 Hours. 
Employed. Employed. 
ston 
per cent. s. d. per cent, s. d, 
1 46 «0 7 30 6 
7 47 0 2 31 0 
3 48 0 3 33 «0 
3 50 0 1 33 «6 
9 51 0 10 34 .6«0 
49 52 0 1 34.6«6 
5 53 0 19 35 40 
5 53 «6 1 35 «6 
4 64 6 2 36 6¢«C0 
7 55° «0 26 36 «6 
7 57 0 4 37 6 
1 88 (0 
5 39 «0 
5 39 6 
in other 13 40 0 














Table showing the Arithmetical Difference and the Per- 
centage Ratio between the Weekly Time Rates of the 
Turner and Labourer compared within each District 
throughout the United Kingdom. 





Difference within a District. Percentage within a District. 








—' yo - = a 
of the Yifference of t 
Total Number | in Shillings | Total Number ere SS 
of Turners r Week of Turners wm >, 
and Labourers tween. | and Labourers | Turners’ Rate. 
Employed. Employed. 
per cent. a. d. per cent, per cent. 
2 12 0 1 63 
” 13 1 64 
9 4=0 18 65 
4 14 4 66 
5 15 0 W 67 
25 15 4 68 
9 16 0 Is 69 
13 16 25 70 
3 17 0 1 71 
18 18 0 11 72 
3 19 0 6 73 
6 74 
6 75 
1 77 














The 12} per cent. war advance operates both on the 
pre-war rate and the flat advance, converting the latter 
into 448. 53d. In the result, the pre-war unskilled worker 
at 208. jumps to 66s. 11}d., and the 30s. man to 78s. 2}d., 
and the 40s, man to 89s. 54d. per week, the respective 
percentage ratios being: 3-55 per cent., 2-607 per cent. 
and 2-237 per cent, (See Table II.) 

Oncosts.—It is now necessary thoroughly to examine 
the nature of oncosts in general, and to dissect in detail 
a few ial items in order to understand their relative 
effects on total production costs. 

Analysis 1.—Oncosts may be divided into :— 

1. The cost of such materials as are necessary for the 
progress of work, but are not part of the actual product. 
This can be described as “ indirect material.” 

2. Payments made to employees which cannot be 
charged directly to a manufacturing order number. 
These may be labelled “‘ indirect wages.” 

3. Certain charges which are neither material nor 
labour, such as interest, depreciation, rent, rates and 
taxes, advertisements, &c. 

Owing to the relatively higher percentage increases 
granted to unskilled workers (see Table II), the pre-war 





proportions of direct and indirect wages have been 


profoundly modified, and it is very necessary to under- | 


stand the post-war conditions. 

In departments where work is of a highly repetitive 
character and has been thoroughly sectionalised, the 
direct wages are paid chiefly to operatives of the unskilled 
class on the single-purpose t of o tion, whilst 
the indirect wages are mostly paid to tool-makers, gauge- 
makers, setters-up, millwrights and overlookers who are 
of the skilled class, In the repetition closs it will there- 
fore be seen that the effect of the war advances has been 
approximately to treble the direct wages and double the 
indirect w , using the figures in Table II, with a 
co uent fall in the ratio of oncosts to direct wages. 
(See Table ITI.) 


Taste Il.—Time Earnings and Payment by Result 
Earnings on Time-and-Third Basis of Adult Male 
Workers, showing the Percentage Ratio of the Post-War 
Earnings to the Pre-War Earnings. 
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ratio is continually being used in the preparation of 
estimates = _ financial statements, — — 
ing of its relationship to tee ses ig output is of the greatest 
Snpetianne. If once this tionship can be established 
over a wide range of fluctuation in output in any particular 
establishment, the rate of expenditure in oncosts can be 
estimated with reasonable accuracy at any desired date, 
if the then rate of output is known. For this purpose 
oncosts may conveniently be explored on another basis 
by sub-division into standing and running charges. 
Standing charges are defined as oncosts which remain 
approximately constant irrespective of fluctuations in 
output. Running charges are defined as oncosts which 
fluctuate with output, though not emerge | in direct 
roportion nor in synchronous time phase. The dividing 
ine is somewhat indefinite, but it can be readily traced 
by careful analysis. 

Standing Charges and their Relation to Direct Wages.— 
By definition, standing ch are independent of 
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have raised a number of new problems in this connection. 
A period of two years was allowed for the disposal of 
surplus war stocks, but many engineering firms still hold 
redundant stock and redundant plant and tools which 
stand in their books at values above the present market 
prices, and there may not be sufficient profits to oppro- 
priate for the special writings-off required. It is allow- 
able to value stock at cost or market value whichever 
is the lower, but this does not assist in the case of re- 
dundancy ; the depreciation of stock bought at inflated 
prices has not yet received the sympathetic attention 
the subject deserves. Bearing all these unstable elements 
in ied, it is difficult to estimate the present percentage 
ratio of depreciation to direct wages, although every 
consideration peints to an increase over pre-war L 

Rents, Rates and Taxes.—Here again there is consider- 
able difficulty in arriving at a definite comparison. In 
most districts rating authorities will make strenuous 
efforts to increase assessments in line with inflation. 
Local rates have approximately doybled (Ministry of 
Health, February 28, 1921), and any assessment increases 
at the quinquennial valuation will prejudice the post-war 
position. Limited companies possessing freehold sites 
are taxed on Schedule A in lieu of rent. This amount 
has increased sixfold over the pre-war values. The tax 
under Schedule D is looked upon as an appropriation of 
profit, hence it does not come within the scope of this 
paper. The excess profits duty, which was re; led as an 
oncost, has now been yrmatener 5 ; this removal will lighten 
the oncosts and will have the effect of increasing the 
amount taxable under Schedule D, and under the 
corporation profits tax in the case of limited companies. 
Fire insurance rates remain about the same as pre-war, 
but the values insured have more than doubled. The 
sums of money involved are so variable according to 
the nature of the buildings and the present inflated values 
of plant and tools, the work in progress and the stock 
contained therein, that it is impossible to generalise, 
except to suggest that the amount involved now bears 
approximately the same relationship to direct wages 
as in the pre-war days. 

It will already have been demonstrated by this brief 
examination of a few items of standing charges that the 
variations in local conditions make general deductions 
very difficult, and therefore for the purposes of the pro- 
posed comparison between the pre-war and post-war 
production costs of the two factories illustrative respec- 
tively of repetition and miscellaneous production, it will 
be 






































output ; whilst direct wages fluctuate nearly in direct 
Time Earnings. Payment-by-Result Earnings. | proportion to output in normal working hours. If the 
tput be doubled, the direct wages will be approxi- 
: : mee mag mately doubled, whilst the standing char remain the 
3 a y ges 
a2 5 4 a “3 . “3 same, in which case the ratio of standing charges to direct 
E : = Ee é wages would be halved. If the output were trebled 
§ s EB A -) 3 the ratio would become one-third of its original value. 
4 = ad. fu). |The percen of standing charges to direct wages, if 
a) os £56 | @3 ; 
4 a N & As Fi : py a gear Aa rere ~ pm ge a the form 
al s|= |of a rec ar rbola, with the equation zy = 
: eS. FE 3 2.3 F.% FE F; a constant. It will be appreciated that the or 5 
7) g : ratio of standing charges to direct wages will be redu 
g z| 3 eElé bse BEE P 4 approximately A inverse proportion to the number of 
times the capital value is turned over per annum. 
a a a For a thorough comparison between pre-war and post- 
20 66 113 | 334-5 | 96 8 | 76 94| 280-0 | War Conditions it would be necessary to test the war 
21 68 0 824-5 28 0 77 2 275-5 |imerease in each item of standing charges relatively to 
22 69 2 815-2 29 4 78 8 268-0 | the war increase in direct wages, and a few typical items 
= > 3} 6 = F 1 ° 1 =? are examined herewith. 
. 4- 
26 72 HK 290-3 83 4 82 11 249-5 | Taste IIl.—The pre-war table is built up on assumptions 
26 73 8] 283-2 34 8 84 4 243-0 ich are reasonably in line with general experience. 
= B Ry 4 : 4 : =. t= oe rates on post-war conditions are taken 
s > rom Table II, for adult male time workers. The per- 
4 a rs $4 : 4 - 1 4 Gotdineg ed ¢ — the cnt defa (III) ead au 
$1 79 3 255-7 41 4 91 221-5 t ing o, percentages for different types of work 
82 80 5 251-5 42 8 93 0 218-0 as contrasted with pre-war conditions. The effect of the 
> (Soret) oe) eee | aoe lem ae 
35 83 9 239-3 46 8 97 208-0 : 
36 84 11 235-8 48 0 8 205-5 ° 
B | ea) st] os at | Bes pee. | rote. 
39 88 3 226-4 52 0 103 198-5 ~o 
40 89 5 | 223-6 | 53 4 | 104 A 195-5 es | BE. ¢ | 
2 1S S| eee | ss jae ies Blel, | 2 | 
43 92 98 | 215-6 | 57 4 | 1 i 190-0 athe ee rt t. i ff Hy Ae . § . 
44 93 11 213-5 58 8 | 110 2 188-0 os 2 SBF] Sy Sy =e le 
b&| £6 |B-9| 88] £§ lela 
; - R - 
Time Earnings and Payment by Result Earnings of <= | <5 |é <B | <2 |e 
Apprentices and Improvers, 124 per cent. on Earnings 
to Time Workers after 21 Years of Age. Time and per per 
Two-Thirds prior to 21 and Time and Third plus s. d.| 8. d.| cent. | #. d.| 8s. d.| cent. 
74 per cent. after 21 to Payment by Result Workers. Repetition 20 0} 40 0] 200 | 67 0] 89 5) 133 
25 0| 37 6) 150 | 72 7) 90 0} 124 
} Zee 42 Semi-repetition 30 0} 35 O| 117 | 78 2) 91 2) 116 
- BE sé 35 0] 82 6] 94 | 83 10] 94 5) 113 
3 g she Dae Miscellaneous 40 0) 30 0 75 | 89 5/100 6) 112 
a, Bai ; 2 a3 233 , 
¥ & £ 82x P Bsa 2 Interest.—Payments of interest are incurred in con- 
ae ge 3 4 5 | Be 28 > ok z &). | nection with permanent loans, debentures, &c., and such 
Ry MH » cap meee | ee EIS ayments are independent of output. The rate of 
z I ce | £88 5 i= |P . sa 
L ay 5 | wos 4 SEE $x » |interest on gilt-edged securities has advanced from an 
3% 5 & $2 £ 28° ssoa| sa £ | average pre-war rate of 3} per cent. to an average post- 
.| Bs 5 % = EE S eee 8 war rate of 6 per cent., and this ratio increase holds good 
& fe 85 = ESEe= SSe5 3 for interest on loans to engineering firms. 
< a Pa | BS Ee | ARE a | Ae Post-war first costs of new engineering plant and 
machinery are approximately three times the corre- 
s. d. 8. d. s. d. s. da. sponding pre-war values. It will be seen, therefore, 
os . 4 3 Z at? . : 4 : =< that in cases of recent loans for the purchase of plant 
: 255: ae ‘0 | and machinery, post-war rates of interest have to be paid 
7 ° 4 4 4 + - 4 = : on on top of post-war inflation of capital values. Since the 
265 - 9 .9 | Tate of interest is nearly doubled and the capital value is 
18 16 0 42 6 265-5 26 8 53 3 200-0 3 : : 
19 19 O}| 45 6| 239-2 31 8 68 3 184-0 | about trebled, there will be an increase in the amount of 
20 21 0] 47 6/| 226-2 35 0 61 6 | 175-5 | interest in the ratio of 1 to 6 from pre-war to post-war. 
HA = 4 75 sy os 4 : pf : =. It will be found that many engineering firms have been 
2 252: 2 : compelled to raise loans on these onerous terms, during 
33} 4 : 4 a onet pf ; B. : te the present slump, though it is impossible to state the 
23 43 0| 92 93] 215-5 57 4 | 108 9| 190-9 | @xact proportion of such loans to the sum of the total 
loans involved in the engineering trade. On the whole 























In miscellaneous work, on the contrary, where the 
operations are of an individual character, the direct 
wages are paid chiefly to the skilled workers, and the 
indirect wages chiefly to the unskilled, in the form of 
labourage, transport, &c. Here, therefore, the direct 
wages will approximately have doubled, and the indirect 
wages trebled, whence the ratio of indirect wages to 
direct wages will have increased, just the opposite effect 
to that brought about on r»pétition work. At some 
intermediate stage the curves intersect and the ratio 
remains the same as pre-war. (See Table [II.) 

This important distinction must be borne in mind 
as it is made use of in compiling the final comparative 
tables of production costs. It will be appreciated that 
in no two factories are the conditions identical, and 
careful analysis is required in every case, sometimes 
differentiating between internal departments. In order 
to make the intended comparison enunciated in the 
title, it is proposed to take as examples the pre-war 
and post-war cases of two imaginary factories, typical 
of (a) repetition production and (6) miscellaneous pro- 
ducti This i will be facilitated by a 





further analysis of oncosts. 


Analysis 2.—-Oncosts are usually expressed | 'T 


as a percentage of direct wages. Since this percentage 


there is every reason to consider that the etree 
ratio of interest on loans to direct wages is considerably 
higher than in the pre-war period. 

eciation and Obsolescence.—Depreciation allows 
for the wear and tear of plant and tools. Immediately 
prior to the war the Inland Revenue allowed in the 
neighbourhood of 5 per cent. depreciation per annum 
on the diminishing value of the article in question. 
This allowance was insufficient for the average establish- 
ment and had to be supplemented by appropriations from 
profits. During the control period normal and excep- 
tional depreciations were allowed, in view of the abnormal 
hours worked and the great influx of diluted labour. In 
addition = eer writings-off were allowed for plant and 
tools purchased during the control period for the manu- 
facture of war requirements. Under post-control con- 
ditions, the exceptional depreciations and writings-off 
have disappeared, and a normal depreciation per annum 
on the diminishing value is all that is allowed. 

If an item of plant or tools is scrapped and replaced, 
an obsolescence claim is allowed to the extent of the 
diminished value of the item at the time ; if the item is 
not replaced there can be no claim for obsolescence and 
the diminished value has to be treated as a capital loss. 
he occurrence of inflation and the process of deflation 





combined with redundancy and increased obsolescence, 





i that the total of the standing charges has 
increased in both cases from pre-war to post-war in the 
same ratio as direct wages. It will be recollected that 
the up ‘“‘direct wages” has been chosen as the 
standard of reference. 

Running Charges.—In the same way it will now be 
necessary to examine briefly in detail a few items of the 
running — group. 

Plant and Tool Maintenance.—This item accounts for 
about one-third of the total running charges. Of the 
expenditure incurred, about 53 per cent. to 60 per cent. 
is spent in indirect wages, and the remainder in indirect 
material. In establishments which can and do produce 
internally the patterns, castings and forgings required 
by the works engineer for the purposes of upkeep and 
repair, the proportion of indirect wages may rise to 
75 per cent. or 80 per cent. of the total expenditure on 
plant and tool maintenance. Most of these indirect 
wages are paid to craftsmen whose wages (as shown in 
Table II) have risen in the ratio of 1 to 2}. The costs 
of materials of this nature have risen approximately in 
the ratio of 1 to 4. Allowing 80 per cent. indirect wages 
and 20 per cent. indirect material, the increase in the cost 
of plant and tool maintenance would be in the ratio of 
1 to 2-6, almost exactly the same as for the average 
increase in the rate paid to adult male time workers as 
direct wages. 

Salaries, Inside and Outside Staff, Supervision, &c. 
(Addition to Nucleus).—The various staff officials included 
under this heading may conveniently be grouped at the 
ultra-skilled end of the classification-by-skill category. 
In general it may be assumed that the payments made 
to them have been increased in the average ratio of 1 to 
1-75, although the variations in the arrangements 
adopted by different firms render it impossible to 
approach nearer the truth than a general approximation. 
In a mass-production department, this charge in pre-war 
days might easily have been 50 per cent. of the direct 
wages, whilst in a miscellaneous shop it would probably 
have been about 20 per cent. Assuming these figures for 
comparative purposes, the respective percentages for 
pre-war and post-war periods are shown in Table IV. 

Coal, Coke, Gas, Light and Power.—The amount spent 
under this heading will vary between wide limits in respect 
to direct wages, according to the locality and the nature 
of the work carried out, but in an average representative 
establishment it may be assumed, for the purposes of 
this paper, that it is about 10 per cent. of the amount paid 
in direct wages. Table V shows the ffuctuations in the 

rices of coke, gas and coal (including oil and spirit) in 
Lenten, and the provinces from 1914 to 1919 inclusive. 
Running charges can be subdivided almost without limit 
from the costing point of view, but it is not necessary 
here to proceed to further detail. In practice the cost 
of the clerical work involved may be allowed to grow out 
of all proportion to the information acquired, and there 
is the probability that the management may become the 
slaves of a costing system, voluminous in detail without 
being illuminating in general. The main point to bear 
in mind is the importance of being able to estimate, 
within a reasonable degree of accuracy, what will be the 
total running c corresponding to any assumed rate 
of expenditure in direct wages. 

The author has formed the conclusion from twenty 

careful examination of information collec at 
three monthly intervals, that a parabolic relationship 
exists normally between running charges and direct 
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wages; that is, the total running charges vary as the 
square on of the direct wages, with the equation 
y=C Jz, 

* This is a factor of first-rate importance and provides 
a simple and continuous method of examining running 
charges, the most troublesome and dangerous of the four 
groups of costs. It has accordingly been used in the 
preparation of the final comparative tables, giving due 
regard to the relative preponderance of unskilled or 
skilled workpeople in receipt of indirect wages, the effects 


TABLE IV.—Relation of the Cost of Supervision to Direct 
Wages.—The post-war direct wages on mass production 
are taken from Table II, for the lowest-paid unskilled 
male adult, on a system of payment by results. The post- 
war direct wages on miscellaneous work are taken from 
Table II for the,skilled time-worker at 398. per week 














spre-war. The cost of supervision is assu as having 
increased from pre-war to post-war in the ratio 1 to 1.75. 
Pre-War. Post-War. 
Type of Work. Per- Per- 
Direct | Super-| centage | Direct oa ay centage 
Wages | vision 8 Wages | vision i 
Dw. 8. Dw. DW. 8. Dw. 
per per 
cent. cent. 
Repetition 100 50 50 280 87} 31-2 
Miscellaneous..| 100 20 20 226 35 15-5 























TaBLe V.—Average Prices of Gas, 
Years 1914 to 1919, of some Repr 
in London and the Provinces. 


Coal and Coke for 
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London. Provinces. Nine Largest 
Three Largest Companies.| Provincial Companies. 
Year 
Net Gas Rental. Net Gas Rental. 
Average Price of Gas to the Consumer. 
1914 28-21 | 21-63 
1915 32-46 | 23-69 | 
1916 33-51 | pence - 1,000 | 25-40 | pence per 1,000 
1917 35-73 f cub. ft. 26-69 { cub. ft. 
1918 45-91 | 33-46 | 
1919 49-98 } 40°72 ) 
Average Cost of Coal (including Oil and Spirit). 
1914 15-39 | 14-96 ) 
1915 19-24 | 15-93 | 
1916 24-53 | pence per 1,000 | 20-42 \ pence per 1,000 
1917 29-66{ cub. ft. of gas | 24-35 cub. ft. of gas 
1918 34-59/| sold 27-67 sold 
1919 37-85 ) 31-52 
Average Price of Coke. 
8. d. 8. d. 
1914 12 7-04 | 11 2°35 
1915 16 9-90 | 13 ye | | 
1916 22 1-58 17 9-26 
1917 24 5-64 [Per ton 19 5-32 } per ton 
1918 27 2-13 | 22 10-50 | 
1919 37 4-58) 32 3-10) 
These res are available by the courtesy of the Gas Light 
and Coke Company. 
TABLES VI AND VII. 
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Net Output 
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Net Output. 
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of which were outlined in detail earlier in the paper 
(See Table III). The value of C will depend upon the 
nature of the work carried out and the degree of economy 
exercised, and will be higher for repetition work than for 
miscellaneous work ; moreover this relationship applies 
only to an established factory or established department. 
Where a new department is in process of development 
the author has found that a straight line relationship 
exists between running charges and direct wages until 
the supply of standard accessories and stock becomes 
established. 

Summary.—The facts, assumptions and deductions 
enunciated throughout this paper have been collected 
in Tables VI and VII for the desired comparison between 
pre-war and post-war production costs; the author 
believes that a close study of these tables will be amply 
repaid by a clearer understanding of the fundamental 
truths amplified therein. In compiling Tables VI and 
and direct 
been assumed as parabolic, the starting point 


VII, the relationship between running c 
wages has 





being for convenience in each case the ratio at 60 per cent. 
output. The results may be set out in numerical tables 
or plotted as curves in graphical charts or expressed as 
algebraic equations. In either way a continuous mental 
grasp of the whole financial situation can be acquired 
with a minimum of clerical work and book-keeping, and a 
certainty of approximate accuracy. The tions 





The fall-off from the ideal output is ted for 
y —_ ‘ 
1. Machinery standing idle. Breakdown, wear and 
tear, no suitable work, &c. 
2. Human factor. Lost time, decreased meee, 
effort, production of scrap work. 
3. Def 





of conditions during pre-war times are set out in detail 


1 
ts of organisation. Shortage of material, lack 
of balance in machine tools, delay in tools equipment, 





at the head of each table. They are well within the zone 


slow transport, &c. 


TABLE VI.—Reretirion Work. 
Normal output 70 per cent. of theoretical maximum under ideal conditions. 


At 60 per cent. output pre-war running charges were 14 times 


the direct wages, and vary as the square root of the output. 


At 60 per cent. output the direct wages, material and standing charges were assumed to be all equal in pre-war conditions. 
























































PRE-WAR. 
1 2 3 4 5 6 7 8 Q 10 
Running . 
Output named Charges A ea Net Output 
Percentage (D W) Standin a<v/DwW | Assumed Sellin Total Profit and NO. (8-TOC) 
of the % | skined and| _Cost of sane Costs. Loss. Wages plus |100 —_— 
to Unskilled|; Charges. | 5Xille Value NO 
Theoretical ultra-Skilled| Material. TC. 8 — TC. |Charges plus 
Maximum Labour on Five Times Profit 
* | Piecework. Labour Ww. + 
Employed. 
per cent. per cent. 
10 1 6 4-1 1 5 12-1 — 71 11-1 — 64-0 
20 2 6 5-8 2 10 15-8 - 5-8 13-8 — 42-0 
30 3 6 7-1 3 15 19-1 - 41 16-1 — 25°5 
40 4 6 8-2 4 20 22-2 — 2-2 18-2 - 12-1 
50 5 6 9-1 5 25 25-1 - 0-1 20-1 - 00 
60 6 6 10-0 6 30 28-0 + 2-0 24-0 8-3 
70* 7* 6* 10-8* 7* 35* 30-8* 4-2° 28-0* 15-0* 
80 8 6 11-5 8 40 33-5 6-5 32-0 20-3 
90 9 6 12-2 9 45 36-2 8-8 36-0 24-5 
100 10 6 12-9 10 50 38-9 11-1 40-0 27-8 
POST-WAR. 
1 2 3 4 5 6 7 8 9 10 
Output Net Output 
Percentage | Pre-War to | Pre-War to | Pre-War to | Pre-War to 4} Times Total Profit and NO. (8-TC) 
of the Post-War | Post-War | Post-War | Post-War D Costs. Loss. Wages plus |100 ~— 6 
Theoretical 1 to 3. 1 to 2} 1 to 2. 1 to 3. ° TC. 8 — TC. |Charges plus 
Maximum. Profit. 
per cent. 
10 3 15 8-2 3 12-75 29-2 — 16-0 26-2 — 61:0 
20 6 15 11-6 6 25-5 38-6 — 13-0 32-6 —- 40-0 
30 9 15 14-2 c) 38-25 47-2 — 9-0 38-2 — 23-5 
40 12 15 16-4 12 51-0 55-4 — 44 43-4 - 10-1 
50 15 15 18-2 15 63-75 63-2 + O-5 48°75 0-0 
60 18 15 20-0 18 76°5 71-0 5°56 58-5 9-5 
70* 21° 15* 21-6* 21° 89-25* 78-6* 10-7* 68 -25* 15-7* 
80 24 15 23-0 24 102-0 86-0 16-0 78-0 20°56 
90 27 15 24-4 27 114-75 93-4 21-0 87-75 24-0 
100 30 15 25-8 30 127-5 100-8 26-7 97°5 27-4 
* Normal. 
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of probability, though it must be appreciated that such 
conditions varied very greatly in establishments carrying 
out different types of work. The rates of increase in 
each item in comparing post-war to pre-war conditions is 
shown in the appropriate column under the post-war 
heading, such rates of increase having been deduced in 
the earlier portions of the paper. 

It may be contended that the percentages of profit 
on normal turnover is not in accordance with general 
experience, but here again the conditions differ entirely 
in different establishments, and the fundamental con- 
clusions to be drawn from the tables are unaffected, and 
epply equally strongly to each and all. The author has 
throughout limited his observations to the engineering 
industry, but there is no reason to doubt that these basic 
deductions are equally true of many other types of 
industry. The increases in the cost of material are due 
to causes internal to other industries and hence do not 
come within the scope of this paper. For the purpose of 
comparison an overall average increase from pre-war to 
post-war in the ratio of 1 to 3 has been assumed. Every 
establishment knows exactly the value of this ratio for 
the raw materials required for its own use. 

In practice it will be found that the normal output in 
normal working hours from workmen of average ability, 
each giving a fair day’s work, usually lies between 50 per 
cent. and 70 per cent. of the theoretical maximum ranging 
from miscellaneous to repetition work, and these respec- 








tive percentages have been selected in the tables. 


REPETITION WORK. TABLE VI. 
CHART OF PROFIT ANDLOSS. 
Full Lines for Post War. Dotted Lines for Pre-War. 
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The basis of similarity betweeh pre-war and post-war 
in the Tables VI and VII, is the maintenance in the last 
column of an approximate equivalent ratio between 
profits and net output at each step of the full range of 
output, between zero and the theoretical maximum 
obtainable, from the available plant in normal working 
hours under ideal conditions, the assumed selling prices 
being fixed in reference to normal output on this Posie, 
i.e., normal profits at normal output. 
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The great range of fluctuation in the percentage of 
profit on net output deserves the closest attention. It is 
generally recognised that cost per article increases as 
output diminishes, but few people appreciate how small a 

-reduction in output will turn profits into losses. The 
tables indicate that this takes place within 20 per cent. 
below normal output ; and below that again, the losses 
rapidly increase in amount. Many business concerns 


can be readily superimposed if desired, in conformity 
with local circumstances. In the case of a large and 
expensive machine, the standing charges for which are 
necessarily very heavy, it may be desirable to run 24 hours 
a day so as to absorb the charges over a larger turn-over ; 
but in general the vital need of increased output so clearly 
indicated in the final columns of Tables VI and VII, 
can best be met by improved organisation from the 


TABLE VII.—Miscettanscovus Work. ° 


Normal output 50 per cent. of theoretical maximum under ideal conditions. 
At 60 per cent. output pre-war standing charges were 50 per cent. of direct wages and are constant irrespective of output. 


At 60 per cent. output pre-wa- running charg*s weve 50 


rcent. of direct wages and vary as the square root of the output. 


At 60 per cent. outp it pro-war material was assumed to be 200 per cent. of divect wages. 


causes, many of which are outside the control of either 
employers or employed; nevertheless a re Tate 
of production due possibly to a combination of slackness 
in organisation and a deliberate lowering of intensity 
of effort, has greatly assisted to precipitate and aggravate 
this depression, and the results collected in Tables VI 
and VII show how quickly and easily this can be brought 
about. 

Conclusion.—The use of graphs and charts in addition 
to numerical tables is now common in financial statistics. 
Tables VI and VII are thus expressed. It would be a 
further step forward if these graphs be obtained in 
rational form and expressed as equations. Use has been 
made of the parabolic and hyperbolic relationships in 




































































PRE-WAR. this paper and the author believes that simple mathe- 
seat ——_ matical methods might usefully be employed for the 
| | | | 7 “ | : | | exploration of broad financial sityations generally. 
1 : | 3 4 | _ 6 F Ss } ° | sa Undoubtedly the engineer and the statistician would there - 
ae = by gain a clearer conception of the financial position in an 
ete Direct Running Assumed Net Out industrial establishment under the present highly critical 
y a od eas 
Percentage bet Standing | Charges Assumed —s Total Profit and put (N 0.) |199 SS—T© post-war conditions. 
Theoretical |. and i ee ee sae ®) Go). | s— Tc. |cnatges'plus ashes 
Theoretica ; to Unskilled . . —TC. vee aa 
Maximum. — “ Sebeae. a, | Profit. APPENDIX. 
= aM : ‘ Stat t showing Amount of War Advances granted to all 
| Classes, and the Date when Advance came into Operation. 
per —_ ™ ; 2-45 4 9 14-5 ere 10-5 ayy Applicable to the Engineering and Foundry Trades. 
20 | 4 6 3-47 a 18 21-5 | — 3:5 13-5 | — 26-0 MALEs. 
30 | 6 6 4°25 1: 27 28°3 - 3 “3 - . Boys and 
‘ : 34: . 20-0 + 5:5 ; 7 
foe 10° 6° 58° 20 ‘5° ase | 7 3:50 25-0 | 14-08 Wer Bonus: a. . Toe 
60 12 6 6-0 24 54 48-0 6-0 30-0 20-0 ‘ i . & dd 8. d. 
70 14 6 6°5 28 63 54-5 8-5 35-0 24°3 First full pay day in April, . 
sO 16 6 6-94 32 72 | 61-0 11-0 40-0 as 1917 “ ose — a 0 2 6 
90 18 6 7°36 } 36 81 67 4 13 6 45-0 p< 4 August 1, 1917 eee ane 3.0 6 
100 20 6 7°76 40 90 73°8 16-2 50-0 32°4 First full pay day in Decem- 
ber, 1917... one Ser 2 6 
POST-WAR. Pay day in the week ending 
| August 10, 1918 awe 6 1 9 
1 | 2 | 3 4 5 6 7 8 9 10 Pay day in the week endin 
} December 7, 1918 a 2 6 
<a ‘a ae rey Pay immediately following 
Output | . Net Out- : ° - 
Percentage | Pre-War to | Pre-War to | Pre-War to | Pre-War to ot hy Total Profit and | put (N 0.) |, (S-T ©) December 1, 1919 -- 5 0 _ 
of Post-War | Post-War | Post-War | Post-War Five Times Costs Loss. Wages plus mo ow, * pours sAipigacaese 
Theoretical 1 to 2}. 1 to 2}. 1 to 3. 1 to 3. D (TC). § — TC. |Charges plus Total ... 26 6 1 9 
Maximum. 5 Profit. a M 
Danae ADULT MALgs. 
t. r cent. First full pay day fol- 12} per cent. on earn- 
ae io | 5 15 7:5 12 25 39-5 — 14°55 27°5 = 53-0 lowing October 12, ings to time-workers. 
20 | 10 15 10°5 24 50 59-5 | — 9-5 35-5 | — 27-0 1917. 
30 15 .. oy 4 m 4 5 - eg + ty - a First full pay day fol- 74 per cent. to piece- 
40 5- . 2. 52: 3. ° C Lt 
50" | 33° 15° 16-5* 60* 125° 116-5 | + 8-5* 65-08 | 13-1" wane yommeny 1, Wathen, 
60 30 15 18-0 72 150 1235-0 15-0 78-0 19-2 ‘ 
70 | 85 15 19:5 84 175 163-6 21:5 31:0 2: 8 Advances on one i” 
80 40 15 21-0 7 72: 28-0 . 27- ‘ . dy 
90 | 45 15 22-4 108 225 190-0 35-0 117-0 30-0 April 1, 1917... 7 0 
100 | 50 15 23°4 120 250 208-0 42-0 130-0 32-3 Pay period im- 
mediately following 
* Normal. March 31,1920 3 0 | Advance on base rate 


MISCELLANEOUS WORK. TABLE VII. 
GROUP ITEMS OF PRODUCTION COSTS. 
oe Full Lines for Post-War. Dotted Lines for Pre-War 
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at the present time are proving for themselves the 
impossibility of making profits on heavily-reduced 
outputs, even where it has heen possible to maintain 
selling prices intact. 

Another of the outstanding features of the comparison 
is the large increase in the armount of the net output 
necessary under post-war conditions to bring in an 
equivalent percentage of profit to that obtaining in pre- 
war times. The amount of capital locked up in work-in- 
progress is correspondingly multiplied, and this illustrates 
one of the difficulties of financing industry to-day. These 
figures emphasise the necessity of maintaining a high 
average output, and their general purport could with 
advantage be brought within the knowledge of every 
production official in engineering establishments. As 
stated at the outset, normal working hours have been 
assumed throughout the paper. The effects of short 
time, overtime, nightshift and other abnormal conditions 


MISCELLANEOUS WORK. TABLE VII. 
CHART OF PROFIT AND LOSS. 
280 Full Lines tor Post-War. Dotted Lines for Pre-War. 
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management and increased intensity of effort from the 
operatives, these being combined during normal hours 
of work. It is not proposed to discuss fluctuations in 
selling prices, that subject being outside the scope of this 
paper. In might be argued with some justice at the 
heise time, that it is useless to insist on the necessity 
or speeding up output when sufficient contracts cannot 
be secured owing to the world-wide slump in trade, and, 
further, even when contracts can be secured, the selling 
prices are so reduced that profits will be impossible, even 
with the most effective moanereant, unless production 
costs can be materially reduced. There is no doubt that 
the present trade depression is based on a variety of 





Pay period im- over pre-war rate. 


mediately following 

May 31, 1920 3 0 
Total . 13 0 

Total advances given since beginning of the 
war = 8. 


War bonus 


. an 26 
Advances on base rate 


13 


6 
0 
39 6 
Plus 124 per cent. to time-workers, and 7} per 
cent to piece-workers, 


FEMALES, 
18 Years Under 
and Over. 18 Years. 
s. d. s. d. 
August 15, 1917 2 6 1 3 
December 5, 1917 3 6 1 9 
September 1, 1918 5 0 2 6 
January, 1919 5 0 2 6 
December, 1919 3 6° _- 
Total ... 19 6 8 0 


In addition women’s rates have been advanced 
about 10s. per week as an approximate 
average. 


The war advances to adult male time workers comprise 
13s, aad week added to the rate, plus 26s. 6d. per week 
supplemental sum, plus 12} per cent. on total earnings. 
To boys under 18 years of age the total advance is a 
supplemental sum of 10s. 9d. per week. To women 
over 18 years of age the total advance over pre-war 
time rates amounts to 19s. 6d. per week; the average 
minimum time rate is 2ls. per week, the difference 
between this figure and the new total flat rate being 
treated as a supplemental sum. To girls under 18 years 
of age there is a supplemental sum of 8s. per week. 
Order No. 546 fixes a scale of time rates according to 
age. 
The pre-war average flat rate of operatives of both 
sexes and of all classes and ages was in the neighbourhood 
of 288. per week; the corresponding present figure 
is about 70s. per week, showing an arithmetical increase 
of 42s. per week and a geometrical increase of 1 per cent. 
to 24 per cent, 





Tue Instirvtioy oF Gas EnGineers.—The annual 
meeting of this Institution, to be held under the pres!- 
dency of Mr. Thomas Goulden, M.Inst.C.E., chief 
engineer of the Gas Light and Coke Company, opens 
in London on May 24. Members of the French Society 





of Gas Engineers are to take part in the proceedings. 
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THE HANDLING OF GOODS AT THE PORT 
OF MANCHESTER WAREHOUSES. 


MiTo any ordinary industrial undertaking, the 
storage of materials and goods is a secondary con- 
sideration, and the problems it involves are usually 
a small matter in comparison with the main objects 
of the business. But when the business itself 
consists of nothing but the provision of accommo- 
dation for goods, the question of storage takes on 
a very different aspect. Methods that can be 
tolerated when the small quantities of material 
belonging to an individual factory have to be dealt 
with are utterly impossible when storage has to be 
provided for hundreds of thousands of tons of pro- 
duce, often perishable, usually valuable, and always 
liable to be received or delivered at very short notice. 

The art of storage has been carried to its highest 
development in the great warehouses which serve 
the ports engaged in ocean shipping. It is hardly 
too much to say that the adequacy of any port 
depends upon its warehousing facilities, for unless 
merchandise can be stored as fast as it can be 
removed from the holds of ships, and again released 


hie 
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as rapidly as it can be absorbed by the ultimate 
consignees, trade is hampered and the port will 
suffer. These services, moreover, must be per- 
formed at a minimum cost, for nothing is so mobile 
as ocean shipping, and insufficient or costly storage 
facilities will soon offset any natural advantages 
&@ port may possess. 

It is, as might be expected, to the newer ports 
that one must go for the fullest application of the 
principles of economical warehousing. Such ports 
can take advantage of the experience gained by 
their older rivals and can apply its lessons without 
being hampered by pre-existing conditions. More- 
over, they have a strong inducement to excel, as what 
sentiment there is in business is a conservative 
one, and nothing but excellence of service will build 
up that traffic which it is their object to attract. 

The port of Manchester dates from the completion 
of the Ship Canal in 1894, which admitted ocean 
liners for the first time to the heart of the manu- 
facturing district of Lancashire. The cutting of the 
canal resulted in the development of the Trafford 
Park Estate into one of the most highly organised 
industrial areas in the kingdom. The estate was 
laid out with great foresight, and completely 
surrounded as it is by water—the Ship Canal 
bounding two sides and the Bridgewater Canal the 
other two—it provided unrivalled facilities both for 
ocean and internal waterborne traffic. Its railway 
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connections were also highly favourable, while its 
unique geographical position, its proximity to vast 


-| markets and its situation with regard to unlimited 


supplies of coal, iron and highly-skilled labour 
marked it out as an almost ideal industrial centre. 
Its development was therefore very rapid, and with 
this and the increasing growth of the port arose 
a demand for warehouse accommodation. This 
became acute during the war, when the congestion 
at all ports was serious and the Government had 
urgent need of facilities for the storage of immense 
quantities both of foodstuffs and of the variety of 
goods which come under the designation of munitions 
of war. 

The same energy and foresight which had given 
Manchester its canal, and had turned what was a 
nobleman’s private park into a scene of intense 
industrial activity, were applied to the new demands 
which the war accentuated, if it did not entirely 
create. The provision and management of the 
Trafford Park warehouses was in the hands of the 
Port of Manchester Warehouses, Limited, a sub- 
sidiary company of the Trafford Park Estates, 
Limited, and also under the chairmanship of 
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Mr. Marshall Stevens, M.P., who has always been 
peculiarly identified with the development of the 
estate. It was a saying, during the strenuous times 
of the war, that if the Government would inform the 
company of the date of sailing of a ship, and of the 
nature of its cargo, the company would have a ware- 
house built ready to receive it when it arrived. 
However this may have been it is certain that the 
Warehouse Company rose ably to the occasion, 
and now claim to possess the largest and most com- 
pletely equipped merchandise storage plant in the 
world. It owns 44 distinct warehouses, and can 
accommodate no less than 500,000 tons of perishable 
goods under cover, besides an unlimited quantity in 
open storage. Cotton, to the extent of 100,000 
bales, can be held in fireproof safes, 500,000 bales 
of wool can be warehoused on their way to the 
Yorkshire mills, while 40,000 barrels of spirits, 
3,000 tierces of tobacco leaf weighing a ton and a 
quarter each, 20,000 tons of sugar, and 15,000 tons 
of other materials such as rice, cocoa, canned meats, 
fruits, &c., can also be taken care of. In addition 
to the above there is a cold storage of 1,000,000 
cub. ft. capacity, for the accommodation of carcases 
of meat, mostly in connection with the Australian 
and New Zealand trade. 

These figures may give some idea of the magnitude 
of the warehousing business undertaken by the 





company, but they are less impressive than the 











actual sight of the warehouse interiors, with their 
stacks of bags, bales, casks or boxes, 30 ft. or 40 ft. 
high, and the ease and convenience with which such 
huge volumes of merchandise are handled. The 
weight on the floors of some of these warehouses is as 
high as 30 tons per square foot, and to walk about 
in the narrow caiions between the lofty and almost 
vertical walls of stored produce of various kinds 
gives one a sense of magnitude which no mere figures 
can convey. 

It is not our intention in this article to deal with 
the general question of storage facilities so much as 
to describe the mechanical appliances by which 
these vast quantities of goods are handled during the 
process of storing and discharging. It is necessary, 
however, to preface such description with a few 
general remarks concerning the warehouses. These 
vary in type and size according to the nature of the 
goods to be housed, but certain general principles 
pervade them all. So far as structure is concerned, 
all the warehouse space is on the ground floor, the 
buildings being lofty enough to permit stacking to 
the greatest practicable height. The absence of 
overhead floors very much simplifies and cheapens 
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the buildings, but what is more important, it vastly 
facilitates the mechanical handling of the goods. 
The substitution of machinery for human labour is 
the keynote of all the warehouses. The function 
of the men employed is to direct, control or adjust 
rather than to act as beasts of burden. Electrical 
power will do the heavy work of transporting and 
stacking goods far more quickly and cheaply than 
human muscles, and it has therefore been impressed 
into the fullest service. The warehouses, further- 
more, are all well served with railway trackage, so 
that road haulage is entirely done away with except 
in cases when transportation by road is specially 
desirable. So efficiently is the whole problem of 
handling and storing goods worked out, that the 
Port of Manchester Warehouses, Limited, will take 
merchandise from the ships holds and put it in 
warehouse for 6d. per ton, and will deliver it by rail 
from the warehouse to any point within the confines 
of the estate for the same low price. The advan- 
tages of this cheap service are not, of course, limited 
to the consignees having factories in Trafford Park, 
for the company will for the same charge hand the 
loaded wagons over to the main line railway systems 
connected with the estate. 
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Cotton, of course, bulks largely in the merchandise 
entering the Port of Manchester, and on account 
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of its inflammable nature it requires special arrange- 
ments for safe storage. The facilities provided in 
Trafford Park for dealing with cotton are unsur- 
passed at any port in the world, and, indeed it is 
claimed that they are unequalled, except at New 
Orleans, where exact copies of the Trafford Park 
cotton safes have been erected to drawings supplied 
from Manchester. The safes are of reinforced con- 
crete and brick fireproof construction, with hollow 
walls. Railway sidings and a roadway run alongside, 
and one end is bounded by the Bridgewater Canal, 
so that every kind of transportation is available. 
The methods of handling the cotton and storing it 
in the safes are illustrated in Figs. 1 and 2, on 
page 541. Over the railway running the full length 
of the building is a steel gantry construction divided 
into nine bays, each of which corresponds to one 
of the safes. Each bay is served by its own overhead 
travelling crane as illustrated in Fig. 1. The cranes 
pick up bales of cotton two at a time, either from the 
trucks or the roadway beneath, and deposit them 
either on the operating platform where they are 
weighed, or directly into their place in the safe. 
The interior appearance of one of the safes, as seen 
from the platform end is shown in Fig. 2. The 
absolute isolation of each safe from its neighbours 
is well illustrated, and this feature, together with 
the automatic sprinkler system which is fitted, 
renders danger from fire practically negligible. 
The crane arrangement is such that every inch of 
storage space, railway sidings and roadway is 
effectively covered, and cotton can also be taken 
from or placed in barges on the Bridgewater Canal by 
means of the crane equipment. It will be noted 
that the overhead steel beams on which the cranes 
travel carry short lengths of girder bolted beneath 
them at one point. These serve as ‘“ making-up ” 
pieces for the crane girders, and permit the travelling 
carriages to be transferred from one bay to the next 
in case of a breakdown. 

The warehouse in question has a capacity of 
50,000 bales of cotton, a bale weighing about 560 Ib. 
The rate at which bales can be stored or delivered 
is about 1,200 bales per day, the only labour 
required for each safe being two men in the truck, 
two in the safe, and a woman crane driver. If the 
bales have to be weighed, the services of an addi- 
tional couple of men on the platform are necessary. 

The electric transporter system, as we have already 
indicated, consists of nine transporter bridges all 
capable of being run into alignment so as to form an 
unbroken track, one end of which projects over the 
canal. These transporter bridges have a travelling 
speed of 500 ft. per minute, and they form the track 
for six electric trolley hoists which have the same 
speed of travel upon them. Running at a lower 
level parallel to the above and working in con- 
junction with them is an electric runway fitted with 
another electric trolley hoist, the latter travelling 
at the rate of 1,000 ft. per minute. Each of these 
hoists has a rated lifting capacity of 15 cwt. at a 
speed of 80 ft. per minute. The equipment was 
supplied by Messrs. Herbert Morris, Limited, of 
Loughborough, who have also furnished hoisting 
machinery for other purposes in connection with the 
various warehouses of the Port of Manchester. 
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Until so recently as 1916 the whole of the wool 
imported from Australia and New Zealand was 
brought into this country by way of the Thames. 
Some was re-exported to the Continent or to 
America, but the ultimate destination of more than 
half the total amount imported was the West Riding 
of Yorkshire. The proximity of Manchester to this 
great wool-consuming area lei to the importation of a 
few cargoes by way of the Ship Canal in 1894 and 
1895, but owing to lack of suitable accommodation 
at that time the traffic soon ceased by this route. 
The congestion of the Port of London during the war 
caused the diversion of wool cargoes to Manchester, 
and the natural advantages of this terminal together 
with the excellent warehousing facilities now avail- 
able, have combined to secure the retention of much 
of this trade. Trafford Park, where the wool 
arriving by the canal is unloaded and warehoused, 
is no more than 40 miles from Bradford, the centre 
of the woollen-industry. This proximity results in 


and wool can be delivered to warehouses in Bradford 
from the Trafford Park warehouses for 4s. 9d. per 
bale less than from London, and 2s. per bale less 
even than from Liverpool. It is not surprising, 
therefore, that a large and rapidly increasing wool- 
warehousing business has developed in Trafford 
Park, and has necessitated the provision of facilities 
for handling and storing the bales on a very extensive 
scale. 

The warehousing of wool involves not only the 
mere storage of the bales, but also the orderly 
exposure of them when required for the inspection 
of buyers. For this inspection they have to be laid 
down in such a manner that every bale is accessible. 
At Manchester they are set out in long rows, each 
three bales high and two wide, in vast sheds all under 
the same roof. The stacks are prevented from 
falling over when wool is pulled out for inspection, 
by light cords which attach the bales to the under- 
side of the roof principals. Every bale is gashed 
open for the convenience of the buyers, and after 
sale the wool is repacked before dispatch. 

Port of Manchester Warehouses have an immediate 
accommodation for 250,000 bales of wool, aggre- 
gating something like 40,000 tons, and will shortly 
be in a position to house no less than 400,000 bales, 


the batteries, and this charge will propel a fully- 
loaded truck for 20 miles, the running costs thus 
working out to only 0-65d. per mile for electricity 
when the latter costs 2d. per unit. 

The standard }-ton truck illustrated has a loading 
platform 6 ft. long by 3 ft. wide, and 1 ft. 11 in. 
high. It runs on 12-in. malleable iron wheels 
fitted with ball bearings. The tyres are solid rubber 
and are mounted on steel bands pressed on to the 
rims, so that they are easily renewable. The frame 
is of 3-in. by 1}-in. steel channel construction, and 
the motor is hung from 3-in. angles. Power is 
transmitted to one of the rear wheels by a single 
chain reduction gear. The brake, which is Ferodo- 
lined, is operated by a pedal, and is normally in the 
“on” position. 

The control arrangement gives three speeds in 
either direction, of 1} m.p.h., 3 m.p.h., and 44 m.p.h. 
Interlocked both with the control gear and the brake 
pedal is a small switch which prevents the power 
being applied while the brake is on, Moreover, 
immediately when the brake is applied, no matter 
what the position of the controller handle, the cir- 
cuit is automatically broken, and power cannot 
again be applied until the brake has been released and 
the controller handle returned to its neutral position. 





and to expose 30,000 bales simultaneously for 


It may be mentioned that this type of truck has 
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inspection on the same site. These figures give 
some idea of the great magnitude to which the 
Manchester wool traffic has grown since its inception 
less than five years ago. 

The method of handling the wool into and out 
of one of the storage warehouses is illustrated in 
Figs. 3 to 5, Plate XXV. The bales, arriving in 
trucks which run along the outside of the building, 
are picked up by an electric transporter working 
on an overhead gantry. An alternative method of 
unloading is shown in Fig. 4, in which case the 
transporter is operated from the floor by the woman 
seen standing at the controller switches in the 
illustration. The transporter drops the bales on to 
electric trucks, by which they are.taken to the 
desired part of the warehouse. Each truck carries 
three bales at a time or a total load of about half 
aton. One of these trucks is well shown in Fig. 6, 
Plate XXV, and their construction is rendered clear 
by Figs. 11 to 13, on the present page. 

These trucks were supplied by the British Electric 
Vehicles, Limited, of Churchtown Works, South- 
port, Lancashire, to the Port of Manchester Ware- 
houses, Limited. Their capacity, according to the 
maker’s rating is 10 cwt. to 15 cwt., but they are 
capable of carrying loads up to 1 ton or of towing 
loads of 30 cwt. on trailers. The trucks are pro- 
pelled by 14-cell batteries of the Chloride Company’s 
manufacture. These batteries are guaranteed for 
two years, and the guarantee includes periodic 
visits by an inspector at not less than three months’ 





a very material saving in the cost of transport, 


intervals. About 6} kw.h. are required to charge 
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been found particularly useful in warehouse work 
elsewhere and the Port of London Authority have 
placed an order for 31 of these vehicles, having 
each a capacity of 5,000 lb., with the British Electric 
Vehicles, Limited. 

The stacking of the wool is effected by means of 
Woodfield portable vertical stacking hoists, con- 
structed by Messrs. Veritys, Limited, of Aston, 
Birmingham. One of these machines is illustrated 
in Figs. 14 to 17, on page 543. These particular 
stackers are designed to give a maximum lift from 
floor-level of 23 ft., and the upper half of the tower 
is arranged to fold back as shown in Fig. 15 for 
convenience in transit. The frames are constructed 
entirely of steel, and the tower is able to rotate 
on a ball bearing turntable, so that the platform 
can be made to face in any desired direction. This 
platform is furnished with rollers to facilitate 
loading and unloading, and when desired it can 
be made to tilt at a predetermined height so that 
unloading is performed automatically. Ball bear- 
ings are fitted to all wheels, so that the machine 
can be travelled and manceuvred into position with 
ease, and a floor lock prevents its moving on the 
floor when in use. Power is furnished by a Verity 
motor, and current is taken from the nearest wall 
plug to which machine is connected by means of 
a length of flexible cable. The necessary switches 
and starting gear are of course carried on the 
machine itself. Hoisting is effected by operating 
the hand lever, which can be seen in Fig. 15. A 








light pull on this lever puts a band clutch into action, 
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and the platform is wound up the tower. When the 
load has reached the desired height, the lever is 
released and its own weight tightens another brake 
clutch sufficiently to hold the load securely. Lower- 
ing is accomplished by slightly raising the lever, 
which sets the barrel free, but the speed of descent 
is controlled by a centrifugal brake. A further 
safety device is sometimes fitted to prevent over- 
winding. Woodfield hoists of the type described 
are built to deal with loads from 2 cwt. to 20 ewt., 
at speeds varying from 30 ft. to 80 ft. per minute, 
and the height of lift may be anything up to 30 ft. 

The wool is de-stacked when required by the 


Fig. 14. 


machines just described and taken to the inspection 
sheds by means of electric trucks. Fig. 6, on 
Plate XXV, shows a general view of such a truck, 
with the rows of bales arranged for inspection, in 
the background. After inspection and re-packing, 
the bales are loaded into railway trucks for con- 
signment to their fina] destination. 

Fig. 5, on Plate XXV, shows one method of 
loading wool, the bales being delivered to the trucks 
by means of a portable elevator as fast as a man 
can place them in position. The elevator illustrated 
is one of the type constructed by Messrs. Henry 
Simon, Limited, of Manchester, and is capable of 
loading 1,000 bales a day. The appliances shown in 
Figs. 3 and 4 also serve the purpose of loading trucks. 
In the former case the bales are dropped into railway 
wagons standing in readiness on either of the two 
tracks over which the transporters work. Trains 
of trucks can thus be loaded with great rapidity, 
as the double trackage enables the work to be 
continued without interruption. 


Tae Hanpiine or MaTertaL In Baas. 


Among the most interesting operations at the 
Port of Manchester Warehouses is the handling of 
goods contained in bags. Sugar, rice, coffee, grain, 
of all kinds, nitrate of soda, &c., are examples of the 
commodities so put up. Some of these, of course, 
are often dealt with in bulk, but in the warehouses 
under consideration no bulk storage is undertaken. 
The exact nature of the means employed to deal 
with bagged merchandise depends of course upon 
what has to be done with it, but the photographs 
reproduced on Plate XXV show typical examples 
of handling such goods. Fig. 7 illustrates the 





operation ot handling 2-cwt. bags of nitrate of soda 
from the railway wagons in which it arrives at the 
warehouse to the stack inside the latter. The bags 
are unloaded on to a horizontal conveyor which 
delivers them on to an elevator, by which they are 
raised to the level of the top of the stack. The 
machinery shown in Fig. 7 was constructed by 
Messrs. Henry Simon, Limited, of 20, Mount-street, 
Manchester. 

The Simons’ conveyors and stackers are made to 
carry goods at the rate of about 80 ft. per minute, 
and can easily handle 2-cwt. bags of wheat or other 
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materials at the rate of 1 ton per minute. In many 





Fig 15. 


instances, however, 
this rate has been 
considerably im- 


proved on, and no 
less than 750 tons of 
nitrate of soda have 
been discharged from 
trucks and piled in 
the warehouse by one 
conveyor in a day’s 
work. The stacking 
machines are made in 
various sizes, to form 
stacks from 10 ft. to 
30 ft. in height. 
Fig. 8, Plate XXV, 
illustrates the loading t 
of wheat into railway trucks by Messrs. Simon’s 
machinery. The conveyor. the end of which is 
shown in the foreground, is driven by an electric 
motor mounted on an overhead frame. Speed 
reduction is effected by a double belt drive and 
finally by a sprocket chain drive to the conveyor 
shaft. The conveyors are built in sections ranging 
from 6 ft. to 25 ft. in length, and various lengths 
are quickly connected together by means of chain 
drives. The motor is capable of driving an aggre- 
gate length of 75 ft. of conveyor. 

Figs. 9 and 10, on Plate XXV, sbow stacking 
and conveying machinery built by Messrs. Spencer 
and Co., Limited, of Melksham, Wilts., for handling 
bagged or crated goods. In the former illustration 
a fair idea of the general construction of the stacker 
is given, and of the manner in which it receives the 
goods from the belt conveyor feeding it. Fig. 10 
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shows such a stacker fed by two belt conveyors 
in series, the first of the two receiving the bags 
from another conveyor at right angles. The 
illustrations indicate very well the height of the 
stacks and the regularity with which they are built. 
In one warehouse alone it is possible to receive or 
deliver over 1,000 tons of grain per day by the use 
of the machinery illustrated, the total staff required 
being only a dozen men. 

The details of construction of the Spencer belt 
conveyors and stackers are shown in Figs, 18 to 23, 
on page 544. The conveyor consists of a light 
triangular framing carried by a pair of travelling 
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wheels at the centre. It is entirely self-contained. 
A motor mounted within the framing drives the 
conveyor belt by means of double reduction spur 
gearing. The belt runs from end to end of the top 
of the machine, returning underneath round the 
driving drum and over a tightening drum. The 
conveyor is 32 ft. 6 in. long from centre to centre 
of the belt pulleys, and besides being used in the 
ordinary horizontal position it may be tipped about 
the centre so that it becomes an elevator with a 
moderate slope. This feature, together with its 
portability and handiness make it a most useful 
part of the mechanical equipment of the warehouses. 
Two or more conveyors may be connected end to 
end, if desired, and the set driven by the motor of any 
one of them, or by that of the portable stacker when 
the latter is used in conjunction with them. The 
conveyors are capable of carrying sacks, bales or 
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Fies. 20 To 23. 


case goods at a speed of 160 ft. per minute, the 
number handled per hour being dependent upon the 
speed at which the loading and stacking operations 
can be carried out, more than 1,000 per hour being 
attained quite readily. The same type of conveyor 
is also suitable for the handling of grain or other 
loose material, the speed of the band being increased 
for this purpose by means of a simple two-speed 
gear to the driving mechanism. 

Details of the portable stackers made by Messrs. 
Spencer, Limited, are given in Figs. 20 to 23, on 
the present page, the illustrations rendering the 
construction of these machines fairly obvious. 
The elevator is composed of two lengths, the lower 
position having the limited amount of adjustment 
required to enable the machine to take goods from 
different heights off the ground or off conveyors. 
The machine is capable of raising goods to any 
height up to 30 ft., the main conveyor length being 
raised or lowered by means of a worm-geared hoist 
driven from the main countershaft. The head of 
the trailing length can also be adjusted to suit 














PorRTABLE STACKERS ; Messrs. SPENCER AND Co., Liwitep, MELKSHAM, 


different angles of feed to the main length. The 
sacks or cases are carried up on cross-bars attached 
to endless chains running in roller paths. The 
stacker is fitted with a steering gear for convenience 
in moving from place to place, and also to enable it 
to be mancuvred when the point of discharge has 
to be altered. 
(To be continued.) 





THE MASTER SHIPWRIGHTS OF THE 
16TH AND 17TH CENTURIES. 

By A. W. Jouns, C.B.E., R.C.N.C., M.IN.A. 

(Continued from page 510.) 

Peter Pett, the second master shipwright of that 
name, was a grandson of the first Peter and a son 
of Peter of Wapping, a private shipbuilder. Peter 
was thus a nephew of Phineas. The exact date 
of his appointment as master shipwright of Deptford 
Yard is not clear. William Burrell had been build- 
ing warships under contract with the naval admini- 


Co., Luwrrep, MELKSHAM. 


stration at Deptford, and it is probable that on 
his death in 1630 Peter succeeded him. Phineas 
mentions him as having built the James (875 tons), 
launched in 1634, and this is the first warship with 
which his name is associated. Peter was born in 
1602 and died in 1652. Besides the James he 
built the Ruby (745 tons), Fairfax (756 tons), 
President (593 tons), Tyger (453 tons), Diamond 
(740 tons), Bonadventure (475 tons), Assurance 
(341 tons) and Elizabeth (471 tons), all at Deptford. 
He also started the building of the Drake, of 146 
tons, completed after his death. In 1646 he built 
the Constant Warwick at Ratcliffe for the Earl of 
Warwick. She was intended for a privateer, and 
Pett held shares in her. First of the frigates, she 
carried 26 guns, and when completed proved to be 
“an incomparable sayler,” but, brought into the 
service in 1649, her armament was increased to 
42 guns, she had to be girdled to carry the heavier 
top weight, and became a “veritable slugg.” 
According to Pepys, her form was to 
Pett from his observations of some French vessels 
—probably Dunkirkers, then famous for their 
speed—lying in the Thames. The main alteration 
appears to have been a finer forward body. The 
good results obtained by this alteration led to a 
similar form being tried in other classes of warships, 
but with indifferent results. The Constant Warwick 
as built had a keel length of 88 ft. and a beam of 
27 ft., a proportion of length to breadth quite 
unusual in those times. When girdled the beam 
was increased to 28 ft. 2 in. She was captured 
by the French in 1692. Her success on completion 
was considered so important that in 1651 the Council 
of State was considering “some encouragement to 
be given to Messrs. Pett for their success in con- 
structing and building frigates.” There is a tablet 
to his memory in Deptford Church. 

Peter Pett, the third master shipwright of that 
name, was a son of Phineas Pett, and was appointed 
to Woolwich when his father left to become Com- 
missioner at Chatham in 1630. He was 20 years 
of age when appointed, and his youth is perhaps 
the reason why Phineas was ordered to assist him 
on his first ship, the Charles, built in 1632. He 
built the Greyhound (126 tons), Roebuck (90 tons) 
and Sovereign of the Seas in conjunction with his 
father, and the Leopard (515 tons) and Reserve 
(513 tons). These ships, except the Reserve built 
at Woodbridge, were built at Woolwich, where in 
1641 he rebuilt the Prince Royal. In 1645 he 
was appointed a Commissioner and on the death 
of Phineas in 1647 he succeeded him at Chatham. 
He was knighted in !663. As Commissioner he 
was brought into close contact with Pepys, and the 
latter’s diary has many references to him. In 
1660 he was at the Hague preparing the ships for 
the return of Charles II, whom he entertained on 
his arrival at Chatham. As Commissioner he paid 
himself for the cost of the entertainment and also 
20s. a day whilst in Holland, which made Pepys 
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“wonder at it.” The presentation of a silver 
flagon to Pett on the occasion of the launch of the 
Royal Katherine at Woolwich in 1665 is mentioned, 
as also challenges to duels sent to him by Sir E. 
Spragge and Captain Semmons. In 1667 the 
Dutch captured Sheerness, sailed up the Medway 
and burnt or captured some ships, including the 
Royal Charles, formerly the Naseby, built by 
Christopher Pett at’ Woolwich in 1665. Peter 
being Commissioner at Chatham and in charge 
of the port, was held responsible for the loss of 
the ships, and was sent to the Tower. Later he, 
with the rest of the Commissioners, were impeached 
before Parliament. Pepys, by a powerful speech, 
succeeded in clearing the rest, but Pett was held to 
blame for not bringing the ships into safety nearer 
Chatham. The evidence showed that he had been 
busy using the ship’s boats to remove his household 
property, and this told heavily against him. Peter 
made a weak reply to the charges—Pepys says he 
answered “sillily”—and he was deprived of his 
post in 1668. After his fall various charges of 
small peculation were brought against him, which 
Pepys investigated, with the result that the diarist 
found him a “ very knave.” In 1660 the Dutch 
had presented Charles I] with two yachts, and, as 
this type of vessel was new to England, several 
were built for the King. Peter built two—the 
Jemmy, of 25 tons, at Lambeth in 1662, and the 
Katherine, of 94 tons, at Deptford in 166l1—and 
these were tried against the Dutch yachts. Nearly 
all the master shipwrights of the time also built 
similar craft, Pepys giving a list of 23 of various 
sizes built for the King’s use. Thus the intro- 
duction of yachting to this country came about. 
Peter was one of the first 200 fellows of the Royal 
Society and was the first naval architect to have 
that honour. He was appointed as one of the 
committee of the Society to inquire into the merits 
of a ship with two separate and parallel hulls con- 
nected by a deck or platform, which had been 
proposed and built by Sir William Petty, a leading 
doctor and scientist of the time. Peter died in 
1672. A painting of him, and showing also the 
stern view of the Royal Sovereign, is hung in the 
National Portrait Gallery. 

The appointment of Peter Pett as a Commissioner 
in 1645 led to a vacancy for a master shipwright 
at Woolwich, which was filled by the appointment 
of his youngest brother Christopher, born in 1620. 
Amongst the ships built by him were the Royal 
Katherine (1,000 tons), which subsequently had to 
be girdled; the Naseby (1,230 tons), of 80 guns, 
which brought Charles II back to England at the 
Restoration, whose name was on that occasion 
changed to Royal Charles and was captured by the 
Dutch at Chatham in 1667; the Richard (1,100 
tons), the Greenwich (654 tons), and the Falcon 
(350 tons). He also built the yachts Anne (100 tons), 
Charles (38 tons) and Henrietta (104 tons). 


advice. For, says he, he finds that God has put him 


in the right, and so he will keep in while he is in. 
And, says the King, I am sure it must be God who 
put him in, for no art of his could have done it, 
for it seems he cannot give a good account of what 
Again, on August 29, 
1666. Pepys writes of Christopher's daughter, “a 
I am mightily taken with 
her.” Christopher died in 1668 and the long and 
continuous association of the Pett family with 


he can do as an artist.” 


very pretty, modest girl. 


Woolwich was broken for a time. 


Three other members of the Pett family were 
later employed on important naval work. Two of 
these were named Phineas, the elder being a grand- 
son of Phineas, of Royal Sovereign fame, and the 
other a son of Peter Pett, the second master ship- 
wright of that name at Deptford. Both built 
several ships at Chatham yard, where they were 
in turn master shipwrights ; but it is a little difficult 
to distinguish the ships built by each. The younger 
was afterwards knighted, and in his Register of 
Ships Pepys generally refers to him as Sir Phineas 
and the other as Mr. Phineas, but there are a number 
of ships built by Phineas Pett who has neither 


distinguishing mark. 


Pepys 
knew Christopher Pett, and writes under date 
April 21, 1666, “ Another pleasant thing he (the 
King) says of Christopher Pett, commending him 
that he will not alter his moulds on any man’s 


Phineas, the elder of the two, was born in 1628 


and started his shipbuilding career at the i 
yard at Ratcliffe, where in 1653-4 he built the 
Resolution (885 tons), burnt by the Dutch in 1666, 
and the Newcastle (628 tons). In 1660 he was 
serving as Clerk of the Cheque, a position held by 
a technical officer at Chatham yard. In 1661 he 
was visited at Chatham by Lady Batten and Pepys, 
and offered the former a parrot, “ whose talking and 
singing I never heard the like.’ In 1663 John 
Taylor, master shipwright at Chatham, was pro- 
moted to Naval Commissioner at Harwich, and 
Phineas succeeded him.. In this year he rebuilt 
the Bonadventure, built by Peter Pett at Deptford 
in 1649, the breadth being increased from 29} ft. 
to 30 ft. during the rebuilding. In 1665 he rebuilt 
the Victory, built by Burrell at Deptford in 1621, 
her breadth being increased from 37} ft. to 40 ft. 
Following this he built the Monmouth (856 tons) ; 
Prince (1,395 tons), which was afterwards girdled ; 
two sloops, the Chatham and Chatham II, each of 
50 tons; two horse boats and two smacks. In 
1673 he was transferred to Woolwich as master 
shipwright, being succeeded at Chatham by the 
other Phineas. Whilst at Woolwich Phineas built 
the Woolwich (761 tons), the Charles Galley (492 
tons), the sloops Bonetta and Woolwich, and the 
yachts Charlot, Deale and Portsmouth. He died 
in 1678 and was succeeded by Thomas Shish, 
Between 1668 when Christopher died and 1673 
when Phineas Pett was transferred to Woolwich, 
the position of master shipwright was filled by a 
Mr. Byland (or Bayley), who in 1670 built the 
St. Andrew (1,338 tons) at that yard. 

The Phineas Pett, who was afterwards knighted, 
served an apprenticeship with his father at Dept- 
ford, and on the latter’s death completed the 
Drake (146 tons), and the year following built the 
Hampshire (479 tons) and Essex (652 tons). In 
1660 he was assistant master shipwright at Chatham, 
and in 1662 was suspended from duty by the naval 
authorities until he had explained a charge against 
him of having made disrespectful remarks against 
the King and Queen. Apparently his explanation 


Royal at Chatham Yard. In 1673 he succeeded 
the other Phineas as master shipwright at Chatham, 
and built the Defiance (890 tons), the Anne (1,089 


(1,089 tons), and rebuilt the Montagu (750 tons), 
increasing her breadth 16 in. during the process. 


being knighted on taking up that post. 
and was directed to finish her. 


1682-3. 


a description given later. 


and also the high price paid. 


knowing what it is to work or take pains 


very debauched.” 


that post from 1680 to 1694, 





was satisfactory, for in 1663 he rebuilt the Prince 


tons), the Pendennis (1,093 tons), the Berwick 


In 1680 he built a yacht, the Isabella Bezan at 
Chatham, and in the same year succeeded Sir 
Anthony Deane as Comptroller of Store Accounts, 
In 1682 
he launched the Britannia (1,739 tons) at Chatham, 
from which it would appear that he had designed 
and started this ship before taking up his new post 
He also built two 
yachts, the Tubbs and Isabella, at Greenwich in 
In 1686, on the appointment of the Special 
Commission to rebuild the Navy, he was transferred 
to Chatham as naval commissioner, and remained 
there until his death in 1689. Pepys’ report on 
the shipwright officers of the time in 1686 states 
that Phineas was in all respects similar to Tippetts, 
Charnock quotes some 
interesting pages from Pett’s journal, written in 
1677, whilst he and Deane were surveying and 
buying timber for naval purposes. The extracts 
show the difficulty in securing timber at the time 


The third Pett was a son of Sir Phineas Pett, and in 
1686 was assistant master shipwright at Chatham. 
In this year Pepys describes him “as one that 
loves his ease, as having been ever used to it, not 
bred always in the King’s service within doors and 
He never became a master 
shipwright, but built the Royal William, of 1,140 
tons and 90 guns, in 1692, the master shipwright 
at Chatham at the time being Robert Lee, who held 


On the death of Peter Pett at Deptford, in 1652, 
the vacancy was filled by the appointment of a 
master builder named Challis or Callice. He built 
five ships there, viz., the Cheriton, Dunbar (1,396 
tons), Oxford, Lily and Swallow. This officer 
appears to have died about 1657 or 1658, for shortly 


however, appear to have been held by a master 

shipwright, for in 1668, just after Christopher 

Pett’s death, Pepys states that he was waited upon 

by Jonas Shish, who asked him to recommend him 

for the vacancy, Peyps promised to do so, but 

found, on reaching the Council Chamber, Shish 

had already been appointed, Jonas Shish was the 

first of the family to take a leading part. in naval 

shipbuilding. He was born in 1605. and died ‘in 

1680. Evelyn, a pall-bearer at his funeral, states 

that his death was a public loss, but that he was an 

illiterate man. Pepys confirms this, but in his 

papers left a letter from Jonas describing the riots 

amongst the shipwrights of Deptford caused. by 

the non-payment of wages due to them. The letter 

was by a far from illiterate man. 

Pepys being at Deptford in July, 1664, spent an 

hour with Shish looking around the yard. He 

requested Shish to “ measure a piece or two) of 

timber, which he did most cruelly wrong and'to the 

King’s loss, 12s, or 13s., in. a piece of 28 ft. in con- 

tents.” It was on another occasion that Pepys 

was told by Shish that while building a new dock at 

Deptford the workmen had discovered the hull 

of an Elizabethan ship, in which was a stone shot 

of 18 in. diameter. Shish appears to have been 
originally a private shipbuilder, for in 1654 he had 

built o 28-gun frigate at Maldern. In spite of 

his alleged lack of education he built some of the 
finest ships of the time. Most of them were built 
at Deptford, where he laboured from 1658 until 
his death. Amongst the ships he built were the 
Leopard (840 tons), the Charles (1,230 tons), the 
London (1,330 tons), the Cambridge (881 tons), and 
the Foresight (522 tons), He also built a number 
of sloops mounting two or four guns, and a yacht. 
Unlike many of the ships of the period, those built 
by Jonas were satisfactory so far as stability was 
concerned and required no girdling to be fitted to 
them. A silver salver presented to him on the 
occasion of the launch of the Charles at Deptford 
in 1667 is in the possession of Sir Ernest Cassel. 
A photograph of it appeared in the September 
number of the Burlington Magazine. 

Jonas Shish had three sons, who adopted their 
father’s profession. John Shish succeeded him as 
master shipwright at Deptford in 1680 and occupied 
that post until 1687. In 1677 John was at Sheerness 
yard, where he built a hoy named the Transporter. 
This was the first vessel built at Sheerness, which 
was opened in 1665-6, Before he succeeded his 
father he built the Lennox (1,096 tons) in 1678 and 
the Duchesse (1,545 tons) and the Stirling Castle 
(1,114 tons) in 1679 all at Deptford. After his pro- 
motion he built the Neptune (1,500 tons), the St. 
Albans (615 tons), and rebuilt the Tyger, built in 
1647 at Deptford. The beam of this ship was in- 
creased from 29} ft. to 32% ft. during her rebuilding. 
In 1687 Shish died, and was succeeded by Fisher 
Harding, who was one of his two assistants. Harding 
remained at Deptford until about 1700, when he was 
transferred to Woolwich. Whilst at Deptford he 
built the Newark and Boyne (1,160 tons), the Coven- 
try, a fourth-rate, the Diligence (79 tons), and two 
bombers. Whilst at Woolwich he built the second 
Royal Sovereign, of 1,882 tons. The length of 
keel was 140} ft., as compared with 126 ft. of Pett’s 
ship, and the breadth 50 ft., as compared with 48 ft., 
afterwards increased to 50 ft. She was rebuilt in 
1724 at Chatham by Rosewell, Harding remained 
at Woolwich until 1702 or 1703. 

Thomas Shish, another son of Jonas, was master 
shipwright at Woolwich from 1678 to 1687. He 
built three 70-gun ships there, named the Burford, 
Captain and Grafton, two 90-gun ships, the Duke 
and Windsor Castle, a 50-gun ship, the Deptford, 
and a yacht named the Henrietta. He was suc- 
ceeded by Joseph Laurence, who remained there 
until 1700, when he was relieved by Harding from 

ord. Laurence built the Queen (1,440 tons), 
Portland (636 tons), Chester (618 tons), and Adven- 
ture (450 tons). Laurence was at Chatham in 1665, 
where hé built the Little Victory (175 tons), which, 
according to Pepys, was also rebuilt by him and 
found useless. In 1677-8 he succeeded John Shish 
as master shipwright at Sheerness, and on his transfer 
to Woolwich was succeeded by David Furzer. 

A second Jonas Shish, a son of the first, was a 








afterwards the ships built at Deptford are credited 
to Jonas Shish. The post at Deptford does not, 


private shipbuilder at Rotherhithe. He built the 
Hunter and Vulcan, two 250-ton fire ships, in 1690, 
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and the Dartmouth, a 42-gun ship, in 1693. Accord- 
ing to Pepys, he built a great number of merchant- 
men. 

Although Phineas Pett spent a great deal of his 
time at Chatham yard, the majority of the ships 
he designed and built were constructed at Woolwich. 
His autobiography records the various transfers of 
his family and goods from Chatham to Woolwich 
and back again. The first permanent master 
shipwright at Chatham yard was Stevens, who 
should have been promoted in 1605, when Joseph 
Pett died, but whose vacancy Phineas filled. Stevens 
was promoted in 1613, when Baker died, and first 
went to Portsmouth and afterwards to Chatham, 
where he died in 1626. Stevens does not appear 
to have built any ships whilst in the naval service, 
the yards at which he was stationed not being 
building yards at the time. He was thus engaged 
on the ordinary repair and refit work. He was 
succeeded at Chatham by Henry Goddard, who 
built the Dragon (414 tons) there in 1647. Goddard 
had also built the Henrietta Maria, renamed 
Paragon (800 tons) at Deptford in 1632, where he 
was probably temporarily employed. 

Goddard was succeeded at Chatham by John 
Taylor, who remained at that yard from about | 
1654 to 1663. Taylor, previous to going to Chatham, 
had been building at Wapping at a yard rented by | 
the Naval Administration under the Commonwealth. | 
There he built the Portland (414 tons), the Ply- | 
mouth (742 tons), the Selby, renamed the Eagle | 
(295 tons) and the Gainsboro’ (724 tons), between | 
1652 and 1654. Whilst at Chatham he rebuilt | 
the Royal Sovereign and the Fairfax (933 tons) and | 
Lyon, and built the London (1,104 tons) and Brad- 
ford, renamed Success (294 tons). The London was 
destroyed by an explosion of her magazines in | 
1664, and to replace her the city of London | 
subscribed the cost of the Loyall London (1236 | 
tons) built by Taylor at Deptford in 1666. She | 
was burnt by the Dutch in the Medway the | 
following year. In 1664 he was appointed com- | 
missioner at Harwich, where he remained until | 
1668, his patent being revoked at the same | 
time as that of Sir Peter Pett. Taylor seems | 
to have been an authority on docks, for he’ 
was frequently consulted on those proposed for 
Chatham and Portsmouth. He died in 1670. 
Taylor was one of the master shipwrights who | 
accompanied Phineas Pett to Portsmouth in 1630 to | 
inquire into the presence of the worm in the Solent. | 
Pepys refers to him as Captain John Taylor, and as | 
this rank is also frequently used in mentioning 
other master shipwrights, it appears to have been a 
courtesy rank given to those officials. Pepys, in 
his diary, in recording the “ pleasant thing” said 
by Oharles II of Christopher Pett refusing to alter 
his moulds, included a reference to Taylor, who 
was “altering the moulds of his new London (the 
Loyall London), that he makes it differ in the 
hope of mending his old London built by him.” 
Taylor was succeeded by Phineas Pett, who was 
again succeeded by Sir Phineas Pett. Robert 
Lee succeeded the latter in 1680 and remained at 
Chatham until the end of the century. Lee re- 
built the Royal Sovereign—her second rebuilding — 
in 1685 and the Assurance, of 372 tons, in 1692. 
He built the Sedgemoor (677 tons), Chatham 
(630 tons), Rochester (607 tons), Dolphin (260 tons), 
the Lizard, and the yacht William and Mary in 

1694. 

According to Nicolas, Portsmouth had been an 
important port trom the end of the twelfth century, 
and a dockyard enclosed by a wall existed there in 
1212. A tower for defence of the port was erected 
in 1418, and a dry dock—the first in the kingdom 
—was built there in 1495. In 1627 Sir Henry 
Mainwaring, formerly a pirate, but afterwards a 
naval commissioner, proposed to develop Ports- 
mouth yard and maintain one-half or one-third of 
the Fleet there in preference to keeping them all 
at Chatham. Portsmouth, however, appeared to 
have a bad reputation, since it was stated the 
“worm” was present in the waters. Two com- 
missioners visited the port to settle this. The first, 
in 1630, reported no trace of the worm, but five 
years later a commission reported there was evidence 
of its presence. In spite of this, the port was 
developed. No officially-termed master shipwright 





was permanently attached to the port until 1638. 
Master shipwrights from the other yards visited 
Portsmouth as occasion demanded. The visits of 
Baker, Peter Pett, Phineas Pett and others have 
been mentioned. 

(To be continued.) 





A MICROPHONE ‘“ STETHOSCOPE ” FOR 
BEARINGS. 

Tue value of a stethoscope for detecting abnormal 
noises in moving machinery is well known, and we 
illustrate below a device due to Mr. J. Gardner, of 
Bolton-le-Sands, Carnforth, in which a microphone is 
substituted for the rod frequently used, with the result 
that the condition of bearings and gears can be ascer- 
tained without requiring the observer to leave his office. 
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By suitable switches, different parts and bearings can be 
examined in succession, and with a great saving of 
time, since the engineer merely requires to move a 
switch instead of having to move himself botlily to 
each bearing in succession. The “ office” installation, 
complete with telephone, milli-ampere meter and 
switches, is represented in Fig. 1, whilst Figs. 2 and 3 
show the construction of the microphone, one of which 
is mounted on each bearing of the machinery to be 
“* stethoscoped.” Fig. 2 represents a cross-section of 
the instrument with its cover removed, and Fig. 3 


is screwed to the bearing cap. The upper and lower 
microphone electrodes are represented at a and 6 
respectively. The lower one is earthed and, being 
rigidly connected to the bearing cap, participates in 
all the movements of the latter. The upper electrode 5 
is carried by a bridge-piece, from which however it is 
completely insulated, but is connected flexibly to a 
terminal plate c, which in its turn is coupled to the 
conductor leading to the switchboard. The upper 
electrode b has a hollow cone formed in it to receive 
the variable resistance material, which consists of 
carbon granules. The bridge supporting the upper 
electrode is made in different degrees of flexibility, 
being comparatively stiff when the bearing to be 
stethoscoped is associated with noisy machinery ; 
whilst when the bearing is a quiet one a more flexible 


"“— is used. 

ere is a separate dry cell for each microphone 
circuit; and the milli-ampere meter is provided in 
order to give a visible indication that the circuit is 
complete and in normal condition before use is made 
of the telephone. The current from the microphone 
passes through both instruments, which are arranged 
in series, 





NOTES ON NEW BOOKS. 

THERE is much to be said for the “‘ Question and 
Answer” method of text-book teaching, and it might 
with advantage be more generally adopted in books 
with a definite educational aim. It has the merit of 
concentrating the student's attention upon the im- 
portant points of a subject and of presenting them in a 
sequence which aids memory. The method moreover 
provides clear and explicit answers to equally definite 
questions, and saves the student the time and trouble 
of trying to deduce particular facts from general state- 
ments. In ‘“ Marine Engineering Knowledge,’ by 
W. A. Macgibbon, M.I.Mech.E. (Glasgow, James Munro 
and Co., Limited, price 36s. net) over three hundred 
uestions relating to marine engineering practice and 
theory are given, each with a concise answer and with 
diagrams or illustrations wherever necessary. The 
range of the work includes sections on Strength of 
Materials, Ship Construction, Heat, Turbines, Engines, 
Boilers, Oil Engines and Oil Fuel, while all particulars 
relating to the Board of Trade Examinations for sea- 
going engineers are appended. The object of the book 
is, of course, to prepare engineers for these examina- 
tions, and it should not only be useful for this purpose, 
but on account of its practical nature it might be 
studied with advantage by many engineers in charge 
of plants on land. 





The principles of keeping cost accounts of engineering 
work are pretty well agreed on by everybody, but the 
application of them to the infinitely diverse conditions 
of manufacturing establishments involves almost a 
separate scheme of costing for every factory. Books 
on the subject are now quite numerous, but authors 
are always faced with the difficulty that if they try to 
go deeply enough into detail to be directly useful to a 
reader, their examples, eyen if not their whole scheme, 
are suitable to products of a strictly limited nature 
made in a factory having a particular organisation 
and of a given size. Hence they are almost compelled 
to confine themselves to the discussion of general 
principles, and these, as we have said, do not need much 
discussion. In the fourth edition of ‘‘ Cost Accounts,” 
by W. Strachan (London : Sweet and Maxwell, Limited, 
1920, price 10s. net) the author has said probably as 
much as could be said in a book of about 100 pages, 
but the treatment is, of necessity, genera!. An appen- 
dix contains over 20 typical accounts which illustrate 
the principles advocated in the book. 





If there is anything in the world calculated to confuse 
a student whose ideas would otherwise be clear and 
sound it is the habit writers of books on mechanics 
have of dealing unintelligibly with the difference 
between mass and weight. Our English text book 
writers have tried for years to popularise something 
called a “ poundal,” a term which no engineer ever 
uses or feels the need for using. The attempt to 
introduce the word into the world outside the class- 
room has been a hopeless failure, simply by reason of 
its superfluity. Another word which has been devised, 
with the effect though not with the intention, of 
obscuring the subject is the ‘‘ slug” which is advocated 
as a term to denote the unit of mass. This word is 
employed in a recent American text book. “ Lessons in 
Mechanics,” by W. 8. Franklin and Barry McNutt 
(London: Constable and Co., Limited, price 2 dols. 
net), yet, even with its aid, we doubt if the authors 
will succeed in making themselves understood. They 
tell the reader that the most important thing to 
remember concerning the equation w= mg is that 
w is not the weight of a body, and is not determined 











a plan. As will be seen, the base of the instrument 





by the balance scale. A footnote appended to this 
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surprising remark states that “ Of course, the weight 
of a body in ‘ pounds’ is very nearly equal numerically 
to the mass of the body in pounds, &c.” (Tlie italics 
are the authors’). The only impression likely to be 
left on the mind of a student by such treatment is one of 
utter mystification. Engineers will go on talking of 
pounds in the ordinary way and justifying their un- 
academic conduct by the correctness of their results. 





The properties of various kinds of lubricating oils, 
and the reason why one kind of oil will give satisfaction 
while another kind, apparently identical, is useless, 
have long been a mystery to the engineer. Even our 
chemists and physicists are not yet agreed as to why 
or how oil lubricates, and have been unable, so far, 
to afford much practical help to oil users. It goes 
without saying, however, that the large companies 
whose business it is to refine and sell lubricating oils, 
must have amassed a vast amount of empirical know- 
ledge of lubrication, and engineers will turn with 
expectancy to “ The Practice of Lubrication” (McGraw- 
Hill Book Company, London, 1920, price 36s. net), by 
Mr. T. C. Thomsen, who was for many years the chief 
engineer to the Vacuum Oil Company. Nor will they be 
disappointed, unless indeed, they look for information 
which, in the present state of science, is simply non- 
existent. The book contains more practical informa- 
tion on lubricants and their uses than any volume 
which we have yet come across, The author appears 
to desire to tell all he knows, and his experience is 
sufficient guarantee that his knowledge is extensive and 
thorough. The lubrication of steam turbines, steam 
engines of various kinds, gas engines, Diesel engines, 
air compressors, refrigerating machinery, &c., are all 
dealt with, and guidance is given as to the most suitable 
specification for oil to use for various conditions, and 
the quantity required. The book is a valuable and 
original piece of work and may be confidently recom- 
mended. Its 600 pages are free from anything in the 
nature of padding, the style of the author being con- 
cise and interesting. 





The constitution of Tungsten steels has been 
examined more exhaustively than that of any other of 
the alloy steels and yet, all the attempts to unravel it 
notwithstanding, we are still without a satisfactory 
explanation of the peculiarly intricate relations which 
exist between tungsten, carbon and iron in their 
alloys. Messrs. Chapman and Hall have just published 
(price 16s. 6d.) a book on Metallographic Study of 
Tungsten Steels, by A. Hultgren, which is the detailed 
record of still another attempt which, we are afraid, 
has ended like all its predecessors, in widening our 
knowledge of isolated facts, while leaving them still 
unco-ordinated. Mr. Hultgren has been equipped for 
his task with an excellent metallographic training 
and the micrographs which illustrate his book are not 
only well prepared, but are beautifully reproduced. 
The microscope alone, however, will not solve the 
problem. Other physical properties will require to be 
examined and the constituents as they appear under 
different heat treatments, will require to be isolated 
and chemically identified before any progress can be 
made. In this respect Mr. Hultgren has failed to 
be convincing since he is content to label his consti- 
tuents “ carbide,” ‘‘ tungstide,” or “ ferrite,” on ocular 
evidence alone. It is a golden rule for the investigator 
not to make an assertion until he can prove it, and the 
non-observance of this rule has lowered the value of the 
stocks of many a student in the research market. If 
Mr. Hultgren will go back and take up his work again 
with the object of proving what he is too often content 
to assume he may revise some of his views, but he will 
unquestionably greatly strengthen the value of his 
contribution to the solution of a difficult problem. 
Taken as it stands, however, the record which is 
presented in great fullness has many useful features of 
interest to the metallurgist, and it should not be 
neglected by anyone concerned in the heat treatment 
of tungsten steels. A word of praise is due to the 
publishers for the excellent appearance and printing 
of the volume. 





In so far as the crafts of the turner and fitter can be 
learned by reading, the exposition of them in Machine 
Tool Operation, Part I, The Lathe, Bench Work and 
Work at the Forge, by Henry D. Binghardt (London : 
Hill Publishing Company, Limited, price 12s. net) may 
be recommended to youths interested in the mechanical 
trades. It is essentially a book for apprentices, and 
unlike so many treatises dealing with machine-shop 
processes, it really does appear to be written by an 
author practically conversant with his subject. The 
treatment of forge work seems to be limited to a couple 
of pages upon the hardening and tempering of steel, 
the remainder of the 300 pages being devoted to 
practical and detailed information as to the methods of 


the turner and fitter. Chucking, centring, facing, 
boring, taper-turning, screw-cutting, are all explained 
and amply illustrated. The hand operations of 


chipping, filing, scraping, hack-sawing, marking-off, 
&c., are treated with equal fullness; while the use of 
callipers, micrometers, verniers and other measuring 
devices are also explained. Any intelligent apprentice 
would appreciate the book and it would do him good. 
For those whose interest lies in the more specialised 
work of the machine shop “ Turret Lathe ice,” 
by Joseph G. Horner (Manchester: Emmott and Co., 
Limited, price 12s. 6d. net) will be found useful, This 
book describes the mechanism of the machines in 
question, including chucks and collets of various kinds, 
and explains the kind of tools and their lay-out appro- 
priate for particular work. The book is well illustrated 
and is useful as a reminder of the capabilities of the 
machines in question and as a guide to the methods of 
taking advantage of them. 





Ir perseverance deserves success the advocates of 
concrete should in time come near the realisation of 
their dreams. Few developments have had their 
claims placed before the engineering and general 
public in the persistent manner adopted by concrete 
and reinforced concrete people, in season and sometimes 
out of season. The only branches of the engineering 
industries making similar efforts, have been those of 
the electrical side, not always perhaps well-advised 


neering trades would seem to show that there is 
a demand for them, If their production implies a 
better appreciation of the practical side of engin 
than has often marked the ny yee oe of 

ung engineers their appearance is a 

“ Patternmaking,” by Joseph A. Shelly (Londen, 
The Machinery Publishing Company, Limited, price 
16s. net), we have a well-written and illustrated Ameri- 
can book dealing with the work of the engineering 
patternmaker, The author is clearly writing of a 
trade which he thoroughly understands. He describes 
briefly the principle of moulding artic'es of various 
shapes and goes on to consider the construction of 
patterns and coreboxes for various articles in accord- 
ance with these principles. The types of pattern 
selected for description are well chosen with a view to 
illustrating most of the typical problems of the pattern 
shop. Reading the book will not make the student 
into a patternmaker, because no book alone could 
do this, but it will give him a very fair knowledge of 
the processes employed and the reasons for them, An 
apprentice or a junior draughtdéman would not only 
be interested in the volume, but would gain a lot of 
very useful information from it. 


THERE is little doubt that in the case of the Hydro- 





in the early days, and the gas industry whose push is 
too well known for one to need reminding of it. The 
latest turn taken by concrete propaganda is in con- 
nection with the road problem, and based largely upon 
the success of short lengths of special roads in this 
country, and of highways in America, the concrete road 
is advanced as the solution of all our troubles due to 
modern traffic. We must admit that we cannot go 
to the length adopted by the more enthusiastic ad- 
vocates of this system. We grant that the concrete 
road has justified itself, and will continue to do so for 
special conditions, but the lessons drawn from American 
practice are only of limited application here, and it is 
largely on American highway practice that the re- 
formation here is urged. For one all important reason 
at the present time the countries cannot be compared, 
The United States are a rich country, much richer 
than formerly on account of the war which has so 
greatly impoverished us, and it is useless to compare 
the two in matters involving heavy commitm-nts, 
However, limiting development to tracts coming 
under special conditions the utility of these roads is 
admitted, and a recently published work on the subject 
is therefore full of interest. We refer to ‘“‘ Concrete 
Roads,” published at 8s. net by Concrete Publications, 
Limited (London). This work gives a lot of informa- 
tion, largely in the form of reports of road engineers, on 
actual stretches of road laid, and is therefore authorita- 
tive, though costs and life are not always determinate 
at presont, The section on road making machinery is 
not as well done as it might be, and the postage stamp 
photographs show the machines inadequately. A 
more criticial selection of these would have enabled a 
smaller number to be dealt with in greater detail. 





We have of late received several books issued by 
different University presses, but containing no clear 
indication as to how far the governing bodies of these 
universities accept any responsibility for the publica- 
tions in question, In past years we have been accus- 
tomed to regard any volume issued under the impri- 
matur of a university, as presumably an authoritative 
treatise on the subject dealt with it, or at any rate asa 
work of more than average merit. 
regretted if this hardly won prestige is to be lowered 


mens. The above remarks are called forth by a 
trivial volume on “ Opportunities on Engineering,” 
published at the “‘ University of London Press,” 18, 
Warwick-square, E.C. 4, at a price of 3s. 6d. net, 
The author is Mr. Charles M. Horton, who is, it 
appears, an American consulting engineer specialising 
in steam engine practice. How far his representations 
correspond to American conditions we are unable to 
say, but confidence in his accuracy is not a little under- 
mined by his assertions about James Watt, whose great 
discovery is represented to be the value of super- 
heated steam, whilst every other school boy knows that 
it was the invention of the separate condenser. Such 
a blunder on the part of a supposed steam-engine 
specialist is a poor recommendation for the author's 
reliability in other matters. His text is common- 
place in the extreme, being in the main a modern 
version of some of the chapters in Smile’s “ Self Help,” 
and his stories of the success attained at times by young 
engineers closely parallel one or two stories related in 
Taires’ “‘ Notes sur L’ Angleterre.” It is due to the 
public that the universities should state clearly in what 
measure they are responsible for the acceptance and 
publication of works of this type. 





Tne number of new books now appearing which deal 





with the various kinds of craftsmanship included in the 





It is much to be) 


by the issue of mediocre or even misl-ading treatises, | 
of which we have recently encountered several speci- | 


Electric Power Commission of Ontario public owner- 
ship has been worked out exceedingly well. This 
| body distributes about 300,000 h.p. at an average cost 
| of 18 dollars per continuous horse-power year, a figure 
‘ which is a little over half the average price of current 
in the province, while its activities have resulted in 
@ much more general use of hydro-electric energy 
than would have been the case if development had been 
left to private enterprise. The story of this work is 
given in a small book by Mr. E. B. Biggar, entitled 
, * Hydro-Electric Development in Ontario,” published by 
the Biggar Press, Limited, Toronto, Canada, In this, 
apart from certain rather controversial matter on the 
| broad question of public ownership, Mr. Biggar has 
given us an eminently readable k containing a 
number of interesting facts concerning the work of 
the Commission and the hydraulic possibilities of the 
province of Ontario as a whole. His treatment of the 
subject is almost entirely non-technical, the book 
| being essentially a history as distinct from a scientific 
treatise. The author traces both the political and the 
industrial evolution of the Commission from its incep- 
tion at the commencement of the present century 
up to the year 1920, and deals also with the projects 
in hand at the latter date. When itis considered that 
Commission first delivered power on a commercial 
| basis in 1910 to the extent of 750 h.p. and that at the 
end of the present year it is anticipated that nearl 
1,000 times that amount of energy will become avail- 
‘able from the various stations ch will then be in 
' operation, it will be realised that the ground covered 
is considerable and provides an abundance of facts 
indicative of the modern trend in hydro-electric power 
Pa er pce and of the potentialities by this 
orm of energy in countries in whi 
available, 


A aoop book dealing with the cleaning of coal would 
be very opportune at the present time, but we fear 
that we cannot recommend “ Coal Washing,” by Ernest 
Prochaska, as likely to contribute much to the 
advancement of the art. It is an American book, 
published in this country by The McGraw Hill Book 
| Company of Bouverie Street, E.C.4. The contents 
| of the volume are uncritical descriptions of a t 
number of coal washing apparatus, giving far too little 
information either to enable the mine manager to 
decide what type would best suit his conditions or to 
guide him in the design of plant. The candour of the 
author as exhibited in the preface is charming, and 
almost disarms criticism. ‘In preparing this book 
I have been about equally author compiler, since I 
have extracted quite half of its contents from the works 
of the best writers and metallurgists.” “In incor- 
| porating here the thoughts and words of others I have 
continually changed and added to their language, 
often intermingling in the same sentence my own words 
with theirs.” “I have not cared to distinguish my 
own language from that which I have taken from other 
sources,” Such sentences remind one irresistibly of 
Kipling’s Homer of whom it is written “What ’e thought 
’e might require, ’e went and took—the same as me.”’ 
If all plagiarists were as candid as Mr. Prochaska it 
would be a better world. 


water power is 











A German Ittumratina Socrery.—The Licht. 
tecknische Gesellschaft, established at Karlsruhe in March 
last, will, like the cognate American and the lish 
societies, devote itself to the varied technical problems 
ra yy ti Me one intend to .geaneee Be members 
rom the ranks of engineers, gas lectri . 
architects, medical men, official Sepoteene, a Te 
Technical High School at Kaslsruhe possesses an institute 
for technical illumination to which a testing station has 
recently been added ; hence the selection of , 
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PNEUMATIC TRANSMISSION OF MESSAGES 
ON WARSHIPS. 


As will be generally known, Messrs. T. Cooke and 
Sons, Limited, of Buckingdam Works, York, have 
for a number of years manufactured pneumatic 
apparatus for the transmission of letters and small 
articles, and their installations are to be seen for 
instance in post and telegraph offices all over the 
United Kingdom. A recent interesting development 
of the system has been in connection with large ships, 
particularly warships, and during the late war Messrs. 
Cooke installed pneumatic despatch equipment on 
8 battleships, 7 battle cruisers, 24 light cruisers, 
5 flotilla leaders and 9 miscellaneous ships. It will be 
realised that the robustness and simplicity of the 
pneumatic system renders it particularly suitable for 
warship work and that in many circumstances written 
and signed instructions, especially when easily and 
quickly transmitted, will be preferable to oral instruc- 
tions sent by telephone, or speaking tube. The 
advantages of the dyes also render it attractive 
for installation on large merchant ships or liners, and 
it has been installed, for instance, to relay wireless 
messages between the wireless telegraphy office, the 
bureau and the bridge. 

A diagram showing the lay-out of a ship installation | 
is given in Fig. 1, annexed. It will be seen that 
there. are two electrically-driven pumps rep oon 
respectively in the fan room and on the lower deck. | 
These are controlled from the main and auxiliary 
wireless telegraphy offices. Each pump‘has a reversing | 
valve fitted above the silencers, by means of which | 
the message pipes are put into connection either with | 
the suction or pressure sides of the pump so that the 
message carriers may either be drawn from the far end 
of the tube or propelled in the opposite direction. 
On the suction side there is an intake, which as indi- 





works, The carriers travel with the felt pad leading 
and the tubular body following. 

From the lay-out given in Fig. 1 it wil] be seen that 
a single transmission tube is carried from the installa- 
tion in the main wireless telegraphy room to the bridge 
and that from the auxiliary wireless telegraphy room 
tubes are carried to the main wireless room and the 
bridge. Each tube at the sending station is fitted 
with a sliding sleeve giving access to a port through 





enters the receiving basket from above, a spring stop 
is fitted to hold the carrier in position in the end of the 
tube when it is being returned. It will be clear that the 
whole of the details of this pneumatic despatch arrange- 
ment are simple and that there is little or nothing to get 
out of order. It is very quick in operation, and the time 
of transit on the longest tube on board ship is rarely 
more than 10 seconds. The speed at which the carriers 
travel in the tubes approximates to 30 miles an hour. 
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VERTICAL Pump. 


cated in Fig. 1, consists Of a simple bell-mouthed 
casting with a wire gauze covering on the open end. 
The silencers, which are galvanised steel vessels with 
internal baffle plates, are introduced to eliminate the 
pulsations of the air and to deaden the sound of the 
exhaust. Any oil, or dirt, which may be drawn into 
the system gravitates to the bottom of the silencers 
owing to the relatively slow s of the air through 
them, and the bottoms are made removable for inspec- 
tion and cleaning. 

The sag indicated in Fig. 1 are of the type illus- 
trated in Fig. 2 on this page. The vertical single- 
acting cylinder is 6 in. diameter by 4 in. stroke and the 
machine runs at 600 r.p.m. The motor is of 1} brake 
horse-power, The pumps work up to a pressure of 
about 15 lb. per square inch, In larger installations 
a horizontal pump of the form illustrated in Fig. 3 
isemployed. The brass tubes in which the containers, 
or carriers, travel, are of 1} in. internal diameter and 
are made in lengths of about 15 ft. The walls of the 
tubes are of No. 12 L.S.G. and the standard bend is 
of 5-ft. radius. The minimum radius which can be used 
is 14 ft. The type of carrier emplo is illustrated 
in Fig. 4, the end pad being of hard felt and the body 
of fibre. A light steel finger spring is fitted inside to 
prevent the papers being carried from falling out. 
As will be fairly obvious, the felt pad fits the tube 
and forms a piston against which the air pressure 














Fic. 3. 


which the carriers are either inserted into or with- 
drawn from the tube. Each sleeve is fitted with a 
transparent celluoid window to enable the operator 
to see when a carrier has arrived. The arrangement 
of the sleeves can clearly be seen in the upper part of 
Fig. 5, opposite. This figure shows three message 
tubes leading away from a three-way change-over 
valve. Below this valve is fitted the two-way valve 
which connects to either the pressure or vacuum side 
of the pump and it will be obvious that by manipu- 
lation of the two valves any of the three message 
tubes may be connected to either pressure or vacuum. 
The arrangement of the single or double message tube 
valves as indicated in Fig. 1 follows exactly the triple 
arrangement of Fig. 5 except that with a single tube 
the upper two or three-way valve is, of course, not 
uired. 

It will be noted from Fig. 1 that on the tube leading 
to the bridge there is an interceptor in the signal- 
distributing office. This is of the type illustrated in 
Fig. 6, and consists of a sliding sleeve with a celluloid 
window similar to the arrangement above the change- 
over valve. The interceptor is also fitted with a valve 
or stop worked by a handle so that the carriers may 
either be stopped or allowed to pass through as desired. 
The fitting at the far end of the tubes consists of a 
brass wire basket fitted with a pad to take the blow 





of the incoming carrier. In cases in which the tube 








HorizonTaL Pump. 











The remaining figures on page 549 show further 
apparatus manufactured by Messrs. Cooke, but not 
actually employed in the lay-out given in Fig. 1. 
Of these, Fig. 7, illustrates a by-pass fitting by means 
of which the carriers travelling in a tube may be made 
to serve one or other of two branches leading to 
different stations. In this way, for instance, a tube 
leading from the coding office to the signal-distributing 
office could be branched to the compass platform. 
As will be clear from the figure the by-pass has the 
junctions for the single and double tubes mounted on 
end plates which are connected together by three stays. 
The connecting tube between the end plates is arranged 
to swivel on its lower end and the position of its upper 
end is controlled by a lever which enables it to be swung 
so as to make connection with one or other of the 
upper tubes. The projecting operating handle can be 
seen at the right-hand side of Fig. 7. 

In Fig. 8 is shown a change-over valve arrangement 
of the same type as that illustrated in Fig. 5, but 
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Fie. 7. By-Pass Firrinea. 
intended for a large installation in which specially 
long tubes are used or where greater speed than normal, 


and consequently higher pressure, is required. In this 
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case independent airtight cast-iron despatch boxes are 


mounted above a casing containing the control valves | trations, Figs. 9 and 10, show a simple hand pump, 


which change over from “send” to “ receive,” | which is fitted for small i 
(pressure or vacuum), or vice versa. Our final illus-| service. The pump, by 


valve can give either pressure or vacuum on the line 
nstallations or intermittent | tube for sending or receiving messages. The details 
means of its change-over | of the pump will be quite clear from the figures, 
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INDUSTRIAL NOTES. 

Srnce our last issue, the dispute in the cval industry 
has reached a deadlock. It has been stated that the 
majority of the miners’ executive were in favour 
of agreeing to the offer made by the Government, and 
recorded on page 530 ante, but the delegates of the 
Miners’ Federation decided to reject it, as it did not 
concede “the fundamental principle of a National 
Wages Board and a National Pool.” Following this, 
the miners’ representatives left London and have now 
returned to their respective districts. 

The Mining Association of Great Britain state that 
recent events have convinced them that a settlement is 
being prevented by the determination of some of the 
Miners’ delegates to force a National Pool upon the 
industry. They add that the controversy has become 
political rather than economic. The opposition to a 
National Pool has always been unbending on the part 
of the owners, who object to it, the Association further 
states, even more strongly than they object to nationali- 
sation. The owners in every district have, from the 
first, offered to discuss the schedules of wages with their 
men; they are ready to do so now, and it seems to 
them that the only opening left for advance is by way of 
a discussion of this character. 





Last Tuesday a meeting was held at the House of 
Commons of the Joint Committee of the Parliamentary 
Labour Party, the National Labour Party Executive, 
and the Parliamentary Committee of the Trades Union 
Congress, when a message was sent out urging all 
sections of the Labour movement to subscribe freely 
to funds for supporting the miners’ families, to give and 
lend money as freely as possible to the Miners’ Federa- 
tion, to see to it that local authorities put into immediate 
operation the provisions of the Act for the feeding of 
school children, and to urge members of Parliament to 
put pressure on the Government to offer terms which 
guarantee that wages shall in no case be reduced below 
a reasonable standard, having regard to the cost of 
living. The message added that immediate action was 
necessary ; the miners’ struggle being that of the whole 
Labour Movement, the whole Labour Movement 
should give them its support. 





The Mines Department have issued a statement of 
output and of costs of production, proceeds and 
profits of the me industry, for the month 
ended March 31, from which we take the following 
figures :— 

Tonnage raised, 17,408,000 tons; mines consumption 
and miners’ coal, 2,115,694; leaving as tonnage dis- 
posable commercially, 15,292,306 tons. In regard to 
cost of production per ton disposable commercially, 
wages showed 278, 9-6ld.; stores and timber 
7s. 4°20d.; other costs (management, salaries, &c.), 
3s. 3:93d.; royalties, 8-2ld.; a total of 39s. 1-95d., 
which, less proceeds of miners’ coal, 2-29d., gives 
38s. 11-66d. The proceeds amounted to 32s. 1-11d., 
thus leaving a debit balance of 6s. 10-55d., which does 
not take into account interest on debentures and other 
loans, capital adjustments under the Finance Acts, 
and the profits to which the owners are entitled under 
the Coal Mines (Emergency) Acts 1920-1921. 

The people employed numbered 1,197,765; the 
tonnage raised per person employed was 14-53 tons, 
and the earnings per person employed was £17 15s, 


A Trade Union Ballot Bill has been introduced into 
Parliament by Mr. A. M. Samuel. providing procedure 
to be taken in order to ensure that when a ballot of 
trade union members is taken on 2@ proposal to stop 
work, or arising out of a stoppage of work, the ballot 
shall be taken under conditions which make for 
secrecy ; it provides also the exercise of voting power 
by all those entitled to vote, and only by them. The 
Bill proposes the setting up of a “ Trade Union Ballot 
Regulation Committee,” to consist of representatives 
of the Board of Trade, the Ministry of Labour, the 
Registrar of Friendly Societies, the Chairmen of the 
Parliamentary Labour Party and Trade Union Congress 
and two members appointed by the Trade Union Con- 
gress at its annual meeting. 








A circular has been issued to members by the National 
Federation of Building Trades (peratives against the 
Government scheme to find work for 50,000 ex-Service 
men in the building trade. It concludes with the 
following statement :— 

“* Your duty will be (1) if dilutees are introduced in 
your workshop or job, &c., not under any circumstances 
must you assist in training; (2) dilutees must not be 
allowed to enter instructional factories set up for 
training disabled ex-Service men; (3) if dilutees are 


started in your workshop or upon the job, &c., full 
facts must be tabulated at once and reported to your 
society and the National Federation of Building Trades 
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loyers for refusing to train, your unions and the 
ational Federation will support you. In regard to 
No. 2, if dilutees are introduced, the teachers for 
training disabled ex-Service men will be at once with- 
drawn or expelled from their union. Any violation 
of these instructions by any member or members must 
be at once reported to their unions, and the members 
dealt with under their general rules.” 

It would appear to us that if the ex-Service men were 
only left alone ‘‘ in the workshop or job” they could 
train themselves, for the “‘ training” which is offered 
in the building trades, except perhaps in regard to 
plumbers (there are really so very few really trained 
plumbers), has always appeared to us to be of a slight 
character. A youth who enters the building trade is 
sup to serve an apprenticeship, but all he does for 
probably two or three years is to serve the “ skilled” 
tradesman. He fetches and carries for him, stands at 
the foot of the ladder, does in fact a labourer’s job most 
of the time. We venture to suggest that the National 
Federation of Building Trades Operatives, or other 
trade unions for that matter, have never given a 
moment’s consideration to the important civil and 
mechanical engineering work which has been, and is 
still being, carried out in the Colonies by very few 
engineers—two or three at most, in some instances— 
from this country, aided by totally unskilled labour. 





It is stated that the voting of the shipyard trade 
unions, skilled and unskilled, on the proposal for a 
reduction in wages of 6s. per week on time rates and 
15 per cent. on piece work prices has given the following 
result— 





For acceptance .... 45,169 
Against .... 35,913 
Majority for acceptance 9,256 


The vote follows a conference which was held at 
Carlisle about a fortnight ago. The shipyard joiners, 
who are members of the Federation of Engineering 
and Shipbuilding Trades, and who have been on strike 
for about 23 weeks, were represented, we understand, 
at the Carlisle conference ; the above reduction would, 
therefore, apply to them also. 





We referred on page 499 ante to the cutting off of the 
electric current supply by the Hackney Borough 
Council’s electricity department from certain premises 
in which the leads m laid by a master man who 
employed no labour and who, very naturally, belonged 
to no trade union. The case was carried by the owner 
of the premises to the North London Police Court, 
and last Tuesday, Mr. Forbes Lancaster, K.C., the North 
London Magistrate, said the Council were faced with 
a dilemma in that they had either to yield to the threat 
of the trade union or to run the risk of dislocating the 
business of the Borough, which depended upon electric 
light*and power. The threat, if acted upon, would 
deprive all men in the position of the master man in 
question of a legitimate livelihood, while it amounted 
to a claim on the part of the trade union to dictate to 
all their fellow-subjects the class of persons they should 
employ to do private electrical work on private 
premises. He found that the Council’s default was 
not either inevitable accident or force majeure, and he 
fined them 5s. per day for nine days (2/. 5s.) plus 
20 guineas costs. He declared he would assist any 
appeal to the High Court on the point of force majeure. 
(The Council had relied for the defence on a clause in the 
Hackney Electric Lighting Order, stating that they were 
not liable to penalty if the default was caused by 
“inevitable accident or force majeure.’’) 





The Journal of the Engineering Institute of Canada, 
for April, gives publicity to an interview with Mr. 
Howard Scott, Chief Engineer of the Technical Alliance, 
23, West 35th-street, New York City, who is reported to 
have stated that ‘‘ the technicians are the only group 
who know how people get things. They are not the 
only producers, but they are the only ones who know 
how production is accomplished. Bankers do not 
know. Politicians and diplomats do not know. If 
they did know, they would have got the wheels started 
before this. They all want production; everybody 
does, But those who have been running things do not 
know how to run them, while those who do know how 
have not, so far, considered it their business. The 
engineer recognises that idleness is waste, that competi- 
tion is waste, that duplication of effort is waste, and 
that the unnecessary exhaustion of any natural 
resource is waste.... Labour unions are mere political 
groups in which the individual member acts not as an 
individual responsible for a certain detail of the indus- 
trial process, but as a voter expressing some, usually 
borrowed, opinion. . . .” 


As was to be expected, the figures for unemploy- 
ment indicate a continual increase. The week ending 





Operatives. 
“In regard to No. 1, if you are victimised by em- 


April 29 showed a growth of over 90,000 on the 


as 1,865,000 on the live registers of the Employment 
Exchanges of the Ministry of Labour. This figure is 
exclusive of workers on regular short time who at the 
same date numbered about 1,074,600, compared with 
934,000 in the previous week. 





LARGE GYROSCOPES FOR STABILISING 
SHIPS. 

THE question of the automatic stabilizing of ships is 
one that has attracted attention for a considerable 
number of years and has, from time to time, been the 
subject of papers read before various technical institu- 
tions. These facts are known to most engineers, 
but it is doubtful if it is generally realised to how 
great an extent the matter has now developed to 
practical issues, It is certainly of great interest to 
learn that ship stabilizing gyroscopes are now being 
built, of which the rotating wheels or discs are 13 ft. in 
diameter and weigh close on forty-five tons each. Some 
views illustrating stages in the manufacture of such 
a wheel are given on page 556. Of these, Fig. 1 shows 
the forging of the wheel under a 14,000-ton press, 
while Fig. 2 shows the cast ingot from which it is 
forged. This ingot weighs 123 tons. In Fig. 3 the 
finished and machined disc, or wheel, is shown. It is 
13 ft. in diameter, 22} in. thick at the rim and weighs 
100,000 lb. In the complete gyroscope two wheels 
similar to this are used bolted together. The shafts 
on which the discs spin are secured to the centre boss 
shown. 

This gyro wheel forms part of a gyroscope which is 
being built for, and is to be installed on the American 
liner Huron by the Sperry Gyroscope Company. This 
vessel is the ex-German Friedrich der Grosse. She is of 
18,000 tons displacement. In addition to this installa- 
tion, the company have eight other ship gyroscope 
equipments in course of construction. One of these is 
for a 10,000-ton cruiser for the Imperial Japanese Navy, 
two are for cross-channel steamers, three for yachts, 
one for an American destroyer, and one for an Italian 
scout. In connection with this matter generally 
we are informed that a Committee recently appointed 
to investigate the operation of these stabilizers reported 
to the United States Navy Board that as a result of 
their investigations, they were of the opinion that all 
fighting ships should be equipped with Sperry gyro- 
scopic stabilizers, as by this means the vessels could be 
maintained within two degrees of the vertical under 
all conditions, We are indebted to the Sperry Gyro- 
sco’ Company, Limited, of 15, Victoria-street, 
London, 8.W. 1, for the information and photographs 
on which this description is based. 





THE INSTITUTION OF CiviL ENGINEERS.—The Council 
of the Institution of Civil Engineers have made the 
following awards for papers read and discussed during 
the session 1920-1921: A Telford gold medal and a 
Telford premium to Mr. George Ellson, O.B.E. (London) ; 
Telford gold medals to Sir Murdoch MacDonald, 
K.C.M.G., C.B. (Cairo) and Mr. T. E. Stanton, C.B.E., 
D.8e., F.R.8. (Teddington); a George Stephenson gold 
medal to Mr. R. G. O. Batson (Teddington); a Watt 
gold medal to Mr. 8. A. Main, B.Sc. (Sheffield); Telford 

remiums to Mr. Algernon Peake (Sydney, N.S.W.), 

r. L. H. Larmuth Tenten. Mr. H. E. Hurst, M.A., 
B.Sc. (Cairo), Professor T. B. Abell, O.B.E., M.Eng. 
(Liverpool), and Mr. Percy Allan (Sydney, N.S.W.). 
The Council further record their appreciation of the 
paper contributed (jointly with Mr. Main) by Sir Robert 
A. Hadfield, Bart., F.R.S., a member of the Council. 
The awards for papers published in the Proceedings 
without discussion will be announced later. 





Launcn oF A Five-Mastep Motor Sxirp—tThe five- 
masted ship Kobenhavn was launched on March 24 from 
the yard of Messrs. Ramage and Ferguson, Limited, 
West Pier, Leith. She has been built to the order of 
the East Asiatic Company, Limited, Copenhagen. 
This is the largest sailing ship built on the East Coasv, 
and is unique in being the first to be fitted with an 
auxiliary Diesel motor engine, constructed in Copenhagen 
by Messrs. Burmeister and Wain of that port. The engine 
is capable of indicating 600 h.p. The principal dimen- 
sions of the ship are : h, 390 ft. overall by 49 ft. 
beam, and 28 ft. 7 in. depth moulded ; the deadweight 
carried is over 5,000 tons. The vessel has been built 
under Lloyd’s special survey for 100 Al class, and also 
in accordance with Danish law requirements. She is 
of very fine lines with a view to a high speed under canvas 
being attained. Besides commercial p » it is 
intended that the Kobenhavn is to be used as a training 
ship for officers. Ample accommodation for — or 
apprentices has been aus in a separate house on 
an. ‘Lhe p is 112 ft. long, and has a shelter for 
steersmen, @ wireless house. The sails have a total 
area of over 56,000 sq. ft., a double suit being also 
supplied. Brace and halliard winches are provided 
for ion ing the yards and sails, and every labour-saving 
device has been fitted which will facilitate the handling 
of the ship. The Diesel engine which is fitted aft is 
connected to a two-bladed propeller of the feathering 
type, which will prove most useful in calm weather, 
and when entering or leaving harbours. Ample oil 
sto in tanks, and in double bottom is fitted, and, in 
addition, deep water ballast extending up to 





figures for April 22, the later returns giving the total 





"tween decks have been placed amidships. 
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ROYAL METEOROLOGICAL SOCIETY. 


THE usual monthly meeting of this Society was held 
on Wednesday, the 20th ult., in the Society’s Rooms, 
70, Victoria-street, Westminster, Mr. R. i. Hooker, 
M.A., president, in the chair, A aper was read by 
Mr. C. E. P. Brooks, M.S8c., entitled “The Evolution of 
Climate in North-West Europe.”” Commencing with the 
last (Wiirmian) glacial period, the slow variations of 
climate in North-West Europe are studied in connection 
with changes in the land and sea distribution and also 
with possible astronomical influences, Several successive 
‘* phases "’ are distinguished :— 

. The close of the glacial period, 30,000 to 18,000 B.c, 
. The retreat of the glaciers, 18,000 to 6,000 B.c. 

. The Continental phase, about 5,000 B.c. 

. The maritime phase, about 4,000 B.c. 

. The forest phase, about 3,000 B.c. 

. The peat bog phase, about 500 B.c. 

. The recent mL 


Charts are drawn to illustrate the probable meteoro- 
logical conditions associated with each of these phases, 
and especially the gradual a of the present 
system of storm tracks, the Mediterranean being the 
oldest. The cessation of the peat-bog phase is shown to 
be contemporaneous with a marked drop in Huntington’s 
curves of rainfall in California and South-Western Asia. 
The whole series of changes in North-West Europe is 
compared with the corresponding post-glacial series 
in North America, which is shown to be similar in its 
general lines but not always contemporaneous. Finally, 
a section is devoted to Pettersson’s astronomical tidal 
theory, which is found to fit in very well with the changes 
after 3,000 B.c., but not before. 

A <¢ by Lieutenant Gordon C. Steele, V.C., R.N., 
entitled “ A Brief Review of the Influence of Meteorology 
on Naval Warfare,” was, in the absence of the author, 
read by Captain Sir David Wilson-Barker. The influence 
of meteorology on naval warfare can best be realised 
by briefly reviewing its effects on the past and comparing 
it with the present time. Starting as far back as the 
old war galleys propelled by oars, we find a certain 
independence of wind for movement which their succes- 
sors, the sailing ships, did not enjoy. The advent of 
steam, aS we may suppose, rendered the warship in- 
dependent of wind for movement and all it involves ; 
but, at the same time, the pro; of modern armament 
and the introduction of the Rene gun made the 
meteorological property of visibility of first-rate import- 
ance. In fact, we may recollect that in almost every 
action fought in the late war, some reference was made 
to the state of the weather. The last five years have 
seen new acquisitions to naval service—most notably 
the C.M.B., a naval air wing and such weapons as the 
smoke screen and even the possibility of the use of 
poisonous gas at sea. 

Analysing the effect of meteorological conditions on 
these new arms, we notice the last two are absolutely 
contingent on weather conditions and the others are so 
in a large degree. Weare, therefore, justified in summing 
up that modern invention has not overcome the influence 
of meteorology on naval warfare, but we still find our- 
selves confronted with many of the old problems our 
ancestors had to contend with. We, moreover, can trace 
its influence in the policy of ship construction. For 
example, in a programme of shipbuilding, the general 
climatology of the sea or ocean forming the probable 
theatre of war, in a great measure determines the gun 
range at which an action will be fought and consequently 
the amount of armour to be allocated under these con- 
ditions. From these considerations we are able to 
appreciate the value of an efficient meteorological service 
to the Navy. 


IA a woe 





THE WELDING OF STEEL.* 
The Welding of Steel in Relation to the Occurrence of Pipe, 
Blow-Holes and Segregates in Ingots. 
By H. Breartey, Member of Council (Sheffield). 


Ir is well known that perfectly clean surfaces of 
malleable metals will stick together under pressure at 
temperatures much below those commonly used for 
welding. Hot steel can be welded together under 
pressure at low temperatures in an atmosphere of 
hydrogen or other inert gas. Turnings sometimes 
stick to the cutting edge of tools which are doing heavy 
work, and it is on record that a cutting tool has been 
found welded to a heavy forging which was being 
machined, 

Steel oxidises at comparatively low temperatures, 
The temper colours visible on bright steel heated up to 
200 deg. C. and beyond are forms of iron oxide which, 
as the temperature is raised, pass gradually into the 
more or less adherent oxide of measurable thickness 
which we call scale. The scale thus formed is a brittle 
substance whether hot or cold; it is not malleable or 
plastic, and cannot be welded together. At very high 
temperatures the scale melts and could be expressed 
in the fluid condition from between two metallic sur- 
faces, but the temperature at which it remains suffi- 
ciently fluid is near the melting point of steel. At 
such high temperatures the fluid oxide scale reacts with 
the carbon of the plastic steel, liberating carbon monoxide 
or dioxide, which forms blisters. It is, therefore, not 
practicable to make a respectable weld without using 
some means of lowering the melting temperature of the 
— and also modifying its oxidising effect of the hot 
steel, 

In order to flux the scale which forms on heating iron 
and steel, the blacksmith uses sand. The sand-scale 





* Abstract of a paper read at the meeting of the 
Tron and Steel Institute on Thursday, May 5. 





slag thus formed should be such as is fusible at tempera- 
tures some hundreds of degrees below the melting point 
of either the scale or the sand. Its fusibility varies with 
the respective proportions of scale and sand used. Too 
much of either constituent produces a less fusible flux. 
Since the amount of one of the constituents—the scale— 
cannot be determined, the most effective quantity of 
sand to use can be selected only by skilled judgment. 
It depends on the amount of scale needing to be uxed, 
and the area to be covered by the fusible sheath which 
cleans the surfaces and shields them from further 
oxidation. 

Being produced under empirical conditions which are 
so difficult to control, there is no wonder that welds 
apparently similar are really of varying quality. The 
best of them are never perfect, though statements to the 
contrary are frequently made. A weld may appear 
under certain test conditions to be stronger than the 
adjacent part, for two reasons. First, because the 
adjacent parts have been badly overheated and not 
hammered; and second, because the welded part has 
been superficially carburised by the coke fire and to a 
corresponding extent that part has a higher tensile 





Fig. 1. Srorton or Rotu-WeEtpep PLANE Iron. 





Fie. 3. Fracrurs or TouGHENED Bars 
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strength. Both these conditions are due to negligence, 
and hence, judging from the comparative behaviour of 
welded and adjacent parts under the stress of a tensile 
test, we arrive at this amazing paradox—the less skil- 
fully the welding is done the better the weld may appear 
to be 


The tensile test is not a very satisfactory means of 
recording the weldability of a steel, or the efficiency 
of a welding process. Although all welds are more 
or less defective the position of the defect may be 
unknown, and consequently when a tensile test-piece 
has been machined it is a question of pure chance whether 
a particular kind of defect is in the core of the test- 
piece or on its surface. In the former position the defect 
may not generally influence the test figures ; in the latter 
position the test-piece breaks either before, or soon after, 
the maximum stress has been reached, and conse- 
quently the ductility figures are very poor. In the same 
way the tests made on gun-tube forgings, taken trans- 
versely, give very erratic results, due not to variations 
in the suitability of the material for its intended purpose, 
but to the occurrence of slag streaks haphazard, now in 
a favourable position, now in an unfavourable position 
in the test-piece. ; 

Dr. Stead has stated that “the skilful microscopist 
can, with absolute certainty, determine whether or not 
surfaces are welded together, a matter of exceedin; 
importance when considering whether cavities in stee 
ingots can, or cannot, be welded up.” It is quite true 
that certain differences in welds become clear when 
sections are examined microscopically. The roll-welded 
plane iron in Fig. 1 is obviously not so good a weld 











as the hand-welded plane iron in Fig. 2. It is, however, 
merely a question of degree. The welded surfaces of 
Fig. 2 can be torn apart as completely as those of Fig. 1, 
but it would require a greater effort—neither of them 
are perfect welds. 

ow near to perfection a weld can be made is a ques- 
tion of great importance to steelmakers. Under roll- 
ing or forging conditions a steel may be unweldable 
and yet an ingot may be for into sound bars. If, 
however, such an ingot be cracked, as more are than we 
like to admit, then it is not forgable, but will crumble 
under the hammer. This explains why of certain alloy 
steel ingots having the same composition some forge 
well, oul others not at all, or very badly. 

Ingots are never quite free from shrinkage cavities, 
contraction cavities, cracks, or blowholes. It has been 
proposed that ingots should be made with a volume of 
deep-seated blow-holes sufficient to neutralise piping 
and thus avoid the necessity of scrapping a discard 
head, As this method of avoiding pipe has been in use 
for many years it is fair to assume that such ingots 
produce billets, bars, and sheets, which are commer- 
cially satisfactory for certain purposes. Dr. Stead and 





Fic. 2. Srcorron or Hanp-WeELprEp Prange Iron. 


others conclude from microscopic evidence “that the 
welding of blowhole cavities as a rule is complete and 

rfect.”” Their experimental evidence is obtained by 

ring a hole into an ingot or billet, fitting a plug of 
the same material, sealing the joint with a blowpipe, 
raising to welding heat and hammering or rolling into 
a bar. If the bar, when nicked and broken across the 
welded faces, show no signs of the weld, and the micros- 
copie evidence be satisfactory, it is assumed that the 
weld has been perfectly made. 

If by perfection we mean a welded joining which is in 
all respects as good as any unwelded part of the same 
bar, then it may be said that the evidence is insufficient 
to support the conclusion even so far as the limited 
experimental conditions are concerned. The conclu- 
sions are a still less satisfactory answer to the question 
whether blowholes in ingots weld up, because a drilled 
hole is smooth and clean, whereas a shrinkage cavity 
or blowhole may be uneven, lined with segregates, 
coated with alumina, or otherwise less favourably dis- 
posed to weld completely. 

During the great war trouble was caused by the occur- 
rence in aero-engine crankshafts of small cracks whose 
origin was camouflaged by calling them “ hair-lines ” ; 
just as, ten or twenty years ago, slag streaks were called 
“sand cracks” and many other names except slag. 
The so-called hair-lines arose mainly from ingot defects, 
notably those occurring in and about the axis of the 
ingot. These axial defects are the remnants of shrink- 
age taking place in the nearly solidified ingot. The 
small volume of impure metal last fluid moves down- 
wards as best it may between the loosely adhering free 
crystals, filling up shrinkage and construction cavities 
as long as it is hot enough, or impure enough, to keep 
fluid. It is finally frozen in position, lying like an 
inverted cone about the axis of the ingot. It is called a 
“Te te because it can be detected by a sulphid 
print, but the harm lies in the small cavities themselves 
rather than in the sulphide segregate found in, or near, 
the cavities. 

The “V” cavities are greater when an ingot is cast 
hot than they are when the same kind of ingot is cast 
cold. The remedy is to cast cold in a mould tapered as 
much as is practicable. The remedy, however, does 
not get rid entirely of the cavities, and one must reckon 
that the remnants of them may appear either as split 
centres, if the forging be carelessly done, or as small 
seams or “hair-lines,” however skilfully the forging 
operation may be carried out. 

It has been suggested that minute defects inherent 
in commercially sound ingots, and small blowholes 
which may occur accidentally, do not weld up in nickel- 
chromium steels, because steel containing chromium 
will not weld. And it has been said that if aero-crank- 
shafts, and other important structural componente, 
were made from nickel steels or, better still, from carbon 
steels, the ter weldability of these steels would re- 
move all difficulties. When this idea is tested under 
conditions more favourable than those occurring in 
practice, é.¢., by drilling holes along the axis of a bloom, 
inserting a machined bar of the same material, and after 
hermetically sealing the ends, rolling the bloom into a 
small bar, which is then nicked and broken, we arrive 
at very curious results. Some steels tested in this way 
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were ordinary mild steels containing 0-15 per cent. 
and 0-35 per cent. carbon, a 3 per cent. nickel steel, a 
5 per cent. nicke] case-hardening steel, and a nickel- 
chromium steel, such as was used for aero-engine crank- 
shafts. On etched transverse sections of the bars the 
weld lines were either not visible or slight indications 
only were discovered after much patient searching. 
When the bars were nicked and broken across the welded 
surfaces, all the steels, judging from the fractures, 
appeared to have welded perfectly, yo the 0-15 per 
cent. carbon steel and the 5 per cent. nickel case-harden- 
ing steel. Unless, therefore, we are prepared to believe 
that tough mild steels weld less perfectly than nickel- 
chromium steel, we must question the reliability of both 
these methods of measuring the efficiency of a weld. 

On hardening and reheating the entire series of steels 
so as to put all of them into a tough condition having 
Izod figures of over 50 ft.-lbs., we find that not one of 
them withstands the nicked bar test; without excep- 
tion they pull apart at the welded surfaces (Fig. 3). 
These «A - | 
of nickel steel appear to be more reedy than similar | 
fractures made in ordinary carbon steel, i.e., the nickel 
steel is tougher and therefore pulls open on the faces | 
of welded blowholes, or slag streaks, more than in the | 

| 





less tough carbon steels; the steel itself is not more 
reedy in the sense that it contains more slag streaks, 
or less perfectly-welded blowholes. 

It is obviously incorrect to say that steel containing | 
chromium cannot be welded under such conditions as 





Kia. 4. Fracturep TENSILE PIecE 


SHOWING CORE. 





Fie. 7. 


Ercurp Micro or Carson STEEL 
x 250. 
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apply to the welding of cavities in ingots. If, however, 
we are seeking some means of expressing the extent to 
which such steels weld, as compared with ordinary 
carbon steel, we should endeavour to state comparative 
results in concrete figures. No attempt appears to have 
been made to do this. The method to be described is 
submitted for consideration in the hope that it may be 
improved, or a better method may be evolved. Some 
method, at any rate, is desirable if we are to explain 
the known difficulties in forging special steel, and under- 
stand the effects of blowholes and segregates on the 
properties of steels containing them. 

The steels to be examined are prepared as 3}-inch 
billets. A hole 1 in. in diameter is drilled down the 
axis of the billet, and a turned bar is driven into it and 
fused over at each end. The cored billet is then rolled 
into a bar 4} in. by } in, Impact test-pieces cut from 
the side and centre of this flat bar may be represented 
diagrammatically as in Fig. A. The test-piece cut 
from the side will be broken by a force recorded in 
foot-pounds which represents the effort required to start 





s explain clearly why transverse fractures |’ 


a crack at the root of the sharp notch and extend the 
crack across the specimen. The test-piece cut from the 
centre of the bar is broken in the same way, but it will 
require a somewhat greater force to extend the crack 
across the specimen, depending on the perfection of the 
weld between the core and inside of the hollow billet. 
If no welding has occurred the crack will come to a dead 
stop when it reaches the core or leaves it, and a new 
crack would need to be started in each case. This, as 
we know, absorbs a great deal more energy than is re- 
quired to propagate a crack which has been already 
started, 

Very hard steels have low impact values because the 
material in and about the notch is not able to distort, 
and such steels, even in the form of cored bars, break 
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ErcHep MICRO OF 
NICKEL STEEL “ B.” x 50. 


readily across whether the weld is a good one or not. 
Conversely, steels having low impact values, whether 
they are very hard or not, fracture readily across welded 
cores, and this explains the insufficiency of the nicked 
bar test as an indication of good or bad welding. To 
pet a weld apart, if it can be done, the material should 

put into a tough condition. The proposal is to 
measure the perfection of a weld in terms of the degree 
of toughness which must be induced in the steel before 
the weld can be pulled apart. 

A series of specimens, numbered A to D, cut respec- 
tively from the edge and centre of the flat bar, prepared 
as described, are hardened and tempered in stages of 
100 deg. C. up to say 700 deg. C. These are broken 
on a standard Izod machine, and the impact value of 
the edge specimen whose corresponding piece cut from 
the centre is split along the weld is taken as the welding 
figure. 

From the results obtained the comparative welding 
figure selected would be: Steel ‘“‘A”’ = 28 or rather 
less; steel ““B’ = 20; steel “C” = 18; steel “D” 

14 or rather less, That is to say, these figures repre- 
sent in Izod foot-pounds the degree of toughness which 
must be induced in the steels by hardening and tempering 
in order to pull the welded surfaces apart into a visible 


ap. 

If instead of rolling into flat bars the cored billets are 
rolled into round, or gothic, or square bars, and tensile 
pieces are prepared from the bars which have been heat- 
treated to develop maximum. toughness in them,. the 
core will sometimes be visible in the broken tensile 
test-piece, and sometimes not visible. Of the above 











series of steels, each of which registered a reduction of 
area of over 60 per cent., all exhibited a fracture like 
Fig. 4, except steel “‘C,”” whose fracture is represented 
in Fig. 5, This sample of 3 per cent. nickel steel had, 
when tested, a maximum stress of 44 tons, an elongation 
of 29 per cent, on 2 in. by 0-564-in., and a reduction of 
area of 65-8 per cent. 

For microscopic observation a transverse section 
could be cut from the flat bar on which, if the welded 
faces were well defined, the core would be represented 
by the outline of an ellipse. The pointed ends of such 
an elliptical outline ood be traced with more or less 
certainty in all the specimens, but it was more marked 
in the alloy steels than in the carbon steels. In Fig. 6 
the well-marked outline of steel ‘““B” is represented. 





. 6. UNrtcHED Micro or 3 PER CENT. 


Nicke, Steet “ B.”’ x 50. 
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After etching, the weld in the carbon steel ‘‘ A ’’ appeared 
to be outlined by a band of ferrite such as is represented 
in Fig. 7 (magnification, 250 diameters). Nothing 
similar could be detected in the alloy steels in the rolled 
or hardened and tempered condition. ~ 

In order to increase the separation of ferrite in the 
carbon steel and promote its separation, if possible, in 
the alloy steels, samples of each of the four alloy steels 
were heated to 860 deg. C. and cooled down to 500 deg. C. 
in nine to ten hours. Etched sections made from these 
specimens now showed a band of ferrite about the 
welded surfaces of all the steels except the nickel- 
chromium steel. Two palamevnnianie are repro- 
duced in Fig. 8 (nickel steel ‘“‘B”’) and Fig. 9 (nickel- 
chrome steel *‘ D ’’). 

How far the proposed method of testing welded surfaces, 
or determining the coefficient of welding, will be found 
reliable and useful must be shown by further experiment. 
It is clear, however, that all forms of plastic welding 
such as are used by the blacksmith, and such as operate 
in the rolling and forging of piped ingots, produce welded 
parts unlike other parts of the bar, inasmuch as the welded 
surfaces can be pulled open, and the free ferrite about 
them is quite abnormal. 

The appearance of free ferrite about welded surfaces 
recalls the occurrence of the banded ferrite structure 
in mild steel plates and bars. The banded structure 
has been ascri to micro-segregation of phosphorus. 
On the other hand it has been suggested that non- 
metallic impurities in steel in the form of slag streaks, 
&e., act as nuclei around which the ferrite gathers as 
it falls out of solution, just as sugar candy crystals form 
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about a thread suspended in the liquor. Whilst the for- 
mation of free ferrite on the welded faces falls naturally 
into its place as a special instance of the effect of nuclei 
action, it is difficult to see how it can be related to phos- 
phide segregation. Referring to Fig. 9, it may be 
suggested that the limited amount of free ferrite formed 
under the conditions of cooling was insufficient to form 
envelopes about the slag streaks and the welded faces. 
At any rate it should not be concluded that nickel- 
chromium steels behave exceptionally until lower carbon 
steels of the same type, or more slowly cooled steels 
in which free ferrite exists abundantly, have been 
observed, 

The conditions, described in the earlier part of the 
paper, under which the coefficient of weldability is 
determined, are obviously empirical, and it would 
probably be necessary to adhere to giver’ dimensions 
of billet, the inserted core, and the rolled flat bar in order 
to get consistent results. To observe the effect of 
deviations a 4-in. square billet was prepared with the 
usual l-in. core, with a }-in. core and with a }-in. hole, 
the end only of which was plugged. In the rolled flat 
bar the welded surfaces would of course be a Single 
one in the case of the }-in. plugged hole, and double 
ones in the cases of the }-in. and 1-in. cores. The welded 
surfaces would also lie variable distances below the 
bottom of the notch. The actual figures obtained both 
on softer and harder steels did not show great varia- 
tions, and they were all in such directions as might be 
expected. The effect may be summarised by saying 
that when the hardened and tempered pieces are suffi- 
ciently tough to cause the weld to split open, the impact 
value obtained from the welded pieces depends on the 





thickness of metal behind the split weld which has to be 





Fia. 10. 


bent by the pendulum hammer. 


In Fig. 10 the right 
piece represents the }-in. 


hole specimen and the left 
piece the l-in. core specimen. It would clearly require 
more energy to bend the latter piece than the former 
after sufficient distortion had occurred to split the welded 
faces apart. Whilst, therefore, useful information ma 
be obtained whatever size of billet and bar is used, 
it is advisable to adhere to fixed sizes if the results are 
required to be strictly comparative. The author 
prefers to insert a core into the drilled billet, as then 
two welded surfaces occur in the impact test-piece. 

_ Although we may be convinced that no pipe or cavity 
in an ingot can be completely welded, we need be neither 
elated nor depressed by the faet. It is no part of an 
observer’s business to allow personal prejudices or 
commercial prospects to colour his views. An investi- 
gator’s opinions ought not to be malleable under the 
stress of convenience. Besides nothing is wholly bad, 
and what may appear as a defect under one set of 
circumstances becomes an advantage under another. 
In this respect we may observe that the degree of imper- 
fection of welds is made manifest by a rise in the impact 
figure. Were no welding to take place the impact test 
specimen used would bring the testing machine to a 
dead stop, although the material was not in a very 
tough condition. If, therefore, the material of a piped 
ingot, or a blown ingot, be stressed transversely to the 
direction in which it has been elongated by forging or 
rolling, such stresses carried to the point of fracturing 
will have more work to do than, under similar circum- 
stances, would be required to fracture such material 
made from a sound ingot. The plate of a laminated 
spring is one of the best examples of the truth of this 
deduction, and as a matter of experiment it is found 
that a cambered spring plate made from the top of a 
piped ingot cannot be broken by scragging as easily as 
@ similar plate made from the bottom end of the same 
ingot. In this sense blown ingots, or those rich in non- 
metallic impurities, make good spring ‘plates, and it is 
mainly on this account that Bessemer steel is preferred 
by.many spring makers to the more carefully melted 
and cast open-hearth steel. To some extent the same 


advantages apply to ogee ar axles, and they are worth 
ation to rolled tyres. 
the fabled 


consideration even in re 


It is 
very remarkable that 


virtue of all good 


BrokeEN Impact Preces FroM CorRED Bars. 


wrought iron, viz., its fibre, should be regarded as a 


defect in steel. It should be valued of coursé like the 
grain in wood, according to its direction, in relation 
to the stresses put upon it. 

That pipe, or blowpipes, or any other form of cavity 
in ingots is apt to be, and usually is, associated with 
segregated carbon, ———— and sulphur, requires 
no special proof. If, therefore, the discussion be con- 
fined to the welding of ingot cavities it would be instruc- 
tive to know how far the cohesion of the welded surfaces 
is influenced by carbon, phosphorus, and sulphur respec- 
tively, and whether the influence of these elements 
present in the same specimen is additive or otherwise. 
A few statements on this subject have been made, but 
they must be regarded as opmions rather than as evi- 
dence. It has been said that “the welding up of blow- 
hole cavities in ordinary practice is, as a rule, complete 
and perfect,’”’ and also that “‘ phosphorus concentration 
in blowholes facilitates welding, and iron relatively high 
in phosphorus is more readily welded than very pure 
material.”” We must remember, however, that this 
conclusion depends either on microscopic observation 
which may be illusory, or on the nicking and breaking 
method which may be misleading. Of the two methods 
of judging a weld it is claimed that “‘ nicking and break- 
ing was @ more certain method than that of the micro- 
scope.” As the nicking and breaking method carried 
out on bars in the forged and rolled condition would 
lead us to believe that all hardening elements added to 
steel, including phosphorus, improve its welding pro- 
perties, its results obviously need to be interpreted with 
caution. 
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It is generally stated, without any experimental 
warrant being adduced, that all segregates existing in 
ingot cavities decrease the weldability. It has been 
assumed that in the absence of segregates a perfect 
weld could be made, and as segregates and imperfect 
welds are often found together the presence of the segre- 
gate and the degree of imperfection are regarded as 
cause and effect. This conclusion is untenable now we 
know that perfect welds cannot be made even under 
the most favoured conditions. 

In 1912 Dr. Stead prepared two crucible ingots con- 
taining 0-020 per cent. sulphur. One was blown and 
the eter sound. Both were forged into round bars and 
parts of each bar were turned into annular rings. When 
drifts were forced into the rings those made from the 
blown steel broke with 50 per cent. less extension than 
those made from sound steel. A sulphur print taken 
from the forged bars showed oj the location of the 
blowholes, because segregates h been pressed into 
them by such forces as operate in every solidifying 
ingot. 

The weakness of the one set of rings as compared with 
the other was ascribed to the presence of sulphide or 
gates. Such a conclusion, however, is only justified if 
it can be shown that identical rings, made from blown 
steel containing no segregated sulphide, are practically 
as strong as rings made from sound steel. A direct 
experiment on these exact lines cannot be made, because 
it is impossible to produce commercial ingots contain- 
ing blowholes without these holes being more or 
less lined with segregates. But as the blowholes 
could not weld completely under any circumstances 
it is likely that the rings were weaker in one case 
than the other, quite apart from any question of 


segregation. 

To test this supposition a dozen small holes were 
drilled lengthwise to a depth of 8 in. into a 4-in. billet, 
Each hole was cleaned, dried, and filled with rol 
vapour before being closed by pices 1 in. long driven 
in with a sledge-hammer, and fused over with the 
oxy-acetylene blowpipe. The billet was rolled into a 
j-in. round bar. From the sound and unsound parts 
of the round bars ringe were turned, The rings were 





drifted, as in Dr. Stead’s experiment, until they broke, 
with the results given in the next column. 
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Steel A. 865 
Carbon. Silicon. Manganese. Sulphur. Phosphorus. 
0°46 0°15 0:70 0-040 0-030 
Condition Percentage Increase in Diameter of Drifted 
of Rings made from 
Steel. * Unsound” Part. “Sound” Part. 
As rolled and 2-4 14.5 
As rolled 3°4 12-6 
Steel Y. 339. 

Carbon. Silicon. Manganese. Sulphur. Phosphorus. 
0°15 0°23 0°92 0-060 0:018 
Condition Percentage Increase in Diameter of Drifted 

of Rings made from 
Steel. ** Unsound ” Part. “Sound” Part. 
As rolled 2 20°8 
As rolled 7°8 22-9 


Sulphur prints were made from both the sound and 
unsound bars, but there was no distinction between them. 
These results appear to negative the conclusion that the 
annular rings in Dr. Stead’s experiment broke pre- 
maturely on account of sulphide segregation; they 
would have broken prematurely in any case, because 
blowholes or any other cavities in an ingot do not weld 
omen however much work may be put on to the 
material during forging or rolling. 

The difference in behaviour between the sound and 
unsound rings when drifted is a striking example of the 
disadvantages of blown or piped steel when stressed 
transversely. Gun tubes or gas cylinders are stressed 
more or less like the drifted rings, though they are, of 
course, not made into hollow tubes in the same way, 


Oe 


12. Micro or Macuine Knire. x 100. 


and a welded blowhole would lie more favourably in 
either case than in the drifted rings. Gun tubes are not 
made from blown ingots, but blown ingots of mild steel 
are consciously made into billets and blooms for tubes 
and gas cylinders. Whatever commercial warrant there 
may be for this practice it would appear to be un- 
desirable metallurgically, because blowholes induce 
spot segregates, and are undesirable mechanically because 
the incompletely welded cavity decreases the resistance 
of the steel to the working stresses. 

There seems to be little doubt that sulphur has been 
blamed for defects due to other causes, and one wonders 
whether this segregate in particular is quite as harmful 
as it is made out to be. Take, for example, a piece of 
boiler plate’ which has laminated on flanging. The 
metallurgist applies a piece of acidified photo paper 
and produces a sulphur print (Fig. 11), showing that the 
defective part corresponds with a segregated area. 
According to text-books segregates are known to be 
harmful and high sulphur is reputed to cause red-short- 
ness. The inference is easy, but the obvious explanation 
is, in many cases, not the correct one. It is true that 
sulphur compounds segregate in steel ; so do phosphorus, 
and so also do carbon compounds. Of these the one 
most easily detectable, and almost invariably detected, 
by the method of sulphur printing is sulphur, but it is 
not therefore necessarily more culpable than either 
phosphorus or carbon. Further, in perfectly sound 
Ingots (except perhaps very large ones) mass segregation 
is not possible. In such ingots as are penstionti sound, 
that is to say, in the best type of cxemmesdel, ingots, 
mass segregates are found only where there are, or have 
been, cavities. The pipe in a piped ingot is lined with 
segregates and most cavities in a blown ingot are dis- 
tinguishable in the forged blooms by the segregates 
which filled, or partly filled, the cavities in the ingot 
stage. 

On reconsideration of the laminated boiler plate we 
must regard the dark centre part on the sulphur print 
first as evidence that the ingot material, from which the 
defective article was made, was piped. The sulphide 
segregates enable us to draw this important conclusion, 
but whether the segregates as a whole have aggravated 





the defect depends on whether or not they have interfered 
with the chances of the pipe welding up. The facts 
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are broadly the same with respect to spot segregates. 
In either case, that is to say, in relation to both axial 
pt mar and spot segregates, the real cause of the 
trouble is either a pipe or a blowhole, and it is not 
reasonable to blame the segregate, which in the nature 
of things gets squeezed into these cavities, unless they 
interfere with welding. A series of five crucible steel 
ees containing from 0-06 per cent. to 0-17 per cent. 
sulphur, but otherwise similar in composition, have been 
prepared in order to observe the influence of sulphur 
on the welding figure. The results are not ready for 
publication, but so far as they go they show that either 
in the rolled condition or in the hardened and tempered 
condition the high sulphur steels weld as well as, and on 
the whole rather better than the low sulphur steels. 
This, the general experience, lead the author to assume 
that of the segregates themselves, the least harmful, 
taking all things into account, is probably sulphur. 
By pure chance it happens to be easily detectable, and 
it is thus forced to turn king’s evidence against its 
associates, 

It would be something of a paradox if, presuming it 
could be entirely eliminated, sulphur were after all 
retained in, or purposely added to, steel in order to serve 
as witness, A sulphur print of an ingot section is one 
of the best records of the conditions under which an 
ingot isformed. It may indicate the casting temperature ; 
whether top or bottom casting methods have been used ; 
whether blowholes later filled up have existed earlier 
in the partly fluid ingot ; and many other useful things 
to be to the observant investigator. It is by far the most 
valuable means available for determining whether a 
forging became axially unsound on hammering or was 
made from piped material. It indicates at once the 
presence of spot segregates in forged or machined articles, 
and either facilitates the machining or suggests that the 
material should be scrapped, and y it is an indis- 
pensable touchstone for the careful steel-maker who is 
making steel for such special p as rifle barrels. 
In nearly every case a sulphur print is less valuable as an 
indication of sulphur than of more i of 
which its presence gives warning. A sulphur print 
is worth many sulphur determinations, and we could 
hardly spare the tell-tale sulphur altogether—we might 
then have to add sulphur to our steel as we know not! 

80 — so relia ~<A and - harmless which woul 
serve the purpose equally well. 

Very few experienced observers will doubt the possi- 
bility of pulling a welded faces in objects made from 
blown ingots. The author believes that it can be done, 
always providing the steel in which they occur is tough 
or can be made tough by heat treatment. Iron and steel 
lumps from which bars for machine knives are made 
are produced by casting very mild steel against the face 
of very hot tool steel. In the forged or rolled bar the 
inter-penetration is considerable (see Fig. 12). The two 
materials, however, can be pulled apart along the 
original faces. Three-ply steel, such as is used for making 
plough mould boards, is probably produced in a similar 
way, but the rolled sheet can be split and the iron core 
separated if the sheet be first toughened by hardening 
and tempering. 

If a billet drawn down at one end into a bar the 
unforged part of the billet may be worked up and down 
in fluid steel as it rises in an ingot mould, so as to heat 
the billet and drive off adherent gases. Such a billet 
may then be left in the upper part of the ingot in a 
highly preheated and clean condition. After forgi 
that Hey of the ingot containing the billet may be rolled 
into flat bars and such bars may be tested. After this 
procedure a core corresponding with the original billet 
section may always be separated. 

From these considerations one would expect that 
impact test-pieces cut from the centre and from the edge 
of a flat bar rolled from an ordinary ingot would fre- 
quently give different results. Such differences actually 
exist, and moreover the difference is most marked when 
the bar is taken from that part of the ingot which is 
unavoidably least sound. An ingot cast wide end up and 
provided with an efficient feeder head is—omitting the 
feeder head—most nearly perfect in its bottom third 
and top fourth; it is less perfect in the centre of its 
middle half. These facts are clearly discernible in a 
sulphur print made from a sound ingot which has been 
sectioned longitudinally through its centre. Quite in 
accordance with the sulphur print indications one finds 
that variations in impact test-pieces cut from the edge 
and centre of flat bars are greater or less, according as 
the bars have been made from the middle or one or other 
extremity of the ingot. 





INDUSTRIAL WELFARE Socrety.—This Society is 
holding a conference of industrial medical men on 
June 2, at 51, Palace-street, Westminster, when ad- 
dresses will be given by recognised experts in industrial 
medicine. The matters dealt with at the conference 
will cover industrial diseases aid the question of health 
in the factories. Applications should be sent to Mr. 
rr R. Hyde, director of the Society, at the above 
address. 





EMPLOYMENT IN Leap Procersses.—The Home 
Secretary has given notice, as from April 29, that he 
proposes to make Orders dealing with the employment 
of women and young persons in lead processes. The 
Orders are to cover the Fon -omwet messroom and washing 
accommodation to be provided; the medical examina- 
tion of these employees; and the ascertaining whether 
any compound is a “lead compound ”’ for the purposes 
of the Act. Any objection to the pro Orders 
must be sent to the Sreovtenr of State, Home Office, 
London, 8.W. 1, within 21 days after the date of the 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Tron and Steel.—Wholesale cancellation of engineerin 

contracts, particularly by overseas buyers, has reac 
with such adverse effect on local industry that manu- 

facturers are considering the advisability of blacklisti 

contract defaulters. It is sug that a natio 
list should be compiled of all buyers, both home and 
export, who have involved makers in unreasonable 
financial msibility by withdrawing orders upon which 
work has m commenced. Makers of shipbuilding 
materials, who probably have been the chief sufferers 
in this respect, urge that this course should be adopted 
without reservation. This policy, however, does not 
commend itself to the more cautious section of manu- 
facturers in the South Yorkshire area. The diffi 
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NOTES, FROM CLEVELAND AND. THE 

NORTHERN COUNTIES. 
Mripp.essrover, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is very Bee Stocks are large but they consist 
chiefly of the inferior qualities that are in little request. 
The better kinds are quite scarce and consequently 
command above makers fixed minimum rates. Thus 
both for home consumption and for shipment abroad 
No. 1 is now quoted up to 135s.; No. 3 G.M.B. up to 
1308. ; and No. 4 foundry up to 125s. ; but the commoner 
kinds are still offered freely at the minimum of 
117s. 6d. for No. 4 forge, and mottled, and 115s, for 
white iron. 





of attracting new business are already too complex to 
risk the possibility of further rebuffs, and if action is 
taken, it will be along more moderate lines. In the 
heavy sections work is fitful. Orders are not sufficient 
to find full employment in rolling mills and forges, even 
if an adequate fuel and power supply were forthcoming. . 
Most of the heavy foundries are set down, chiefly on 
account of the shipbuilding slump. Armament depart- 
ments, in contrast, are as busily engaged as at any period 
during the last nine months, and further orders from 
foreign powers are anticipated, which should serve as 
a useful set-off against the contraction in other directions. 
The best placed crucible furnaces are not working more 
than two days a week. High-speed steel, both for ship- 
ment and home use, is at a discount. The tool sections 
are chiefly engaged on common brands of steel for 
agricultural and g ing use. Output of farm tools 
has received a minor set-back by the disastrous fire at 
Messrs. C, T. Skelton & Co,’s Sheaf Bank works, Sheffield, 
but every endeavour is being made to remedy the damage, 
and fortunately considerable stocks of farm tool handles, 
together with the forging plant, escaped destruction. 
Though stocks of common iron at works have almost 
run out, there is no considerable movement to enter into 
contract renewals, This is primarily due to the coal 
position. Another contributing factor is that further 
price cuts are anticipated. Merchants are chiefly en- 
gaged with catch business of hand-to-mouth character. 
A further reduction in crown bars from 22/. 10s. to 
191. is reported. Scrap holders are engaged in the 
unattractive task of writing down expensive stocks, 
Current sales are at less than 50 per cent. below the 
market price of a year ago. 

South Yorkshire Coal Trade.—It is fortunate from the 
house coal standpoint that requirements have been 
considerably reduced by daylight saving and the advent 
of warmer weather, Otherwise, deprivation among 
working-class families would be particularly severe. 
As it is, merchants find the greatest difficulty in supplying 
minor quantities according to the rationing scale. Most 
of the depots have been cleared of stocks, and merchants 
are almost generally thrown on outcrop output to supply 
daily needs. Industrially, the position is rapidly goin; 
from bad to worse. Those works that have consum 
reserves are closing down irrespective of the condition 
of order books. No relief is forthcoming from local 
collieries. Stocks of useful steam-raising fuel are there 
held, but the Coal Control authorities are anxious to 
avoid trouble with pitworkers. Coastwise trade is at a 
standstill. Information has been received that there 
is no ible prospect of arranging for supplementary 
supplies from other districts. The demand for blast- 
furnace coke has greatly increased owing to the new 
dearth of slacks, and stocks have been considerably 
reduced. Public utility concerns locally are entering 
into enforced economies in order to conserve diminishing 
reserves, Nominal quotations are unchanged. 








Prersonat.—Messrs. Sir William Arrol and Co.. 
Limited, state that the address of their London office 
will be 59, Palace-street, Victoria-street, Westminster, 
8.W. 1, from next Monday, the 9th inst.—The E. W. 
Harvey Gas Furnace Company, Limited, of Queen 
Anne’s-gate, Westminster, inform us that from yester- 
day, the 5th inst., their address will be 70, Victoria- 
street, Westminster, London, 8.W. 1. 

IsHERWOOD System or Sure ConsTRucTION.—We 
have received from Mr. J. W. Isherwood, 4, Lloyd’s- 
avenue, E.C.3, a copy of the 1920-21 edition of a list 
of vessels constructed on the Isherwood system of longi- 
tudinal framing. The list, which now contains upwards 
of 1,000 names arranged alphabetically, gives general 
particulars of vessels ranging from towing lighters to 

assenger and —_ steamers of over 12,000 tons. A 
arge Pm wage of the vessels included in the list are 
used for the transport of oil in bulk, as the Isherwood 
system of construction is particularly well adapted 
to this class of service. The names of licenses for the 
system in various countries of the world are also included 
in the list. 





Tue Institute or Merats.—As announced at the 
London meeting (see page 300, ante) this Institute will 
hold its autumnal meeting in Birmingham on Septem- 
ber 21 to 23. A first meeting of the Reception Com- 
mittee, which consists of subscribers to the guarantee 
fund, was held at Birmingham on the 2nd inst., under 
the chairmanship of Sir Gerard Muntz., when an exe- 
cutive committee was appointed with Sir Gerard Muntz 
as chairman; Mr. G. v. Mullins, 115, Colmore-row, 
hon. local secre’ and Mr, G. Bill-Gozzard, 39a, 
New-street, hon, 


ments were made. Communications should be 


sent to the Hon. Secretary, and further offers to the 





notice, 


guarantee fund will be welcomed. 


ocal treasurer, Other preliminary | the 


Hematite Iron.—In the East Coast hematite depart- 
ment the announcement of a 20s. drop in home prices 
was not unexpected. Thus Nos. 1, 2 and 3 are lowered 
to 160s., and No. 1 to 162s. 6d. There is still a free 
market for foreign trade and purchases can be made 
for export at 10s. less than the home minimums. 


Manufactured Iron and Steel. There is no new feature 
of moment in manufactured iron and steel. The follow- 
ing are among the principal market quotations : Common 
iron bars, 19/.; iron rivets, 261.; steel boiler plates, 
251.; steel ship, bridge, and tank plates, 191.; steel 
angles, joists and sections, 17/. 10s.; hard steel billets, 
15E ;. medium steel billets, 147. 10s.; heavy steel rails, 
15l.; fish plates, 20/.; packing iron (parallel), 121. ; 
packing iron (tapered), 18/.; and corrugated galvanised 
sheets, 227. 10s. 


Shipments of Iron and Steel.—April shipments of iron 
and steel from the port of Middlesbrough amounted to 
32,316 tons, of which 5,023 tons were pig-iron, 1,866 tons 
manufactured iron, and 25,428 tons steel. Of the pig- 
iron despatched, 320 tons went coastwise, and 4,703 
tons went abroad; of the manufactured iron cleared, 
650 tons went coastwise, and 1,215 tons went abroad, 
and of the steel shipped, 939 tons went coastwise and 
24,489 tons went deeeed. The largest receivers of pig- 
iron were Belgium and France, the former taking 2,229 
tons, and the latter 1,054 tons. The Straits Settlements, 
with an import of 687 tons, were the best customers for 
manufactured iron. India was by far the heaviest 
purchaser of steel, importing 10,342 tons. Among other 
steel importers were: British West Africa, 3,526 tons ; 
Holland, 1,917 tons; the Argentine, 1,862 tons; Natal, 
1,561 tons ; Japan, 1,459 tons ; and Australia, 1,102 tons. 


Ironstone Miners’ Wages.—The Cleveland ironstone 
mine-owners and the miners’ representatives have — 
to wi continuing unaltered for another month. Since 
near the end of February, ironstone miners’ wages have 
been reduced by 5s. per day. A meeting is to be held 
at the end of the present month to review the position, 
and determine the rate of wages to be paid from June 1. 


Iron and Steel Imports to the Tees.—Statistics issued 
by the Tees Conservancy Commission this week show 
that during the past six months there had been imported 
to the Tees from Holland, Belgium, France and Sweden, 
14,135 tons of pig-iron, as compared with 106 tons in 
the corresponding period of 1913-14, and 453 tons in 
the corresponding period of 1912-13, Billets, blooms, 
slabs, &c., imported during the past six months amounted 
to 16,013 tons, as compared with 24,134 tons in the 
corresponding period of 1913—14, and 16,635 tons in the 
corresponding period of 1912-13. Plates, bars, angles, 
rails, sheets, joists, &c., imported to the Tees in the past 
six months amounted to 12,834 tons, as compared with 
13,46 tons in the corresponding period of 1913-14, and 
14,041 tons in the corresponding period of 1912-13. 





Finspury Trecunicat Coriece.—The Governing 
Body of the Finsbury Technical College announce that 
the entrance examination for the session 1921-22 will 
be held on Tuesday, September 20 next. Applications 
for admission should be forwarded to the College not 
later that September 15 on forms to be obtained from 
the Registrar, Leonard-street, City-road, E.C. The 
programme of the College is under revision and will be 
issued in due course. - 





“THe Town Pirannine Review.”—We have received 
from the Department of Civic Design, 61, Ashton- 
street, Liverpool, a copy of their journal, Vol. IX., 
No. 1, which is issued at 4s. net. The editors state 
that during the war their journal could only appear at 
very irregular intervals; they now hope to resume 
their former practice of publishing every three months. 
The number above referred to contains 65 pages of clearly 
printed and carefully illustrated articles on the recon- 
struction of French cities, including Rheims, on town- 
planning, English villages, &c. 


Tue Rise oF Waces iv DenmMark.—The Northern 
Cable and Wire Works recently held its general meeting, 
on which occasion it was stated that whilst in 1914 the 
labour per ton of finished rolled wire amounted to 
32,04 kr. per ton, the average for 1920 was 143,9 kr. per 
ton, or four and a-half times as much. The wages and 
salaries during 1920 compared with 1919, showed an 
increase of 24-9 cent. It is absolutely necessary 
for the company dha wi be reduced to a very sub- 
stantially lower level. Wages have risen far beyond 
what the general rise in prices might necessitate. Last 
year, however, showed the largest net turnover in goods, 
figure being 41,700,000 kr., or 2,500,000 kr. more than 
the previous year. Although 3,100,000 kr. chad been 
written off on the company’s interest in foreign under- 





takings, a dividend of 14 per cent. was declared. 














May 6, 1921. ] 


ENGINEERING. 





555 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

The Industrial Position.—Now that the miners’ strike 
has lasted five weeks its effect has begun to tell very 
seriously on the business life of Glasgow and the West 
of Scotland, as also in other areas. The majority 
of industries have to ¢ on with no little 
success up till the present time, but now that coal stocks 
have become almost exhausted, three _—_ per week is 
about the maximum that many of the mills can manage 
to run, while others have been forced to close down 
altogether. Gas supplies are holding out very satis- 
factorily, and where electric current is the motive power, 
mani mts, where such is the case, are in the ‘ha y 
position of being able to keep running yet awhile. The 
outlook at present is not very bright, but the moment the 
coal dispute is settled it is freely anticipated that there 
will be a most welcome revival in general trade. 


Scottish Steel and Iron Trades.—The steel and iron 
trades in the West of Scotland were early hit by the 
trouble in the coal trade, and now there is practically 
nothing doing at all. In one or two establishments 
there is a little work going on, but otherwise the trade is 
at a standstill, as the demand for both steel and iron 
has quite disappeared. There is no outlet for ship and 
boiler plates or bar iron, while black and galvanised 
sheets are little asked for, although inquiries from 
abroad for the galvanised kinds would tend to show an 
increase. The general export trade is of the very 
smallest description just now, as shipowners, like others, 
have difficulty in getting the necessary supplies of coal. 
Prices have not marked any change, and in the absence 
of dealing the last rates quoted still stand. 


Scottish Pig Iron Trade—Now that the production 
of pig iron has ceased (temporarily) in Scotland, any 
requirements must be met out of stocks, but the latter 
are quite sufficient to meet all the ordinary demands 
until the miners permit the restarting of the coal mines. 
At the present time the amount going out is very small, 
and there are few or no decent inquiries in the market. 
Prices show no change. . 





Scottish Shipbuilding.—A month ago we were con- 
gratulating ourselves on another shipbuilding record 
for the first three months of the year, but quite another 
story has to be told when dealing with the output for 





the past month. The figures for the different districts 
are as follow :— 
Vessels. Tons. 
The Clyde ... 21 22,836 
The Forth ... 3 6,140 
The Tay ... eee —— _ 
The Dee and Moray Firth 4 679 
Total ... 28 29,655 
Total for this year to date... 108 208,280 
Corresponding period last 
year dos pen pees ae 214,409 


The Clyde total is disappointing, no doubt, but to 
those who understand the position it is otherwise. Work 
has been hung up through scarcity of supplies on the one 
hand and on the other through owners issuing orders to 
delay operations in the construction of their contracts 
meantime owing to the dearness of materials. The 
total of 22,836 tons, while double the January output, 
is less than half that of March, and compares badly with 
the 85,008 tons for the corresponding month of last 
year. It is also the lowest April output for very many 
years. The Clyde four months’ total is now 172,677 
tons, or 10,000 tons less than for the same period of last 
year and fully 64,000 tons under the previous best, 
237,161 tons in 1913. There is much unemployment 
in the industry, and the booking of fresh contracts would 
seem to be a lost art in the meantime. 





ELECTRICAL APPLIANCES IN ONTARIO.—As is generally 
known, the Hydro-Electric Power Commission of Ontario 
controls for all practical purposes the whole of the electric 
power supply of the province in question. The very able 
administration of the Commission and the vast powers it 
exercises, have resulted in a systematic development of 
the resources of the province and a cheap supply of 
electricity to almost the whole of the population. Unity 
of control brought about standardisation of apparatus, 
and efficient methods of operation and management were 
enforced on the municipalities who purch the electric 
power. The results have been admirable, as anyone 
familiar with the province will admit. ‘The Commission, 
acting under the powers conferred upon it, has established 
an Approval Sabesoiaey, and it is now illegal for any 
electrical machinery, apparatus, appliances, devices, 
material or equipment to be sold or used in the Province 
of Ontario until the design of the same has been approved 
by the Commission, The Approval Committee includes 
representatives of manufacturers and dealers, professional 
societies and fire underwriters, the Canadian Association 
of British manufacturers and the British Electrical and 
Allied Manufact 8, A iation being represented bf 
Mr. 8. A. Gaskell. When a design has been approved, 
the manufacturer enters into an agreement to make 
future articles exactly in accordance with it, and in- 
Spectors are sepeletel to ensure that this undertaking is 
carried out. Standards for numerous articles have 
been promulgated by the Commission, and it is advisable 
for all British electrical manufacturers to make them- 
selves conversant with the powers and the decisions of 
the Commission. Further information can be obtained 
from the Department of Overseas Trade (Development 
and Intelligence), 35, Old Queen-street, S.W. 1, who 
have issued a memorandum on the subject. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—With the colliery workers still on 
stop in support of their demand for a National Wages 
Board and a National Pool, business in the coal trade 
remains virtually at a —— In fact, the onl 
i i are those in respect to small parce’ 
for home consumption. The South Wales coalowners, 
in order to ensure that the small quantity of coal available 
shall be supplied to the public at a fair and reasonable 
price, have fixed maximum prices for the sale of the 
various descriptions of coal. In the case of steam 
the maximum is 60s. per ton ; through, 45s., and smalls, 
25s., while for anthracite large the maximum is 55s. ; 
nuts and cobbles, 70s.; peas and beans, 60s.; culm, 
25e., and duff 15s. per ton. These prices are much below 


the actual cost of production. American coal salesmen 
are ing advantage of the opportunity offered them to 
ture itish markets. In some cases they are 


‘using to supply customers in Europe unless the latter 
agree to make contracts over periods of 12 months, with- 
out prey deg | the prices at which future deliveries 
will take place, for the prices are to be determined by 
the current market price at the time of delivery. While 
the United States is consolidating and extending its 
grip on Euro markets the South Wales coal industry 
is at a standstill, and in the first quarter of the year 
showed a pithead loss of more than £6,000,000. In 
March the proceeds received from the sale of coal 
amounted to 3,419,153!., but the cost of producing the coal 
amounted to 5,509,588/., a loss of 2,090,435. In other 
words, while the coal was sold at a pithead price of 
36s, 4d. per ton, it cost 58s, 6d. to produce it, a loss of 
22s. 2d. per ton, The wages cost alone at 3,617,892/. 
was 198,739. in excess of the total proceeds, or 2s. Id. 
per ton higher than the selling price. During the month 
2,100,000 shifts were lost through want of trade and 20 
colliery companies showed a loss of from 10s. to 20s. 
per ton, 21 of 20s. to 30s., 16 of 30s. to 50s., 18 of 50s. 
to 100s., 12 of 100s. to 200s8., and 4 of over 200s. per 
ton. Exports of coal abroad in April totalled only 
202,691 tons, compared with 952,442 tons in March and 
862,552 tons in February. All the were affected 
by the decreased volume of trade, for shipments from 
Cardiff drop from 657,626 tons in March to 165,993 
tons in April; at Newport from 152,610 tons to 3,799 
tons; at Swansea from 57,182 tons to 24,676 tons; at 
Port Talbot from 78,180 tons to 7,944 tons, and at 
Llanelly from 6,844 tons to 279 tons. Distress among 
dock workers is especially acute. At Cardiff alone it is 
estimated that 2,000 sailors are seeking employment, 
and that at least 700 are receiving out-of-work pay. In 
the past five weeks only 265 men have been signed on. 
The coal trimmers, who number about 1,700, are prac- 
tically idle, and, as they are debarred for the present 
at any rate from obtaining unemployment benefit, they 
are as a body experiencing much distress. During the 
past month their earnings have averaged only 2s. 6d. a 
week, and they have been receiving 1/. a week each 
from their union, which they will have to refund when 
work is resumed. Nearly all the fuel works, which 
employ about 2,500 men, are idle, while out of 3,500 
members, the National Amalgamated Labourers’ Union 
report that about 2,750 are idle and 1,500 drawing 
unemployment benefit. Even the Channel pilots are 
suffering, for, with fewer vessels entering and leaving 
the docks, their earnings, which are based on a tonnage 
tariff, have been considerably reduced. 





SuresuitpiInc in DenmMARK.—In spite of the difficult 
state of affairs which has compelled several yards to 
close down, dismiss or greatly reduce their employees, 
the Copenhagen Floating Dock and Shipyard had a 
—<— for last year of 4,138,604 kr. Adequate writings- 
off having been provided for both the old and the new 
yards (the north and the south yards), the shareholders 
obtain a dividend of 10 per cent. The Rédby Havn 
~~ had a deficit of 770,835 kr., owing principally 
to losses on new contracts, which losses amounted to 
2,600,000 kr. A number of contracts have been can- 
celled and for others the price has been reduced, In 
the meantime the yard is doing well for the present by 
breaking-up old German vessels. The Aarhus Shipyard 
is said to have lost during 1919 and 1920 about two-thirds 
of its share capital, and further losses will be entailed b 
some new boats, which have to be sold. Notwithstand- 
ing this, the yard means to carry on, but will, under the 
circumstances, relinquish shipbuilding and go in for repairs 
with a modern floating dock. 





Strate Arp For MAIN DRAINAGE IN QUEENSLAND.— 
A great system of sewerage is now being carried out at 
Brisbane, the capital of Queensland. The work is being 
done by the Metropolitan Water Supply and Sewerage 
Board by means of ‘oan funds from the Queensland 
Government. The money is advanced as the work 
proceeds, and the terms are easier than would be the 
case if it had to be rxised from private sources. It is 
the practice of the Government to grant loans to local 
authorities throughout the State for the execution of 
necessary public works. The loans are disbursed on 
the certificates of officers of the Department of Public 
Works, and this work involves a number of inspec- 
tions and considerable travelling. In practically every 
case the plans, ifications, &c., of proposed works are 
reviewed by the ment before loans are ted by 
the Treasury. The increase in the volume of work has 
been such as to necessitate the appointment of a deputy 
chief inspector to assist the chief inspector of local 








authority loan works. 


NOTICES OF MEETINGS. 


Tue InstiruTion oF British FOUNDRYMEN : 
CASHIRE Brancu.—Saturday, May 7, at 4 p.m. The 
annual meeting and election of officers in the College of 
Technology, Manchester. After the election of dew 
has taken place, Mr. T. G. Hilton will read a r on 
“Some Experiences with Core Sands,” to be followed 
by a discussion. 

Tue Instrrurion or MscHANICAL ENGINEERS.— 
Monday, y 9, at 7 p.m., meeting of the Graduates. 
Paper, “The a. | Aspect of Modern Iron- 
Foundry Practice,” by W. H. Sawyer, Graduate, of 
my ee Chairman, Mr. William Reavell, Member 
of Council. 


Tue Surveyors’ I[nstrrvrion.—Monday, 
when a aed will be read entitled “‘The Valuation of 
Mineral perties, with special Reference to Post-War 
Conditions,” by Mr, T. A. O’Donahue, F.G.S. (Fellow). 
The chair will be taken at 8 p.m. 


Tue Farapay Socrery.—Monday, May 9, at 8 p.m., at 
the Chemical Society, oy House, Piccadilly, 
W. 1. Pa to be read: “The Problem of the Fuel 
Cell,” by Mr. E. K. Rideal and Mr. U. R. Evans; ‘‘ The 
raga of Small Particles and the Stability of Colloids,” 
by Mr. L. F. —> ; “Note on a Form Expressing 
the Variation of Surface Tension with Temperature,” 
by Professor F. G. Donnan; Studies in Capillarity, 
Continuation of discussion held at on the 
following papers: “ Part I. Some General Considera- 
tions and a Discussion of the Methods of Measuring 


Interfacial Tensions, by Allan Fi ; “Part II. 
A Modification of the 7 Tube Method for the 
ensions, by Allan Ferguson 





Lan- 


May 9, 


Measurement of Surface 
and P. E. Dowson. 


INSTITUTION oF PETROLEUM TECHNOLOGISTS.—T ues- 
day, May 10, at 5.30 p.m., at the House of the Royal 
Society of Arts, John-street, Adelphi, W.C. 2. “ Trinidad 
as a y to the Origin of Petroleum,” by Professor P. 
Carmody, F.G.S8. 

THe Instirvre or INDUSTRIAL ADMINISTRATION, — 
Tuesday, May 10, 7 p.m., at the Institution of Mechanical 
—— Storey’s Gate, 8.W. 1, on “* The Measure 
of Output in Engineering,” by Mr. J. E. Powell. 


THe Newcomen Socrety.—Wednesday, May 11, at 
5 p.m., at the rooms of the Iron and Steel Institute, 28, 
Victoria-street, 8.W. 1, by kind invitation of the Council. 
The concluding part of the Paper : “Rise and Fall of the 
Sussex Iron Industry,” by Rhys Jenkins, Member, will 
be presented. 

Tue InstirvtTion or Rarway Sienat EnGiIneers.— 
Wednesday, May 11, at 6 p.m., at the Midland Grand 
Hotel, St. Pancras. Discussion on the rts of the 
Sub-Committees on “‘ Track Circuit Nomenclature "’ and 
“Track Circuit Record Forms.”’ 


Tue Norrs-East Coast INsTITuTION oF ENGINEERS 





AND SHIPBUILDERS.—W' y, May 11, at 7.30 p.m., 
in the Lecture Theatre of the Lit y losophical 
Society, Westgate-road, Newcastle-upon-Tyne, when 


the following paper—originally announced for April 15— 
will be read and discussed: ‘The Causes of Detonation 
in Internal Combustion Engines,” by H. T. Tizard. 


Tse INsTITUTION oF AUTOMOBILE ENGINEERS,— 
Wednesday, May 11, at 8 p.m., at the Institution of 
Mechanical Engineers, Mr. H. R. Ricardo will read a 
paper entitled ““Some Experiments in Supercharging 
in a High-Speed Engine.” 

Tue Royat Socrety or Arts.—Wednesday, May 11, 
at6p.m. “ Phonoscript : a New Method in the Phonetic 
Teaching of English Pronunciation,” by Alfred E. Hayes, 
General Secretary, English Language Union. Mr. 
George E. Maclean, Ph.D., LL.D., Director of the British 
Division of the American University Union in Europe, 
will preside, A demonstration will be given by scholars 
from the Infants’ Department of a London elementary 
school, showing that reading can be taught in less than 
three months. 

Tue Junior Institution or Enorineers.—Friday, 
May 13, at 8 p.m., at Caxton Hall. Lecturette “ Scien- 
tific Developments in Gas Measuring Instruments,” by 
‘Mr. H. G. Brown (Associate Member) (Durham Bursar’s 
Paper). 





Gas LiseraTiIon FROM CoLD-WORKED METALS DURING 
REcRYSTALLISATION,—Some experiments of G, Tammann 
tend to prove that the liberation of occluded 
by ilitated by the changes in the arrange- 
ment of the atoms which accompanies recrystallisation. 
The condition favourable for recrystallisation were 
produced by cold-work (to which the metal was sub- 
mitted while in a vacuum) and subsequent heating 
(Zeitschrift fir Anorganische Chemie, 114, pages 278 to 
280, December 24, 1920). A soft copper wire was 
drawn down in a vacuum from a diameter of 2-5 mm. 
to 0-2 mm., placed in a glass tube and heated up to 
525 deg. C.; some gas, carbon monoxide and carbon 
dioxide, was given off ; very little more gas was obtained 
when the heating was repeated on the following day. 
9-7 grams of copper gave al her nearly 0-4 cub, 
em. of gas. In similar © ments electrolytic iron 
was rolled down from a thickness of 6 mm. to 0-07 mm., 
and heated for 300 minutes ; the maximum gas ¢volution 
took place between 610 deg. C. and 650 deg. C., when the 
hard iron turned soft; some more gas (0-94 cub. cm. 
altogether) was given off the next day, the iron retaining 
the gas more persistently than the copper. The gas was 
@ mixture of hydrogen and carbon monoxide. Lead 
vapours were also liberated and condensed, the ~ qe 
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of iron having contained nearly 0-005 grams of | 
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SPERRY GYROSCOPE WHEELS FOR THE AMERICAN LINER “HURON.” 


(For Description, see Page 550.) 

















Press. 

















Fic. 2. Tae 110-Ton Incor. Fic. 3. ONE oF THE FrinisHED WHEELS (WeIcHT 44°63 Tons). 
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SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 


Ir has long been a commonplace that mathe- 
matical hydrodynamics has had but a very shadowy 
relationship with the motion of actual fluids. A 
few general principles alone have been of service, 
the condition of things being much the same as 
characterised, up to quite recent times, the con- 
nection between theoretical thermodynamics and 
the construction of steam-actuated prime movers. 
In both cases the unfortunate engineer had to get 
along as best he could with no guidance from theory 
save of the most general character. That he solved 
his problems so effectively says much not merely 
for his intuition, but for the courage with which he 
faced the heavy pecuniary losses which penalised 
every false step he might chance to make. The 
value of theory, to the steam-plant designer, has 
greatly increased of late years, but this condition 
of things has been due less to advances in the science 
of thermodynamics than to the introduction of 
the steam turbine, which, thermodynamically 
considered, is a much simpler piece of mechanism 
than the reciprocating engine with its cyclical heat 
interchanges between the walls of a cylinder and 
its working fluid. 

The highly interesting Wilbur Wright lecture 
read before the Royal Aeronautical Society last 
month by Mr. G. F. Taylor, F.R.S., seems to hold 
out some promise of a similar improvement in the 
intimacy of the bond between theory and practice 
in the field of hydromechanics. It has, it appears, 


been found possible in certain cases to predict’ 


accurately from pure mathematical analysis the 
behaviour of real turbulent fluids in the presence of 
real solids. It is not altogether easy from Mr. 
Taylor’s lecture to gather exactly the extent of the 
progress made, and it may be that he has merely 
discovered that certain mechanisms or combinations 
can be devised, which are free from the usual 
disturbances which disconcert the analysis of the 
mathematician, just as the steam turbine is free 
from temperature alternations. In that case the 
advance made, though of considerable interest, 
may not prove of much practical significance. 
In fact, there are at least some grounds for question- 
ing whether the phenomena of turbulence will 
ever prove wholly’ amenable to mathematical 
treatment. If philosophers had confined _ their 
experimental inquiries on the flow of fluids to the 
conditions in which regular flow passes into turbulent 
flow, or to the measurement of the pressure exerted 
on a plane inclined to a stream of air at angles 
between 16 deg. and 30 deg., they would hardly 
have arrived at the conception that like causes 
produce like effects. Repeat experiments in such 
circumstances yield wildly varying results. No 
doubt the explanation is that the conditions cannot 
be rigorously similar, but the fact remains that 





variations so small as to escape detection have most 
disproportionate effects. Nevertheless, whether or 
no Mr. Taylor’s discoveries are destined to prove 
of direct assistance to hydraulic and aeronautical 
engineers, some of them are certainly very curious. 
From purely mathematical considerations he was 
able to predict that if a solid cylinder of unit specific 
gravity was towed across a round rotating trough 
of water, it would pass through the centre, whilst a 
sphere would pass to one side. Both results have 
been experimentally confirmed. Another very re- 
markable prediction was if a sphere were placed 
in a rotating mass of water so as to move with it 
and share its rotation, this rotation would stop if the 
sphere were dragged along the axis. This also 
has been confirmed experimentally. 

Quite possibly none of these results may lead 
to conclusions of practical importance to the ship 
designer or aircraft manufacturer, as the results 
relate to rotating fluids only, a highly specialised 
variety of motion. Some other results, however, 
were mentioned by Mr. Taylor which may prove of 
service. The most notable is the establishment of 
the fact that turbulence cannot arise in two-di- 
mensional flow. For turbulence to occur motion 
must be possible in three dimensions. This result 
was perhaps foreshadowed by Dr. Hele Shaw’s 
beautiful experiments on streamline flow, since if 
our memory serves us Stokes proved that no tur- 
bulence could exist in the thin films of highly 
viscous fluid used, so that the streamlines mapped 
out by the coloured bands as the liquid made its 
way past the obstacles presented to it were identi- 
cal with those characteristic of the flow of a 
perfect fluid. Mr. Taylor’s theorem is apparently 
a generalisation of this result. 

A considerable proportion of Mr. Taylor's lecture 
was taken up with the discussion of the difference 
between research in pure and in applied science, but 
the distinction he makes does not appear to be at 
all well founded. He claims that research in pure 
science encounters much more formidable difficulties 
than research in applied science. If, following the 
practice of the Fabian Society, we consider averages 
only, the actual reverse of this is the case. It 
was a much more difficult feat, for example, to 
practicalise the ammonia-soda process than to 
discover the reactions on which it was based. If 
we remember aright, more than one fortune 
was expended in unsuccessful attempts. In fact, 
research in pure science may be devoted either 
to the making of contributions to scientific data 
or to scientific thought. So far as the former is 
concerned the work requires less insight and 
intuition than has to be exhibited by any successful 
engineer. 

After the discoveries of Becquerel, for example, it 
was a comparatively easy task to isolate radium, 
and the feat was probably well within the capacity 
of, say, at least one-half of the physicists engaged 
in that class of work. Only a small fraction of 
these, however, would have had sufficient imagina- 
tion and insight to recognise the phenomenon of 
radio-activity as due to the disruption of those 
atoms which so great a philosopher as Clerk Maxwell 
held to be the unchanged and unchanging products 
of a pristine creative power. To some extent, 
indeed, Mr. Taylor recognised that there is this 
distinction between the two classes of research 
in pure science, but the distinction is not covered 
by calling one department applied and the other 
pure science. It is essentially a difference in the 
character of the work done. For the one, a certain 
spark of genius is required, for the other, not much 
more than intelligence, honesty and industry. 
Genius is essentially wayward, fitting in badly with 
workshop and office routine, or with that of the 
testing laboratory. Such men naturally drift into 
pure science, a notable example being Osborne 
Reynolds; who though officially a professor of 
engineering, did his best work in the realm of physics. 
It is probable, too, that science gained much more 
by the diversion of the Master of Trinity from en- 
gineering to physics than engineering lost. We 
should be inclined, accordingly to consider that, 
on the whole, our leading physicists are of a higher 
intellectual standing than any other body of men 
in the country, including our most prominent 
engineers, but that below this highest grade the 
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relative standing is reversed, and the engineer 
ranks higher than the physicist. 

Indeed, the scoffer might draw an illustration 
from Mr. Taylor’s lecture. It appears that when it 
was proposed to use aeroplane darts in the earlier 
months of the war, the help of certain physicists 
was invited, and they proceeded to carry out accord- 
ingly @ series of elaborate experiments on the best 
proportions of these darts. Having ultimately 
settled this to their satisfaction, they proceeded 
next to discover whether the darts had any practical 
value by dropping them on a suitable target. They 
then found that the chance of a hit on either a 
moving or standing body of troops was extra- 
ordinarily small. We hope, at least, that an en- 
gineer entrusted with the same inquiry would have 
reversed the order of the experiments, and instead 
of trying at the very outset to improve on the 
French form, would have settled first the question 
as to the probable value of the weapon before 
expending time and energy in perfecting it. 

In this connection, Mr. Taylor draws attention 
to a curious phase of human psychology, viz., 
the widespread prejudice against the introduction 
of really new weapons. Our own airmen had no 
objection to dropping bombs on troops, but seemed, 
Mr. Taylor says, to feel that the use of the darts 
was unfair, a feeling shared by the Hun himself, 
who in imitating the French, engraved his darts 
with the legend, ‘French invention, German 
made.” In the olden times, the early artillerymen 
were, we believe, invariably blown from their own 
guns when captured, and at the crossing of the 
Adour in 1814 the defeated Commandant made an 
official protest against the use of Congreve rockets, 
which had just been adopted as a weapon by the 
British Army. This kind of feeling is, moreover, 
so instinctive that at least two British Boards of 
Inquiry refused to accept Lord Cochrane’s proposal 
70 to 80 years ago to introduce chemical warfare 
on the ground that it would be as unfair as effec- 
tive. Curiously enough, however, in some of its 
manifestations, chemical warfare antedates even 
the appearance of mankind on the earth, since the 
toxins and anti-toxins produced respectively by the 
bacteria of disease and the protecting cells of the 
body, are the characteristics of a chemical warfare 
of the most virulent and implacable character. 
Nevertheless, in spite of the ambiguity of this 
precedent, our own government was probably 
right in refusing to be the first to add this new 
terror to war. Moreover, once the Germans found 
that the weapon was to be turned against them- 
selves, their early enthusiasm rapidly disappeared. 
Indeed, the reaction was such that according to 
Mr. Henry Walback, a Dutch chemist who worked 
at the Leipsic laboratories during the first years of 
the war, the two most hated in Germany at the 
time he left, were Prof. Krauss the introducer of 
poison gas and Major Reddeman the inventor of 
the flame thrower. 





THE CASTING OF METALS. 

Ir has at times been a matter for debate whether 
engineering was to be regarded as a science or an 
art, and the former alternative was stoutly main- 
tained by the late Professor Perry, and is still 
held, we believe, by many American engineers. 
For our own part we have never been able to accept 
this conclusion, and as regards that branch of 
mechanical engineering which has to do with the 
casting of metals, the verdict of Professor T. Turner, 
who on Wednesday evening last delivered the May 
lecture of the Institute of Metals, is that in spite 
of all the progress made in metallurgical science, 
foundry practice still remains essentially an art. 
It is, moreover, an art of very respectable antiquity, 
though it must probably yield priority to the forging 
of metal, as it is natural to suppose that our remote 
ancestors acquired a knowledge of native metals 
before they learnt the secret of reducing them from 
their ores. Though coming years will undoubtedly 
establish a closer and closer bond ‘between abstract. 
scientific principles and the art of metal casting, suc- 
practice will still depend largely on the indi- 

vidual skill of the workman, for the simple reason 
that the human eye constitutes a temperature indica- 


analogous case arose in the manufacture of Bessemer 
steel, when spectroscopes were introduced for 
determining the end of a blow. To the casual 
observer these instruments were undoubtedly of 
value, but they proved no manner of use to the 
man who was conducting the operation day by day. 
He could fix, by his unaided eye, the end of a blow 
as accurately as the spectroscopist could with his 
instrument, and it was much more conveniently 
employed. As Professor Turner pointed out in 
his lecture the production of satisfactory castings 
is largely a matter of regulating the temperature 
It is essential that this temperature 
shall lie within the limits shown by experience 
to be advisable, but it is not necessary that the 
workman shall be able to express this temperature 


Ancient castings show remarkable skill, and it 
has been claimed that these producers must have 
been better craftsmen than the modern foundry- 
man, but as Professor Turner pointed out, it is 
only the best castings that would be preserved. 
Sooner or later the defectives would be remelted. 
In fact the argument of the laudators of the past 
is about as conclusive as that of the Irish archi- 
tectural enthusiast, who in his scorn for what he 
held to be the jerry building of the present, asked 
where could we find modern structures which had 
lasted as long as those which had come down to us 
from antiquity ? Moreover, 
of the proportion of wasters produced by the ancient 
It was probably substantially more 
The only data on 


we know nothing 


than in the foundries of to-day. 
this latter head, however, appear to be American, 
as there is much greater frankness in discussing and 
acknowledging failures in the United States than 
In spite of this, however, even 
the American figures quoted by Professor Turner 
relate solely to aluminium and its alloys, which are 
notoriously troublesome to cast owing to the large 
An average figure taken 
over nearly 30,000,000 aluminium castings was 
9-4 per cent. of wasters, but the range of variation 
In the case of motor inlet manifolds 
the failures constituted as much as 40 per cent. 
of the total, whilst the minimum figure of 4-3 per 
cent. of wasters was recorded with control shaft 
It would be of great interest to 
have comparative figures for this country, but 
British foundrymen are very reticent. A curious 
instance of this was provided some years back in 
a Midland works where arrangements had been 
made for lectures to draughtsmen and others by 
the heads of different departments. 
to the turn of the foundry chief, he described a 
number of difficult castings, but the sole information 
he would supply as to how troubles were avoided 
was “‘that the mixture must be very carefully 
regulated.” That foundries in this country are 
far from uniformly capable was shown during the 
war by the circumstance that the percentage of 
rejections of brass castings varied much between 
A record was kept, but Professor 
Turner does not mention what the actual figures 
were. The test was a fair one, since the materials 
and products were similar. 
actual figures could hardly fail to improve average 
practice as the backward firms would thus acquire 
a definite standard at which to aim. No doubt 
other highly useful statistics of a similar character | ¢9,000,0001. would appear to have been used as a 
were recorded by the Ministry of Munitions, and it 
is to be hoped that they may be published before 
their utility be destroyed by their antiquity. 

No doubt, as in other industries, the introduction | the first time figures are now given for engine-hours, 
of scientific methods will greatly facilitate the | train-miles per train, ton-miles, wagons per train, 
production of good work in the foundry though|and so on. These are, therefore, not comparable 
The | with others. In addition, since rates were raised 
trouble with the latter is that he cannot put his|both in January and September of the year in 
acquirements into figures and his knowledge is| question, the figures are not averages for a level 
accordingly not readily transferred from man to|twelve months. It is to be noticed that as regards 


there is elsewhere. 


shrinkage of this metal. 


gear housings. 


When it came 


different firms. 


A publication ot the 


it will not abolish the need for the craftsmen. 





tor which is much more conveniently employed than 
any form of pyrometer yet devised. A somewhat 


molten metals is much higher than that of water, and 
varies, moreover, widely from element to element, 
being according to the figures quoted by Professor 
Turner 274 dynes per centimeter in the case of 
antimony, and 1,178 dynes per square centimeter 
in the case of copper. Another physical property 
which has been determined for many metals is 
the latent heat of fusion, which ranges from 5-47 
calories per gramme in the case of lead, up to no 
less than 93-96 calories per gramme in the case of 
aluminium. For iron the figure is 49-35 calories per 
gramme. 





THE RAILWAYS OF GREAT BRITAIN. 
It is only a few weeks since in these columns we 
commented upon the railway returns for the 
United Kingdom for the year 1919.* A pre- 
liminary return has now been issued for the year 
1920, for the railways of Great Britain, by which 
expression we understand those of Ireland to be 
excluded from the statistics now furnished. The 
present return does not give absolutely final figures 
as it needs to be coryected for certain small railways 
whose returns are not yet complete, but the totals 
are substantially accurate. It would add, we may 
point out, to the interest of the report if the per- 
centage represented by the uncompleted returns 
was given so that their proportion to the whole 
might be better gauged than is possible from the 
statement that they comprise ‘‘a few small com- 
panies.” 

Between 1919 and 1920 the capital expenditure 
increased by about 5} millions, to 1,158,700,0001. 
Of this increase the greater part (three millions) 
was spent on the railways proper, the remainder 
being expended upon subsidiary enterprises, of 
which steamboats and marine workshops, docks 
and harbours, horses and road vehicles represented 
the main items. The receipts, amounting to 
297,800,000/., are 71-7 millions more than in 1919, 
but as the expenditure amounted to 71-5 millions 
more than in the previous year the position is much 
the same. In any case with the State compensation 
and all the adjustments still to be made, there is 
little value in these actual figures which make the 
net income within 100,0001. of what it was in the 
previous year. 

In passing, we may record the fact that the 
long-promised debate on the Colwyn report took 
place in the House of Commons on Tuesday last. 
In his statement during the debate Sir E. Geddes 
announced that the Government had agreed with 
the railways for a sum of 60,000,000/. in settlement 
of claims under the various agreements. On part 
of this income tax would be payable so that the net 
payment would amount to about 51,000,000I. 
The debate was largely devoid of interest in view of 
the proximate introduction of the Railway Bill, 
promised next week, but one aspect of the settle- 
ment cannot be passed over without remark. 
At the time of the Colwyn report we commented 
upon the possibility of this settlement being made 
part of a bargain in connection with the future 
regulation of the railways. We regret that possi- 
bility has apparently become a fact. In our 
opinion the two should have been distinct. Either 
the claims should be paid or they should not, and 
future control should be treated independently. 
If we read the debate on Tuesday aright, the 


lever in negotiating a compromise on future policy. 


Returning after this brief digression to the 
statistics for 1920, it may be mentioned that for 


passenger traffic 4-84 per cent. of the engine-hours 


In his lecture Professor Turner drew attention | are spent shunting, compared with 33-4 per cent. 
to the remarkably low viscosity of most molten|of the. goods engine-hours so spent. This is also 
metals, which is commonly of much the same order | naturally reflected in the train-miles per engine-hour, 
as that of water at ordinary room temperatures. | given as 10-10 for passenger work, and 3-19 for 
Owing to this there is no material difference in the | goods engines. In goods working, of course, @ 
relative rates of flow of water and of molten metals, | considerable time is spent in shunting at mnor 
a circumstance which greatly facilitates the filling 
of moulds. On the other hand, the surface tension of * See page 264 ante. 
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stations which is presumably allowed for in these 


res. 

The tendency to which we referred in our recent 
article for the travelling of workmen to increase is 
evident again in this report, 29-26 per cent. of the 
total passengers being of this class last year com- 
pared with 27-38 per cent. in 1919, and 21-59 per 
cent. in 1913. Also although first-class passengers 
in 1919 had shown a considerable increase, they 
have now fallen again by 0-5 per cent., though not 
to the level of 1913. The average receipts, of course, 
were affected by the increases in rates and fares, 
and are, therefore, not of much value as given, 
though substantial increments are shown. The 
report remarks that the year’s operations were 
interfered with by the coal strike—a note which 
will have to be appended, unfortunately, to the 
next one, to account for even larger losses, we fear. 





THE PRINTING TRADES’ EXHIBITION, 
1 THE sixth International Exhibition of the Printing, 
Stationery and Allied Trades was opened last 
Saturday at the Royal Agricultural Hall, and will 
remain open till May 14. In addition to the “Main 
Hall, the Arcade, Gilbey Hall, and Galleries are 
all well filled, the total number of exhibitors ex- 
ceeding 200. A fair number of these, as might 
be expected, show articles which appeal almost 
exclusively to those who are concerned with the 
actual work of the printer, but the greater part of 
the exhibition consists of machinery of great 
mechanical interest. It is, of course, mostly of a 
highly specialised nature, but the display affords an 
opportunity for engineers to examine the solutions 
of some difficult mechanical problems, and possibly 
also enables the general public to get some idea of 
the processes employed in producing work ranging 
from the cheap news sheet to artistic colour printing. 

At the last exhibition of the kind, held in 1914, 
German exhibitors were so plentiful and lavish 
in their displays that it looked as if printing, like 
many other trades was to find its “ spiritual home ” 
in Germany. But things are very different now, 
as British manufacturers seem to have awakened 
to the possibilities of the industry and to be deter- 
mined to take a lead in its development. American 
machinery has always held a prominent place in 
the printing trade, the first type-setting machines 
originating on the other side of the Atlantic, but 
the manufacture of the leading specialities has 
been so long transplanted to this country, that it 
is now well acclimatised and may fairly be regarded 
as a British industry. Both the Linotype & 
Machinery Company, Limited, of 188, Fleet-street, 
London, E.C. 4, and the Lanston Monotype Cor- 
poration, of 43, Fetter-lane, E.C. 4, show a large 
and varied selection of the type-setting machines 
with which their names are respectively associated. 
These are getting more and more universal in their 
range of work. The Model 65 linotype, which has 
been specially designed to meet the requirements 
of the catalogue and general jobbing trade, takes 
a range of type faces from 5-point to 14-point for 
ordinary composition, and up to 36-point for special 
display faces. Catalogues, encyclopedias and 
similar work, requiring a wide range of faces inter- 
mixed, are rapidly and economically produced, and 
the machine can also be used for an extensive 
range of display and jobbing printing. The Lanston 
Monotype Corporation, besides type-setting ma- 
chines exhibit several platen presses, and the Harris 
offset lithographic press with automatic pile feeder 
and jogger delivery. The successful adaptation 
of air suction to pick up sheets of paper rapidly 
and one at a time is worth notice. The “ Safe- 
guard” cheque-writer for the insertion of the 
amounts on cheques, and the serration of the paper 
under the name of the payee, which is also shown 
by the Lanston Monotype Corporation would appear 
to make fraudulent alteration, humanly speaking, 
impossible. 

A large proportion of the machinery at the 
exhibition is in motion, a fact which adds much 
to the attractiveness of the display. Visitors, who 
during the sugar shortage of the last few years, 
have been accustomed to having their ration of sugar 
served in little crimped paper cups at the tea-shops, 
can see the manufacture of these cups on the stand 
of Messrs. Timson, Bullock & Barber, Limited, 








of Perfecta Works, Kettering. A layer of half-a- | 


dozen paper bands is fed into the machine, and the 
cups are punched out, shaped and crimped at one 
operation. The same firm exhibit a machine making 
paper mats with the intricate embossed lace edges, 
which are now commonly used for ornament. 
The design is cut by hand with punches on a steel 
roller, which is afterwards hardened. This roller 
runs in contact with two other rollers, one faced 
with lead and the other with papier maché. A 
layer of strips of paper, about six in number, is 
passed through the rollers, the pattern being cut 
against the lead roller and the embossing of the 
design being effected by the papier maché one. 
The exhibition will be officially visited by most 
of the important associations in the printing and 
stationery trades, and it is also to be the scene of 
the World’s Printing Trades’ Congress. The Con- 
gress meets on May 10 and 12, for the reading and 
discussion of some 13 papers, the subjects including 
“Methods of Wage Adjustments,” “ Costing,” 
‘“* Apprenticeship Systems,” “Technical Educa- 
tion,” besides other matters of a more technical 
character. The large amount of machinery on 
view, and the special mechanical interest of many 
of the designs make the exhibition well worth a 
visit from engineers generally, as well as from those 
more directly concerned with the printing industry. 





NOTES. 


Summer MEETING OF THE INSTITUTION OF 
ELEcTRICAL ENGINEERS. 

AtrsovuGs the Institution of Electrical Engineers 
has occasionally held summer meetings in the past, 
it has not made so regular a feature of such functions 
as have some of the other engineering institutions. 
This makes it the more noteworthy that the 
“ Electricals” are to hold a summer meeting this 
year, when more than one of their sister institutions 
have deemed the times unsuitable. As to how far 
prevailing trade conditions affect electrical engineer- 
ing less than other branches of the profession it is 
not necessary now to consider, but there is no reason 
to doubt that the projected meeting will be in 
every way successful. A very attractive programme 
has been arranged, and up to the present names of 
some 200 members and 87 ladies who will attend 
have been received. The meeting is to be held in 
connection with the Scottish Centre of the Institu- 
tion, and will start at Glasgow on June 7, when 
after the reading of a paper on the “ Dalmarnock 
Generating Station’? by Mr. R. B. Mitchell, at the 
Royal Technical College, a visit will be paid to the 
station. Luncheon on this day will be at the 
municipal buildings by invitation of the Glasgow 
Corporation, and in the afternoon visits will be 
paid to Messrs. John Brown and Co.’s shipyard 
and the Clyde Mills station of the Clyde Valley 
Power Company. In the evening there will be a 
reception at the Municipal Buildings. On Wednes- 
day, June 8, a paper will be read at Glasgow Uni- 
versity by Professor Magnus Maclean on the 
“ Hydro-Electric Resources of the Scottish High- 
lands,”’ and in the afternoon a visit will be paid by 
steamer to Messrs. Babcock & Wilcox’s works at 
Renfrew. Dinner will be served on the steamer by 
invitation of Messrs. Babcock & Wilcox. On 
Thursday, the 9th, the party will journey to Fort 
William, and on the following day will leave by 
steamer for Kinlochleven, where a visit will be 
paid to the British Aluminium Company’s hydro- 
electric installation, and lunch will be provided by 
the company. The party will then journey by 
steamer to Oban where the meeting will terminate. 


Tue ENGINEERING WaGEs NEGOTIATIONS. 


The negotiations between the Engineering and 
the National Employers’ Federations and the 
Amalgamated Engineering Union in connection 
with the proposed reduction of wages have been 
resumed at a meeting between representatives of 
the two parties. No direct progress was made, 
but an arrangement was suggested which will pro- 
bably result in the negotiations on the subject 
between the Employers and the Engineering Unions, 
as a whole, being simplified and expedited. Re- 
ference was made to the conference of representatives 





of the Amalgamated Engineering Union, the En-! 


gineering and Shipbuilding Trades’ Federation, the 
Foundry Workers and the National Federation of 
General Workers which had been held in the previous 
week, and at which it had been agreed that the repre- 
sentatives of the various organisations should not in 
the meantime commit themselves to a joint recom- 
mendation with the employers for the reduction of 
wages. A further conference of the unions had been 
arranged, and it was not improbable that the con- 
ference might decide to ask the employers to meet 
representatives of all the unions jointly in conference 
for further negotiation. Pending such an arrange- 
ment the Amalgamated Engineering Union felt 
that it was impossible for them to do anything 
which might prejudice the general position. The 
employers indicated that they were agreeable to 
the course proposed, and although they had certain 
meetings arranged with the General Workers’ and 
the Foundry Unions for this week, it is probable 
that all the unions who are represented at the con- 
ference will act jointly, and that the proposals for 
the reduction will be discussed with them all jointly 
at a meeting next week. In the meantime, by a 
majority of 9,256 the Federation of Engineering 
and Shipbuilding Trades have agreed to accept the 
Shipbuilding Employers’ proposal to take off the 
last 6s. and 15 per cent. advance by two instalments 
in May and June. The suggestion that the negotia- 
tions should proceed in the immediate future between 
the employers on the one hand, and representatives 
of all the unions jointly, seems eminently reasonable 
and likely to save time, and it is hoped that con- 
siderable progress will be made within the next 
week or two. 


ELEcTRICAL DEVELOPMENT IN Russia. 

One is hardly accustomed to rosy views in con- 
nection with Russian matters at the present time, 
but since the modern constitution of society, as 
understood among civilised nations, is based on 
transport, power supply and similar works and 
activities it is certainly matter of interest, and one 
trusts may even be matter of hope, that such great 
attention appears to be directed towards the 
possibilities of electrical development in Russia at 
the present time. This attention was brought to 
public notice in general terms some little while ago, 
but some detailed information was brought forward 
at an informal meeting of the Institution of Electri- 
cal Engineers on the 28th ult. Mr. ©. L. Lipman, 
a Russian, who spoke at the meeting, stated that a 
body known as the Eighth All Russian Congress of 
Soviets had planned a remarkable scheme for the 
reconstruction of the engineering and mining 
industry. It was proposed to start with the most 
important industrial regions—which one must 
admit seem a reasonable sort of place to begin— 
and it was anticipated that during the year the 
Donetz basin would yield 8 million tons of coal 
and 360,000 tons of pig iron. When Mr. Lipman 
went on to state that “‘ the general destitution and 
dearth of engineering materials have not per- 
mitted progress much beyond the excavating and 
layout stage,”’ one cannot but reflect that one-third 
of this year has already passed. This part of the 
programme of reconstruction appears somewhat 
visionary, but Mr. Lipman went on to indicate 
various cases in which he stated work was either 
in progress or had been completed. Among these 
was the Kashir generating station and hydro- 
electric scheme for the supply of electric power to 
Moscow. This scheme was “ being rushed forward 
day and night,” but it is not clear even in this case 
whether any “ engineering material” is available. 
It was definitely stated, however, that a temporary 
district station on the Shatour Marches is helping 
to illuminate Moscow, that the electric station at 
the Sudakovsk Works has been restored, that 
the Zula Works are receiving “ the required power,” 
and that seven industrial districts in the Moscow 
basin are shortly to receive supplies from the 
Shatour station. In the Petrograd district the 
Ontkin Works are being reconstructed, and a new 
station has been commenced on the Viazen Marshes, 
while a large hydro-electric plant is on hand on the 
River Svir for the supply of the nothern districts 
of the capital. In the Donetz basin at the end of 
February last 30 stations of a total capacity of 
190,000 k.w. were working while 3,000 motors 
amounting to a total of 122,240 h.p. had been 
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repaired and put in use. These figures seem high, 
but we quote them as given by Mr. Lipman. 
Tue Ciostnc or GoveRNMENT DockyaRDs. 


Two deputations waited on Lord Lee of Fareham 
last week in connection with the proposal to close 
down the Naval dockyards at Pembroke and Haul- 
bowline, Queenstown. The decision to close these 
yards has been arrived at after careful considera- 
tion of the post-war naval situation, the general 
reduction of the Navy, and the fitness of the dock- 
yards to fulfil modern requirements in the way 
of building, repairs, &c. It is independent of the 
reduction of staff which the Admiralty has decided 
upon, and which will be spread over all yards, 
while it is proposed apparently that permanent 
establishment men at the yards to be closed should 
be transferred elsewhere. The deputations who 
waited on Lord Lee, in both cases pointed out that 
on account of the permanent nature of the usual 
naval yard, both Pembroke and Queenstown had 
been largely developed in order to comply with the 
needs of the population which these works had 
necessitated in those towns. Roads, water supply, 
drainage, &c., had been provided, and building 
schemes were being inaugurated. For these purposes 
loans had been raised and both places were under the 
obligation of paying these off in annual instalments, 
Pembroke having 55,0001. outstanding, requiring 
an annual sum of about 4,000/., while at Queens- 
town the rates had to find 3,150I. for a like purpose. 
It was further pointed out that many of the workmen 
had invested their savings in local house property 
the value of which would greatly deteriorate if the 
yards, which were the main support of these centres, 
were closed down. Lord Lee, in reply, stated that 
the decisions had only been arrived at after very 
sympathetic consideration by the Government. 
The Government was compelled to consider such 
matters from the national point of view, and in the 
present urgent need for economy the decisions 
were arrived at as the advantages were thought to 
outweigh the disadvantages. The question of the 
retention of these yards had been under consideration 
for a long while, and in view of modern requirements, 
and the facilities at places like Rosyth for dealing 
with the reduced Navy, it was not possible econo- 
mically to keep out-of-date small yards going. 
The case put forward would be placed before the 
Cabinet for consideration. In view of the present 
situation and probable future requirements, we 
cannot but agree that economy in the case of yards 
likely to be of little service to the Navy should be 
insisted upon, even to the extent of closing them 
down altogether. It is manifestly impossible to keep 
them open just to provide work for part of the 
population, however much we may wish to mitigate 
the hardship to the inhabitants who certainly have 
our sympathy. It is possible that the case would 
best be served by disposing of the yards and plant 
at a capital value low enough to make it paying to 
private enterprise, thus ensuring work for the 
towns. The assistance thus given would be worth 
the sacrifice. Or it might be possible to relieve 
the towns of some of the heavy commitments with 
which they find themselves saddled as a result of 
the improvements which have contributed largely 
to the effective work of the yards in the past. It 
would, we think, be reasonable in some such way 
to assist these towns which have been mainly 
developed in the interests of national defence, and 
whose object in life might almost be said to pass out 
of existence if the yards close down ; but their 
continued maintenance at public cost, if they are 
not likely to be of national service, is, of course, 
out of the question. 


Tue Lecauity or Lone Leases or Docks anp 
HARBOURS. 

By the judgment of the House of Lords in the 
case of the Glebe Sugar Refining Company, Limited, 
against the Trustees of the Port and Harbours of 
Greenock and Others, which was delivered in the 
course of this week, the right of members of the 
community to prevent the Greenock Harbour 
Trustees from granting to any person for a long 
period of years the exclusive use of the Garvel 
Graving Dock at Greenock has been vindicated. 
The Harbour Trustees had granted a lease of the 
graving dock to Messrs. James and Henry Lithgow, 


shipbuilders, Port Glasgow, under which Messrs. 
Lithgow were to have the exclusive use of the dock 
for ten years from August 15, 1918, at a yearly 
rent of 4,500/. The question raised by the case 
was whether the Harbour Trustees had the right 
to do this. They relied on section 109 of the 
Greenock Port and Harbours Act, 1913, which 
empowered them to appropriate and grant the 
exclusive use of any of their quays, berths, wharves, 
warehouses, sheds, quay spaces, timber yards and 
timber ponds, and any other of their works and 
conveniences to any corporation, company or 
person as they might think fit. They contended 
(1) that the words “ other works and conveniences,” 
occurring in that section, covered the graving dock, 
and (2) that the words “ appropriate and grant the 
exclusive right to use” authorised the granting of 
the very complicated lease to Messrs. Lithgow. 
The Glebe Sugar Refining Company contended 
that the lease was not authorised by these words, 
and that the words “other works and conveniences ” 
could not be construed as covering the graving 
dock. The Scottish Courts decided in favour of 
the contentions of the Harbour Trustees, and held 
that the lease was valid. The Glebe Sugar Refining 
Company appealed to the House of Lords, and the 
parties argued the case on the same lines on which 
it was argued in the Scottish Courts. The House 
of Lords took time to consider their judgment, 
and then an unusual incident happened. Lord 
Atkinson, in the course of preparing his judgment, 
discovered what neither of the parties had noticed, 
viz., that certain general provisions of the Harbours, 
Docks and Piers Clauses Act, 1847, had been in- 
corporated with the Greenock Port and Harbours 
Act, 1913, one of which was to the effect that the 
Harbour Authorities might lease or grant the use 
or occupation of any warehouse, building, wharf, 
yards, crane, machine or other conveniences provided 
for the purposes of the Act or of their special Act. 
But there was the important proviso that no such 
lease might be granted for a longer period than three 
years. This discovery appears to have completely 
upset the Harbour Authorities’ case, and the 
House of Lords held that as the lease to Messrs. 
Lithgow was for ten years, and thus exceeded the 
limit of three years imposed by the section in- 
corporated from the general Act of 1847, the lease 
was void. The granting of a lease of a dock ora 
harbour to one local shipbuilder to the exclusion 
of others for a long period of years may obviously 
put the others at a great disadvantage and constitute 
a serious grievance, and it is well that the attention 
of the community has been drawn in this way to 
the safeguard contained in the Act of 1847, which 
is probably incorporated in the statutory powers 
of most local harbour trustees. 

‘ELECTROSYNTHESIS IN ORGANIC CHEMISTRY. 

Electrolysis plays a less important part in 
technical organic chemistry than one might 
expect. Text books on applied electrochemistry 
sometimes do not mention the subject at 
all. If they do, they may describe the re- 
actions applied, for convenience sake rather than 
for good reasons, under headings such as electro- 
lytic organic oxidations and reductions, electro- 
osmosis (tanning and dyeing), and organic electro- 
synthesis. The latter have so persistently been 
neglected as almost to possess the attraction of a 
novelty, as Sir James Walker, F.R.S., President 
of the Chemical Society, remarked when discoursing 
on “ Electrosynthesis in Organic Chemistry” at the 
Royal Institution on the 22nd ult. Faraday did not 
study organic electrolysis. Kolbe first synthetised 
hydrocarbons in 1849. His researches were taken 
up again in Edinburgh about 1890 by Professor A. 
Crum Brown, and have recently been resumed by 
Sir James Walker, who was Crum Brown’s assistant 
in the early researches, and has since succeeded him 
in the chair of chemistry at Edinburgh. Although 
Professor Walker did not refer to the technical 
aspect of these problems, the engineer is interested 
in everything that concerns oils and lubricants, 
and he is ready to put up with a few chemical 
formule. Kolbe’s syntheses of hydrocarbons by 
the electrolysis of salts of organic acids look simple 
enough. Most organic acids contain the carboxyl 
group CO.OH. When the H is replaced by a 





like CH,, C,H,, &c., are substituted for the H, 
the compound is called an ester; when such a salt 
and an ester are linked together, the complex 
compound is known as an ester salt. Now the 
salts and ester salts are mostly soluble in water, 
while the esters are not, and the aqueous solutions 
can much better be electrolysed than solutions in 
alcohol, ether and other organic solvents. Any 
electrolysis may split up a compound (decomposi- 
tion) or build up a new compound (synthesis) ; fre- 
quently both the processes proceed simultaneously. 
To take a simple case. Pure hydrochloric acid 
HCl is not an electrolyte, nor is pure water. But 
a solution of HCl in water can be electrolysed 
(decomposed) into atoms of hydrogen (going to the 
cathode) and of chlorine (going to the anode). 
When the hydrogen (and similarly the chlorine) 
is liberated, the two H atoms join to a hydrogen 
molecule H,, and that is a synthesis. Analogously 
the electrolysis of sodium acetate—we have to 
think of two molecules, of Na.O.OC.CH,;—yields 
at the cathode sodium (and by interaction with the 
water caustic soda and hydrogen), and at the anode 
carbon dioxide CO, and ethane C,H,;. The CO, 
was not discernible in the acetate as such, and the 
C,H, is formed by the union of two CH, from 
different molecules. In addition to the two gases 
liberated (CO, and C,H;), the electrolysis yields 
an ester which, converted into an ester salt, 
can be electrolysed again. If we designate the 
original radicle CH; by the letter X, the resulting 
compound will contain X,; from X, we pass 
similarly to X,, X,, X,,; the solutions then become 
soapy and matters are difficult. We can also link 
two different radicles X and Y to a compound of 
(X + Y), and in these ways Sir James Walker has 
prepared various hydrocarbons, oily in character, 
and their derivatives in long chains. The solutions 
must be concentrated and be kept cold, the currents 
must not be strong, and the syntheses are slow. 
The anode should be a wire, the cathode a foil of 
much larger surface; the electrode material is 
important. Professor Walker electrolysed his ace- 
tate with platinum electrodes ; when he used a gold 
wire, he obtained hydrogen and oxygen, instead of 
ethane. Considering that we shall apparently 
remain in the dark as to the real nature of petroleum 
and lubricants until we learn how to build up 
natural oils from their constituents, these syntheses 
deserve general encouragement. 


THe Ketvin MEDAL. 

The first award of the Kelvin medal, a decora- 
tion founded by British and American engineers 
to commemorate the work of Lord Kelvin in the 
advancement of applied science, was made on 
Wednesday last, Dr. William Cawthorne Unwin 
being the recipient. The presentation took place 
in the hall of the Institution of Civil Engineers 
where a distinguished company of engineers and 
men ot science accompanied by many ladies, 
presided over by Mr. J. A. Brodie, President of 
the Institution of Civil Engineers and Chairman of 
the Awards Committee, assembled to witness the 
ceremony. The medal was handed to Dr. Unwin by 
Mr. Arthur Balfour, who mentioned that he had been 
fortunate in being able to number himself amongst 
the friends of the great scientist in whose honour 
the medal had been founded. Lord Kelvin had 

, in a degree unequalled perhaps since the 
days of Archimedes, the power of theorising upon 
the most obscure subjects, and of producing as a 
result of his theories, some invention of immediate 
and practical utility to mankind. He had been 
éne of the leaders of the movement which had 
induced engineers to carry out their work by the 
light of the results of true scientific inquiry, and 
had contributed by his precept and example to the 
solution of the problems upon which the material 
betterment of mankind ultimately depended. 
Dr. Unwin’s name, said Mr. Balfour, was honoured 
wherever engineering was known, his text-books 
had for many years been the foundation of engineer- 
ing teaching, and there was probably no modern 
branch of engineering to which he had not made 
some personal contribution. He enjoyed the only 
fame worth having, namely the appreciation of 
all persons capable of estimating the value of his 
work. Dr. Unwin, who spoke with considerable 
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engineers of the value of a scientific training. 
The young engineers of to-day were to be con- 
gratulated upon the advantages they possessed, as 
regards facilities for scientific education, and upon 
the fact that the importance of their studies had 
been recognised by the creation of Faculties of 
Engineering at all the Universities. Prof. Unwin’s 
speech was one of very special interest and was 
greatly appreciated by his audience, who indicated 
in an unmistakable way the pleasure they all felt 
at the honour which had been so deservedly con- 
ferred upon him. 





THE IRON AND STEEL INSTITUTE. 

Tue fifty-second annual general meeting of the 
Iron and Steel Institute commenced yesterday, and 
is being continued to-day, in the hall of the Insti- 
tution of Civil Engineers, the President, Dr. J. E. 
Stead, F.R.S., occupying the chair. 

The report of the Council, which was read by the 
Secretary, stated that the membership on De- 
cember 31, 1920, stood at a total of 2,197. 

It recorded the congratulations of the Council to 
several members who had honours conferred upon 
them during the year, among whom were Sir William 
Beardmore, Bart., Past-President, who had been 
raised to the peerage with the title of Lord Inver- 
nairn of Strathnairn; Mr. J. W. Beynon and Mr. 
Frederick Mills (Member of Council) had been 
created Baronets ; and Colonel W. Charles Wright 
(Member of Council), Mr. W. S. Abell and Mr. 
John Dewrance had been created Knight Com- 
manders of the Order of the British Empire. Mr. 
William Clark had been elected Master Cutler of 
Sheffield, and upon Dr. Paul Girod had been 
conferred the Cross of Chevalier of the Legion of 
Honour. 

In regard to finance, the total receipts from all 
sources for the year 1920, excluding the income 
of the Carnegie Scholarship Fund, were 8,4191. ; 
the expenditure for the year being 7,622/. The 
balance to the credit of the Institute was, there- 
fore, 7971. In 1919, when the expenditure exceeded 
the income by 1,109/., a committee was formed 
which appealed to members voluntarily to increase 
their subscription, and recommended that the future 
subscriptions be raised. As many as 833 members 
responded by voluntary subscriptions, amounting 
to a sum of 1,7731., but for which it would have 
been necessary again to report a deficiency. Bye- 
laws 21 and 22 have been considered, and whilst 
the entrance fee remains at 2/. 2s., a member resi- 
dent in the United Kingdom shall now pay an annual 
subscription of 31. 3s., members residing outside 
paying 2/. 12s. 6d. A new scale covers the com- 
pounding for subscriptions. The greater part of 
the increased expenditure continues to be due to 
the steadily increasing cost of printing and binding. 

A decennial index for the period 1910 to 1920 is 
now ready, and can be consulted at the Institute ; 
in view of the existing high charges for paper and 
printing, its publication has been deferred. The 
report next referred to the work being carried out by 
members of Council and ordinary members of the 
Institute in conjunction with other scientific bodies. 

The papers on the list were then read and dis- 

cussed. We shall deal with the further proceedings 
in our next issue, but in this issue we reproduce in 
full two of the papers:—The Welding of Steel in 
Relation to the Occurrence of Pipe Blow-holes and 
Segregates in Ingots,” by Mr. H. Brearley, on 
page 551, and “‘ The Scientific Control of Combus- 
tion,” by Mr. H. T. Ringrose, on page 565. 


(To be continued.) 








LITERATURE. 


— 
Wireless Telegraphy with Special Reference to the 
Quenched Spark System. By BERNARD LeEGGETT, 


A.M.LE.E. The Directly Useful Technical Series. 
London: Chapman and Hall, Lti. 1921. Price 
308. net. 


Ix his opening paragraph Mr. Leggett thinks it 
necessary to inform or remind his readers that 
contrary to much public belief, in England, “ the 
discovery of wireless telegraphy is not in its entirety 
due to Mr. Marconi.” This comment’ has the 
appearance of intentional flippancy or offensiveness, 


and in either case does not exhibit the spirit in 
which scientific history or explanation should be 
conducted. The jarring tone is, however, diminished 
by a statement showing the salient points which have 
marked the onward progress of this branch of science 
since 1838, when Steinheil utilised the Earth return 
in line telegraphy and foresaw the possibility of 
dispensing with a metallic conductor. Little 
objection can be raised against the list of pioneers 
whom the author selects as qualified for the fore- 
most places in this roll of honour, since personal 
opinion will always be the deciding factor of relative 
merit. A point which might have been more 
strongly emphasised is the advance that has 
followed from the recognition by electrical engineers 
of the distinct bearing of the work of mathe- 
matical physicists on practical results. Since 
neither Heaviside nor Pupin figures in the list, 
their respective work, which was a triumph for 
each in his own department, may serve to illustrate 
this remark. It is difficult to see, moreover, any 
advantage in stirring up old controversies con- 
cerning the attempt to establish a commercial 
monopoly in the supply of certain forms of wireless 
apparatus on board ship, by refusing permission 
to the owners to communicate with stations equipped 
with instruments different from those carsied. 

If we may judge from the preface, and also the 
title page, the author attaches the utmost importance 
to the introduction and improvements of the 
quenched-spark system, and his admiration is 
moved by the triumphs it has won. His wonder 
and his indignation are alike roused by the neglect 
or the indifference that has been shown in this 
country to this special piece of apparatus. But he 
consoles himself by the reflection that, since this 
system had its origin in Germany, where it was 
especially exploited by the Telefunken Company, 
the lack of interest in its development and per- 
fection is the result of national prejudice, and that 
it is only necessary to explain its advantages in 
order to prevent its scientific merits being ignored 
or disparaged by appeals to false patriotism. The 
author hopes by his insistence, to give the quenched 
spark system its rightful place, and by his book, 
to fill a hiatus in wireless literature. 

The object and the mechanism of the quenched 
spark have been many times described, though the 
various applications are more fully explained here. 
In use it has long been recognised as affording 
a most efficient method of getting the energy out 
of the spark-circuit into the antenna circuit, whence 
with smaller ohmic losses, useful radiation is pro- 
moted, and all the advantages, of tight coupling 
retained, without any retransference of energy 
from primary to secondary. In using an ordinary 
spark between metallic electrodes, deionisation 
does not proceed quickly enough to prevent re- 
ignition, and the object of the quenched gap is to 
increase the rate of deionisation. This is effected 
in practice by subdividing the gap into a number 
of short paths between large well-cooled copper 
or silver discs separated by insulating mica rings. 
Lepel preferred paper rings, instead of mica; the 
paper gradually burning away produces an atmo- 
sphere of carbon dioxide, but this is only one of 
many variations in structural detail. To surround 
the gap with air at high pressure has been recom- 
mended in order to hinder ionisation and promote 
good quenching. Hydrogen also has been used, but 
Mr. Leggett states that the influence of the chemical 
constitution of the gas is small, provided it is inert 
and does not attack the metal electrodes. The 
author’s experience is large and the practical 
information given is no doubt trustworthy. It is, 
therefore, somewhat unexpected to find him recom- 
mending a “ somewhat dirty sparking surface,” but 
the reasons given for this preference are not very 
convincing. Possibly anti-arcing is more concerned 
here than quenching properly so called, but there is 
still room for further experiment. The rotary 
synchronous spark is not spoken of favourably. 

Receiving apparatus, in which the various forms 
of detector are described, is treated with sufficient 
fullness, but the information supplied is mainly 
confined to practical advice. When a piece of 
apparatus is provided, minute directions are given 
how to use it, but less attention is devoted to the 





advice tendered are not always explained. We find 
this treatment adopted when describing the installa- 
tion of wireless telegraphy on board ship, and in the 
case of similar apparatus used in warfare and in 
aeronautics. . 

Continuous-wave transmission and telephony are 
dismissed rather briefly, but this might have been 
expected from an ardent advocate of the spark 
system. However, a comparison between the two 
methods is fairly made and the superiority of the 
continuous wave transmission admitted, though 
rather grudgingly. The extra expense and com- 
plication of the C.W. transmitters are commented 
upen and we are reminded that sharp tuning is 
always carried out at the expense of strength of 
i The extra complication probably has 
reference to the necessity of superimposing a local 
oscillation on the receiving circuit. It is admitted, 
however, that with the continuous-wave method, 


it is possible to transmit waves of only one wave- 


length. The greater sharpness of tuning and the 
advantage of “beat” reception overcoming “ jam- 
ming” largely explains how the ranges of con- 
tinuous wave transmitters are much greater than 
equal power spark transmitters. At present, it 
would seem that the limits of either system are 
conditioned by the interference of “ atmospherics,” 
a subject on which the writer has little to say. 
Extension of the possibilities of wireless telegraphy 
or telephony is hardly to be sought by increasing the 
power of the station to 400 kw. or even 1,000 kw., 
but in advances on the control or elimination of 
electrical atmospheric disturbances. Our powers of 
detection of signals are far in advance of our powers 
of selection. The author, quoting from The EHlec- 
trician declares that no novelties of the first order 
have marked the research work of this country. 
In the elimination of atmospherics an opportunity 
is offered to the class whom Mr. Leggett is 
addressing. 
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Power ALconoL.—The use of power alcohol as a 
motor fuel is in danger of receiving a serious set-back, 
in view of the announcement that the Revenue Bill is 
likely to be entirely dro: rT Certain concessions had 
been embodied in Clause is of the Bill, which would have 
enabled the Commissioners of Inland Revenue to make 
regulations tending towards the more rational i 
of the power alcohol question. The Automobile Asso- 
ciation, through the Motor Legislation Committee, is 
proposing to get the clause in question incorporated 





method of construction, and the reasons for the 


under another Act during the present session. 
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SIX SPINDLE BL.wCH TYPE DRILLING 
MACHINE. 


Tue development of the policy of mass-production 
has necessarily brought about a standardisation of 
components, and this again has made possible, and 
indeed, very advisable, the introduction of special 
machine tools for operating on standard parts. Among 
such tools, the multi-spindle drill has acquired a 
recognised position, for by its use a large number of 
holes may be drilled simultaneously and at a single 
setting, thus bringing about a very considerable saving 
in time and ensuring an absolute similarity between 
the various parts in so far as drilling is concerned. 
The B.S.A. Tools, Limited, of Sparkbrook, Birmingham, 
a company allied with the well-known Birmingham 
Small Arms Company, Limited, have recently put on 




















the market a six spindle, bench type drilling machine 
specially designed for use in the manufacture of small 
components. The machine, which is illustrated in 
the figure above, is arranged for bolting to a workshop 
bench, and to be belt-driven direct from any con- 
venient line shaft. It will drill simultaneously six 
fy-in. holes or four }-in. holes in mild steel, while in 
cast iron its capacity is six }-in. holes. 

The head of the machine is fixed, and carries fast 
and loose pulleys 6 in. in diameter, suitable for a 
1}-in. belt drive. The table, which is 10 in. wide 
by 5} in. long, is hand-operated to give the feed. 
The circular spindle head permits the holes to be 
drilled on pitch circles varying from 18 in. in diameter 
to 3} in. in diameter, or they can be spaced rect- 
an ly within the area indicated. An independent 
adjustment of half an inch is provided on every 
drill spindle, so as to compensate for uneven wear or 
different lengths of drills. The maximum height of the 
machine is only 32 in., and its net weight 175 lb. 
An adjustable stop at the back of the table enables 
the drilling to be stopped at any pre-determined depth. 
For the lighter engineering trades the machine should 
be very useful, as it is substantially built and contains 
all the conveniences required in a machine of its class. 





Avromatic AND Eecrgic Furnaces, Liuarrep.— 
This company states that the results obtained by their 
rocess are so convincing that they are pre to 
en samples of tools, or other articles free of 
charge for a comparative test against similar articles 
hardened by the maker. They add that not only will 
the results in their case be far better, but every article 
that is hardened by them will be hardened with a 
certainty and correctness unknown to any other method 
and produce a stronger, tougher and ter wearing 
article. They further state that it is the result of this 
certainty of production together with the improved 
resistance to wear has enabled them to supply 
Wild-Barfield furnaces to America and Germany. We 


described the Wild-Barfield electric muffle in a former 
issue (see ENGINEERING, vol. cvi, page 143). 


ENGINEERING, 
OCURRENT-LIMITING DEVICE FOR ARO 
WELDING. 

We have recently had an opportunity of inspecting 
a device of considerable interest to users of arc welding 
plant, its object being to regulate the current and 
prevent it from exceeding a predetermined limit. 
The apparatus, which is the invention of Mr. W. 
Langdon-Davies and Mr. A. Soames, and is sold by 
Messrs. Daysohms, Limited, 14-16, Cockspur-street, 
London, 8.W. 1, constitutes a choking coil, the choking 
effect of which is varied automatically in accordance 
with the resistance of the arc. It is a well-known 
fact that, when using hand-operated electrodes in the 
usual way, it is impossible to maintain a constant 
current through, or a constant voltage across, the arc, 
both these factors varying with the nature of the 
electrode, the thickness of the work, the length of the 
are, &c., so that violent fluctuations in power consump- 
tion are experienced. These may, however, be prac- 
tically eliminated, and the quality of the work 
materially improved, by the current regulator we are 
about to describe. 

The regulator resembles a small single-phase motor, 
both in appearance and construction, and it is con- 
nected in series with the arc. The stator winding is of 
the two-pole type and the rotor winding consists of a 
single coil connected in series with the stator winding. 
Normally, i.e., when the are is not in use, the plane of 
the rotor coil is set at right angles to the direction of the 
stator flux, and the movement of the rotor is limited by 
an adjustable stop so that it cannot revolve but 
can turn through any angle up to 180 deg. It will 
readily be understood that, in the first position, the 
choking effect will be negligibly small, but that it will 
gradually increase as the rotor coil is turned until a 
half a revolution has been completed when the rotor 
and stator coils will be in opposition and the choking 
effect will reach its maximum value. 

With the arrangements so far described, let us 
consider what would happen when the electrode is 
brought into contact with the work. The small 
choking effect of the regulator will, of course, allow a 
fairly heavy current to flow, but the rotor would turn 
almost instantaneously and cut down the current to 
some value depending on the position of the stop. 
The action would, in fact, be so rapid that there would 
not be time for the metallic vapour, necessary to set 
up the arc. to form at the end of the electrode. To 
allow sufficient time for the arc to be established, 
the rate of movement of the rotor is controlled 
by means of a dashpot and spring, and as the rotor 
torque when the are is struck is always the same, the 
dashpot, having been once adjusted, needs no further 
regulation. The dashpot piston is, however, ‘fitted 
with a valve, so that, although the movement in one 
direction is greatly retarded, the movement in the 
opposite direction is but little affected, and the rotor 
car thus return rapidly under the action of the spring. 
If, therefore, the resistance of the are is suddenly 
increased by sputtering, while the work is in progress, 
the rotor can drop back rapidly and so raise the voltage 
across the arc before the latter has been extinguished. 

In working, the operator has only to adjust the 
position of the stop to give the maximum current a 
value suitable to the nature of the work, and this 
current can then only be exceeded momentarily. 
Neither an ammeter nor a voltmeter need be used, 
the best indication of suitable values for the current 
and pressure being furnished by watching the progress 
of the work. If any alteration is necessary, a small 
screw hand-wheel on the regulator is slacked back and 
the position of the stop adjusted by sliding it along a 
curved slot. It is claimed for the system that the 
quality of the work produced is greatly improved by 
the use of the regulator, one reason for this being that 
it is impossible for an unskilled operator to draw out 
a long arc and burn the metal. Considerable economy 
also results from the fact that it is possible to use a 
much lower voltage. In ordinary systems it is usual 
to employ an open-circuit voltage ranging from 80 
to 110, whereas, with the current regulator, the 
voltage used is from 40 to 60, according to the nature 
of the electrodes ; since the current used is the same in 
either case, the reduction in power consumption will be 
obvious. The lower voltage is also advantageous 
from the point of view of the safety of the operator, 
as well as from the fact that a smaller transformer 
can be used. This, of course, reduces the no-load 
losses and also makes the plant more easily portable. 
The total weight of the apparatus we saw working from 
the supply company’s mains was about 3} cwt., this 
figure including the transformer and regulator. 





Wetpinc Cast-Iron: Erratum.—In our issue of 
March 25 last, on 357, we incorrectly gave the name 
of the County Chemical Company, Limited, of Bradford- 
street, Birmingham, as the County Welding Company, 
in eonnection with a notice of their new cast-iron welding 





flux. We regret this error. 





THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on April 8, 1921, at the Imperial College of Science, 
Mr. W. R. Cooper in the chair, a paper entitled “A New 
Registering Microphotometer,”” was read by Dr. W. J. H. 
Moll, University of Utrecht. Of this paper the following 
is an abstract : A diminished image of a slit, on which the 
filament of a half-watt lamp is focused, is projected by 
means of a microscope objective on the photographic 
plate or other object of which the absorption is to be 
measured, A second similar objective focuses an image 
of the slit, magnified up to its original size, on a second 
slit behind which is mounted a sensitive thermopile of the 
author’s own design connected to an improved D’Arsonval 
galvanometer. y suitable gearing to an electromotor 
the photographic plate is given a slow motion at right 
angles to the beam of light, and at the same time a drum 
of photographic paper, on which the spot from the 
galvanometer is focused, is caused to rotate at a suitable 
rate. A record is thus obtained of the density of the 
plate at different parts encountered by the beam of light. 
The arrangement is dead beat and so quick in response 
that intensity curves of close spectrum lines, Zeeman 
triplets, &c., are accurately recorded. 

Dinsmenton,—2e, R. 8. Whipple thought that the 
dead-beatness and quickness of the apparatus were un- 
equalled. There was a beautiful feature of the records 
to which Dr. Moll had not referred; they showed the 
actual texture of the photographic plate as ripples on 
the base line. He believed the author was engaged in 
another research which would throw light on some 
important problems in connection with the blackening 
of photographic plates. It would be difficult for most of 
those present to imagine that the record of the Zeeman 
effect shown had been taken inside half a minute. It 
was a triumph of experimental skill. 

Professor aeakine said he had had the agro of being 
about during the last few days when Dr. Moll and Pro- 
fessor Ornstein had been erecting the apparatus. He had 
suggested that the instrument might be used to settle 
the question of the existence of the canals on Mars. 
In this connection Dr. Moll had told him that the eye 
saw many things which did not exist and missed many 
things which fia. An example which might be of 
interest to radiologists present was the case of an X-ray 
tama a of a square hole in an opaque screen. It was 

requently asserted that the intensity was greater at the 
edges of such a square than at the centre. The thermo- 
pile showed that this was wholly an illusion, 

Mr. Guild said he could only express the greatest 
admiration for the instrument they saw before them. 
He was particularly interested in the galvanometer. 
They had recently been installing radiometric apparatus 
in the Optics Department of the National Physical 
Laboratory, and were using a Paschen galvanometer. 
They were troubled so much with the zero changes due 
to stray magnetic fields from the adjacent electric railways 
and from sources near at hand within the laboratory 
itself that the advantages due to the sensitivity of the 
galvanometer were largely nullified. He looked €orward 
with very great interest to the advent of Dr. Moll’s 
thermopiles and galvanometers on the British market. 

Dr. J. 8. Anderson said he had had the pleasure of 
hearing Koch describing his microphotometer. He had 
thought the chief objection to Koch’s instrument was the 
variability of the photoelectric cell. The modern forms 
were much less variable and probably the objection did 
not now hold to the same degree. Dr. Moll was, however, 
to be congratulated on so successfully employing the 
much more easily manipulated thermopile for the purpose. 

Mr. C. R. Darling thought the instrument would be 
readily adapted to form a recording radiation pyrometer. 

Mr. F. E. Smith said he would like to know how 
Dr. Moll had made such an excellent thermopile. Through 
the kindness of Mr. Whipple he had had the pleasure of 
working with one of them, and there was no question of 
its excellence, but he had not been able to see how it was 
made, 

Dr. Moll, in reply, said the secret of his thermopiles 
consisted of getting the junctions which received the 
radiation to be of very low heat capacity. With most 
thermopiles the bulk of the heat capacity was due to the 
solder at the junctions. His salted of avoiding this 
was as follows: He took two thick plates of the metals 
to be used, constantin and manganin, and soldered them 
end to end, scraping off the excess of solder. The metals 
yaar | joined in this way were then rolled out to the 
desired thinness, and cut into strips. In this way strips 
only 2 » thick were obtainable with no excess of solder at 
the junctions. The other junctions were made of large 
heat capacity to give constant temperature of the “‘ cold ”’ 
junctions. 

As regards the galvanometer, the principal modification 
which he had introduced was to have the coil held by two 
strips of bronze in tension instead of suspending it by the 
upper strip in the usual way. This gave greatly improved 
constancy of zero. 

A paper entitled “ Application of the Ionisation Spectro- 
meter to the Determination of the Structure of Minute 
Crystals,” by Sir W. H. Bragg, F.R.S., was read in his 
absence by Dr. E. A. Owen. In this paper it is shown 
that crystals in the form of powder can be examined by 
the ionisation method. The powder is pasted on a flat 
surface and placed on the spectrometer table in the 
position ordinarily occupied by the face of a single 
erystal. A bulb current of 1 milliampere is sufficient to 
give satisfactory records. 

Discussion.—Mr. J. Guild said that while listening to 
Dr. Owen, with the preceding paper by Dr. Moll on 
improved thermoelectric measurements still in his mind, 
he had been wondering whether the modern improve- 
ments in the methods of X-ray production and of radio- 
metry had possibly brought us within reach of direct 
measurement of the energy of X-radiation. Using 4 
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sensitive thérmopile with lead foil receiving plates, and 
a heavy discharge from a Coolidge tube, there might be 
sufficient energy stopped by the foil, although most of it 
would pass through, to give an indication on the galvano- 
meter. 

Professor Ornstein thought that insufficient energy 
would be stopped by the thermopile to produce any effect 
unless the lead was so thick that all the sensitivity 
of the pile would be destroyed. f 

A paper on “ A Balance Method of Using the Quadrant 
Electrometer for the Measurement of Power,’ by Mr. 
Hubert Parry, was read in his absence by the secretary, 
Dr. D. Owen. This paper deals with a new method of 
using the quadrant electrometer for the measurement of 
electrical power. It involves the use of a potential- 
divider across the supply circuit, and a standard non- 
inductive resistance in series with the load. An ammeter 
and a voltmeter are employed to measure the supply 
voltage and the load current. 

An example of its application to determine the power 
factor of condenser is quoted. 

Discussion.— Mr. C. C. Paterson said he had worked 
for ten to fifteen years with electrometers for power 
measurements. He would like to see the method tried 
out more fully under varying conditions. With small 
power factors one always had the result as the difference 
of two large terms when using the electrometer. 

Another point was that the two voltages V; and V2 
were not in phase. Of course, V2 was small, but it 
would rise him to find that it was legitimate to add 
them as the author had done. 

Dr. E. H. Rayner said they had not yet tried the 
method at the National Physical Laboratory, but were 
certainly going to. He wondered if the difficulty 
mentioned in connection with small power factors could 
not be overcome by connecting the needle to the mid- 
point of a large dividing resistance. There was alwa, 

a danger, however, with small power factors that the 
dividing resistance was not true as regards phase on 
account of the distribution of capacity. 

Dr. A. Russell congratulated the author. The method 
was novel to him. The old method was quite good for 
high voltages, but for low voltages he thought the author’s 
method would be superior. 

Dr. D. Owen said that the author’s paper, of modest 
dimensions, contained an idea which promised to add 
decidedly to the value of the quadrant electrometer as 
used for the measurement of electrical power. The method 
being a null pn? ap eerne several advantages. In the 
first place, it made it possible to utilise to the full the 
possession of an electrometer of the highest sensibility 
attainable in virtue of mechanical design. Further, as 
the constant of the electrometer disap from the 
expression for the power, the usual calibration experiment 
with non-inductive load became unnecessary. 

In the form proposed, however, the method had one 
decided disadvantage, namely, that at low power factors 
the power required was obtained as the difference of 
two separately determined quantities, each of which 
might be of much greater magnitude. This was so, indeed, 
in the very test chosen by the author for illustration, 
and the effect was evident in the considerable discrepancy 
between two successive tests on the same condenser. 

Dr. Rayner had expressed the possibility of this source 
of error being overcome by connecting the needle to the 
mid-point of the non-induction resistance across the 
mains. That had occurred to him, and on trying it he 
found it to be the case. The adoption of this modifica- 
tion would not only eliminate the source of error occurring 
at low power factors, but would simplify the expression 
for the power in the general case. Denoting by V/n the 
voltage drawn from the potential divider (denoted by 
Vi by the author) the expression for the power supplied 
to the load became : 


Cat 
R wn 
All that was required in a test now was to adjust the 
tapping point on the potential divider until the electro- 
meter needle was at zero, and at that instant to read off V 
on the voltmeter. » might be observed at leisure, and 


the only remaining factor in the calculation of the power 
was the standard non-inductive resistance R. 





; LONDON ASSOCIATION OF FOREMEN ENGINEERS.— 
lhe sixty-eighth anniversary festival of this Association 
will be held at Cannon-street Hotel to-morrow, the 7th 
inst., presided over by Sir John Dewrance. 


THICKNEss oF Wer Paint Fitms.—An estimate of 
the thickness of a paint film is desirable for several 
pape, for the determination of the hiding power of 
a film, for shrinkage tests, for judging the skill of the 
painter, &. The thickness can oe aelneed from the 
density and the specific gravity of the paint and the 
area covered. As these determinations are laborious, 
A, H. Pfund, of the John Hopkins University, (Journal of 
the Franklin Institute, April last) designed a paint-film 
gauge. This gauge consists of a convex lens so mounted 
in a tri stand that springs keep the lens out of contact 
with the film, or paint t, made on the respective 
surface, until the tripod is loaded; the weight then 
forces the lens into the film and squeezes the paint 
out sideways in a kind of ridge surrounding the point of 
contact between the lens and the surface ; the diameter 
of the compression-circle can be read off both on the 
lens and on the film, and the film thickness is given by 
@/16r, where d is the diameter of the circle and r the 
radius of curvature of the lens. Measurements made 
with paints of zine white and lead white seemed to be 
correct within 3 cent.; the thicknesses measured 


- 
«SURFACE CONDENSERS.” 
To THE Eprror or ENGINEERING, 
Srr,—In the last paragraph of my letter appearing 
in your issue of February 11, page 180, I suggested that 
Mr. Lovekin should give the total quantity of steam 
used by the Radojet air pump and turbine-driven 
condensate pump on the U.S.A.T. Cantigny. In 
our last issue this information is given in a letter from 

. G. L. Kothny, with the remark that he hopes it is 
satisfying. 

As it is common practice to provide turbine con- 
densers with reciprocating air pumps having a steam 
consumption of one per cent. of the feed-water, I regret 
to say that the steam consumption given by Mr. Kothny 
cannot be considered as satisfactory. To maintain 
the same vacuum on the U.S.A.T. Cantigny under the 
given conditions, a pump can be supplied to deal with 
the air and condensate with a steam consumption of 
700 Ib. The steam consumption of the air and con- 
densate extraction pumps fitted on this ship is given 
by Mr. Kothny as 1,160 Ib., an increase of 60 per 
cent. above that which is considered good practice on 
ships of this class. ° 

Yours faithfully, 
H. ForHercitt. 
3, Central Buildings, Westminster, London, May 3, 1921. 





PRESSURE DISTRIBUTION IN STEAM 
TURBINES. 
To THe Eprror or ENGINEERING. 

Sm,—Mr. Gerald Stoney’s article in your issue of 
March 4, 1921, describes a very convenient method of 
determining pressures and steam densities in turbine 
stages when either the energy distribution or wheel 
diameters have been previously selected. It may be 
of interest to analyse further the problem from the 
standpoint of the selection of the stage energies or 
diameters in an impulse turbine to secure maximum 
economy. 

It is now generally recognised that the ultimate 
efficiency obtainable with the single bucket row wheel 
is higher than with the two or three-row wheel, and the 
following discussion will apply particularly to machines 
of the first type. The principal losses are usually the 
nozzle and bucket losses and the windage or disc friction 
losses, the latter varying approximately as the fifth 
power of the disc diameter when the revolutions per 
minute are constant. Consequently, as we increase the 
diameter of the wheel, keeping the revolutions per 
minute, stage energy, and density constant, to a value 
of u/c which approaches that of maximum nozzle and 
bucket efficiency, the windage loss is rapidly increasing 
while the power absorbed by the buckets is nearing a 
constant value so that the shaft power is decreasing. 
In other words the shaft efficiency of the wheel reaches 
its maximum at a lower value of u/c than the rim or nozzle 
and bucket efficiency. 

In the earlier stages of the machine where the steam 
density is high and the windage loss relatively large, 
this effect is often quite noticeable. In the case, there- 
fore, of equal stage energies and wheel diameters, if the 
diameters correspond to maximum shaft efficiency at the 
exhaust end they are too large for best effect in the earlier 
stages. The shaft efficiency of the earlier wheels can be 
improved by making them smaller but will still be less 
than that of the last stages. 

So far as can be determined in practice the efficiency 
of properly-designed nozzles within the range of expansion 
occurring in multi-stage machines is independent of the 
expansion range. Considering, therefore, that portion 
of a turbine stage from the nozzle mouth to the next 
nozzle, it can be shown that stages having the same value 
of Q R@ V/(A B.T.U.)52 and u/c may be made geometri- 
cally similar, and will, if so made, have the same shaft 
efficiency. 


Here Q = weight of steam flowing per unit of time. 
R = angular velocity of the wheel. 
V = specific volume of the steam at the nozzle 


mouth, 
A B.T.U. = energy drop in nozzles. 
u = velocity of blades. 
c = velocity of steam at nozzle mouth. 


The value of Q R? V/(A B.T.U.)5 2 may be termed the 
specific load of the wheel, and will be represented by 8. 
It is a very useful indication of the possibilities of the 
stage, thus s' having a large 8 have a high ratio 
of bucket length to pitch diameter. As S increases the 
relative windage loss decreases until it becomes negligible. 
With a further increase the wheel becomes congested, 
i.e., the spacing of the bucket tips becomes too large, 
and the bucket exit angle has to be opened up, a con- 
dition which obtains in the last stages of a good many 
machines, 

To each value of S corresponds a value of u/c giving 
maximum shaft efficiency, and the larger the value of 8 
the larger is the permissible w/c and the resulting shaft 
efficiency up to the limit of congestion. 

In designing a turbine Q, R and V for the last stage 
are usually given conditions. We can select A B.T.U. 
for the last s' to correspond with the most favourable 
value of 8, and select our wheel diameter from the best 
value of u/c corresponding to 8. The pressure and steam 
density in the preceding stage are then determined. 
We can proceed in the same way in the next to the last 
stage, and in this manner go through the whole ener, 
range, assigning the same favourable value of 8 to eac 
stage, and thereby obtain the maximum possible shaft 
efficiency for the machine. It very mogeseey is the 
case that we cannot make the diameter of the last s 
or stages large enough to conform to this schedule 
on account of strength limitations of wheel and buckets. 


and the resulting condition of congestion made the best 
of. 

A machine laid out according to this system will be 
found to have at first rapidly decreasing s' energies 
and wheel diameters, the decrease becoming less as the 
high-pressure end is approached. The high-pressure 
wheels are very small, and there are usually an impracti- 
cally large number of stages. It should be regarded as 
a design which should be approached but which cannot 
usually be carried out to its logical limit. That is, it 
will be found necessary to increase the value of 8 toward 
the high-pressure end of the machine, It is not possible 
in practice to make all stages geometrically similar as 
clearances and minute bucket imperfections cannot be 
proportionately decreased. For this reason the nozzle 
and bucket efficiency in the earlier stages and therefore 
the shaft efficiency will be inherently less than in the 
latter stages. This does not, however, lessen the 
desirability of the arrangement described, as the average 
height of bucket is thereby inc . 

Respectfully yours, 
CHRISTOPHER A. SCHELLERS. 

Boston, Mass, U.S.A., April 12, 1921. 





THE SOCIETY OF GLASS TECHNOLOGY. 
Tuxe fourth annual general meeting of the Society of 
Glass Technology was held in the Chemistry Lecture 
Theatre, University College, Gower-street, London, 
on Wednesday, April 20, 1921, at 2.30 p.m. After the 
formal business had been transacted, includi tne 
election of office-bearers for the year, and a number of 
amendments of the “Constitution and Rules’’ mainly 
with the object of making possible the election of Hon- 
orary Members, the fourth annual report for the year 
1920 was adopted. This showed that the total mem- 
bers on the roll at the end of 1920 was 620, 128 members 
having been elected during that year. 

The new President, Dr. Morris W. Travers, F.R.8., 
then delivered his presidential address on “The Im- 
eters of Quantitative Investigation in dealing with 

echnical Problems in the Glass Industry.” e first 

id a tribute to the memory of Sir William Ramsay and 

rd Moulton. Continuing, he said efficiency resulted 
from the economic use of money or credit, labour, 
materials, and energy, and was only possible when the 
losses under each heading could be accurately ascer- 
tained. The energy balance-sheet was really as im- 
portant as the financial balance-sheet, and each should be 
drawn out with equal care. The position of the skilled 
accountant was clearly recognised, but, in most works, 
very little was known about the disposal of the energy, 
which was only dealt with in terms of tons of coal. It 
would be impossible to check waste of money if one 
merely kept account of gross receipts and expenditure. 
It was equally impossible to check waste of energy if 
one knew only the total fuel consumption in a furnace, 
Each furnace should be studied with a view to ascertain- 
ing whether unnecessary losses could be checked, the 
fuel consumption reduced, and the efficiency increased. 

In a recent paper submitted to the Society the whole 
of the thermal end chemical changes taking place in a 
plant consisting of a steam-air blown roducer, and 
a tank furnace melting soda-lime bottle-glass had been 
dealt with, and an attempt had been med to show how 
much of the total energy of the fuel could be utilised in 
melting the glass, upon what conditions the efficiency 
of the plant Sependea, and where losses occurred. The 
investigation had been carried out for his own information, 
and the results had surprised him, and also the members 
of the Society who were present when the paper was read. 
The work had also brought to light the fact that a great 
deal of fundamental work remained to be done before 
they could deal effectively with glass furnace problems, 
The investigation of the nature of gas-producer tar, its 
composition, heat of formation, and its influence on the 
efficiency of heat exchange in the furnace should be 
investigated. We also required certain information as to 
the actual temperatures of the gases as they entered and 
left furnaces. The thermo-chemistry of the melting and 
plaining of glass required further study. 

Furnace design should be based upon quantitative 
knowledge of the laws which governed the flow of gases 
through channels and spaces. The outlet flues from a 

t furnace were not made small in order to keep the 

eat in the furnace, but because the velocity of the gas 
through a flue of small section was necessarily high, 
and when the velocity of the outflow was high, compara- 
tively large fluctuations in the pressure in the furnace 
induced relatively small changes in the rate of outflow. 
With small flues it was easier to maintain steady con- 
ditions than when the flues were large. 

As an illustration of the value of quantitative in- 
vestigation of furnace problems, he showed how it was 
possible to arrive at an estimate of the loss of heat through 
the crown of a tank furnace, and of the relationship 
between the value of the heat saved per year and the cost 
of increasing the thickness of the crown of the furnace. 

The study of the process of melting and plaining glass, 
and investigations bearing on the nature of the glass 
itself, offered a very wide field for research. Many facts 
suggested that glass in the solid condition resembled 
the elastic gels more closely than simple liquids. At 
a discussion at a meeting of the Faraday Society he had 
suggested that the discovery of Peters and Cragoe of 
the ote Sees of Standards of the abnormal 
expansion of glass in the neighbourhood of the softening 
temperature might lead to a a in the case of gels, 
the density of which was known to be considerably 

ter than the sum of the densities of their constituents. 
xperiments which he and Mr. Taffel had carried out 
confirmed this prediction, and they had embarked upon 
an investigation of the thermal properties of glass, 
hoping that the results might throw light on the nature 
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In this case the energy of these stages should be cut down 


of glass. He referred to other investigations bearing 
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on this problem. In conclusion he dealt with functions 
of the scientific man and the practical man in industry, 
and the need for their co-operation in the solutioa of 
technical problems. 

There followed a paper on “ Automatic Glass-Feeding 
Devices,” by G. Dowse and E. Meigh, M.B.E., M.Sc. 
This paper was given by Mr. Meigh. It was illustrated 
by lantern slides and by a kinematograph film showing 
the Hartford-Fairmont feeder in operation with Lynch 
machines. It gave an informative survey of the — 
ment of the art of delivering molten glass automatically 
to forming machines. It dealt with the various patents 
chronologically in three main steps or periods: (a) up 
to 1900; (b) 1900-1914; (c) from 1914 onwards. It 
was stated that during the last period of development 
there had been a perfect deluge of patents granted for 
feeders. This sudden rush of invention was due to several 
causes. The semi-automatic machines had come into 
use in America, and the increasing shortage of boy labour 
led to the elimination of the transfer boy and the develop- 
ment of the “‘ No-boy ” machine, The gatherer was now 
the only human element left between the furnace and the 
taker-in, and it was a logical step to replace him by 
mechanism. The most advanced method of automatic 
feeding was on the “ gob” principle (the gob being an 
embryo bottle or jar nicely calculated to suit the dimen- 
sions of the parisen mould), This method was being 
developed to-day for sound physical reasons, and ex- 
perience had already shown that gob feeding possessed 
considerable advantages over the cruder flow feeds of 
various types. Special reference was made to the Hart- 
ford-Fairmont system. In conclusion, the paper advised 
more serious attention to automatic feeding devices 
by British glass manufacturers anxious to advance the 
country’s interests. It pointed out that the adoption 
of automatic processes converted glass manufacture 
from a small-scale, many-unit, skilled craftsman’s 
constant personal triumph over miserably poor and in- 
efficient equipment, into an a enterprise of the 
first magnitude. Unfortunately, in Great Britain glass 
engineering problems had been so neglected, and the 
dearth of glass engineers was so painfully severe, that 
the industry could not rise to its opportunities, During 
the war, and since, giant strides had been made in the 
application of science and scientific methods to the glass 
in ey and this had resulted in the industry being left 
with a large balance of information which it was totally 
unable to digest and utilise comnfercially, because it 
was deficient in the knowledge of the technique of glass 
manufacture and lacked adequate engineering personnel. 
Sheffield University had provided for the industry the 
chemists and the physicists. Let it now take the opportu- 
nity in both hands and provide the glass engineers, for 
unless trained glass engineers were forthcoming, the 
introduction of automatic glass-making machinery into 
our glassworks would be quite abortive. 

The third annual dinner of the Society was held on 
Wednesday evening, April 20, at the Hotel Cecil, London, 
and on the following day a party of some 50 members 
of the Society visited the Bob sages Mined works of Messrs. 
Rockware Glass Syndicate, Limited. 3 





. 


ASSOCIATION OF ENGINEERS-IN-CHARGE.—On account 
of the industrial situation, the Council of the Association 
of Engineers-in-Charge has decided reluctantly to 
postpone the twenty-first annual dinner, which, how- 
ever, it is hoped to be able to hold later in the year. 


Satvace or tHE “ Mepuana.”’—At the end of last 
November a serious mishap occurred at Wallsend, 
whereby a large French passenger liner, the’s.s. Meduana, 
nearly 500 ft. in length, after having been on fire in 
the fore-hold, heeled right over on her starboard side. 
The raising of the ship was undertaken by Messrs. 
Lindsay, Swan, Hunter, Limited, Sunderland. They 
began their work on the Meduana shortly after the 
mishap occurred and have continued it for three months 
under the superintendence of Mr. Alfred Lindsay. 
A number of divers set to work to make sure that all the 
starboard sidelights were closed and then the ship’s 
hatches, stairways, scuppers, discharge vents and other 
openings had to be closed. Holes were cut in the two 
upper decks to allow the water to drain into the lowest 
‘tween deck. Suction pi were then introduced and 
the watertightness of each compartment was tested in 
a preliminary way. Towards the end of last month, 
after Messrs. Lindsay, Swan, Hunter, had found that 
each compartment had been rendered watertight, the 
pumping was undertaken along the whole length of the 
ship. Twelve motor-driven pumps placed on bar 
alongside were in operation at once, discharging 
water from the ship at the rate of fully 2,000 tons an 
— = coreg progress was made and from 
the very first the ship steadily began to right herself 
until the starboard edge of “4 bridge docks ent above 
water, leaving the ship heeled to starboard at about 
50 deg. The upper parts of the hatch covers were then 
removed and Messrs. Swan, Hunter and Wigham 
Richardson's floating crane “ Titan” lifted some of the 

umps and placed them in the holds of the Meduana. 

he water in the lower holds was extracted in this way, 
and eventually the ship righted herself. The starboard 
ballast tanks had been filled to ensure the ship’s stability 
and to ) ong any danger of her rolling over to the port 
side. March 10 the Meduana was safely sineen in 
one of the graving docks of Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Wallsend, for examina- 
tion and irs. By this successful handling of the 
Meduana, essrs. Lindsay, Swan, Hunter, ‘Limited, 
have aided another notable success to the long list of 
salvage feats for which they have been responsible on 
the coasts of the United Kingdom, in the Mediterranean, 
and in the West Indies. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially Compiled from OfficiaReports of London Metal Markets.) 
FEBRUARY. MARCH. APRIL. 


£ 
16 





= & 


(688 ) FEBRUARY. MARCH. APRIL. 

Notge.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 
tions of the London Metal Exchange for fine “foreign” and “‘ standard” metal respectively. The prices 
shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices 
given, in the case of steel plates are for ship, bridge und tank qualities, and those for steel rails are for 
heavy sections, The pig-iron prices are for East Coast hematite and Cleveland,firon, both of No. ! 
quality and for home consumption. The price of tin-plates is per box of I.C. cokes free on board at 
Welsh' ports, but in all other,cases the prices are per ton. Each vertical line in the diagram represents 4 
market-day, and the horizontal lines represent 1/. each, except in the case of the diagram relating to tin- 
plates, where they represent 1s. each. 
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THE “SILENT RECORD” INTERNAL-COMBUSTION ENGINE. 





CONSTRUCTED BY THE RECORD ENGINEERING COMPANY, LIMITED, ENGINEERS, TUTBURY, BURTON-ON-TRENT. 


a 





Fie. 1. 


Tue “Silent Record” engine made by the Record 
Engineering Company, Limited, of Tutbury, Burton- 
on-Trent, is an internal-combustion engine worked 
out on somewhat unique lines. This engine acts on 
the familiar two-stroke principle, i.e., the working 
piston uncovers exhaust and inlet ports at the bottom 
of the stroke, and the exhaust gas is pushed out by 
a previously-compressed charge of explosive mixture, 
but the details are very distinctive. 

Figs. 1 and 2 show the arrangement of a two-crank 
engine. As will be seen from Fig. 2, the cranks are 
at 180 deg. to each other, and are connected to the 
charging pistons C and D. These charging pistons 
carry above them four working pistons, Al, A2, 
B1, B2.. As the working pistons are about half the 
diameter of the charging pistons the net area of the 
latter is about equal to that of the former. A piston 
valve not shown in the figure, at the side of the 
ye oe is worked by the eccentric E, and controls 
the explosive mixture entering and leaving the charging 
cylinders. This valve is a simple aluminium valve 
without rings, as it does not have to work under any 
great pressure, never, in fact, more than 10 lb. The 
action is as follows: On the down stroke the pistons 
C, D, draw in explosive mixtures through the piston 
valve worked by the*eccentric E. On the up stroke 
this gas is slightly compressed and delivered to the 
inlet ports at the bottom of one of the working 
cylinders, the exhaust escaping through exhaust ports 
at the bottom of the other. The charging cylinders 
do not supply the working cylinders directly above 
them, but those above the opposite crank, i.e., C 
supplies B,, B,; and D supplies A,, Aj. The piston 
valve connects each charging cylinder with the car- 
burettor and the inlet port to the cylinder as required. 
This action can be seen by reference to Fig. 2. In the 
position shown the pistons A,, A, have compressed the 
working charge into the com bustion chamber K ready 
for firing. The charging piston C has also drawn in a 
charge and slightly compressed it in the space between 
the pistons. The pistons B,, B,, have finished their 
working stroke, and B, has fully uncovered the exhaust 
ports G, while Bo, slightly later, uncovered the inlet 
port F. The piston valve now allows the charge 
compressed by the changing piston C to flow through 
the inlet port F into the cylinder H, from which it 
flows across the combustion chamber and down the 
cylinder I, pushing the exhaust out of the port G in 
front of it. 

The charge in the combustion chamber K is now 
fired, and the pistons A,, As, descend, As they do so 
the piston valve puts the space above ( into com- 
munication with the carburettor and allows new mix- 
tare to be drawn in, while it puts the space above D 
into communication with the inlet, port uncovered by 
the piston A,. The charge in H and I is compressed 
and fired at the top of ‘the stroke, while the pistons 
A,, Ay, uncover exhaust and inlet ports corresponding 
to F and G, and the cycle recommences. 








As compared with the ordinary two-stroke engine 
of small size there are several advantages. The 
common practice is to use the crank-case for the 
primary compression of the charge, but this has many 
disadvantages, especially where more than one cylinder 
is used, as the crank-case has not only to be made 
airtight but each crank must be isolated from the 
next. This is avoided by using a compression cylinder. 
The use of the separate piston valve also gives positive 
distribution of the mixture to the charging cylinders, 
while it allows of the latter drawing in during any 
desired proportion of the stroke, which is not the case 
when the inlet is through ports opened by the working 
piston. It is also claimed that the stratification 
is much more complete in the two cylinders, one having 
inlet ports and the other exhausts, than it can be in 
one cylinder with the ordinary deflector on the piston. 
Any number of cylinders can, of course, be used 
arranged either in line or otherwise, as long asthey work 
in pairs on opposite cranks. The engine can be made 
to use hort or other fuel. The engine shown has 
four working cylinders, 54 mm. diameter by 96 stroke, 
being the equivalent of two cylinders, 76 mm. by 
96 mm. (3 in. by 3} in.) and develops 10 brake horse- 
power at 1,600 r.p.m. 

We may add that a 40 h.p. engine of this type was 
submitted to an official test by the Air Ministry, 
War Office and Admiralty, during which it ran six 
days and nights without a stop, and was reported on 
very favourably, with marked absence of vibration 
and good exhaust. 





THE SCIENTIFIC CONTROL OF 
COMBUSTION.* 
By H. T. Ruxverossz, B.8c.(Lond.). 

THe author brings to the notice of the Institute an 
instrument for indicating COg on an entirely new principle 
and in no way resembling any of its p rs 

In the course of e 
fitted with a rubber cork through which passes one leg 
of & manometer tube containing liquid (the difference 
in level of which in the two legs indicates the difference 


in pressure between the inside and outside of the pot), | the 
material 


it was invariably found that the presence of any 


* Abstract of a paper read at the meeting of the 
Tron and Steel Institute, on Thursday, May 5. 








imenting with porous pots, | 


inside the pot capable of absorbing moisture gave a 
persistent vacuum. On investigation it was also found 





that the t of v produced depended entirely 
on the t of i e in the air. An experimental 
demonstration gives the clue to an entirely new principle 
of gas analysis. Inside such a pot is placed a paper 
cartridge containing calcium chloride, which of course 
absorbs moisture. If the cork be replaced tightly a 
slight vacuum will in due course be produced and this 
will vary with the amount of moisture in the air. There 
is thus obtained a very simple instrument which shows 
the amount of moisture in the air continuously. The 
COg epeamine consists of a porous pot inside which is 


+ 





a cartridge containing granules of soda 
ime. The lid is replaced and screwed down tightly. 
The whole unit is then placed inside a testing-box, into 
which can be put varying quantities of carbon dioxide 
from the gas cylinder, and the tube coupled up in con- 
nection with the inside of the pot to the manometer. 
After mixing the gas in the chamber a vacuum is ually 
formed. A certain definite height of liquid will be given 
for definite percentages of CO2, and the accuracy of the 
measurement of CO, by this appliance even in a crude 
form is within } per cent. To utilise this simple experi- 
ment for practical purposes all that is is to 
aspirate continuously a sample of flue gas to the ber 
containing the porous pot, which automatically measures 
and indicates at any instant the percentage of CO: 
surrounding it. The quickness or responsiveness of the 
indication depends solely on the — of the pot, 
which can be varied indefinitely. This phenomenon of 
obtaining a vacuum in a porous pot containing a suitable 


absorbent when enveloped by an containing 
a gas which is being abso » and fact that the 
amount of such vacuum solely on the percentage 


of absorbable gas surrounding the pot, aro entirely new, 
By the adoption of this principle many lines of research 





where analysis is of importance are opened out, 
altho: it is only with the question of indicating CO: 
that this paper deals, As an inst of the delicacy with 


which it is possible to work, the author has seen an 
instrument working on this principle indicating the 
percentage of CO? in ordinary air, that is about 0-04 per 
cent., and he foresees the time when such an instrument 
will be hung on the walls of theatres, music-halls, schools, 
hospitals, factories, &c., giving a direct indication of 
the vitiated atmosphere, the criterion for which is the 
amount of COp. uid 
Fig. 1 shows ee intionten, designed <a — 4 
percentage o continuously to stoker. 
range between 9 cent. to 14 cent. is marked in 
red to indicate where the level of the liquid should be 
kept. Some 1,500 of these instruments have recently 





been supplied to leading firms in this country, the States 
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and on the Continent. Many | 

have installed them on ey boi , 
system of ensuring continual efficiency from each unit. 
A high CO: content in the flue gases invariably signifies 


generating stations 


Fig./ 
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Fig.2 ASPIRATOR 
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‘ R, Absorbent. 


P, Porous Pot. Pi, Plug. G, Gauge 
Tube. F, Filter. Fy, Detector Tube Funnel. L, Lid. 

E, “> 7, Inlet Detector Tube. B, Gas Flow Detec- 

tor. 8, Aspirator. X, Return Pipe to Fan Race. 
a highly efficient furnace with a high temperature and 
less smoke. A low CO, content indicates excess air 
yessing through the furnace unconsumed, badly distri- 

uted fuel on the fire grate, thin fires or leaky brick- 

work. With attention to these defects the percentage 
of CO: can be greatly increased. 

The course of the flow of gas through the instrument 
is shown in the diagram (Fig. 1). An aspirator 8, 
worked by the natural draught which it increases, is 
fixed at a point as near the chimney base as possible, 
and continually aspirates gases from the flue it is desired 
to keep under observation. The path of gases is shown 
by arrows. They are first drawn through a filter F, 
and pass thence into the chamber containing the porous 
pot P, inside which is the dry reagent R. The flow 
of gas is shown by continual bubbling through water 
in vessel B. A pipe connects the chamber with a vessel 
eontaining water, into which dips one end of another 
pipe G, the other end of which is taken to the inside of 
the porous pot. As soon as absorption commences a 
vacuum is produced and the percentage of CO: is read 
direct from the gauge. The exact methods of installing 
these indicators are shown in Figs. 3 and 3a, from which 
it will be observed that all piping is gravitated in order 
to prevent water-locks due to conden vapour, Auto- 
matic water-traps are provided both at the main filter 
and at the instrument for collecting the moisture in 
the pipe. The cartridge of absorbent should be re- 
newed every 24 hours. 

Control of Producer Furnaces.—There is a very impor- 
tant field for such an instrument in furnaces where the 
products consist chiefly of hydrogen, carbon monoxide, 
with a little COs, and to which this new principle of 
gas analysis can be applied. The instrument previously 
described would not work accurately on producer-gas, 
owing to the presence of hydrogen. Almost everyone 
knows that hydrogen is a very light gas, and that its 
molecules are able to pass through a porous wall quicker 
than air; hence the offect of sending producer-gas 
through the instrument described is to cause com- 
paratively large pressures in the porous pot, hopelessly 
affecting the indications of COs. his diffusion pressure 
can easily be overcome by the method about to be 
described, One porous pot is taken containing an 
absorbent cartridge and another similar pot is provided 
with a dummy cartridge with no absorbent. If hydrogen 
be passed through, diffusion pressures are set up in 
both pots, but if these pressures be made to oppose 
one another, the effect of the hydrogen can be entirely 
neutralised, and the difference in reading on the mano- 
meter tube becomes proportional to the percentage of 
CO, in the mixture. The diagram (Fig. 4) shows the 
course of gas through the instrument. 

This second instrument is known as the W.R. 
producer or water gas CO: indicator. It has been 
thoroughly tested on a Crossley ammonia recovery 
gas plant at the works of Messrs. Crossley Brothers, 
and the results obtained show the remarkable accu- 
racy of the appliance, as compared with chemical 
analysis. 

The usefulness of such an appliance as this on a pro- 
ducer need hardly be emphasised. Its use will enable 
the highest continuous efficiency to be obtained. Instead 
of working in the dark or even by the results of a few 
casual snap tests, there is a continuous indication of 
efficiency at any instant. It has been truly said that 
there is bably no factor of more importance to the 
successful working of Siemens or other gas-fired furnaces 
than the economical production of good gas, and a great 
deal of attention has been given to this by steelworks 
management. With the assistance of the W.R. indicator 
the highest quality of gas can be ensured and the pro- 
ducer brought under direct scientific control. 

Control of Water-Gas Plants.—Although water-gas 
cannot claim in the iron and steel trade the importance 
of producer-gas, still, owing to its high calorific intensity, 


, the only possible |; 


it becomes more extensively used each year for purposes 
where high temperature is the first essential, such as in 
welding processes. Its chief use is, of course, in gas 
works, where, after carburation, it is mixed with the 


tions i 


a and made so sensitive as to show varia- 


COQ2 in a water-gas plant, almost second by 
When: this is accomplished, water-gas plants 
be run on truly scientific lines, based on the CO, 
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Fig. Ja THE W.R COMBUSTION INDICATOR AS APPLIED TOA BABCOCK BOILER. 
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ordinary coal-gas from the retorts. The distinction 
between ordinary producer-gas and water-gas is that 
in the former a mixture of air and steam is passed con- 
tinuously through the fuel bed in such proportions as 
will maintain its temperature conditions as nearly constant 
as possible, so that a gas of uniform composition is 
continuously generated. In the latter the two gasifying 
agents (i.e. air and steam) are admitted alternately 
each for a definite period, and the products of the action 
of each are kept separate. In both cases gasification 
is complete, in one case uniformly, and in the other 
with alternating reactions. During the blow period, 
the percentage of COg starts at a certain figure, depending 
on the temperature of the furnace. The CO being then 
at its maximum, as the temperature rises, the CO»: 
increases until a certain maximum is obtained, and the 
CO is then at a minimum. As regards the run period, 
the COg at the commencement is very small, but rapidly 
increases as the temperature of the furnace falls due to 
the endothermic reaction with the steam. Thus, at 
any instant, the percentage of CQ: is a direct criterion 
of the stage the reaction, either in the run or blow 
period, has reached. To work a water-gas plant on 
truly scientific lines, the only possible way is to work 
to the CO2 content in the gases. Assuming a means 
can be devised which will enable the CO», to be ascer- 
tained ti ly, and with a few seconds only of 
time lag in the indication, it would be possible to have 
the plant brought under direct scientific control. The 
CO: indicator shown in Fig. 4, would not be nearly 
sensitive enough for this purpose. Its indication would 
only give the average value of the CO: in the gases from 
the run period, an indication which is, of course, valuable. 
Sufficient work has now been done on highly sensitive 
porous pots to convince the author that it is only a ques- 








tion time and experiment before an instrument 





content at any instant in the gases, and consequently 
on knowledge, at a glance, of the exact stage of the 
reactions. 





Boron AND Boron Nrirripe.—On account of its 
close relation to carbon and silicon boron is interesting 
to the metallurgist. It is very difficult to prepare in 
the pure state, and that applies also to the boron nitride 
which Podszus found to be an excellent electric insulator, 
but likewise very difficult to prepare as well as to handle. 
In the laboratory of the Sensual Electric Company, 
Weintraub isolated boron by the decomposition of boron 
chloride ; this was so far the best process known, but was 
suitable only for working on a very small scale. The 
processes described by Friedrich Meyer and R. Zappner 
in the Berichte der Deutschen Chemischen Gesellschaft 
of March 3, are more convenient, but are also hardly suit- 
able, we believe, for preparing large quantities. To 
produce boron they pass the electric are through the 
vapours of boron bromide, prepared from crude boron ; the 
flame-are electrodes are two stout copper wires, sheathed 
with glass and mounted at an angle of 120 deg. in a 
bulb, the lower extension of which contains the boron 
bromide. The boron is deposited on the inner glass wall 
of the bulb as an intense black powder which, exposed 
to the atmosphere, turns brown under partial oxidation ; 
fused in a vacuum the boron sinters into a hard crystalline 
mass. The boron nitride is madegby distilling the boron 
bromide vapours into a long tube of silica which is 
charged with ammonia, wound with a nichrome coil 
and heated for 6 hours, finally to 1,000 deg. C.; glass 
would not do, as it would be attacked by the fot vapours. 
The nitride is a whitish powder. 





Instirvte orf Martine Encineers.—The annual 
report of this Institute for the session 1920-21, states 
that on January 31 it completed the thirty-second 
rer of its operations, and during the past year these 

ad been well maintained. The membership roll had 
been considerably increased. The student uates 
appeared for the first time, and this addition to the roll 
was welcome, especially as a section had established a 
branch in Aberdeen. he resolution remitted from the 
last annual meeting to increase the entrance fees and sub- 
seriptions by 50 per cent. was duly ratified, and was now 
in force. The total membership at the close of the 
financial year was 2,376. The report recorded the 
awards of the Denn Id medal, of the Lloyd’s Register 
scholarships, and added that the Committeee of Lloyd’s 

had kindly added a third scholarship for com- 
petition in June or , 1921. The Advisory Committee 
to the Board of Trade had dealt with several recom- 
mendations and considerations in connection with the 
Merchant Shipping Acts and Safety of Life at Sea. 
The British Marine ineering Design and Construction 
Committee had carried out important work during the 
year in connection with boilers, shafting and other details. 
The Research Committee, Institute of Metals, had also 
done valuable work, as evidenced by the which 
had been issued from time to time. The thanks of the 
Institute were tendered to Lord Weir, the retiring 
president, for his kindness in remaining in office during 


a@ second His interest in the various sections 





year. deep 4 
of the work of the Institute had been greatly appreciated. 
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SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTIOCE.* 
By K. Baumann. 
(Continued from page 535.) 
Part IV. 

Tas Maxtmmom Output oF TURBINES AT A GIVEN SPEED. 

(1) Leaving losses. 

(2) The specific speed of turbo machines. 

(3) Exhaust losses. 

(4) Combined leaving and exhaust losses. 

(5) Review of different types of exhaust designs. 

(6) Overall dimension and weights of some large 
turbo sets. 

(7) The law of similarity applied to steam turbines ; 
1,500 r.p.m. versus 3,000 r.p.m. turbines. 

Dimensions, weights, costs, efficiency. 


(1) Leaving Losses.—The most important of the outlet 
losses are the leaving losses. Leaving losses depend 
directly on the leaving area (A;) of the last row of 
moving blades, which is given by the following formula 
(see Fig. 26) :— 


Ar =TtrDh . ° P . a 


mean diameter of blades, 
useful length of last blades, 


D 
h 
T thickness coefficient = 0-95. 


wud 


In actual practice the variation of r will be negligible, 
and it is therefore es to make all comparisons 
in this paper on the basis of the blade area 


A=rDh. ° ° - (2) 


It has been pee to decrease the leaving losses 
by adding to the last row of moving blades a diffuser 
which converts the leaving velocity into pressure energy. 
The increase in output which can be obtained by adding 


where o) = stress in the blade root 
p = the specific mass of material (for steel 
8 x 10~%g om sec.2 or 7-35 x 10-4 Ib. 
in.4 sec.2), : 
’ = mean ipheral velocit 
h = blade height a 
w = radians per second. 
D = mean diameter of disc. 
As the blade area A = x Dh we get 
awliaw. . ss «> 
2a 


and for 
1,500 r.p.m. op = Pe tons per sq. in. = a « (5) 


Dh : A 
3,000 r.p.m. 2B w= 60 . = com © 6 
r.p.m. os ms per sq. in. iss (6) 


(op in tons os square inch D and h in inches, A in sq. ft.). 

It will seen that these stresses do not depend 
upon the mean diameter but upon the blade area only. 
For a given stress the blade area varies inversely as 
the square of the revolutions per minute and for a given 
revolutions per minute the blade area is proportional to 
the stress. 

The blade area can be increased without increasing 
the stresses by providing blades, the cross-sectional area 
of which increases towards the root. The maximum 
increase is obtained by tapering the blade towards the 
root in such a way that the stress in the tapered portion 
is constant. The increase thus possible is given by 
the following formula :— 


AA = Alog ‘ . - (7 
and the total blade area is 
Arm A +AA=A(1 + log), . 8) 


where A = maximum possible blade area for uniform 
blade section for a given stress 


Ai = maximum possible blade area for taper 
section for the same stress 
f = cross-sectional area of blade at parallel 


portion 
fi = cross-sectional area of blade at root. 





Fig.26. 





oe 
“€ 


Thickness coefficient 7- a 





Fig. 26. Last WHEEL oF A TURBINE. 


a diffuser to a given area of moving blades is relatively 
small, because if a diffuser effect is obtained, the abso- 
lute steam pressure in front of the diffuser is less than 
the pressure in the exhaust and, consequently, the 
steam volume in front of the diffuser is larger than 
that in the turbine exhaust. For this reason, increasing 
the steam velocity through the last row of moving 
blades increases the weight of steam to a small extent 
only, particularly for a high vacuum. This is clear 
from the ge | example: For a very high vacuum, 
say 0-75 in. absolute pressure in the turbine exhaust, 
it is usual to accept leaving velocities of 800 ft. per second. 
Increasing the velocity through the last row of moving 
blades to 1,200 ft. per second and reconverting it in 
a diffuser would produce a pressure in front of the 
diffuser of 0-55 in. absolute, causing an increase in 
specific volume of 26 per cent. The increase in steam 
weight is, therefore, only 


1-50 _ 
1-36 


with an increase of 50 per cent. in the leaving velocity 
at the last row of moving blades. 

As the efficiency of ‘the diffuser is less than unity 
the increase in specific volume would not be quite as 
large as 36 per cent., but on the other hand the pressure 
in front of the diffuser and the consequent additional 
heat drop will be smaller and the increase in steam 
weight for a given leaving loss will be even smaller 
than that calculated above. It is evident, therefore, 
that the improvement obtainable with exhaust diffusers 
is very problematical, and the only effective method of 
reducing the leaving losses is to provide additional 
blade area for the last row of moving blades. 

The blade area is limited by the stresses at the blade 
root, which for a blade of uniform cross-sectional area 
are given by the following formula :— 


oo Qu. wt S = $ret Dh we err ioe ani ID 


1 = 10 per cent. 


* Paper read before the Institution of Electrical 
Engineers, April 7, 1921. 


msequently also : 
but this influence is not material within a fairly wihds 
range, as is shown by curve B. 

As the stresses are dependent upon the blade area 
only, and not on the t of the blades relative to 
the mean diameter, the area permissible for a 

iven stress may be obtained either with a large moan 

iameter and a relatively short blade, or with a small 
mean diameter and a long blade. In the first case, 
the disc becomes relatively large and thin, and the 
danger of — ar te be = , with me — 
quent possibility o' of disc or b . By 
adopting long blades, discs of small diameter can be 
obtained ; such discs can easily be made sufficiently 
rigid to prevent vibration and, if the support of the 
blade is rigid, the possibility of blade vibration is greatly 


Fg.27 








enn’ 


Fic. 264. Inorease IN Buape Leavine-AREA 
AS A Function or THE INCREASE IN CnrOSS- 
SEecTIONAL AREA. 


Fig. 26a shows the increase in the blade area which 
can be obtained by increasing the cross-sectional area. 
For an increase of 50 per cent. in the blade area, it is 
necessary to increase the cross-sectional area 65 per 
cent. To double the blade area, it is necessary to 
increase the cross-sectional area by 172 per cent. 

The increase in cross-sectional area can be obtained 
by increasing the thickness of the blade, commenci 
with a thickness at the tip of the blade to be fix 
mainly from considerations of strength of rivets required 
to hold the shrouding. The maximum thickness at 
the root is limited by the condition that the 
left between the blades must be such that the steam 
can without undue throttling. Referring to Fig. 
27, the width of this passage is calculated from the 
velocity diagram W an the pitch p of the blades from 
the formula :— 
@ _ ja _ axial component of relative velocity 
Pp aa relative velocity 
The thickness ¢ of the blade is obtained from :— 


P Pp wi 


Curve A shows the variation of this ratio as a function 
of the speed ratio u/co and, consequently, also as a 
oa. of the relative diameter at any point on the 

lade. 

The pitch p of the blades is proportional to the 
diameter, and is fixed by the condition that the steam 
is properly guided at the tips of the blade. The per- 
missible thickness ¢ is given by curve B, which shows 
that it is a maximum for uleg = 0-425, t.¢., for usual 
design tice at about the mean diameter. For 
usual b! heights, ¢ is practically constant, 

Blade sections C, D, and E shows the resulting theo- 
retical blade sections at various diameters for blades 
of uniform width, in thin lines. The sections which 
are ible in practice are shown in thick lines. 

ith a parallel blade the increase in the cross-sectional 
area is about 60 per cent., the consequent increase 
in leaving area is about 45 per cent., according to 








Fig. 26a. 


dag 


minimised. For these reasons a fairly large ratio h/D 
is preferable. 

he disc Y shows a wheel with blades of an A.E.G. 
turbine with h/D = 1/8-5, and disc Z shows the prac- 
tice preferred by the author with A/D = 1/3-5. As 
shown, the mean diameter is the same and the blade 
area of Z is 2-4 times that of Y. To obtain the same 
blade area it is necessary to increase the size of Y by 
55 per cent., thus obtaining the wheel Y’ shown below 
Z for the purpose of comparison. The peripheral 
of Y’ is 55 per cent. greater than in Y and, whilst the b 
stresses are the same, the disc is larger its stresses are 
increased and it is more liable to vibration. 

It is sometimes argued that the efficiency of a rela- 
tively long blade is much worse than that of a shorter 
blade. In Fig. 27, curve K shows the efficiency obtained 
in the different parts of the blade, and curve L the 
relative work done per inch length of blade, from which 
the mean efficiencies for various blade heights: have been 
calculated. These are: for 


= gop’ 7 (mean) = 72-5 per cent. (shown by M) 


a ” (mean) = 71-5 per cent. (shown by N) 


ie 7 (mean) = 70-5 per cent. (shown by O) 


as oe 7 (mean) = 69 per cent. (shown by P) 

loss in efficiency resulting from the use of long 
is therefore very small, the difference between 
tho rotors shown being only 2 per cent., and, considering 
that only the last few rows are aftected, it is certainly 
not worth while the additional risks connected 
with large discs, which for reasons of costs are not usually 
made of sufficient strength eo seers dangerous 
vibration. In any case, this slight difference in efficiency 
can be compensated for by providing a slightly larger 


leaving area. 
To obtain the hi ibly efficiency with long 


uF ois O1> 
ll 


Fe 


possi 
blades it is des to vi the inlet angle of the 








additional cost involved 


blade slightly, and there is li 
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in ing this, To prevent the vibration of long | capacities (see item 13, col. 14), The difficulties. which | 5-8 of Table 17) does not materially affect the position. 
b it is good practice to ide intermediate lugs, | are e: i in ion with these American | as it is very risky to take full advantage of such r- 
which form a complete cirele when the blades are | machines, however, fully justify the more conservative | ties, having in mind that such higher properties are 
assembled. dead 


The principal difficulty in connection with relatively 
1 blades is the fixing of the blade on the dise. This 
is real limiting factor, owing to the fact that the 
root of the blade becomes relatively thin. With a 


policy which has been made possible by the use of 
the multi-exhaust principle. 

The fact that in the American machines steel of 
higher physical qualities may have been used, as would 
appear from the information published (see items 


y accompanied by incre 


ment by quenchi 
obtain an elastic limit (limit of 
24-5 tons per square inch is very 


TABLE XVI.—PARTICULARS OF LAST ROW OF MOVING BLADES. 


generall brittleness which 
may actually result in decreased safety. Heat treat- 
turbine dises of 8 ft. diameter to 
roportionality) of 
oubtful procedure, 













































































































































































; } | 
1 2 3 | 4 | 5 | 6 | 7 8 | 9 10 | 11 12 | 13 | 14 | 15 16 | 164 17 | 18 19 
| 1 
g Stress in Blade Particulars of | | Particulars of 
< Root. Blade. Discs. 
a ' 
A ae | Mean Useful | Ratio, Mean Tip Leaving 
“a | $e Manu- | R.P.M.| Dia- | Length| D Peri- | Peri- | Area, Actual ee iy | 
& g S Reference and Date. facturer. meter, of uy heral pen 7 = 1-0| Parallel} Blade, | Axial | Axial a a Outside | Max. 
2 ~ D Blade, peed. peed. A e, | Actual |Width of Width of | Thick- | Disc |Stress at 
m | me Centri- | Stress | Blade | Bl ness at |Diameter| Bore at 
= | fugal | C.F. + | Section | Section Boss. Dg Normal 
ae | Stress. | Bending} at Tip. jat Root. Speed. 
j | | tons per | tons per | . f | ' tons per 
in. in. ft./sec. | ft./sec. | sq. ft. sq. sq.in. | in. in. } in. in. 8q. in. 
1 10/1 | Chicago, 1917 W.E 1,200 18 5-45 514 608 (2 x 38-4) 4-5 _ j;— —_— ;— ~ jo— 
North-West 
2 11/1 | Narragansett 1917 W.E 1,200 98 18 5-45 514 608 |2 x 38-4) 4-55 -- _- = — i— Ji 
3 13/1 | Interbor 1918 W.E 1,500 87 15 5-80 570 668 (2 x 28-5) 5-26 _ _ _— _ — — ; o— 
4 19/1 | Muscle Shoals 1919 W.E 1,200 98 18 5°45 514 608 (2 x 38:4) 4°55 _— _ -- — — — -— 
5 12/1 | Detroit Edison 1918 G.E 1,200 140 34* 4-12 734 912 104 12-3 -- —_— - - — - 
6t _ Boston Electrical G.E 1,500 117 28 4°18 7 950 71-4 13-2 _ _ | - - — | — 
Review | | } 
rye ag | | | | } 
73} 15/1 | Ch 191 G.E. | 1,500 120 28 4°28 787 970 73-3 13-6 j= | — | — - _ ;— -— 
North-West | | | 
8¢ | 16/1 | Ch ‘0, 1918 G.E. | 1,800 100 24 4-16 | 787 975 62-3 40 =) — | — jo— -- - — | 
Fisk-street 
3) — . A.LE.E,| Nov., 1919} G.E. | 1,800 88 22 4-00 693 865 42-3 | 11-3 — — | — _ a) - 
10 _ Proc. A.I.E.E.| Nov., 1919| G.E. 3,600 61 Ot 5-60 803 946 10-2 10-8 — —_—- |j— _— — —- |j;— 
ll 18/1 | Cologne 1919 A.E.G. | 1,000 134 20 6-70 585 674 58-5 4:8 _ —- | — —_—_ | — j— | _— 
12 | 11/2 | Author 1917 M.V. | 3,000 54 9} 5-68 708 832 11-2 8-27 6-6 a4 2-08 1% | 43% | 10-0 
13 21/1 | Author 1919 M.V. 1,500 84 24 3-50 550 708 44-0 8-12 6-5 2 2 1-86 5 | PH 7°43 
14 | 22/2 | Author 1921 M.V. | 3,000 42 12 3-50 550 708 11-0 8-12 8-14 | ly 1y; 1-72 243 28 9-65 
* Has been reduced to 28 in. owing to vibration trouble. + Turbine wrecked due to deflection of 17th dia; . t Difficulties due to disc and blade vibration. 
§ Proposed dimensions to supersede dimensions given under item 8. 
TABLE XVII.—MATERIAL SPECIFICATION, STRESSES AND FACTORS OF SAFETY. 
j : 
1 2 3 : 4 5 6 7 8 9 10 11 } 12 13 | 14 15 16 17 18 
2 | | | | | 
| 
Material Specification. |  Overspeed. | Stress, | Factor of gw wt a neues Speed 
| 
| | 3. | | 
Reference | & 5. | | 
Item to Reference and Date. Manu- Stressed. | 7z be = BS | "4 o 
No. | Tables I facturer. Part. | & = » > © 3 3 S ei. 
and II. Kind. Ts. | yp. | & s ef. |ese.| Be. | T.S yp. | & aa 
| Be | & | B88 |HE88| 782 | 5. | | Ba | Sp 
ee | =F | ges |EECE| BSE | =} | | 8 | gs 
ad -_ — = > 
| &r Ps S35 Boaaz| Sz | 25 | aa =é 
“een a ee : es | | | | 
| tons ™ tons per by ag ons per 
| sq. In. | sq. in. 8q. in. |per cent.|per cent.|per cent./per cent.) sq. in. | 
1 23/1 Author .. M.-V. Disc Nickel steel 40-0 20-0 16-0 18 32 SC 10 20 7°85 5-1 2-55 2-04 3-82 
3 | 23/1 Author .. M.-V. Blades 5 +I 40-0 30-0 20-0 25 60-70 | 10 20 6-5 6-15 | 4°62 | 3-08 5-38 
n stee! } 
8 | 18/2 Author .. M.-V. Dise me 40-0 | 20-0 16-0 ie'”| “36 | 0 | 20 | 7-83 5-1 | 2-55 | 2-06 3-82 
eq - nickel steel ic al | } Yo a 
4 | 18/2 | Author .. M.-V. Blades 5 per cent. 40-0 30-0 20-0 25 60-70 | 10 20 8-14 | 4-9 3°68 2-46 4-29 
| nickel steel } 
5 _ Proc. A.E.LE., Nov., W.E. Turbine 0-25 cast 29-31 13-4 9-8/il 15-18 20-25 | 10 | 20 6-2 | 4°68 | 2:17 | 1°58 3°45 
1919, page 1247 rotor steel | } 
6 - Proce. A.1.E.E., Nov., W.E. Blades 5 per cent.* 29-0 20:0 | 15°6 30 60 10 } 20 7-75 | 8-74 | 2-58 | 2-01 3-16 
1019, page 134 nickel steel | | | 
7H - Proc., A.I.E.E., Nov., G.E. Dise 3 per cent.t - _- 24-5 —_ al has 20 _ — —- j — _ 
1919, page 1227 nickel steel 
8 | -- Proc. A.I.E.E., Nov., G.E. Blades —_ —_ bf — _— —_— _—- | — ct ax —- | — | — — 
1919, page 1227 “ } } } } 
" - * oo A.E.G. Dise — 44-5 31-7 _— 18 oT Ee Mae 9-75 466 | 3:36} = 3-91 
von } 
13]  — Dampfturbinen und }| A.E.G. | Blades | 5 per cent. | 36-8 | 29-2 — 20 ee ee 9°5 3-87 | 3-08 | — 3-47 
ynamos,” nickel steel 
11§ _ by O. Lasche. A.E.G. Blades 5 per cent. 36-8 29-2 — 20 - —_ — | 11-4 3-22 2-56 | — 2-89 
} Publisher. nickel steel | | 
J. Springer, Berlin | | | 
| | | ! 
* Less than 0°08 carbon. t Quenched and tem . ~ Tensile stress at root of blade. § Tensile stress at T-portion of blade. 
po! 
root of the kind shown in disc Z, however, the stress . } and it is not safe to assume that the treated discs will 
Fig.7h. A 
can be kept below that at the root of the blade itself. Aa. 


In calculating the stresses in long blades it is neces- 
sary to consider the bending stresses at the root due 
to the action of the steam, and to keep this stress within 
reasonable limits (say, 20 cent. of the centrifugal 
t ) it is ry to increase the axial width of 
the blade either over the whole length or at least towards 
the root. In eral, the axial width of the blade at 
the root should not be less than one-twelfth of the 
length of the blade. 

It is interesting to compare the practice of various 
manufacturers as shown in Table XVI. In the G.E. 
turbine (35,000 kw., 1,500 r.p.m., item 7) installed at 
the North-West Station in Chicago. the blade area of 
the last row of blades is 73-3 sq. {t., from which the 
stress in a blade of uniform cross-sectional area can 
be calculated from formula (5). 

73-3 

= — 

5-4 
The bending stress in this blade would increase this 
stress by at least 20 per cent. but, owing to the increase 
im cross-sectional area possible with this e, 





= 13-6 tons per sq. in, 


the stress would be reduced in the ratio of 1-45 to 1-0, 
therefore about 11-3 tons 


and the resulting stress is 


square inch as com: with 6°5 tons 





inch obtained in multi-exhaust turbines of 


square 
a. similar 





mr 


Fig. 28. Devetopmenr or WATER-TURBINE 


RuNNERS. 





be free from internal shri stresses. 

These contentions are fully supported by the papers 
presented at the 355th Meeting of the American Insti- 
tute of Electrical Engineers, November 14, 1919, by 
representatives of the manufacturers of large turbo 
sets, and by the remarks made during the discussion.* 

These papers deal with speed limits and the ver 
of large single-shaft turbines and alternators, and give 
the results of the latest experience in connection with 
large units. They constitute a most important addition 
to the literature on steam turbine practice, and a good 
deal of the information given there has been embodied 
in the tables and di given in this paper. 

In the paper dealing with the practice of the General 
Electric Company, it is interesting to note that the 
largest turbines running at 1,800 r.p.m. are now being 


* J. F. Johnson: “ Present Limits of Speed and Power 
of Single-shaft Steam Turbines,” i of the 
American Institute of Electrical Enginers, 1919, vol. 
xxxviii, page 1515. 

E. Berg: “Present Limits of Speed 
Single-shaft Curtis Steam Turbines,” ébid., 

F. D. Newbury: “Present Limits of 8S 
Output of Single-shaft Turbo-generators,” 4 
1537 





and Power of 
1527. 

and 

id., page 





Discussions on all three papers, ibid., page 1547. 
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built for an economical capacity of 21,000 kw. at 284 in. 
vacuum, the mean diameter of the last wheel being 
88 in., and the blade height being 22 in. A great number 
of turbines had been built with a mean diameter of 
100 in., and a blade height of 24 in., the economical rating 
being 22,500 kw. for a vacuum of 29 in, (see items 8 
and 9 of Table XVI). 

The blade area in the latest type is 42-3 sq. ft., whereas 
the older type had a blade area of 52-3 sq. ft.; the 
economical capacity is decreased by approximately 
20 per cent. but the machine is safer, as the stresses 
will be reduced in proportion. 

It is obvious that a reduction in the economical 
capacity of a unit would not have been introduced 
unless it had been rendered advisable by the experience 
gained in connection with the larger unit. 


(2) Srectric Srrep or TurBoO MacuINEs. 


The problem of passing a maximum quantity of 
working fluid through a rotor of minimum dimensions 





where » is given in revolutions per minute, 
Q is given in cubic metros per second, 
and H is given in metres, 


=—132NV2 
or My = 130 ne 
where n is given in revolutions per minute, 
Q is given in cubic feet per second, 
and H is given in feet, ve 


or % = % ——_~_ 
14-9 H»/4 


where n is given in revolutions per minute, 
Q is given in gallons per minute, 
and H is given in feet. 


As the specific speed n, is a function of the relations 
between the dimensions, water velocities and peripheral 
speeds, but is independent of the actual size and actual 
velocities, it is evident that an expression can be ob- 


. . (30) 


(3e) 


ee ee ee a 
for given conditions, i.e., for a given ; 
It is clear that the speed of a machine can be 
increased 


(1) By a This ratio, however, deter- 
mines principally the efficiency of the machine, and to 
increase it d certain limits may cause a con- 
siderable falling off in the efficiency. 

(2) By increasing c»/co, which factor largely deter- 
mines the leaving losses and thus also affects; the 
efficiency. 

(3) By increasing 4/D, which is limited mainly by 
the flow thi the runner. 

By means of this formula (7), it is ible to compare 
runners of all types of turbo machines on a rational 
basis. Such a comparison is given in Table XVIII 





for water turbines, pumps, blowers, compressors and 


TABLE XVIII.—COMPARISON OF DIFFERENT TYPES OF TURBO-MACHINES. . 




























































































| | | | | | | 
1 2 3 4 5 e fT a s | 9 | 10 | nu | 12 | 13 | 4 | 1 | 16 
j Operation Characteristics. | Design Characteristics. 
| Pe. ne | | Specific | | 
Item Customer. Year Manufacturer. Type of Machine. Total Head| Power | Speed, 
No. | Installed | Volume, | for One | for One| Speed, Effi- ns h | u em tm Rateau 
| s — ! on - | —-_ = 
| Q | Stage, | Stage, n Ser. | Bo} | to ~ vacme, 
| | | 
| | Water turbines— m.3/sec. m. b.h.p. | r.p.m. |per cent. | 
1* | Chute de l’Anse --| 1915 | E. W. Cle A. Horizontal double 2°5 140 3,990 600 85-5 | 52-5 | 0-073 0-659 0-086 0-138 | 0-119 
spiral enclosed | 
2* Yentavon, Hautes | 1910 P. P. Cie B. Horizontal double 12-0 50 6,875 300 86-0 | 123-5 | 0-118 0-705 0-26 0-367 0-545 
Alpes. | 7 7 iral enclosed v gee 
3 Massboden .. ..| 1916 P. P. Cie Cc. —— sapenee 7°9 43-2 4,100 500 | 90-0 | 187-0 | 0-241 0-746 0:26 0-349 1-06 
} sp enclose | | | 
4* | Isarwerk as al 1905 | E. W. Cie D. Horizontal double | 18-75 11-6 | 2,500 150 | 86-0 | 230-0 | 0-337 0-82 0-235 0-287 1-220 
| open | | | 
5* | Cedar Rapids --| 1916 Morris E. Vertical single en- | 100 9-15 |10,900 | 55-6 | 89-5 336 0-55 0-80 0-32 0-40 2-76 
| | closed | } | 
6* | te bi a --| 1915 E. W. Cie 2 — single open | d 5 | 1-0 | dts | 2 82:0 | 436 0-39 0-85 0-672 0-79 So 
7+ | Propo: (1918) — —_ . Zuppinger .. aol 1 10 ed 2 78-0 878 0-44 1-55 0-732 0-47 *60 
8t | Gramat Neusiedl. ..| 1919 I. Storek G. Kaplan ve ++] 1-2 | 2-18 27-2 | 460 78-0 | 885 0-687 1-245 0-736 0-50 5-080 
ee Water pampe— \gall. prmin| *. i } 
93 | Anglo- Persian Oil 1920 Mather and Platt High lift .. ee oat) DA « F 420 | 206 2,000 74-0 50-2 0-0667| 0-875 0-0492; 00-0562) 0-047 
| Co., Ltd. a } | | 
10§ | — - _— Oil 1920 Mather and Platt Medium lift = .-| 3,800 230 324 1,475 82-0 103-5 0-090 1-042 0-110 0-1052| 0-1190 
} ‘o., Ltd. | | | 
ig | Shanghai Municipal 1921 Mather and Platt Low lift .. oe --| 18,000 | 54 355 490 83-0 | 221 0-251 1-135 | 0-151 0-133 | 0-420 
| Council | } 
12§ | S. Bullock and Co., 1921 Mather and Platt Low lift .. 2,200 35 | «429-2 1,250 80-0 274 0-268 1-265 0-1755| 10-1385) 0-467 
 & Ba Flags eae 
13 Penalta es --| 1911 Metro.-Vickers ..| Lowlift (turbine driven) | 5,500 | 50 =| 166-5 2,500 50-0 660 0-328 1-5 0-597 0-397 0-82 
| ft.3/mec. | ft. Isoth. 
14 | New Hucknall --| 1912 Metro.-Vickers ..| Compressor ; 12 3,150 89 3,940 ve 136 0-0417) 1°15 0-335 0-291 0-152 
Adiab. 
15 | Whitwell o --| 1921 Metro.-Vickers ..| Blower | 270 | 3,350 192 2,950 71°5 144 00-0607; 1-0 0-296 0-206 0-258 
16 | Metro.-Vickers --| 1920 Davidson .-| Fan | 334 545 41 1,150 62-0 242 0-474 0-765 0-212 0°-277 1-65 
oe eh 4 a. Steam turbi [m.3 | 6,800 ie ? 
| | § m turbines— | m.3/sec. | 6, m. 
17 | Northampton ..| 1912 | Metro.-Vickers ..| Last stage i | 20-3 | 28-8 135°5 | 3,000 77-0 | 69-0 | 0-112] 0-458] 0-201 | 0-437 | 0-615 
| B.Th.U. 
9,400 m. 
i8 | Sydney os -+| 1921 Metro.-Vickers . Last stage } 114-5 39-6 588 3,000 73°35 107-0 0-286 0-392 0-261 0-665 2-30 
| a. 
| 11, m. | 
19 Standard practice ..| 1920 Metro.-Vickers ..| Last stage | 308 | a Tau 752 | 2,400 | 74:0 117-0 0-272 0-414 0-296 0-715 2-44 
| fan | atte || | | 
* These particulars have been kindly supplied by Mr. Eric M. Bergstrom, who dealt with this subject in his paper on “ Recent Advances in Utilisation of Water Power’ before the I.M.E. on 
7 
January 23, 1920. Schi if December 25: Z 


§ This information has been kindly supp 


is by no means confined to a steam turbine. Exactly 
the same problem applies to all types of turbo machines, 
such as water turbines, centrifugal pumps, blowers 
fans, &c. The tendency in all these machines is that 
@ given volume should be passed through a rotor of 
minimum size so as to enable the machine to be run 
at the highest possible . This not only decreases 
the cost of the machine itself but also that of the driven 
generator or the motor driving it. 

It has become standard practice in water turbines 
to compare rotors on the basis of their capacity for 
dealing with water at a given head and , or in 
other words, their capacity for producing power by 
means of what has been termed “the specific speed ” 
which is represented by : 


et ee 
Hos 
where n = actual r.p.m. for a given brake horse-power 
N and head H in metric units. 
For a rotor of given proportions and given relations 
between water velocities and peripheral speeds, the 


specific speed is independent of the actual size of the 
rotor. 


The author proposes to revert to the original practice 
by introducing into this formula the volume (Q), as 
this gives a more gational basis for comparing prime 
movers with driven machines. 


In a water turbine, the brake horse-power when Q 

and H are expressed in metric units is : 
n — 1,000 QH» 
75 
or if, to eliminate efficiency, we assume 7 = 0-75 we 
get N = 10 QH and therefore. * 
_ n/ (10 Q) 
Hs 





(2) 


Ns (3a) 





Fig.29 
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tained for n, containing the dimension, velocity and 
speed ratios. 

The volume flowing through any part of a rotor is 
proportional to the area of any circumferential cross- 
section of the passages and to the mean velocity per- 
pendicular to that area, so that 





Q=rTDhem ‘ eure AO 
and the mean peripheral speed is given by 
Dn 
= - & 
« 7 (5) 
The water velocity due to the head to be utilised is 
given by 
co= v/ (29 H) ie Reg ie 


Introducing this expression into (3) we get 


m= 1,000 =, /(. 5) i ion 


This formula contains the simple relati betwee 


1, 1917, . . 
lied by MrT. Y. Sherwell, of Mesars. Mather and biatt: 


eit. f. d. g. Turbinenwesen, July 10, 1920, page 129. 


steam turbines. This list also contains the ratio 3 
introduced by Professor Rateau. This ratio is also 
based on the volume Q which an impeller of given 
dimensions can deal with, and as this volume is propor- 
tional to the peripheral speed and the square of the 
radius (4 D) we get : 


Q=3u(Z) ow \entine 
and thus ond. & (9) 
or as Q=tmarDh . > . (10) 
we get: d=40 (=) (5) . . . (11)* 


It is interesting to find that the development which 
has taken place in the design d recent years cor- 
responds to the development w has occurred in 
connection with steam turbines, This similarity of 
development is icularly noticeable in the case of 
water turbines igned for low heads, and is clearly 
illustrated in Fig. 28 and summarised in Table XVIII. 

In the case of the steam turbine the designer has the 
advantage over the water-turbine designer of being 
able to choose the head, i.c., the heat drop for the last 


— 
or & given specific speed the volume which can be 
dealt with by,the runner is given by : 


= (0 ’()'= (53) x a/er a 

$ (a) n 9°55 (u/eo)5 oy 

i.e., the volume is proportional to the third power of 

the steam velocity; or, for a ftw ratio u/c, it is 

proportional to the third power of the peri > 
In this case, however, the leaving velocity is increased 

in direct proportion to the peripheral speed. This will 








the specific speed and the dimension, velocity and 





* See ENGINEERING, 1920, vol. cix, page 355. 
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not affect the efficiency of the last stage, but the overall | to guide the steam from the last row of exhaust blades | ab: ly, thus causing losses which are difficult to 
efficiency of the turbine will usually be affected, because | to the exhaust port, which was ly of @ circular | cal . 


The advantages which are claimed* to be possible 
with the high peripheral speeds for the last stage are 
not, therefore, ised in actual practice. For this 
reason, the author prefers to make the comparison as 
far as steam turbines are concerned, on the basis of the 





shape. From this port the steam had to be distributed 
over the condenser surface by means of deflector plates. 
The circular exhaust port was usually kept as small as 
possible, and in addition was gavtially covered by the 
turbine cylinder, which overhung into the turbine 
exhaust. The flow of steam from the turbine to the 
condenser was thereby unduly throttled, with the 
result that in some cases a drop in absolute pressure 





In Figs. 13 and 14 turbine exhausts are shown in 
which the steam is directed by means of simple baffles 
from the last row of blades to the condenser surface 
in such a manner that the path of the steam is simple 
and short. Eddy losses are reduced to a minimum, and 
the steam is uniformly distributed over the whole con- 
denser surface. The actual losses in the turbine exhaust 
are very difficult to determine when the pressure drop is 







































































































































































































































































TABLE XIX.—DIMENSIONS AND WEIGHTS OF TURBINES. 
1 | 2 3 4 5 | 6 | 7 8 | 9 | 10 n | 122 13 | 14 | 15 | 16 | 17 | 18 
pale: ate Ane ! Al ! sshimeasl 
Economical Load Overall Dimensions. Floor Space. Exhaust Area. | Weights. 
. \ { — at 
- P i d Manuf z Speed | ls ; ls 
‘ower Station an: anufacturer. : peed. as ts | B 2 | ea 
$3 Date Installed. . 322 — 3 = | Ratio of | 5.38. 
44 Actual. |g 23 Length, | Width, | Height,| Area, | 2525 | 4 & | 05) | tote. | S825 
% Bs s | §"s L B H jtxB| S482) a | = | ay } 245s 
g | £3 s | i: | | #882) sé] a2) | See: 
= | aé 5 3 g g538 z< p< | Eoee 
Scmheodh | ae —| on “4 
kw. |in.abs.| kw. r.p.m. ft. in. ft. in. ft. in sq.ft. | sq. ft. sq. ft. | sq.ft. | | tons tons 
1 2/1 | Fisk-street 1912 | Parsons 20,000 1-0 | 20,000 750 51 4 13 0 15 7 670 | 33-5 252 95-5 0-142 280 14-0 
2 5/1 | Lots-road .. 1914 | Parsons 15,000 1-0 | 15,000 1,000 46 4 13 9 12 9 637 | 42-5 120 120 0-1885 —_ —_— 
3 6/1 | Philadelphia 1915 | G.E. .. -+| 25,000 1-5 ,400 1,200 31 6 22 0 16 0 694 34-0 | 168 114 0-164 434 21-3 
4 13/1 | Interboro’ 1918 | Westinghouse | 40,000 1-0 | 40,000 1,500 32 6 27 0 18 0 877 21-9 | 190 128 0-146 —_ — 
5 15/1 | North - =. 1918 | G.E. .. --| 25,000 1-0 | 26,000 1,500 35 4 18 4 18 0 646 | 25-8 180* 144* 0-223*| -= - 
6 23/1 | Manchester 1921 | Met.-Vickers..| 25,000 0-9 | 26,400 1,500 26 0 17 8 14 4} 460 | 17-4 176 128 0-278 | 173 6-55 
7 18/2 | Liverpool .. 1920 | Met.-Vickers..| 12,500 2-5 7,900 3,000 17 2 9 5 9 8 161 | 20-4 53°3 37-3 0-232 | 50 6-32 
* Approximate. : 7 
TABLE XX.—DIMENSIONS AND WEIGHTS OF TURBINES AND ALTERNATORS. 
| | 
1 2 3 4 5 6 7 | 8 i) 10 | 11 12 | 13 | 14 15 16 17 18 
i —| 
Turbine. Alternator. | Overall Dimensions. Floor Space. Weights. 
= | 'S 
ev Power Station and Manufacturer. | _ — : | Speed. it = 4 
a Date Installed. = = < Power | Max. | } “ee Ss. 
2 8. 4 a | ase ° Factor.; Cont. | | Length, | Width, | Height,| Area, | 52+.) Total. | “o> 
z | eo 2 eg | &</ ¢, L B H x B/ SMES 2" 
e | &3 6&3 | & EE ¢| #3 | e558 332 
— e | | nd —) 
S | aé gs | 2 | 88 | 38 | <amé | Bas 
et AD a hacen 
kw. jin.abs.| kw. kw. k.v.a. r.p.m. |’ ft. in. ft. in. ft. in. | sq. ft | sq. ft. tons tons. 
1 2/1 | Fisk-street 1912 | Parsons 20,000 | 1-0 | 20,000 | 25,000 | 1-0 25,000 750 | 76 2] 18 O| 15 7| 1,370 | 68-5 | 450° | 22-5¢ 
2 5/1 | Lots-road .. 1914 | Parsons 15,000 1-0 | 15,000 | 18,000 0-95 18,950 1,000 66 4 17 8 12 9 906 | 60-4 | — ao 
3 6/1 | Philadelphia 1915 | G.E. 25,000 1-5 | 20,400 | 35,000 1:0 35,000 1,200 63 0 21 4 15 8} 1,340 65:7 | 600 29-4 
4 7/1 | Philadelphia 1915 | G.E. .. -+| 22,500 1-5 18,350 | 30,000 1-0 30,000 ,500 59 O 20 0 15 0 1,180 64-2 | 488 26-6 
5 11/1 | Narragansett 1917 | Westinghouse | 33,000 2-0 | 23,300 | 20,000 0-95 21,000 | 1,800/1,200 46 9 37 «0 19 2 1,730 74:2 | 535t 23-0T 
6 12/1 | Detroit 1918 | G.E. .. --| 35,000 1-0 | 35,000 | 45,000 0-9 50,000 ,200 | 64 9 — —_ — - | 446 12-75 
7 18/1 | Interboro’ 1918 | Westinghouse | 40,000 1-0 | 40,000 | 20,000 1-0 20,000 1,500 |} 52 0 50 0 18 0} 2,600 | 65-0 690T 17-3t 
8 15/1 | North - bet 1918 | G.E. .. ..| 25,000 1-0 | 26, 35,000 1-0 35,000 1,500 ; 59 6 18 4 14 2] 1,091 | 43-7 _ — 
go 
9 18/1 | Cologne... 1919 | A.E.G. ..| 40,000 2-0 | 28,300 | 50,000 0-83 60,000 ,000 _ _ _ _ | 475 16-8 
10 19/1 | Muscle Shoals 1919 | Westinghouse | 50,000 1-0 | 50,000 | 20,000 0-85 23,500 | 1,800/1,200 53. «8 56 2 19 3 | 3,010 | 60-2 | 1,160t 23-2t 
11 23/1 | Manchester 1921 | Met.-Vickers..| 25,000 | 0-9 | 26,400 | 27,500 | 0-8 34,400 1,500 | 49 0| 17 8| 14 43] 865 | 32-8 | 324 12-25 
12 18/2 | Liverpool .. 1920 | Met.-Vickers..| 12,500 2-5 7,900 | 13,750 0-8 A ;000 |; 37 2 | 9 5 9 8 350 44-2 127 16-1 
* Approximate. + Exciter not included. 
TABLE XXI.—DIMENSIONS OF TURBO SETS WITH CONDENSERS. 
ry | ee —— 
1 2 3 4 5 6 7 8 | 9 | 10 ll | 12 j 13 14 15 16 | 17 18 | 19 
| | l \ ‘< | = 
Turbine. Condenser. Turbine Heights. Condenser Heights. Total Height. 
a * Be BP ao at 
8 a | ~ : Sy Ge | ge $4 |2_- 
j z Power Station and Manufacturer. $ gus S al 2§ 23 i Som #3 ets sac 
S i Date Installed. 5S § 3 == | Bottom| Top 5/5 |& SE Se& | Se 
% E E Bo< : a: etm e7 o ees.| <8. | med > ES 
e | 38 ey | é ; Sumer) Ba) Se | eee | MY | MY | cee | Ba |esss| sas | 33 | 88 
3 32 3 HE = as e bes seis e gm & $e 7 
= | 88 aS | 3 | 885 ag | 86 | 284 ESS | £8 |ES85| £5 | BE | B88 
kw. |in.abs.| kw. sq. ft. | ft. in.) ft. in. ft. in. ft. in. ft. in. ft. in. | ft. in.) ft. in. ft. in. ft. in. ft. 
5] 2/l | Fisk-street 1912 | Parsons 20,000 | 1-0 | 20,000 | 39,300} — | 15 0| 8 0| 8 0} 77) — fl4 OF — — —_ — 
2° 5/1 | Lots-road .. 1914 | Parsons 15,000 1-0 | 15,000 = vay _ 14 (0 5 6 6 9 6 0 — 14 2 4 2 6 33 5 2-23 
‘ota 
8 6/1 | Philadel 1915 | G.E. .. 25,000 1-5 | 20,400 | 50,000 |18 0 18 0 — — {= — 20 0 _ _ _ _ 
4 7/1 | Philadelphia 1915 | G.E. .. -+| 22,500 1-5 | 18,350 | 50,000 |18 0 18 0 _ _ Var Rey —_ 20 0 _ _ _— _ 
5 18/1 | Interboro’ 1918 | Westinghouse | 40,000 1-0 | 40,000 by sna —_ -- -— —_- | — —_ — — — —_ _ 
‘ot. | 
6+ | 15/1 | North- West, 1918 | G.E. .. 25,000 | 1-0 | 25,000 | 35,000 | — 18 0 _ | oa — —_ _ _ _ 
7 19/1 | Muscle Shoals 1919 | Westinghouse | 50,000 1-0 | 50,000 oy _ 18 38 — — |) = _ _ _ — _ - 
' 
8t 21/1 | Glasgow .. 1919 | Met.-Vickers..| 15,000 0-9 | 15,800 | 26,000 |11 0 18 0 3 0 7 0] 7 4 23 0/13 0 3 6 5 6 36 43) 2-3 
9 fl | Manchester 1921 | Met.-Vickers..| 25,000 0-9 | 26,400 | 40,000 [14 0 — 3.60 7 0 7 4 a 14 0 3 4 2 6 34 24) 1°3 
10 18/2 | Liverpool .. 1920 | Met.-Vickers..| 12,500 2-5 7,900 | 23,500; 9 9 16 0 20 4 0 5 8 _ 12 3 3.0 2 6%] 22 5) 2-85 
* Two condensers. t Four condensers. ? Pump below basement 
leaving velocity, and on this basis the —_ of a, of as much as 2 in. occurred between the turbine blades; small due to the exhaust being parety designed. 
turbine increases as the square of the peripheral speed | and the condenser (see Journal I.E.E., 1919, vol. Ixvii,| It is not expected that in a well 


only for a given ratio h/D. 

, (3) Exsnavust Losses. 

The exhaust losses depend not so muth on the size 
of the exhaust opening, as on the shape and arrangement 
of it with relation to the last row of blades and to the 
condenser, 

One of the main essentials in the desi 
capacities for high vacuum is the proper 
turbine exhaust. 

In 1912, the general practice was a more or less 
correctly-shaped exhaust casing without any attempt 


* E. Berg, loc. cit. 


of large 
ape of the 





page 101). Even turbines quite recently constructed 
are incorrectly designed in this respect. 

In Fig. 12, for instance, 50 per cent. of the exhaust 
port is covered by the turbine cylinder which extends 
into the turbine casing. This results in 50 per cent. 
of the total exhaust area being rendered ineffective, 
and the losses are consequently four times larger than 
with an exhaust } mer gl In Fig. 11 the 
exhaust steam is forced across the passages provided 
to take one-half of the steam from the last but one 
stage to the extreme half of the last — Thus, the 
exhaust passages are very restricted, and, in addition, 
the steam is made to change its direction of flow very 





-designed exhaust 
the drop would be more than thaj which age ra 
to the head which is necessary to produce the velocity 
at the effective exhaust opening (A,) shown in Fig. 29, 
assuming that the head due to the leaving velocity is 





also lost. On this basis the losses are given by : 
te 
29J 
L,= (a3). in metric units 
91°5 
— ($5) in English units 
224 
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where c, = velocity through exhaust opening in metres 
per second or feet per second, 
l, = loss in heat drop in calories per kilogram 


and B.Th.U. per lb. respectively. 
(4) Comsrnep LEavine anp Exuaust Losses. 
The combined leaving and exhaust losses are the 


sum of the leaving and exhaust losses and are given 
by the formula : 
Cr ca 


bat + hem (59) + (ata) = (ate) 


in metric units. 


wnt om (Sy + (Bi) = (3) 


in English units. 
¢, is the velocity which would produce the same loss 
as the exhaust and leaving losses combined. The size 
of an exhaust port requi to pass the exhaust steam 
volume at the velocity cy, gives us an equivalent exhaust 
area A,, which provides a convenient measure for 
comparing the capacity of turbine exhausts. 

This equivalent exhaust area A, is that area which 
would produce the same loss in pressure or heat drop 
as would be produced by the leaving and exhaust losses 
combined. It can be calculated from the leaving and 
exhaust areas as follows : 

J’ 


(3) =I+ (= 
Ay Ar 
For usual proportions, i¢.e., when A, = 2 Ai, we get 


Al 
= 
e, 1-12 
(5) Dirrerent Tyres or Exuavst Desicns. 

The demand for large and efficient turbines for large 
power stations, which has followed as a sequel to the 
continuous rise in the cost of coal, has brought in its 
wake the various problems connected with the develop- 
ment of an efficient exhaust end for large turbines 
working at high vacuum. 

Turbine designers have devoted considerable attention 
to these problems, and the various solutions which have 
been put forward with a view to reducing the leaving 
losses to a minimum may be summarised as follows :— 

(a) aa pero — ¢ lutions e ; te).—By 
designing a turbine for a lower speed (revolutions per 
arn. rary, Pa desired blade area can be obtained. Owing 
to the large decrease in speed usually necessary (i.e., 
from 3,000 r.p.m. to 1,590 r.p,m. or from 1,500 r.p.m. 
to 1,000 r.p.m.) this solution is very costly, since it 
increases the cost per kilowatt of turbine capacity. 
Moreover, it has an adverse effect on the turbine efficiency. 

(b) Increasing Rlade Lengths and Speeds.—This can be 
done by increasing the length of the blades and the 
mean diameter. As already pointed out, the blade area 
can be increased by increasing the blade section towards 
the root, particularly by increasing the width of the 
blade. The increase which can be obtained in this 
manner to-day is 50 per cent. greater than that which 
was obtainable in 1912. Larger increases are difficult 
to obtain unless stresses are increased at the same 
time. The factor of safety can be maintained by 
using materials possessing physical properties whic 
are superior to those which were formerly obtainable. 
There are, however, fundamental objections to intro- 
ducing special materials, particularly in connection with 
large turbines. Similar objections arise against the 
use of higher stresses by sileding the factor of safety, 
and as a result of recent experience the present tendency 
is towards lower stresses and higher factors of safety. 

(c) Double-flow Exhaust End.—By adopting the double- 
flow exhaust principle the capacity of the machine at 
@ given pre can be practically doubled. However 
in order to meet critical speed requirements, it is neces- 
sary to adopt the two-cylinder i It increases 
the cost of the turbine and the buildings out of proportion 
to the gain in economy due to leaving losses. 

The A.E.G. turbine shown in Fig. 11 is a notable 
attempt to solve the problem with a single-cylinder 
construction. This solution, however, generally entails 
a sacrifice of efficiency due to excessive exhaust losses. 
Moreover, a solution such as this is possible only when 
the stages are exceedingly few in number, when the 
peripheral speeds are high, and when the blades are 
short relative to the mean diameter, the ratio h/D being 
1/8-5, which gives a much shorter blade length than 
that which is used for single-flow turbines. This 
method, therefore, provides a ity which is consider- 
ably less than double that which is possible with a 
single-fiow turbine. 

In reviewing the problems connected with the possi- 
bilities of increasing the capacity of the exhaust end 
of the turbine, it is important to obtain a solution which 
will meet the following conditions :— 

(1) Factor of Safety.—The increase must be obtained 
without reducing the factor of safety and without 
reducing the reliability of the machine in other directions. 

(2) Reasonable Cost.—The increase must be obtained 
at a reasonable cost, otherwise the increase in oon 
due to the reduction in leaving losses will not be justified. 
To meet this condition a single-cylinder construction 
is eminently desirable. 

(3) Avoidance of Special Precautions in Manufacture. 
—The increase should be obtained without having to 
rely upon the skill and care of the workmen and staff 
in the steel works in producing high-quality material. 

(4) Overall Dimensions.—The increase should be ob- 
tained without increasing the overall dimensions, as this 
increases cost of foundations and buildings. 

_ The author contends that the multi-exhaust construc- 
tion introduced by the Motropolitan-Vickers Electrical 
Company meets the conditions outlined above. The 
principle of the multi-exhaust turbine is best explained 
by means of the diagram shown in Fig. 30. 








The steam passes through the high-pressure end of 
the turbine in the usual way until it reaches the ial 
diaphragm D. At this point the steam is divided into 
two parts by the annular division ring E in the diaphragm. 
Pi through the outer annulus F, the steam in 
expanded to condenser pressure, the shape of the 
diaph blades and that of the co- ting row of 
moving blades at this part being suitably proportioned. 
In the inner annulus G, the steam passes without 
appreciable expansion through suitably formed guide 
blades. Sy ome G is the inner portion of the row 
of moving blades H, shaped in such a way that the 
stresses due to the centrifugal force are within the 
limits fixed by the material, the passages left between 
the blades being such as to pass the maximum quantity 
of steam with the smallest drop in pressure. The 
ome most suitable for this purpose is that of a reacting 
bl with nearly 100 per cent. reaction, as shown in 
the diagram. 

The steam then reaches the diaphragm J, which also 
has two distinct annular parts, the outer part K being 


Fig.30. 
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suitably 
pressure, 


seeped to expand the steam to condenser 
and the inner part L to pass the steam on 

reciable expansion through rong ery 
moving blades M to another diaphragm O, where the 
steam is expanded finally to condenser pressure over 
the full lengths of the blades Q. Due to the difference 
in pressure existing in the inner and outer annular 
passages, a small occurs through the clearance 
spaces between the guide blades and the corresponding 
moving blades. This } is of quite a minor order, 
having régard to the large volume of steam dealt with 
at this part of the turbine. 

With this construction it is possible to increase the 
leaving area of the machine in the ratio of 1 to 1-6 
with one additional row of exhaust blades, in the ratio 
of 1 to 2-2 with two additional rows, and in the ratio 
of 1 to 2-7 with three additional rows. The output 
of the machine can therefore be increased over a con- 
siderable range, and without the use of the two-cylinder 
construction. Adding to this increase increase 
possible by increasing the widths of the blade towards 
the root, we find that the output of a modern multi- 
exhaust turbine may be four times as large as that of 
a single-flow turbine with blades of constant width, the 


factors of safety being the same in both cases. Thus, 
if 5,000 kw. is the maximum output for a single-flow 
3,000 r.p.m. turbine designed for a vacuum 29 in. 


and having parallel blades and a given leaving loss 
the corresponding output obtainable from a modern 
multi-exhaust type turbine having the same leaving, 
loss and factor of safety is 20,000 kw. 

In the multi-exhaust turbine the steam is divided into 
two se te flows only when it has become impossible 
to deal with the whole of it in a single row of blades, 
This is not so in ordinary types of double-flow turbines. 

On account of the fact that in a multi-exhaust turbine 
the steam quantity flowing nae 4 the high-pressure 
stages is much larger than usual, the efficiency of these 
stages is considerably higher than those of the corre- 
sponding stages of previous turbine designs, because the 
leakage, disc friction and gland losses, &c., are inversely 
proportional to the output. 

ith the increased outputs possible with the multi- 
exhaust turbine, it is possible with Rateau turbines to 
adopt full admission, even for the first row of blades, 
and special nozzle boxes have been designed to this end, 

Turbines designed for large outputs at high 
(revolution per minute) are particularly suitable for very 
high steam pressures, because with high speeds (revolu- 
tion per minute) a smal! diameter is issible at the 
high-pressure end, and all the parts subject to high pres- 








sure can be made strong enough without great expenditure 
of material. An extra-high-pressure turbine at 
relatively high revolutions per minute is more reliable 
than a turbine running at low revolutions per minute 
having large diameters at the high- ure end. 

For this reason the turbines of some generating 
units have been built in two separate ions consisting 
of high- and low-pressure elements, the former running 
at @ higher speed than the latter. This ercengecnene in. 
creases the cost and complicates the running of the plant. 

In the manufacture of the multi-exhaust type of 

turbine it is possible to derive considerable advan 
which are not obtainable with other designs. It is 
nee to construct different multi-exhaust turbine 
rames for relative exhaust capacities of 1, 1-6, 2-2, 
and 2-7 on the same mean diameter and with the same 
length and type of blades. It is also possible to use 
the same set of patterns for moulding the turbine 
cylinders on all four frames. 

Thus, for instance, it was possible to build the tur- 
bines illustrated in Figs. 13 and 14 on the same set of 

tterns, a distance piece having an axial length of 2 ft. 

ing n to obtain the pattern for the latter 
frame from that of the former. 


(6) Overatt Drvenstons AnD Wetcuts, 

Table XIX gives particulars of overall dimensions, 
floor space, exhaust areas and weights of some large 
turbines. During the period under review, the floor 
space r 1,000 kw. economical ity has been 
reduced from roughly 40 sq. ft. to below 20 sq. ft., 
and the weight per 1,000 kw. ical acity has 
been redu from 14 tons to below 7 tons, 

Table XX gives similar particulars for large turbo 
sets, consisting of turbine and alternator. The floor 
~ owed gd 1,000 kw. economical capacity has been 
redu from over 60 sq. ft. to below 40 sq. ft., and 
the weight from over 20 tons to below 15 tons. 

Table X XI gives particulars of heights of sets includi 
turbines, alternators, and con ing plant. The to 
height of the plant is of particular importance, as 
increased height increases the cost of foundations and 
of the building. The total height of a turbine of 25,000 
kw. economical capacity with a condenser of 40,000 
sq. ft. can be made less than 35 ft. by bolting the con- 
denser directly to the turbine. 


(7) Tue Law or Srmuiariry Apriiep To TurRBINEs. 

(a) Dimensions, Weights, Costs.—A turbine of a capacity 
of 20,000 k.w. running at 1,500 r.p.m. can be made with 
a certain weight (say 100 tons) and at a given cost 
(say 50,0001.) and with a given efficiency (say 80 per 
cent). By reducing all the dimensions to one-half, 
a turbine of 3,000 r.p.m. would be obtained, the rating 
being reduced to 5,000 k.w., the areas being reduced to 
one-quarter, and the volumes to one-eighth. The 
weight of the 3,000-r.p.m. turbine would accordingly 
be only one-eighth of the weight of the larger turbine, 
and the weight per kilowatt only one-half. Actually, 
however, it is not practical to obtain such conditions 
fer the following reasons :— 

The clearances between the moving and stationary 
parts would be reduced to one-half, and this would 
prove to be too small for similar workmanship. Further, 
present foundry practice does not allow a reduction 
of the thickness of the cas’ to one-half. Conse- 
quently, the weight of the turbine will be considerably 
increased, but there is no doubt that it is practical 
to make the higher speed turbine with a smaller weight 
per kw. capacity than the larger turbine. Present 
practice would indicate that the’weight of the smaller 
machine would be about 10 per cent. smaller per kw. 
capacity than that of the larger turbine. 

On the other hand, the manufacturing costs are 
about 20 per cent. higher per ton on the ler machine 
and, consequently, the cost per kilowatt of the smaller 
machine would be about 10 cent. higher than that. 
of the larger low-speed turbine. This difference is, 
however, very small, considering that the output must. 
be increased four times to obtain a decrease in the 
cost per kilowatt of 10 cent. 

(b) Efficiency.—If all dimensions of the smaller high- 

turbine, including clearances, were one-half of 
those of the larger machine, then the losses in the high- 
machine would be slightly smaller, due to the 
disc-friction losses. On the other hand, the 
blading efficiency of the high-speed turbine would be 
lower owing to more abrupt in the velocity of 
the steam passing through smaller blades, so that on the 
whole there would be ver little difference between 
the two cases as ciency. Actually, however, 
Sigh'epeot mashes ata iy, the effoiency of 
: ine and, consequently, the efficiency o' 
this machine is reduced, As a rough guide, this differ. 
ence in efficiency may be taken as being 2 cent, 

If a turbine were desi; at the higher speed for 
double the output, é.c., 10,000 kw., it would be possible: 
to obtain an efficiency about 2 cent. higher than 
for a 5,000-kw, machine, provi that the leaving 
losses are similar, so that the efficiency would then be 
about the same as that of the lower- machine 
with an output of 20,000 kw. It is t! ‘ore seen that, 
as far as the efficiency is concerned, a turbine of 10,000- 
kw, capacity running at 3,000 r.p.m. would be equivalent 
to a turbine of 20,000-kw. capacity at 1,500 r.p.m, 


This rough estimate gives us a basis for ae 
efficiencies of turbines of different capacities 
different speeds. If we multiply the capacity by the 
pee it will be found that where the same product is 
obtained, the efficiency ought to be about the same, 

An increase in the ity speed factor of 100 per 
cent. should correspond to an efficiency increase of 
2 per cent. in favour of the turbine having the higher 
factor, always provided the leaving losses are the same. 


(To be continued.) 
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“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPHOIFIOATIONS UNDER THE AOTS OF 1907 AND 1919. 
number Specification Drawings is stated 
sh Geek cals cnee mene ts maabioee ue Agesition 7 ot 


Gesvaton 
Where inventions are communicated from abroad, the Names, £c., 
ad Aaapmennatemene ane otnen tat in italics. 
C 0; may be stained of the Patent Oise, Sales 
Buildings, Chancery-lane, W.C., at 
the uniform of le 


The date of advertisement of the BM nod 
ton is, ee ae abstract, unless the 
my ouvon maya ay tne wt word “ Sealed” is appended, 
ian of "Compl Speci 
‘omplete Specification. 
opposition tthe pra of a 
Let on Oe of the preeae manson tn the cla, 
ELECTRICAL eiatanaah ai 


155,346. E. J. Hardman, Ilford, and E. Le Bas, London. 
Dynamo-Electric Machine Pigs.) Lat 10, 1919.— 
Tie contend papin of he Susan at Se taaet of a dynamo- 
electric machine ae ape vais blades and supply ing air 


a ee, ventilating 
ucts and vyhay ---& Slotted rotor 
cores 1 and 2 are mounted side by side upon a shaft with a gap 4 
between them, the shaft carrying the commutator. The rotor 
winding may be either of the lap P yom Yes Each side 
of every turn of the winding is led from a slot in one rotor 
straight across the gap 4 and into the “immediately opposite 





slot in the other .rotor. Asie “ae conductor 6 having an 
insulating cover: is shown pass eos a mg 4:from a slot x 
in rotor 1 into immediately opposite 8 in rotor 2. 
Similarly an insulated rotor bar 9 m a slot 10 in rotor 2 
into the i sit slot 11 in pid 1. The end turns 
and connections are secured and insulated by the wrappings 
12 and 18 and the rotor bars spanning the gap 4 between the 
ya sane ~ oH As the dynamo is 
onsite fan the op ¢ 4 
fan Sled) 





supply ventilating | air to all parts of 


737. QO. Oldham, raat age rig 
J. » Denton. Galvanic Batteries. i Fos) vo 
ber 16, 1919. —Galvanic batteries designed for in connection 
with mi ric safety lamps.have collars ‘on | the 


-_ which are screwed on to the upper ends of: the 

the cover of the battery. y pode to the 
futernal sleeves are secured to the under surface of the cover and 
contain the,washers to prevent spreading thereof. Each termina] 


B= 


is 





GAS ENGINES, PRODUCERS, HOLDERS, &c. 


ae a H. L. Sizaire, _ one F. W. Berwick 

7” 
(2 ) mber 16, 1919.—The lubricating oil first 
Chrys)” September 16, 1010. —the beating oll tra 
a second filte: 
iter ep divided 


late 8. The u F chamber contains an 
td Wins Whe pian 
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the gauze strainers 20 


with to allow a 

central column 8 to the spaces 

Distance rings 19 are also 
epee Bn Re 
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at one end of the central column and the partition plate’3*at 
the other. Oil introduced into the upper chamber of the 
filter 1 through the strainer 5 and flows by re through 
connections to the well of the crank chamber 

to the suction pipe of the oil circulating pum: hag the pease prt 
manner. The oil is forced along delivery pipe 15, connected to 
the flanged plate 16 by a universal connection, and rises up the 
central column 8, from which it passes between the radially- 
corrugated plates’ 21. The path of flow of the oil during its 
filtration process is that shown by the arrows. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 
154,774. A. Davidson, Renfrew =the Body of Winding 
Rollers. (4 .) November hb 1919. —The y of the roller 
is constructed form of a a of straight or plain 
grooves of any size suitable to the diameter of rope, and 
so designed that they are in contact continually with one-third 
of the circumference of the rope under are running, 


back the bolt jl, Tete Spats deka oak bees of the 
r from the work being tooled, 
position by 





tj ul. 
turned about its stud m to enable the cutter s 
out of the vertical nm in the op d The stud 
jf supporting the ais givena ng motion so as to change 
continuously the cutting edge in contact with the work being 
so as to allow all parts of such edge to be cooled 
before coming into action again. (Sealed.) 

154,868. H. Reynolds, Sheffield Jackson, 
Sheffield. Cutlery G ~~ oy e Figs) Septem. 
ber 19, 1919. cep to this invention, correct of 
the blades to be ead <a, the pan ty 8 rotary b le holder is 
ensured by P ro" the latter w rcumferential groove, 
ora conten a recesses for the A. Ft, of the bolsters of the 
blades to be ground. The rotary ag holder 1 has a series 

shaped h Each recess 2 pocives 

0 


the cutting edge and from the bolster to the point. 
the correct positioning of all the 


on 
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the holder 1 a groove 4, or a series of recesses, is formed in the 
Bo cncing of the blade holder 1 to receive the bolsters of the blades. 











which they 
and the grooves are also made the same diameter as that of the all the blades in their recesses 2 each with its bolster 
ps A ee inte’ ble ends, each having a od Pore 4 with one side of the groove 4, correct positioning will 
pro; outside with hole for the spindle and hole cut | be ensured. A cushioning device is provided between the tangs 5 


at te ow se split pins with a detachable spindle. A is the 














ee reels 0 te 
ends hevieg © | projecting 

the diameter of the 
from bap aye ag gt 


Aeate Gad $y ne 
through which a hole ts 


ne spindle D. At right angles to this 
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D in 
length te pet through & hol 
- e holes 
plats ‘and the epltpin holes inthe ends and + indle 
Two are then driven the 
( Accepted December 15, 1920.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
154,642. R. Woodall, Rochdale, and C. E. Schofiel 


spindle 
a 


Rochdale. Tools for Cutting Metals. (6 Figs.) June 2, 
oe According to this invention, a circular cutting tool a 
of slightly inverted cone type to make a relief surface 
at b and a continous cutting edge at c, the included angle 
ay ery pay he character of the material to be turned. 

Seeueel hole d@ and a recess at ¢, the former to 
enable it to be dropped easily upon a supporting stud f and the 
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latter to allow for clear and easy grinding of the cutting face c. 
weg Ree BA t key to e engage a key- 
way hin toola. The stud wy wd ty formed in a 
. This bracket is supported ot jl 
with a slag coed bracket, which a ravided at one polit 
ee y partly con m supported in 
part of an ordinary slide rest. The stud m is 
drawa tight e a by a carewed’ stud and nut and washer. 
j can be moved about its pivot pins j1 after slacking 


id, | for the door to be mounted on 





of the blades and the blade holder 1 comprising two rubber 
rings 6 extending around the periphery of the blade holder 4. The 
blades are clamped in position by shoes 7, each having a stem 8 

through the rim of the holder 1, and acted u m by a 
spring 9, Each of the shoes 7 clamps two blades to the holder 
and is provided with two studs 10, each bearing upon the tang 
5 of a blade and situated between the cushioning rings 6 and the 
bolster ve 4. A guide pin 11 is also provided between each 
of the shoes 7 and the holder 1 to prevent the shoe from rotating 
about the stem 8. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


P. H. Anderson, Welling. Bulkhead 
(2 Figs.) June 5, 1919.—The invention 

relates to the construction of fluid-pressure operated doors used 
in ships’ bulkheads, and comprises the combination with the 
trame members along which the door travels, of cylinders 
secured thereto, with Sheir axes parallel with the line of move- 
ment of the door, and a ram in each cylinder directly connected 
to the door to move it. Referring first to the right-hand side 
of the drawing, the frame of the door is constituted by longitu- 
dinal members 10 with a cross-member 11, and a plate 12 is 
secured on the member 10 to constitute a channel-sectioned 
guide for a door 13. The oe pe members 10, 11, are 
of orem a stout construction withstand the stresses 
to which they are subjected in theo operation of the door, and 
they are secured to a beg geen 14, Such a bulkhead is not 
usually sufficiently strong to a the operating mechanism 
unless it is reinforced or locally 





ee nae . The cylinders for the high-pressure fluid are 
therefore mounted directly on the frame of the door, one on each 
frame member along which the door slides. These cylinders are 
mounted with hyd longitudinal axes parallel with the line of 
ents BS of the door. The longitudinal Lew J member 10 is 


ES with laterally extending lugs 16 s Op htee ae 
he cylinder 15 between them, the cylinder tinder being” secured 

caps 17. ram in each cylinde tT is connected vegies 

door 13 a lug 18 formed integrally with the door aoe ete 
ate: and the end of the piston-rod. 


laterally refrom 
When it is desired to a) invention to existing doors, the 
lugs 16 and 18 will not ordinarily be available and the con- 
struction shown cnt the left-hand side of the drawings is sdopted 
edn A 20 are formed integral with pla 
secured to the jomcituaieal frame oe 
22 is secured on the door to 
provide for the engagement of the door with the ram or piston 
of the operating cylinder. (Sealed.) 
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MESSRS. CRADOCK’S ROPE WORKS. 


THE manufacture of wire ropes, with which the 
firm of Geo. Cradock and Co., Limited, of Wake- 
field, have been for many years so prominently 
identified, was first undertaken by them in 1854 
as a development of their then already well estab- 
lished business of hempen rope makers. The 
rapidly increasing use of wire rope at that time for 
engineering and kindred purposes and the reputa- 
tion which’ Messrs. Cradock and Co. soon gained 





would be utterly insignificant in a bar or forging 
assumes very dangerous proportions when occurring 
in the body of a thin and highly stressed wire, the 
point of view of the firm will be admitted, par- 
ticularly as a single defect in a rope miles in length 
might result in the condemnation of the whole. 

At first Messrs. Cradock purchased the wire 
they used from outside firms, but about thirty-five 
years ago they installed their own wire-drawing 
plant and thence forward became responsible 
entirely for the accuracy, and, to a certain extent, 
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for their products, resulted in the manufacture of 
hempen ropes becoming the less important part 
of the business, and for many years this has been 
dropped altogether except in so far as concerns the 
hempen cores required for certain kinds of wire 
rope. These, as will be seen later, are still made 
by the firm in accordance with their policy of pro- 
ducing the whole of the component parts of their 
ropes from the raw material in their own works and 
under their own supervision. This policy arose 
from the conviction that nothing short of complete 
control of every stage of manufacture could ensure 
the requisite quality and uniformity of material 
which are so essential to guarantee the highest 
grade of the ultimate product. When it is con- 
sidered that a chemical or mechanical defect which 





2. 


for the quality, of the wire of which their ropes were 
made. But it was still felt that the best possible 
results could only be obtained if they could exercise 
complete and continuous control over every process 
upon which quality depended, so in 1899 a steel 
works and rolling mills plant were installed, and 
for over twenty years the firm has purchased 
hemp and pig iron as its raw materials, and has 
turned these into finished wire-ropes of innumerable 
sizes and types entirely within its own works. We 
believe that so complete an acceptance of respon- 
sibility is quite unique among firms engaged upon 
the manufacture of wire ropes. 

Among the early specialities of Messrs. Cradock 
were ropes for steam-ploughing, and they acquired 
a reputation for turning out a particularly durable 





rope which would withstand the continuous drag- 
ging over the ground and other adverse conditions 
which ploughing ropes are subject to. The wires 
of this rope were of specially hard steel having a 
tensile strength, as used, of over 130 tons per 
square inch, and the material had a high carbon 
content. The quality became famous under the 
name of “ plough-steel cable’ and this eventually 
became the trade term for the highest grade of 
cable, and is still so used. Another notable advance 
in practice, which must be credited to Messrs. 
Cradock, was the invention of the ‘‘ Lang’s lay ” 
type of rope. This was patented by Mr. John 
Lang in 1879, and the invention so increased 
the durability of wire ropes for certain pur- 
poses, that the idea, simple as it was, formed a 
landmark in cable practice. Subsequently came 
the development of the smooth locked-coil ropes, 
the Lang lay non-rotating flexible rope and the 
almost infinite variety of ropes suited to particular 
circumstances, which are now at the disposal of 
the engineer or constructor. 

The activities of the firm, however, are not con- 
fined exclusively to the manufacture of ropes. The 
steel works, put down primarily of course, to pro- 
vide the material for the wire-mills, supply also a 
good deal of special steel for outside customers, 
high carbon billets for the file trade and special 
alloy steels for motor car work being turned out 
in considerable quantity. Furthermore an engineer- 
ing department of the firm designs and undertakes 
the erection of works involving the use of wire 
rope or cable, such as suspension bridges, aerial 
ropeways, wire rope ferries, and haulage installa- 
tions of various types. Some of the work carried 
out by Messrs. Cradock is of considerable engineer- 
ing interest, notably a suspension bridge at Hazel- 
ton, B.C., of 451 ft. span, carrying a roadway 
250 ft. above the Skeena River. 

The works ot Messrs. Geo. Cradock and,Co., 
Limited, at Wakefield, cover an area of about 
eleven acres and an additional twenty-three acres 
of adjoining land have recently been acquired for 
future extensions. The steel works, which as has 
already been mentioned, have been in operation since 
1900, now contain three acid open-hearth Siemens 
regenerative furnaces, each of 20 tons capacity. 
The three together are capable of an output of 
nearly 500 tons of steel per week, of which perhaps 
three-fourths are used in the rope works and the 
balance, consisting mostly of special alloy steels, 
is sold in the form of billets. The furnaces 
are fired with producer gas. It need hardly be 
mentioned that the pig iron from which the steel 
is made is most carefully selected, and nothing 
in fact but Swedish pig and the best brands of 
West Coast hematite are used. The pig is brought 
from the yard to the raised charging floor by means 
of an electric runway, lifting magnets being used for 
handling. Fig. 1, annexed, shows the arrangements 
for the handling of pig iron from the yard to the 
charging platform. The furnaces work continuously 
and are charged and run off every 12 hours. To- 
wards the end of the process samples of the melt 
are taken every quarter of an hour for the deter- 
mination of the carbon contents, and when the 
reduction has reached the desired point, authorisa- 
tion for the casting of the ingots is given by the 
chemist in charge. The carbon percentage is 
determined by burning a weighed quantity of 
drillings from the sample in a stream of pure 
oxygen, and weighing the quantity of CO, pro- 
duced. The drillings are placed in a small nickel 
box which is inserted in a tube of fused silica passing 
through the furnace. The products of the com- 
bustion are freed from all traces of hydrochloric 
acid and water by being passed through tubes 
packed respectively with zinc dust and calcium 
chloride. They are then led through a solution of 
caustic potash, which absorbs the carbon dioxide, 
and the latter is determined quantitatively by the 
increase in weight of the solution. A sample of 
drillings can be tested for carbon in about five 
minutes. Should the reduction have been carried 
too far, the carbon percentage can be raised again 
by the addition of powdered anthracite to the 
charge immediately before casting. This is done 
by placing the required quantity of anthracite 
dust in the ladle before running in the molten 
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steel. By this means the carbon percentage can 
be increased by as much as 20 or 30 points and the 
resulting steel is as uniform in quality as if the 
original carbon had been retained. 

The ingots are all cast from the bottom. The 
molten steel is poured into a vertical clay-lined 
pipe which leads it to a channel in the bottom of 
the casting pit. This channel is covered with 
bricks upon which the ingot moulds stand. The 
metal rises through holes in the bricks and thus 
fills the moulds from the bottom upwards. In the 
case of carbon steels, the moulds are closed at the 
top, but for alloy steels an open clay top is pro- 
vided into which the dross and occluded gases 
rise. The upper ends of these ingots are afterwards 
cut off, and used as part of a subsequent charge. 
In making alloy steels the nickel, chromium, 
vanadium or other special constituents are added 
to the molten pig in the furnace, and as these, 
unlike carbon, are not burnt off to any appreciable 
extent, it is unnecessary to determine their per- 
centages before casting. Moreover, a certain 
proportion of the charge for alloy steels usually 
consists of material of perfectly correct composition, 
but which has had to be re-melted owing to defects 
in manufacture. Faulty stampings or badly 
machined parts, made from steel supplied by Messrs. 
Cradock are taken back by them and the steel 
used over again. 

At the time when every melt of steel is cast, a 
small sample is cast for analysis, and in this case 
not only is the carbon determined with greatest 
accuracy, but also the percentage of every other 
constituent present, whether intentional or other, 
wise. This forms the basis of the history of the 
cast, and every subsequent operation on the steel 
of that cast is noted as it is performed. The name 
of every responsible workman engaged in the various 
processes of manufacture is recorded, as well as 
any remarks or observations which may have any 
bearing upon the quality of the finished product. 
The same record shows exactly where, and for what 
purpose, every particle of the steel of that particular 
cast was used, so that if, at any future time, any 
question arises as to the quality of any single wire 
or rope supplied by Messrs. Cradock, the firm can 
verify every detail of its composition, manufacture 
and tests from the pig-iron to the finished article. 

The ingots, as cast, vary from 8 cwt. to 18 cwt. 
each, according to the purpose for which they are 
required, The “ plough-steel” ingots are about 
3 ft. 6 in. long, and taper from 10 in. square at the 
bottom to 8 in. square at the top. These contain 
about 0-8 per cent of carbon, and are used for ropes 
which have to withstand the most arduous con- 
ditions. The quality of the finished wire is ensured, 
apart from its composition, by the exceptional 
amount of work put into the material. Whereas 
the ordinary ‘‘ patented” wire is made from ingots 
cogged down to a size suitable for the rolling mills, 
the ingots for the “ ploughsteel ” wire are brought 
down entirely under the hammer or hydraulic 
forging. The alloy steels manufactured to the 
order of outside firms are supplied as billets of 
various sizes and weights. 

The plough-steel ingots, after their chemical 
test has been pronounced satisfactory, are taken 
from the casting floor to gas-fired re-heating furnaces 
from which they pass either to the steam hammer or 
to the hydraulic forging presses. The steam- 
hammer, which is illustrated in Fig. 2, page 573, 
has a falling weight of about 6} tons with 
a stroke of 5 ft. and the two forging presses 
are rated respectively at 800 tons and 500 tons. 
Under one or other of these, the ingot is first 
drawn down at one end, and the other end cut 
off and returned to the furnace. The final result 
is to obtain five billets, about 3} in. square and 
weighing from 130 Ibs. to 140 lbs from a 10 in. by 
8 in. ingot, or sometimes when the finished product 
is to be a finer wire six billets weighing about 1 cwt. 
each are produced. In any case, as has already 
been mentioned, the notable feature of this part 
of the operation, is the large amount of work done 
upon the material with a view to producing uni- 
formity of internal structure. 

After forging the billets are again heated, and are 
then rolled down at one heat to rod which is rather 
less than } in. diameter. Of all the processes in 





the works, this is perhaps the most engrossing to 
watch. The cogging mill, illustrated in Fig. 3, 
Plate XXVI, is situated at one end of the rod- 
mills, and after the billet is reduced to a bar 
about 1} in. diameter by three passes through 
the former it is led into the rod-mills, and as soon 
as it is small enough in diameter to be sufficiently 
flexible it is threaded back through the rolls as 
fast as it emerges from the preceding pair. Alto- 
gether, from the billet to the rod, it is rolled about 
20 times, and when the finished rod first leaves the 
last pair of rolls, the hinder part of it is still being 
worked on by seven or eight pairs of rolls in series. 
From the last mill the rod is taken to a coiling 
machine, which winds it into a coil about 2 ft. 
diameter, usually still at a bright red heat. The 
speed of working is very striking. Billets pass 
through the mill in continuous succession, one 
following close on the heels of the previous one. 
During the momentary stoppage of the winding 
machine for the removal of a coil, the operator at 
the mill deflects the rod upwards and guides it from 
side to side as it leaves the rolls, so that it falls on 
the iron floor in a succession of large reversed loops 
and lies thus until the winding machine can catch 
up with its work again. Considerably less than 
two minutes elapses between the time a billet leaves 
the furnace and the time it has become a finished 
coil of wire rod. 

Before they can be drawn the rods have to be 
pickled in order to remove all scale from their sur- 
face. For pickling, a dozen or more of the bundles 
are strung-on to a bar, and the lot lowered down 
by a travelling crane into a tank containing dilute 
hydrochloric acid. After a submergence of about 
10 minutes they are removed and well washed by 
having fresh water played on them from a hose- 
pipe. After being dipped into a clean water vat 
they are then allowed to remain on the floor for 
some hours, being frequently wetted during the 
time, until a brown and strongly adherent coat of 
oxide forms on them. This coat apparently acts 
as a kind of lubricant or non-seizing substance, 
during the subsequent drawing processes, and it is 
somewhat remarkable that it endures the drawing 
and is plainly visible in the colour of the finished 
wire. 

When a sufficient “coating ’’ has been formed, 
the bundles of rod are dipped into a solution of 
caustic lime to neutralise all traces of acid which 
might exist on the rod as a consequence of the 
pickling. The bundles are then removed to the 
drying rooms where they are kept at a high tempera- 
ture, although far below a red heat, for about 24 
hours. The object of this treatment is not. only 
to remove all moisture and to bake the coating 
thoroughly on to the iron, but to eliminate the 
occluded hydrogen arising from the pickling pro- 
cess, which would have a tendency to make the 
material brittle. 

The rods are now ready for drawing into wire. 
Before, however, the bundles are taken to the 
drawing rooms, they have to be “ pointed,” so 
that the end of the rod may pass through the die. 
There are two machines for this purpose and the 
operation is performed by laying the end of the rod 
in a tapered groove formed in the “ tread” of two 
quadrants which oscillate rapidly with a rolling 
motion on each other. The rod is pinched and 
drawn in when the quadrants roll in one direction 
and freed as they roll backwards. The whole 
operation is extremely rapid and the result is to 
leave the rod with a long smooth tapered end. 

The drawing machines are extremely simple. 
Each machine consists of little else than a drum 
revolving on a vertical axis, and a stop against which 
the drawing die abuts. The machines are arranged 
in rows on long benches and driven by a shaft 
running underneath. Fig. 4, Plate XXVI, shows 
the appearance of part of the drawing room. 
Each machine has its own operator who can 
start and stop his drum by means of a clutch, 
and can also operate a gripping arm driven by 
the same shaft, which is used for pulling the 
end of the rod through the die until there is a 
sufficient length for attachment to the drum. The 
die is merely a block of steel about 1} in. thick 
pierced with a number of holes. The operator 
closes these in by beating the following end of the 





holes with a hammer, when they become worn, 
and opens them to size again by driving in tapered 
punches from the other side. He is responsible 
for the accuracy of the drawn material between 
close limits, and for its surface being uninjured 
by his die. The coil from which the rod or 
wire is taken, is placed on a vertical spindle 
on the floor, and the material is taken through 
a box or bag containing flakes of soap imme- 
diately before entering the die. The soap acts as a 
lubricant to the rod and prevents seizure or injury 
of the die. The same operator makes only one or 
two passes of the wire, which is then passed on to 
another who similarly only effects a small reduction 
in size. Altogether there may be 18 or 20 passes 
before the rod is reduced to its finished size as 
required for rope-making. 

The heat-treatment that the wire has to undergo 
during its manufacture varies not only with its 
chemical composition but with the nature and 
characteristics required in the finished article. 
The excessive hardness which would be produced 
by repeated drawings is mitigated by the process 
of “patenting” about which great secrecy is 
observed. It must therefore suffice to say that 
this is really a method of tempering, or partially 
annealing the wire. After “patenting,” a few 
more draws are given but with very slight reduc- 
tion of area. 

When the wire is to be galvanised, this is effected 
by drawing it through a bath of molten zinc. 
Immediately before entering the zinc bath, however, 
it passes through a cleaning bath of dilute acid to 
remove all traces of grease, and as it leaves the 
zinc bath it is led through a box of sand to remove 
excess metal. The process is continuous and very 
simple, a dozen wires being coated simultaneously, 
and each being wound from a bobbin mounted at 
the entrance to the cleaning bath, on to another 
bobbin after passing through the sand-box. This 
consolidates the coating and ensures its absolute 
continuity and imperviousness, besides imparting a 
very fine finish to the wire. Galvanising, when 
properly carried out, has no effect upon the tensile 
strength of the wire as the temperature of the bath 
is well below the critical point of the steel. 

Before any coil of wire is passed for rope-making, 
it has to satisfy certain rigid tests. Its chemical 
composition is, of course, already known to be 
satisfactory by reason of the tests carried out on 
the ingot from which it was made. It also goes 
without saying, that it is correct as regards diameter. 
The physical tests which it undergoes before being 
admitted to the rope-works are four in number, 
and a piece from each end of every coil is tested. 
The first test is for tensile strength. Then a 
mechanical bending test is imposed. This is 
carried out by clamping one end of the sample in 
a small hand machine on the bench, and bending 
the other end backwards and forwards through 
180 deg. by means of a handle to which it is attached. 
The bending takes place over quadrants of about 
fin. radius, and the number of bends the wire 
stands before fracture is noted. For the torsion 
test, one end of the sample is held in the running 
headstock of a small machine and the other end 
held in a loose headstock, which is, however, free 
to move axially against the tension of a spring. 
The machine is started and the wire tightly twisted, 
although retaining its straightness, the loose head- 
stock moving up as the wire shortens under the 
twist. A counting dial indicates the number of 
twists the wire will stand before fracture takes 
place. In addition to these tests there is a hand- 
breaking test, which, although it depends to a 
certain extent upon the skill of the operator, will, 
when carried out by an experienced man, enable a 
remarkably good estimate to be made of the quality 
of the material. To make this test a length of 
wire is taken in the hands and a snarl formed in it. 
This snarl is then straightened out and re-made, 
the whole of the wire being kept as far as possible 
in one plane. The number of times this can be 
done before breakage, and the nature of the break- 
age are noted. 

The tested wire goes to the wire-stores, where, of 
course, enough has to be accumulated of any 
particular size and quality to enable an order for 
any rope to be completed without stopping the rope- 
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making machines. As a single continuous rope may 
involve as much as 50 tons or 60 tons of wire, it 
will readily be seen that the storage of wire and the 
segregation of so many different sizes and qualities 
is a considerable undertaking. 

On account of the enormous variety of wire ropes, 
and in spite of the general similarity of the machines 
used in their construction, it is difficult to write a 
clear general description of the process. The strand- 
ing machines, of which the general appearance will 
be gathered from Fig. 5, Plate XX VI, consist essen- 
tially of a large horizontal shaft around which revolve 
skeleton drums, which carry the bobbins of wire. 
The bobbins are so mounted that they retain 
their positions in one plane, independently of their 
rotation round the shaft. The central wire of the 
strand passes through the hollow shaft, and as the 
machine rotates the wires from the drums are 
lapped round it and the finished rope after passing 
round a tension drum is wound on to a drum for 
removal. By causing the bobbins of wire to remain 
in one plane, the wire is twisted by their rotation 
round the shaft. This would not do in the case 
of locked coil rope, so when this is made the bobbins 
are locked to the drums and consequently lay the 
wire round the core with the locking edges always 
radial. The manufacture of stranded rope or 
cable is practically the same process as that of 
making rope of a single strand, strands in the former 
replacing individual wires on the latter. A general 
view of the cable shop is given in Fig. 6. It is 
from this shop that the finished cables are 
despatched on drums ‘to their destination. 

As ropes are supplied in any length free from 
splices, it is obvious that some method of joining 
the ends of the individual wires must be employed. 
This is accomplished by electric butt welding. The 
machines for the purpose are portable and are 
brought alongside the stranding machines when the 
end of the wire on any bobbin is approaching. The 
ends of the old and new coil are brought together 
in a butt joint, between clamps and when the current 
is switched on they are welded together under a 
slight end pressure. The joint is then re-clamped, 
being held this time about 2 in. on each side of the 
weld and a current is passed through it sufficient 
to heat the length between the clamps to an anneal- 
ing temperature for a few seconds. The fin which 
squeezed out at the end is then removed by a file 
and the new coil inserted in the stranding machine. 

In order to give greater flexibility a hempen core 
is frequently employed in wire ropes, and con- 
sistently with their policy of manufacturing all 
the component parts of their ropes right from the 
raw material in their own works Messrs. Cradock 
purchase the hemp, spin it themselves into yarn and 
manufacture their own rope cores. The hemp arrives 
at the works in bales, and is first put through card- 
ing machines which clean and straighten out the 
fibres and deliver the material as a sort of loose flat 
band of felt. This passes through one of the drawing 
frames which still further straighten and attenuate 
it. It is then spun into yarn on bobbins. In the 
case of manila fibre, this is then ready for the rope 
walk, but flax yarn has to go through a process of 
tarring to render it more durable. The bobbins 
of flax yarn are unwound into skeins, which are 
then dipped into tar, drained, and re-wound on to 
bobbins by a warping frame. The number of 
bobbins of yarn whether tarred or not required for 
a rope are mounted in a frame and the thread from 
each is taken down and passed through a separate 
hole in a plate fixed in a stationary machine situated 
at one end of the rope-walk. The rope-walk was 
until recently about 350 yards long, but is now some- 
what shorter on account of an extension of the steel 
works. A pair of rails runs the whole length of it, 
and on these rails is the travelling head operated 
by flyropes running down the side of the rope-walk. 
To make a rope the travelling head is brought 
close up to the stationary head and the ends of 
yarn are fastened to hooks in the former. Several 
ends of yarn are attached to each hook. As the 
head travels down the ropeway, these hooks rotate 
on their own axes and thus twist together into a 
strand the yarns attached to each. The strands 
are then all attached to a common hook and twisted 
into a rope. This ropeway will shortly be done 
away with and the work carried out on stationary 


machines, which not only require vastly less room 
but involve less waste due to the ends of yarn which 
have to be cut off in the ropewalk. These ends, 
however, are brought into use, by being twisted 
together into rough ropes and employed for tieing 
up coils of wire. 

We have already referred to Messrs. Cradock’s 
laboratory in connection with the chemical tests 
of their steels. Besides the chemical apparatus, 
however, it also contains complete micro-photo- 
graphic equipment, and micro-examination of wire 
is continually in progress. Quite apart from its 
chemical composition, the physical micro-structure 
of the drawn wire has to be satisfactory, otherwise 
trouble is almost sure to arise sooner or later when 
the rope is in actual use. For this reason micro- 
analysis is regularly and systematically carried out 
on all cables for important duty, and the micro- 
photographs taken are kept along with other records 
of the material. So thorough and exact are these 
records, that it is not only possible to give the exact 
manufacturing history of every piece of wire which 
leaves the works, but any cable or wire which has 
ever been supplied can be duplicated with absolute 
certainty of giving identical results. 
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India Rubber Goods Manufacture. A practical Guide to 
the Manufacture of Rubber Goods, By “Factory 
ManaGer,” London: Maclaren and Sons, Limited, 
1920. [Price 32s. 6d. net.] 


Tuts book is founded on a series of articles that 
appeared in the Indiarubber Journal, but the in- 
formation has been carefully revised, and in its 
book form the collection should prove acceptable 
to those engaged in the rubber industry. Its object 
is strictly limited, and for many, those limitations 
will impair the usefulness and diminish the interest. 
The author, who prefers to remain anonymous, 
indicates how the rubber intended for a variety of 
different purposes is prepared, describes the methods 
of manufacture, and explains’ the form of machinery 
employed. He has nothing to say of the chemical 
operations involved in the several processes, and 
little of the comparative merits or efficiency of the 
mechanism used. Writing for the manufacturer and 
in a lesser degree for the operative, he states, that 
‘chemical compounds and machines are merely 
the instruments of the practical worker in the rubber 
factory, he takes them as he finds them, and makes 
the best use of them he can.” This does not seem 
to be the best way of spreading exact information, 
of inviting improvements, or advancing the in- 
dustry, but rather to stereotype the use of imperfect 
methods. The scheme furnishes a picture of the 
industry as it exists at a particular moment, pro- 
vides a formula for practice, but gives no reason 
for the selection beyond the implied indication, that 
its adoption has been found by experience to yield 
a satisfactory result. 

In a special sense the rubber industry is in an 
experimental stage. From the tapping of the trees 
and the handling of the latex, to the production of 
the finished article of commerce, there is scarcely a 
single problem, whether physical or biological, 
chemical or mechanical upon which general agree- 
ment obtains. Why did Para rubber enjoy for a 
long time a much higher price on the market than 
plantation? Was it due to greater tensile strength, 
resiliency, a lower resin content, or other good 
qualities, and to what extent did the method of 
preparation and treatment of the latex, the age 
of the Hevea tree, the climate, the soil, and other 
factors, contribute. In some of the mixings, it is 
recommended that Para and plantation rubber 
should be mixed, but we know nothing of the 
chemical or molecular processes that operate to 
produce a desired result. Plantation rubbers differ 
to such an extent among themselves, that the effect 
of a mixture cannot be repeated with certainty. 
So much is this the case, that the author recom- 
mends the substitution of long experience for 
scientific accuracy. The treatment of raw rubber 
on the mixing rolls is attended with such un- 
certainty, that where the output is sufficiently large 
to justify the practice, he advises that one man’s 





attention should be confined to a small number of 





qualities, so that his judgment may be the more 
trustworthy. The growers have by no mears 
stabilised their methods for obtaining the best 
and most uniform output of raw rubber. The 
smoked sheet and crépe are now being regarded with 
suspicion, and a great advance is claimed for another 
form ensuring fewer variations in the biological 
changes which take place during the earlier stages 
of drying the rubber. Further, evidence has been 
produced that valuable vulcanisation accelerators, 
produced by decomposition of the proteins, are 
present in the Hevea latex and can be formed by 
special treatment of the coagulum. The presence 
of these accelerators, it may be suggested, is 
responsible for variability in rate of vulcanisation, 
and when under control promises a revolution in the 
industry as complete as that following the researches 
of Goodyear and Hancock. The addition of mineral 
constituents other than sulphur can introduce 
variations of whose operations we know little with 
accuracy. In some of the formule such a large 
variety of substances are introduced, that they 
seem to be added in the hope that the right one will 
be included. The time has not yet come when it 
is possible to speak with authoritative knowledge. 
Much more experiment is needed before uniform 
methods can be adopted with certainty of operation, 
and therefore the author’s contribution, excellent 
in many respects, cannot be regarded as final, but 
as indicating the procedure that experience has 
sanctioned. The lower price of plantation rubber 
is likely to exercise a considerable effect on the 
processes of manufacture. There is internal evidence 
to show that the price of raw rubber when this 
treatise was in preparation, was about 4s. per pound, 
and the demand for substitutes and the use of 
reclaim rubber was greater than it is likely to be 
in the future. On the use and value of substitutes 
the author’s information is valuable and reliable. 
His judgment on these points seems most trust- 
worthy, but great modifications are likely to follow 
the reduction in price. To many, the small pro- 
portion of pure rubber used in so-called rubber 
articles will come as a revelation, and with rubber 
at 1s. a pound or Jess, some revision in the mixings 
might be desirable. At the present moment rubber 
is being sold at less than cost of production, but 
with a probable fall in the price of rice, and conse- 
quently of labour, present prices may be main- 
tained, for the large number of estates planted 
before the war are now coming into full yield. 

If the low price succeeds in driving some sub- 
stitutes off the market, the result will be a gain to 
the industry. The Rubber Growers’ Association 
are offering money prizes for ideas and suggestions 
that will increase the industrial use of rubber. 
The object could be easily attained if a larger 
proportion of the raw material were used in the 
manufacture of the articles into which rubber enters, 
In the production of insulating tapes, for example, 
the author states that at the price offered, little or 
no virgin rubber can be used in the mixing. Of 
rubber hose again it is stated, that the name is a 
misnomer, for it is mineralised to such an extent 
that it hardly holds together ; resin, oils and in the 
dark shades, mineral rubber, tend to preserve 
the shape. The trade in substitutes is large, but 
“mineral rubber”? may sound strange. A well- 
known form on the market is ‘“ Emarex,” an 
American product. The base is ‘ Unitaite,” a 
black solid, natural, hydrocarbon, mined in Utah. 
The union with rubber is said to be complete, and 
owing to its opacity, Emarex excludes light from 
the rubber and acts as a preservative. Com- 
parisons of similar mixtures in which Emarex was 
substituted for whiting, showed that the whiting 
mixture gave less strength than Emarex and 
deteriorated more rapidly. ‘‘ Catalpe,” a “ wholly 
colloidal clay,’ is another well-known ingredient 
“ proved to yield results which it is not too much 
to say are epoch-making in their character.” This 
last quotation is evidently from an advertisement. 
The problem which the author is trying to solve 
is to find the quality of an article acceptable to the 
trade at the lowest possible price per pound, but it 
may also be desirable to educate the trade and the 
public to demand an article at an economical price, 
and that is not necessarily the lowest. 

Several chapters are devoted to the description 
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of forms of machinery and the arrangement of the 
work in the various departments. These sections 
are eminently practical and evidently contain the 
result of much experience. The enlargement of the 
industry by lapse of time would suggest the con- 
struction of larger and heavier machinery, but with 
economy pointing in the same direction, progress 
has proceeded by “leaps and bounds.” Mixing 
machines in particular have increased marvellously 
in size, rolls having a diameter of 16 in. to 18 in. 
diameter and a length of 60 in. displacing those of 
about 3 ft. 6 in. by 16 in. The larger output, of 
greater uniformity in quality, and reduced labour 
costs, more than compensate for the increased 
expenditure. Competition is growing sufficiently 
keen to compel the installation of the latest and most 
up-to-date machinery, notwithstanding the expense 
and inconvenience of “scrapping,” The author's 
insistence on the points that lead to economic 
working is well timed, and statistics showing the 
effect of mechanical improvements would have been 
valuable, but these are difficult to obtain. Results 
that are the outcome of many experiments and 
much experience acquire a value that the possessors 
rightly incline to keep to themselves. 

Another section to which we can refer with great 
satisfaction is that dealing with the estimation of 
costs and the management of a rubber factory. 
Rubber manipulation is essentially a progressive 
business, its methods are not stereotyped or capable 
of general application, The need of method is 
particularly shown in reckoning costs. In the 
absence of familiarity with schemes whose use has 
grown mechanical, rude methods of guessing are 
often followed, and the author makes a very earnest 
effort to introduce systematic estimates on sound 
financial lines. These practical hints taken in 
conjunction with the many formule given for 
preparations of mixtures suitable for the manu- 
facture of many objects of commerce into which 
rubber enters, make the book one that should be 
found on the desk of every rubber manufacturer 
who is competing in a novel and progressive in- 
dustry. 








THE HANDLING OF GOODS AT THE PORT 
OF MANCHESTER WAREHOUSES. 
(Concluded from page 544.) 

For the transportation of cases or crated goods, 
the gravity conveyor system is used where prac- 
ticable. All that is required is a fairly straight 
run with a slight downward gradient and when 
these conditions are fulfilled, a gravity conveyor 
is almost ideal for the purpose in view. It is true 
that such conveyors may be made to take the goods 
safely round fairly sharp corners, but for this, of 
course, special bends are required. A_ typical 
example of the use of a gravity conveyor is illus- 
trated in Fig. 24, annexed, while Figs. 25 to 28 
show the details of the conveyor as constructed by 
Messrs. W. and C. Pantin, of 147, Upper Thames- 
street, London, E.C. 4, who have supplied several 
to the Port of Manchester Warehouses, Limited. 
The conveyors are made in 8-ft. lengths, which can 
be readily bolted together to make whatever total 
length is required. ‘The rollers are 18 in. long and 
2} in. in diameter, spaced at 4-in. centres. Each 
roller consists of a thin steel tube mounted on ball 
bearings as shown in the illustration, the whole 
construction being extremely light, handy and port- 
able. 

When in use the cgnveyor is supported in any 
convenient way, by means of crates or other packing, 
so that it is reasonably straight and slightly in- 
clined downwards in th» direction in which the 
goods are to be transported. Its appearance 
when in use will be gathered from Fig. 24, which 
shows crates being removed from storage and 
loaded into railway wagons. The conveyor delivers 
the crates at its lower end on to a small elevator 
which carries them up to the level of the sides of 
the wagon. Two men only are needed, one to put 
the crates on to the conveyor and the other to load 
them into the wagon. With such an installation 
3,000 packages per day can be dealt with, allowing a 
reasonable time for shifting the conveyor as may be 
necessary. It is obvious that the converse operation 
of taking goods from railway wagons and delivering 
them into store may be equally performed by gravity 





conveyors, with or without elevators working in 
conjunction with them. A gravity conveyor can 
deliver cases quite safely on to a chain-bar elevator, 
even when the latter stands at a considerable angle 
with it because the action of the bars of the elevator 
is to straighten the packages and square them up 
with the new direction of their motion. 

The method of stacking cases of lemons in the 
warehouses is shown in Fig. 29, page 577. The tier- 
ing machine is of a type manufactured by Messrs. 
Henry Simon, Limited, of Manchester. Its con- 
struction is fairly obvious from the illustration. 


Fig. 24. 





tically nothing to be desired. Figs. 30 and 31 on 
Plate XXVII, give some idea of the scale on which 
provision is made for the mechanical handling of 
goods in and out of storage. There is an immense 
steel structure covering the whole of the top of 
the storage rooms, and extending, in the form of a 
gantry, over the railway lines and roadway at each 
side of the building. It comprises three bays, 
each served by a high-speed electric crane. These 
cranes can pick up carcases of meat, cases of butter, 
or other commodities from railway trucks or road 
vehicles alongside the stores, carry them over the 
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A motor at the base of the machine drives a rope- 
drum through reduction gear, and raises the plat- 
form with the goods upon it, by means of a wire 
rope. Power is supplied to the motor by a flexible 
cable connected to the nearest wall-plug. The 
upper part of the frame of the machine can be folded 
back so that the overall height for transport is 
reduced to little more than half the working height. 
The platform on which the goods are raised has a 
bed of closely spaced parallel rollers, which greatly 
facilitate the loading or unloading of goods. The 
machine will lift a load of 1,500 Ib. 


Tue Cotp Srorss. 


The cold storage capacity at Trafford Park is 
no less than 1,000,000 cub. ft. The stores are 
served by railway lines and roadways along each 
side, and the facilities for the rapid and economical 
handling of goods here, as elsewhere, leave prac- 








roof, and finally lower them through one or other 
of the numerous roof hatchways which can be 
opened for the purpose. Over 500 tons of produce 
are handled in and out of the cold stores per day, 
but the speed of working and the arrangement 
of the roof hatches enable this to be done without 
any rise of temperature in the cold stores themselves. 
The cranes are all operated by girls who are re- 
markably expert at their work. The gantry 
structure was erected during the war by the Port 
of Manchester Warehouses, Limited. 

In connection with the cold stores, it is not 
inappropriate to mention that there is an arrange- 
ment with the Port of Manchester Warehouses 
Road Services, Limited, an allied company, whereby 
delivery of meat and general traffic is provided at 
railway rates to any part of the country. This 
is a great convenience to traders, for the goods 
are delivered more quickly than their transit by 
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rail would permit, and two handlings of them are 
eliminated. The Road Service Company have a 
fleet of petrol and steam-driven vehicles capable 
of dealing with large quantities of traffic, and they 
have organised a clearing system which provides, 
as far as possible, that their vehicles are carrying 
paying loads on both their outward and return 
journeys. On the occasion of our visit to the 
warehouses, an urgent call for a load of frozen 
meat was received from Birmingham. This left 
the cold stores at 2 p.m., it was in Birmingham at 
11 p.m., and was on sale the next morning in 
excellent condition. This example illustrates the 
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effectiveness of the co-ordination between the 
storage and transport services. 


StoraGe or Spirits, Topacco, &c. 


F“ Figs. 32 to 34 on Plate XX VIII, show typical views 
of the operations in the spirit and tobacco ware- 
houses. The spirit warehouse shown in Fig. 32 
has a storage capacity for 25,000 casks. These are 
contained in stillages or barrel racks, and are 
placed in position or removed in the manner shown 
in the illustration. An overhead crane traverses 
the whole warehouse and lifts the casks from the 
floor to a bracket which may be attached to the 
racks at any level. Thence the casks are rolled 
into the desired positions. Every barrel can be 
inspected in place without being moved, which is 
an advantage in connection with the maturing of 
the contents. We may add that a vatting and 
bottling plant has been installed in connection with 
this warehouse for the convenience of merchants. 
Tobacco leaf arrives at the warehouse in wooden 
casks, or tierces, each containing about 500 Ib. of 
the leaf. These are stored, to the number of 
5,000 or so, in columns four tierces high, and about 








500 tierces per day have to be put in to storage or 
taken out. The tierces are handled by means of 
an electric runway, constructed by Messrs. Herbert 
Morris, Limited, of Loughborough. Hoisting, lower- 
ing and traversing are effected from the ground 
level, as shown in Fig. 33, which again illustrates 
how remarkably little manual labour is utilised: by 
the Port of Manchester Warehouses, Limited, for 
work that can be done by machinery. Fig. 34 
illustrates the weighing and sampling of the tobacco. 
For this purpose it is removed from its tierce and 
balanced against dead weights on an equal-armed 
scale. In the background can be seen two men 


weighed and re-packed. 


handle 150 tons per day. 


kindness in personally conducting us through the 
whole of the warehouses and explaining the methods 
by which the work is carried out. 





THE IRON AND STEEL INSTITUTE. 
(Continued from page 561). 
Fo.iow1ne the proceedings we dealt with in our 


last issue, the first paper taken in the:morning of 
Thursday, the 5th inst., was that’ entitled 


Tae WeEtpinc or STEEL 1s RELATION TO THE 
OccuRRENCE OF Pirpr, Biow-HoLres anp 
SEGREGATES IN INGOTs, 


by Mr. H. ‘Brearley, who read it in abstract, We 
reproduced it, also, in abstract on page 551 ante. 

Dr. Arnold, who opened the discussion, found the 
paper of great interest as one of a series of useful 
contributions carried out on pipes, blow-holes and 
segregates. It was necessary to approach the sub- 
ject of segregates by considering the film in which 
they existed; carbon existed as a double carbide 
or iron and manganese; phosphorus as Fe3P ; 
sulphur existed as MnS and this manganese sulphide 
was not likely to weld with the steel and was found 
always in flakes. The question was as to how these 
flakes acted, and if they acted in the usual way, 
fracture would ensue. He asked the author to look 
into those flakes and also to consider surface 
tension. The flakes were very strongly attached to 
the iron, and it remained to ascertain what was 
holding them. He repeated that the question of 
surface tension, so ably developed by his (the 
speaker’s) colleague Dr. F. C. Thompson sbould 
be thoroughly gone into. 

Mr. H. Dodo said that the author in the opening 
statements of bis paper had explained that the 
second reason by which a weld may appear under 
certain test conditions to be stronger than the 
adjacent part was that the welded part had been 
superficially carbonised by the coke fire and, to a 
corresponding extent, that part had a higher tensile 
strength. He (the speaker) thought it would be 
preferable to use the term “ yielding strength,” 
instead of “ tensile strength,”’ because the effect of 
super carbonisation in the welded part would give 
a rather higher “ yielding strength’ as compared 
with the adjacent part. The diagram of a usual 
tensile test pointed to the fact that the adjacent 
part reached the yield point before the welded part. 
Dr. Rosenhain said he had examined carefully 
the question of internal welds and found that 
some cavities might seem perfectly bright, but they 
were not really clean metallic surfaces. If there 
did not occur the actual pressing of metal to metal 
one did not obtain a weld, and in the case of blow- 
holes the squeezing out of the non-metallic material 
did not take place. In fact, if he might use the 
expression, “only sound steel was sound steel,” 
With regard to the detecting of the perfection or 
otherwise of welds, he would like to add that the 
Izod impact figures were very variable, and the 
author had based his estimates of the weldability 
of steel on Izod impact figures; it was necessary 
to have a very large number of these figures before 


repacking the tobacco in a tierce underneath a/a decision could be taken. In regard to sulphur 
screw press. Forty tierces per day can be sampled, | in steel, no debt of gratitude was owed to it, and 


in the matter of sulphur prints, it might occur that 


Coils of wire rod are handled and stacked in much|one could miss nine-tenths of the information 
the same way as other commodities. Fig. 35) these could afford. The author had, however, 
shows the interior of a warehouse in which a stack | placed the whole question of welds on a sounder 
is being built. The coils are brought to the foot | basis than existed previously. 
of a vertical portable elevator, raised by it to the 
level of the top of the stack, and then removed from | could show whether the unsoundness of steel con- 
it and put in their appointed places. The complete | taining chromium was more harmful than that of 
staff for one machine is six men, and these will| carbon steels. Turning to his (the author’s) figures 


Dr. L. Aitchison asked the author whether he 


for his steels A, B, C and D, he was rather dis- 


In concluding this description of some of the | appointed, as he did not think the information could 
methods adopted by the Port of Manchester Ware-|lead to very final conclusions on the point. In 
houses, Limited, for the rapid and economical | regard to tests, the Izod results should be taken in 
handling of merchandise of great variety and in| conjunction with the tensile test results. Working 
enormous volumes, we wish to thank Mr. Marshall | out the latter for the steels A to D he (the speaker) 
Stevens, M.P., chairman of the Trafford Park | found the tensile tests at the critical welding figure 
Estates, Limited, and of the affiliated companies} ran together with the Izod impact figures of the 
for permission to inspect the various operations.| author. In regard to sulphur, this segregated in all 
Our thanks are also due to Mr. W. Maclaren Hamilton | ingots, probably more in the centre than at the 
for arranging for the numerous photographs to be| edges, and in rolling down an ingot a different 
specially taken for our articles, and not least to| percentage would be found in the centre of a bar 








Mr. C. L. Dean, engineer to the Company, for his|than in the outside, and it was possible by the 
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author’s method to test whether a high sulphur steel 
gave a worse ratio between the centre and the outside 
than a low sulphur steel. 

Mr. J. H. Whiteley thought that the author 
was not justified in drawing the conclusions he did 
on the non-weldability of blow-holes in steel from 
his experiments. There was no air in the blow- 
holes in steel; they might contain sulphides and 
silicates, but there was no oxide present. The 
equilibrium composition shifted under the influence 
of heat. He had made experiments with welds of 
pure electrolytic iron made in dry hydrogen and 
air and had sectioned the welds, but had found no 
junction in the hydrogen case ; in air welds the junc- 
tion was visible, and in their case the steel tended 
to split apart at the junction. He (the speaker) had 
taken pieces of mild steel containing 0-2 per cent. 
of carbon, which he had bored at one end to form a 
tube, he closed this end by the insertion of a 2-inch 
plug, one piece was welded in dry hydrogen and one 
in air; he thus had obtained different welds. He 
had forged down the specimens, one in hydrogen, 
and one in air, but not fusing them over, and tem- 
pered them in oil, he also had a specimen of the 
original steel. The impact test figures were: 
Original unwelded piece, 97 ft.-lb. to 95 ft.-lb. ; 
hydrogen welded, 107 ft.-lb. and 103 ft.-Ib.; air 
welded, 110 ft.-lb. and 113 ft.-lb. There was no 
difference between the fractures of the hydrogen 
welded and the normal bar ; in the air welded one, 
traces of the weld could be seen in the fractures. 
Steel could therefore be perfectly welded under 
right conditions. The hydrogen in the one case 
above could escape between the surface and up the 
tube. Such a condition of escape did not obtain 
in blow-holes. The gases could not escape, there- 
fore a film remained and the steel was not sound. 
The author had fused the ends of his specimens 
over and had thus sealed the gas. By examining 
his specimens under a microscope, the author would 
find the evidence of sponginess, and this would 
account for the stripping he found. In conclusion 
he (the speaker) thought that the author’s experi- 
ments would prove of great value to the future 
study of welds and welding. 

Dr. W. H. Hatfield found that in regard to the 
welding-up of cavities and blow-holes the author’s 
evidence had established the fact that these defects 
could not be expected to be entirely removed in 
the transformation work on an ingot, and that the 
ingot must be made free from internal defects. 
This was specially the case in the matter of special 
alloy steels requiring to be highly stressed. That 
was why the ingot was cast with the wide end at 
top. As concerned the sulphur content, he did not 
agree with the author that this could be carried 
as high as the author had suggested. Manganese 
sulphide was a very brittle non-metallic substance. 
The contents of sulphur and phosphorus must be 
kept as low as possible. For springs, however, 
steels could be used comparatively high in im- 
purities. 

Sir W. H. Ellis gave his experience on welds and 
added that if we had a vacuum or an absence of 
oxygen the welding was clean. 

Professor A. McWilliam thought it seemed 
rather curious that such a very ancient process as 
welding should require clearing up. At times, 
when he had absolute confidence that some weld 
were perfect he was very much surprised at being 
shown how they could be torn apart, even when a 
microscopic examination showed that they were 
perfect. If an ingot were made with the right 
number of blow-holes, one good point was the 
reducing atmosphere within the small cavities, 
whilst if it had a “ cauliflower”’ top it would draw 
oxygen from the air and becomé oxidised. 

Colonel D. Carnegie said the paper brought to 
his mind the trouble which was experienced at first 
in obtaining the suitable ingot for shells, a trouble 
which was due to the fact that at the time one was 
not conversant with the best type for punching 
into shape. Ingots fractured longitudinally showed 
furriness and there were more contraction troubles 
than blow-hole troubles. Some of the material was 
drilled and punched, and invariably a button was 
found at the bottom of the cavity, showing that 
the metal did not weld up when the holes were 
drilled and when the ingot heated in the furnace 








was allowed to take the oxidation the furnace 
gave. When smaller ingots were drilled and 
plugged, no trace of the plugging was found. They 
were therefore convinced that a suitable weld was 
made. 
Mr. Cosmo Johns expressed the opinion that 
the author’s paper would have been much improved 
had a summary been added of the conclusions on 
which he laid special stress. He (the speaker) 
instanced, in the first place, dead mild steel as used 
in tinplate mills, in which the blow-holes welded and 
closed up. Then, in high tension carbon steel one 
did not want blow-holes and one had to start from 
a sound ingot ; the lower part of the ingot could be 
used for high tension material and the upper 
portion might be taken for less important material. 
In the third place, there were alloy steels, which 
were in a different category, and were subjected to 
transversal tests. No dogmatic assertions could be 
made applicable to all three classes. The type of 
ingot having the wide head at top was used at 
Landore many years ago in making tinplate mild 
steels. On theoretical grounds, when one could 
get two optically clean surfaces of iron and these 
were pressed together in the presence of hydrogen 
or in a vacuum they would weld together whatever 
the steel, but in practice it could not be done. In 
a hidden cavity one could not guarantee having 
clean surfaces. The question of hair-lines was 
sufficient for the writing of a whole symposium of 
papers; it was a very important question and 
should be thoroughly discussed. No weld could be 
made by rolling or forging where hair-cracks 
appeared. 

Mr. E. H. Saniter said the point made by the 
author was the advocacy that steel be produced 
without blow-holes, and without other things to 


prevent continuity in the metal, rather than the |; 


laying of stress on welds and he was right. Under 
certain circumstances welds could perhaps be made 
that could not be torn apart, but if those circum- 
stances did not exist, they generally could be. 
Probably 80 per cent. of the steel worked up had 
been made from ingots having blow-holes which 
had been welded up, and it served its purpose with 
the greatest success. 

Mr. C. H. Ridsdale thought a more common use 
of siliceous slag could be made by the smith to flux 
the scale formed on heating iron and steel for welding. 
By segregating impurities these became harmless, 
as when separating sulphur and phosphorus out of 
the mass these impurities became harmless. He 
agreed that one could not be perfectly certain that 
all the blow-holes in an ingot had welded up, but 
the fact*that a proportion had not would not matter ; 
there was no need to worry too much at the thought 
that all blow-holes did not weld up completely. 
It might be said that if one could get an “ ideal 
steel’ absolutely sound and dense, it would be 
more liable to cracks going all through it than stop- 
ping short part of the way. 

Mr. J. E. Fletcher referred to the author’s Fig. 7 
showing along the weld, or alleged weld, a con- 
tinuous ferrite band, and to the fact that all the 
welds had not been perfect. There was a mechanical 
reason which came in. The author had taken a 
bar, had plugged it and rolled it, as he had explained. 
In rolling, the interior of the bar became hot and 
the hot centre was extruded and this would explain 
to some extent why there was not a complete weld. 
This would explain the ferrite line between the two 
portions. 

Mr. J. C. W. Humphrey endorsed what Mr. Cosmo 
Johns had said on the subject of hair-line cracks. 
He gathered that the author thought they had 
their origin in ingot defects; he (the speaker) 
found no connection between hair-line cracks and 
ingot defects, they were therefore not formed in 
the ingot stage. Tests by the Izod machine did 
not give sufficient information and he advocated 
slow impact tests. 

Dr. Stead referred to a large ingot which had 
been rolled down and where it was honeycombed 
with sulphide he never had a weld, even when the 
sulphide deposited independently of the blow- 
holes. There was a segregation of sulphide, and 
the fractures were preferentially at the sulphide 
lines, More information was wanted in this con- 
nection and the author’s paper was a suggestion 





that the matter should be gone into completely. 
He asked the author to give information as to 
chromium and nickel reducing the weldability of 
steel. 

Mr. H. Brearley announced that he would reply 
to the discussion by correspondence. 


Tue Screntiric Controt or ComBusTIOoN. 


The next paper taken had reference to “The 
Scientific Control of Combustion,” by Mr. H. T. 
Ringrove. We reproduced it in abstract on page 
565 of our last issue. The author had brought an 
actual W.R. indicator, the object of which is to 
indicate the percentage of CO, continuously to the 
stoker, also one of the W.R. producer or water gas 
CO, indicator. He explained their working. 

There was no actual discussion, but the author 
replied conclusively to all the questions which were 
asked him. The replies he gave showed that there 
was no danger of the apparatus being damaged or 
otherwise influenced by tar from the gases and from 
the temperature of the latter ; dust did not alter the 
porosity of the “ pots” in the apparatus, provided 
no liquid was introduced. There was no possibility 
of steam condensing in the apparatus. The same 
“* pots’ in some instances had now been in use for 
two years. The inside cartridges he used lasted 
24 hours. The cost of maintenance was about 
2s. 6d. per week. The large filter used to get rid 
of the tar did not increase the lag to any extent. 

On the members re-assembling in the afternoon of 
Thursday, the 5th inst., Dr. Arnold occupied the 
chair, in the absence of the president, and the first 
paper taken was the one by Mr. S. H. Fowles, 
entitled 


NoTES ON THE CLEANING OF BLasT FURNACE Gas. 
We reproduce it on page 600 of our present 
issue. 

The discussion was opened by Mr. A. Lennox 
Leigh, who said that one objection to gas cleaning 
was the initial cost of the plant and the cost of 
running it, and in this latter consideration the cost 
of the cleaning bags came in. He hoped matters 
would be remedied. Owing to the cleaning bags, 
the temperature could not be higher than a certain 
limit, otherwise the fabric perished and the bags 
lasted but a short time. He had tried making the 
bags of an asbestos fabric; he could not yet give 
results, but if the asbestos bags could replace the 
cotton ones, a high cost item would be got rid of, 
and one would not require the expensive cooling 
plant. It would also be possible to retain the high 
initial temperature of the gas. He had not yet 
proved the matter out, but if matters were suc- 
cessful a part of the expenditure in connection with 
the Halberg-Beth process would have been removed. 
It was easy to weave the asbestos fibre to any degree 
of closeness according to the purpose to be met. A 
closer weave meant cleaner gas, but also involved 
more power. There was a greater future possible 
for the process if the absestos bags acted satis- 
factorily. 

Mr. A. Hutchinson noted with pleasure the 
devices of the author for cooling the gas down, 
and said the use of asbestos for the bags was an 
interesting point, as it would get over some of the 
difficulties of the Halberg-Beth process. The 
author had stated that with the electrostatic type 
of cleaner the power costs of running and the 
capital costs were very high; but he (the speaker) 
thought this statement should be amended as it did 
not correspond to present day facis, for with the 
type of cleaner in question, first cost and cost 
of running compared favourably with those of the 
other systems. 

Mr. H. M. Ridge said that the cooling of the gas 
in the Halberg-Beth plant still raised trouble ; it 
was the greatest difficulty in connection with it and 
consequently the electrostatic process scored in 
that particular. In the Lorraine works, however, 
preference seemed still to be given to the Halberg- 
Beth process over the electrostatic and the wet 
methods in spite of the fact that those works had 
cold wet gas; they had no cooling to carry out. 
One might assume that having cold moist gas it 
would not matter adding more moisture to the gas 
and to go in for the wet cleaning or the electro- 
static methods. In Lorraine, it was necessary 
with the Halberg-Beth plants not to cool the gas 
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before it went to the plants, but to heat it, and in 
one instance it was necessary to raise the tem- 
perature of the gas by some 50 or 55 deg. C., which 
meant a coal expenditure for that purpose. He 
(the speaker) could not agree with the author in 
his reference to boiler firing, for where gas was 
being used for boilers or stoves it had to be put in 
at a high temperature. The generation of cheap 
power was @ most important point. If all the 
blast furnaces in this country adopted modern gas 
cleaning methods a large amount of surplus gas, 
now not available because of high consumption in 
boilers and stoves, would be at hand, and it could be 
efficiently used for the supply of electric current. 
This was both a financial point and one of national 
importance. At Hagondange, blast furnace gas 
supplied the power required in the works, and as a 
result of modern cleaning, a surplus was also sold 
for supplying light and power to neighbouring works 
and districts at a low cost. He suggested that a very 
complete set of papers followed by a complete 
discussion should deal with the question of gas 
cleaning, all methods being gone into thoroughly. 
Results both here and on the Continent had proved 
the absolute efficiency of the Halberg-Beth method. 
Mr. Hutchinson had given at the Cardiff meeting 
preliminary figures on the electrostatic plant at 
Skinningrove, and he (the speaker) asked whether 
the figures as to the dust content after the gas had 
passed through the plant had continued or had 
improved. He would be grateful to Mr. Hutchinson 
for further data. 

Mr. F. W. Harbord said there was no doubt 
that we had to look to gas engines for power pur- 
poses, but many works could not afford to scrap 
their existing engine plant, and could not afford also 
to go to the expense of cleaning the gas to the extent 
required in a gas engine. What was wanted also 
was a method of removing sufficient dust from the 
gas to make it fit for use in hot blast stoves and 
boilers. At present the question of cost was a bar 
to the whole matter. He was inclined to think 
that more could be done in the direction of cyclones, 
the use of these had not been thrashed out as it 
should have been. They had not been tried in 
this country with any amount of success, apart 
from one or two exceptions. The attention of 
engineers should be drawn to the devising of a 
comparatively cheap form of apparatus for cleaning 
blast furnace gases. 

Mr. G. W. Hewson was pleased that Mr. Ridge 
had raised the idea of a symposium on the subject 
of gas cleaning. There was to be expected a very 
great competition on the part of Germany in the 
matter of blast furnace practice, and the Germans 
had already proved the utility of cleaning the gas. 
For use in gas engines the gas had to be cleaned 
down to a dust content of 0-005 gramme per cubic 
metre, this being the ultimate result. Now, 28 per 
cent. or 30 per cent. of the cleaned gas was wanted 
for the hot blast stoves, there remaining about 
70 per cent. for engine purposes; if, therefore, it 
was necessary to clean and cool 70 per cent., the 
whole amount available might be dealt with at 
once. He found that cold dry gas gave a higher 
calorific intensity in boilers or stoves than hot wet 
gas. In regard to the dust recovered, it was the 
finer or last portions of the dust extracted that were 
the richest in potash ; it would ultimately pay to 
clean the gas for the potash recovery alone. He 
recovered at the rate oi 25 tons of KCl per week 
from three furnaces. The elimination of the heavier 
dust soon after the gas left the blast furnace was 
important. Blast furnace dust was deliquescent, if 
therefore the gas were cooled rapidly the tubes 
were liable to get choked and large diameter coolers 
worked better than economisers. 

Mr. L. Rothera said that with gas engines at 
least twice the power would be obtained from the 
gas as against burning it under boilers and using 
steam turbines: Gas engines were so satisfactory 
that there was no reason why they should not be 
used for generating current rather than a steam 
plant, and distributing the current throughout the 
country. The importance of cleaning the gas for 
use In gas engines was now well recognised 
_ Mr. G. B. Garrett said the author had given an 
interesting paper on what was probably now the 
most successful dry gas cleaner to clean gas to the 





degree required for gas engines. In his (the 
speaker’s) opinion, with this system a rather 
needless expense was incurred in cleaning the gas 
to such a fine degree for use in hot blast stoves and 
under boilers, if boilers were used. He asked 
whether it might not be advisable to rough clean 
all the gas and then by-pass to some such system 
as the Halberg-Reth only the amount of gas destined 
for use in the gas engine. He believed such an 
arrangement was being planned by the Appleby 
Iron Company, in which they were using a Kling- 
Weidlein cleaner in connection with a final cleaner 
which handled only the gas for the engines. With 
the two systems combined, there was obtained cool 
clean gas for the engines and hot clean gas for the 
stoves, the gas for each being cleaned only to the 
degree necessary for their most efficient working. 
If the author gave some present day figure for the 
cost of the Halberg-Beth plant it would be possible 
to compare that method with the one he (the speaker) 
referred to. Mr. Garrett felt that the author was 
a little extreme in disparaging the steam driven 
equipment, for the latest developments in the 
United States in gas fired boilers tended to show 
that with large modern boilers, clean hot gas, clean 
water and pre-heated air for combustion, a boiler 
efficiency of 80 per cent. and over could be obtained. 
A blast furnace superintendent had informed him 
(the speaker) that from one of the plants where gas 
was being cleaned by the dry process he was able to 
get a 158 per cent. rating out of the existing bcilers 
by the use of blast furnace gas alone. The chief 
engineer of the Ohio Works of the Carnegie Steel 
Company, in a recent report, advocated the installa- 
tion of steam driven plant producing steam at 300 lb. 
to 350 Ib. pressure and about 200 deg. superheat, 
running this steam through a high pressure turbine 
which would exhaust it at about 180 lb. at 100 deg. 
superheat for its ultimate use in other steam 
engines and turbines. 


(Biast Furnace anp Cupota Sigs. 


The next paper taken dealt with the composition 
and with graphic methods for determining the con- 
stitution of blast furnace and cupola slags, by Mr. 
J. E. Fletcher, who read it in abstract. The author 
stated that he had collated the data of many 
research workers in the slag field, adding that it 
was becoming increasingly necessary, if a true 
explanation of the reactions between slags and 
metals was to be arrived at, to ascertain the most 
probable composition of the liquid slags at the 
time the reactions were in progress. 

The discussion was opened by Professor Desch, 
who said the paper would be of some help to 
chemists ; he would like, however, to receive more 
information as to how the author had constructed 
his diagrams. The author had referred to some 
series in which iron oxide was present and to the 
influence on the melting point. He (the speaker) 
asked from what data the author’s reference had 
been derived, the melting points of mixtures con- 
taining iron oxides not having yet been determined. 
It had been tried, but owing to the corrosive action 
of all slags containing high percentages of iron oxide, 
no melting point results could be arrived at. In 
his (the speaker’s) own experiments the material 
ate away the crucible. When dealing with a new 
ore a blast furnace manager had to regulate the 
composition of his slag, the data as to fusibility 
could be obtained from the diagram of the Geo- 
physical Laboratory. That diagram had been con- 
structed without the use of any hypothesis as to 
the constitution of the liquid slag. The author had 
based his paper on assumptions and he (the speaker) 
asked for more information as to how he had con- 
structed his melting curves. 

Professor Louis said the author appeared to put 
forward definitely that the slag consisted of ortho- 
silicate in which free silica and free alumina dissolved. 
It was not possible to say in what state the liquid 
material was, also not possible at that temperature 
for free silica and free alumina to co-exist without 
combining. On these and on other points he 
differed entirely from the author. 

Mr. J. H. Whiteley agreed with the two previous 
speakers and did not agree with the author's state- 
ment to the effect that it was increasingly necessary 
to ascertain the most probable composition of the 





liquid slags at the time the reactions between slags 
and metals were in progress, for arriving at a true 
explanation of the reactions. 

Mr. Hallimond asked for the author’s reference 
to his Fig. 1, on analyses of igneous rocks, the paper 
not mentioning it. 

Dr. Rosenhain did not agree with the author's 
hypothesis, for, in the first place it was stated that 
about 60 per cent. of material was dissolved in some 
30 per cent. only ; one could not be called soluble 
and the other a solvent under such conditions. In 
regard to the presence of silica in solution, there 
was reason to believe that in the higher silicate 
slags there were minute crystallates of free silica 
in suspension in those bodies. 

Tae PREVENTION OF HARDENING CRACKS AND THE 
Errect OF CONTROLLING RECALESCENCE IN A 
Tunesten Too. STEzL. 


On the members re-assembling on the morning 
of Friday, the 6th inst., the president, Dr. Stead, 
occupying the chair, the first paper taken was the 
one having the above title, by Mr. 8. N. Brayshaw, 
who read it in abstract and exhibited specimens. 
The paper described at length the author’s research 
on a tool steel containing about 1-1 per cent. of 
carbon, 0-8 to 0-9 of tungsten and 0-2 of chromium. 
The changes that occur during the halts in heating 
and cooling were investigated by means of a large 
number of bars which, after soaking for various 
periods at temperatures near the critical points, were 
quenched in water. A second series of bars similarly 
heat treated were cooled in sand instead of being 
water-quenched. The sand-cooled bars were finally 
hardened by one standard process. These bars 
lengthened or shortened on hardening, in response 
to the maximum temperature of the previous, 
annealing and to the progress that had been made 
in the slow recalescence during that annealing. The 
behaviour of the hardened bars under bending 
stress was also found to have been determined by 
the heat treatment prior to hardening. The ten- 
dency of the steel to crack in hardening was corre- 
lated to the various results from the bars by means 
of a series of milling cutters purposely made of a 
design extremely difficult to harden. The cutters 
were machined out of blanks which had been heat- 
treated with the bars. After machining, the cutters 
all underwent the same standard hardening without 
any intervening process. The resulting cracks were 
found to occur in reasonable sequence with the 
treatment and with the result from the bars. Cutters 
which broke badly in hardening were generally 
made from blanks in which the ratio of the Brinell 
figure to the Shore figure was comparatively high. 
The paper dealt in detail with the treatment and 
gave detailed results and figures for each case. 


On THE CAUSE OF QuENCHING CRACKS. 


This paper, by Messrs. Honda, Matsushita and 
Idei was then read in abstract by the secretary. 
We print it on page 595 of the present issue. It 
and the preceding paper were discussed together. 

Dr. W. H. Hatfield thought the Institute was 
greatly indebted to Mr. Brayshaw for the very large 
amount of useful information his paper contained. 
It was difficult to harden without cracking the com- 
plicated pieces which the author had taken; it 
meant that numerous problems had to be considered 
in regard to the treatment of complicated shapes. 
He had followed the author’s work and could confirm 
his statements. It would lead to similar work 
being done on other steels and yield practical data, 
among other points, as to the previous heating to 
be given to mechanical pieces. He would have 
liked the author to Jay more emphasis upon one 
important point, namely that the Shore value did 
not bear a constant ratio to the Brinell value, 
and these were the two methods to follow in the 
particular case, the Shore method for the harder 
material. Referring to the paper by Messrs. Honda, 
Matsushita and Idei, he expressed the interest 
found in the very useful work done by our Japanese 
friends. In this instance, however, he did not quite 
agree with their statement to the effect that in a 
quenched steel a certain amount of austenite was 
generally present intermingled in martensite, the 
amount of the austenite increasing as the quenching 
temperature increased. He (the speaker) said the 
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original austenite ceased to exist. 
state his views more fully in writing. 

Dr. Arnold thought the title of Mr. Brayshaw’s 
paper should be modified, since 0-8 per cent. of 
tungsten in a steel did not give what could be 
called a tungsten steel. In a former paper of his 
(the speaker’s) written in collaboration witH Mr. 
Read, they had dealt with every kind of tungsten 
steel and had found that such a low proportion as 
0-8 per cent. of tungsten had almost a negligible 
effect. They used a steel having 1-8 per cent. 
of carbon and 3 per cent. of tungsten for drilling 
hard white cast iron, and Mr. Brayshaw’s steel 
would not do that. Brinell figures were useless 
in the matter of tool steel. An ordinary carbon 
steel might show a Brinell hardness in the vicinity 
of 700, whilst a high-speed tool steel might reveal 
600; there was no correlation in that with the 
work the tool steel could do as compared with 
the steel showing 700. He did not agree with the 
statement by Messrs. Honda, Matsushita and Idei as 
to the presence of austenite ; austenite was defined 
by Osmond as occurring only in supersaturated 
steel. 

Mr. H. Brearley found it rather difficult to see what 
Mr. Brayshaw was really aiming at; he hoped 
he was focussing on a rule to produce tools which 
never would crack in the process of manufacture. 
In the abstract, the author did not appear, from 
his paper, to find it convenient to do that. His 
material had been variously commented upon. 
A proportion of 0-8 per cent. of tungsten did not 
exercise any influence upon the steel, not a scientific 
influence at all events, although it might have an 
influence from the commercial point of view. 
If a tool fractured and showed a beautiful surface, 
the hardener was apt to be very pleased with himself 
at seeing the bright smooth fracture. It was 
questionable whether it was advantageous to put 
tungsten in steel for that reason and no other. 
The author had been to very great pains to produce 
and treat various specimens, the hard work 
evidenced by the paper was, in fact, overwhelming. 
He had omitted two things, he did not say what the 
original ingots were and how they were forged. 
The one end of a bar was not the same as the other 
end, and the author should have taken the bars, 
nicked and fractured them along the length to find 
out how far they were uniform. The author had 
taken special precautions as to the dimensions of 
the cutters, but the conditioning of the machined 
surface was perhaps of more importance than the 
actual dimensions; the surface was an important 
point to consider and one which would lead to 


But he would 














discrepancies. He asked what was the eutectoid 
composition of a steel having 0-8 per cent. of 
tungsten. The author used salt baths for heating 
and he (the speaker) also, but these had an important 
defect, in that a piece could not be put in them at a 
temperature below the fusing point of the salt. 
By the prolonged heating and heating up slowly of 
a delicate tool one could obtain results which could 
not be had in a salt bath furnace. In a complicated 
cutter, such as ‘those referred to by the author, there 
occurred large volume changes, and these had much 
to do with the breaking of the cutter, it was very 
important therefore to heat the cutters up slowly. 

Dr. H. Hartley, with reference to the furnace and 
temperature records, asked Mr. Brayshaw for the 
actual design of his salt bath furnace and how 
he burnt the gas. Did he introduce thermostatic 
control? It was no mean achievement to maintain 
a practically constant high temperature for a period 
of 16 hours. In regard particularly to the salt bath, 
he asked the author whether he had adequate 
“ wetting ” of the metal in the bath and whether 
he had decarburisation, also whether the actual 
immersion in the bath at the bath temperature 
would not lead to distortion. Would preheating 
of the pieces have done away with some of the 
trouble encountered ? The author had said that the 
heating for the various processes was done in two 
salt bath furnaces heated by coal gas, the furnace 
used for temperatures of 750 deg. C. and over was 
fitted with a pot of a nickel-chromium alloy, the one 
for lower temperatures having a cast-iron pot; 
the speaker asked what was the author’s advice in 
regard to a steel pot. 

Dr. Whipple was glad British firms were carrying 
out this class of laborious and expensive research 
work. He shared the last speaker’s admiration for 
the long maintenance of a constant high temperature, 
this showing the advance made in this country in 
temperature recording. With automatic control, 
the temperature could be maintained within narrow 
limits. He (the speaker) suggested the making of 
a standard steel bar, and discs, to be tested at the 
National Physical Laboratory. 

Professor Turner thought that the hardening 
cracks might be divided under two heads, one kind 
due to ultimate reasons as shown in the paper by 
Messrs. Honda, Matsushita and Idei, and the 
ordinary or proximate causes of fracture when steel 
hardened. In this latter process hardness and 
brittleness were produced, also volume changes, 
hence cracks. The expansion and contraction 





following upon cooling and reheating did not occur 
uniformly in a bar and in’a tool. The only way to 
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determine volume change was by determining the 
| specific gravity. In hardening steel, when one went 
| beyond a certain figure there was a tendency for the 
steel to become more coarsely crystalline, and it 
|could not be expected that the small point of ‘the 
|Shore sclerometer could give the same reading as 
the wider surface of the Brinell ball which took in 
together both a harder and a softer part of the 
material. He (the speaker) had given the figure 6 
as the approximate ratio. There were now found 
ratios higher than 8 and one had brittle material. 

Mr. Hophersall said that one effect of excessive 
surface decarburisation resulted in a tendency for 
‘the steel in the centre to expand more on hardening 
than the outside layers. Steel which he had heated 
to 790 deg. C. gave no cracks; one heated to 
830 deg. C. had three cracks; and one heated to 
900 deg. cooled to 800 deg., then quenched in water, 
had 47 cracks. In this latter there was the possi- 
bility of a layer of decarburised material on the out- 
side ; when he repeated the experiment and covered 
the steel with a charcoal layer, instead of 47 cracks 
he had only 5. 

(To be continued.) 








MACHINE RUNNING RECORDER. 

Tue machine running recorder, which we illustrate 
in our two photographs, Figs. 1 and 2, on this page, and 
in the drawings Figs. 3 to 9, on page 581, was designed 
and constructed by the Cambridge and Paul Instrument 

| Company, London, for controlling the operation of the 
textile machines of Messrs. J. and A, D, Grimond, 
Limited, of Dundee. As long as all the fifty machines 
joined to this instrument are running, the chart which 
\is being fed forward by the machine remains all white. 
If all the machines were stopped, with the recorder 
kept running, 50 lines would be drawn on the chart, 
parallel to the edges. As soon as any machine is 
stopped, a blank line is started, and from the position 
and the length of this line the period of the stoppage is 
read off. The instrument, which is mounted on a 
base of a few square feet, was one of the novelties 
of the Exhibition arranged by the Physical and Optical 
Societies last January, and was mentioned by us at 
the time. ; 

Each machine is connected with the instrument in 
such a way that an electric circuit is completed when a 
machine stops. The 50 contact studs A for the 50 
machines are arranged in a circle which is incomplete 
for reasons presently to be explained (see Figs. 3 and 5 
and the photographs Figs. 1 and 2). The wire terminals 
are mounted on the back and in one of the sides of the 

|instrument case. The rotating arm B (Figs. 4 and 6) 
sweeps round in a horizontal plane, touching with its 
contact brush (Fig. 4) the studs in succession. The arm B 
is mounted on the top of the spindle H which is driven 

lat constant speed through a double-worm reduction 
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repeats on the next movement of the arm across the 
chart, and new dots are added, starting a new line when 
another machine is interrupted, or making a line 
already started a little longer. Thus we obtain as 
many parallel lines as there are machines not working 
at the time. In addition to the machine contacts 
1, 2, 3, &c., we notice in Fig. 5 two common batte 
contacts. These contacts are placed at the ends of the 
50 machine contacts and are always energised, in 
order that the column at each end of the record shall 
always be blacked in, so that margins can be drawn 
from which the number of the machine is measured. 
The charts are not graduated. An engraved celluloid 
scale, pat-eny | the chart width into 50 equal spaces 
and showing the time scale, is supplied with the instru- 
ment. By applying this.scale to the record on the 
chart the attendant can see which machines have been 
stopped and how long the interruption lasted. The 
width of the chart is 5 in., and an interval of one hour 
is represented by two lengths of 6} in. The complete 
instrument is enclosed in a wooden box which is 
provided with glass ag the driving motor is 
mounted on the same , the length of which is less 
than 2 ft. 





f° NOTES ON NEW BOOKS. 
' Iv does not seem possible to write anything that is 
new about heat, but it is certainly practicable to convey 
some of the fundamental ideas of the science of ther- 
modynamics to students in a less difficult and repulsive 
form than that adopted by many textbooks. This is 
especially true as regards the famous second law. In 
“* Lessons in Heat,” by W. 8. Franklin and Barry 
MeNutt (London, Constable and Co., price 2 dols.) 
the physical significance of irreversible processes, such 
as the second law deals with, is put in a manner both 
interesting and even humorous. Many a student who 
has worried over the difficulty of getting a grasp of 
the idea of entropy, when the subject has been ap- 
cee with mathematical symbols, would have 
ound that it was an idea he was absolutely familiar 
with if it had been presented in a less forbidding guise. 
The authors of the book to which we have referred 
approach the subject by means of homely illustrations. 
The student will accept with no mental strain the 
statement that when a house is burned down “ the 
material of the house is not destroyed, nor is any 
energy destroyed, yet every one appreciates that some- 
thing is destroyed,” Nevertheless, the statement will 
bear a lot of thinking about, for it embodies the three 
most fundamental generalisations in the whole of 
physics. The book, like so many of those now being 
ut on the market, isan American one. It is refreshing 
in its outlook, and, though elementary, is interesting all 
through. 





In a sense the science of geology seems to be endowed 
with the solidity which we should desire for the ex- 

loration of the planet,on which we have to dwell. 

hile the chemist and physicist may rush into print 
with the description of a few weeks’ work on a new 
compound or a modification of an apparatus, the con- 
scientious geologist has to study hard for years before 
he collects material worth publishing, though he may 
also compile papers on some mineral or fossil. To the 
non-geologist geological research appears peculiarly 
difficult and the interpretation of its results strangely 
bold. How a certain sequence of clays, sands, lime- 
stone, plutonic rocks, &c., and their folding, faults 
and possibly fossils, tell the geologists that the forma- 
tions may or may not contain ores or oil, is not easily 
understood, and for that reason partly and for the heavy 
expenditure of time and labour involved in adequate 
exploration, wild-catting continues to tempt rash 
men, The wise man looks for guidance from competent 
geologists, and for help from good books such as the 
“ Geology of Petroleum,” by Dr. W. Harvey Emmons, 
Professor of geology at the University of Minnesota 
(McGraw-Hill Book Company, New York and London, 
36s. net). The 610 of this octavo publication, 
illustrated by 254 diagrams, will certainly impress 
the reader as conscientious, able work, and the pub- 
lishers have done their duty. The volume is based on a 
series of lectures on economic geology which were 
expounded for this publication. No claim is made 
as to embodiment of the most recent literature ; but 
the book is, as a matter of fact, unusually well stocked 
with references up to 1920. Particular attention is 
naturally paid to the American oil fields, but the book 
is generally instructive, 

Engineering now covers so vast a field and touches 
the chemical and physical science at so many points 
that engineers are constantly needing data on subjects 
outside their own special departments. To a certain 
degree the various “ pocket-books” meet this want, 
but the range they can cover is necessarily limited, 
and only the commoner physical data are included. 
For facts of a more te nature, the engineer 
aften had to hunt through unfamiliar volumes which 
i 


per not always be at hand and discover what he was 
00. 
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ng for among a vast mass of irrelevant informa- 
tion. To render the important figures available for 
ready reference, Dr. G. W. C. Kaye and Prof. T. H. 
Laby compiled some years ago “ J'ables of Physical 
and Chemical Constants” (London, Longmans, Green 
and Co., price 14s. net). The fourth edition of this 
work has now been published, and gives authoritative 
figures concerning what seems to be practically every- 
thing in chemical, electrical and physical science. To 
any scientific worker, in whatever field, such a book 
is invaluable, as it collects and condenses information 
which could only otherwise be obtained by hunting 
through the whole of an immense scientific library. 
Whether one seeks to know the force of gravity at 
Sandakphu, the melting point of Phoroglucin, or is 
concerned about the critical pressure of radium em- 
anation, he will find what he wants. The properties 
of common substances, however, are just as faithfully 
dealt with, and much of the contents of the book is 
of direct value to the ordinary engineer. 





With the exception of a note of ten lines referring 
to the installation of a large air-lift pumping plant at 
a Mexican mine, the fourth edition of Compressed Air 
Plant by Robert Peels (London: Chapman & Hall, 
Limited, price 25s. net) appears to differ from the 
previous edition only by the addition of a chapter on 
“Measurement of Air Consumption.” The chapter 
contains only about twenty pages, and treats the 
subject in a manner far too summarily in view of its 
importance, For measuring the output of a com- 
pressor, the author describes and illustrates a manifold 
with eight short lateral branches, each terminating in 
an orifice of known diameter. Each orifice is controlled 
by a globe valve only a few inches behind it. With 
such an arrangement one would doubt the statement 
that the method is ‘‘ as accurate as the use of tanks” 
even if one does “ obtain the local barometric reading 
from the nearest weather bureau station or otherwise.” 
This chapter, which is presumably the justification 
for a new edition of the work, will hardly enlighten 
engineers who know anything at all about the measure- 
ment of air, and cannot be commended to those who 
donot. Theauthor, like so many of his fellow-country- 
men, seems to be unacquainted with the progress made 
outside the borders of the American Continent. The 
enormous commercial scale on which air is metered on 
the Rand, for example, is hardly more than mentioned, 
nor is there any reference to the Venturi or other meters 
developed by Messrs. Kent for this work. 


Though we have no liking for scientific romancing 
of the magazine column order, we readily admit that 
the “ Creative Chemistry’’ of Dr. Edwin 8. Slosson, 
M.S. (The University of London Press, Limited, price 
128. 6d. net) makes interesting reading. The illustrated 
octavo volume of 311 pages, which is provided with a 
short alphabetical index, originated in a series of articles 
which Dr, Slosson, literary editor of the Independent, 
ag for that American journal in the years 1917-18. 

he date suggests a war atmosphere which is, indeed, 
not absent. Among the main subjects dealt with are : 
nitrogen, comprising soil feeding and explosives ; 
cellulose and nitrocellulose; coal tar colours; syn- 
thetic perfumes and plastics; the race for rubber: 
fighting the fumes; metals, old and new ; and electric 
furnace products. Dr, Slosson introduces himself as 
an Associate in the Columbus School of Journalism, 
and his book is descriptive of recent achievements 
in the chemical industry. The collaborators, to whom 
he expresses indebtedness, are all American chemists 
or on the staff of some United States department ; 
the preface is by Professor Julius Stieglitz, of Chicago 
University, late president of the American Chemical 
Society. The author gives facts and dates sufficient 
to raise the chapters of the book above the level of 
such phrases as :—‘ Iron is the most timid metal ; it 
has a great disinclination to be alone,” unnecessarily 
remind the reader, 








Everyone who has ever attempted to pass examina- 
tions atter private study realises that a syllabus is but 
a very inadequate guide to the requirements of the 
examiners, An experienced teacher knows, however, 
from experience the standard aimed at, and even when 
copies of the papers set on previous occasions are not 
issued to the public, he secures from his own students 
full particulars of the questions set each successive 

ear. Owing to this he is able to give advantages to 

is pupils which the private student commonly lacks, 
and who accordingly often concentrates his attention 
on matters, which copies of former papers would show 
that examiners set little store by. going engineers 
have of necessity to do a good deal of _ study, 
and these will find the “ Zxtra Chief Engineers’ and 
Surveyors’ Guide,” just published by Messrs. James 
Nimmo and Co., Glasgow, at 45s. net, a remunerative 
investment. The author is Mr. Peter Youngson, 
B.Se., of the Central Technical School, Liverpool, 





The work, which is most amply illustrated, covers the 


whole requirements of the syllabus for the Extra 
Chief’s certificate and contains numerous papers and 
questions with the answers worked out. A series of 
clearly written lecture notes precedes each paper. 





Amongst the articles in 7 echnologu, which is a publica- 
tion issued by the Manchester Municipal College of 
Technology, we note an address delivered last year 
by Mr. J..C. M. Garnett to the “ United Workers,” 
In this he emphasised the importance of a strong 
vocational element in education, a view which is 
frequently denounced by writers of the so-called 
progressive school, on the ground that the higher 
efficiency of the workman will increase the creation 
of wealth, and that some small fraction of this may 

robably pass into the pockets of the shareholding class. 

ossibly there is another reason for this opposition 
to vocational education, in that science, whether pure 
or applied, demands from its votaries clear and honest 
thinkin ing which is the last quality im demand by our 
modern social reformer. Another interesting paper 
by Professor Miles Walker deals with the historical 
development of electrical machinery. He points 
out that there have been during the past forty years 
two or three occasions at which manufacturers thought 
that finality had been reached, and had laid out plant 
accordingly, only to find that some new development 
has entirely changed the character of the machinery 
required. The most striking instance of this occurred 
just before the steam turbine came to its own. At 
this period several firms had laid out elaborate plant 
for the manufacture of large slow speed generators, 
the demand for which suddenly disappeared. Pro- 
fessor Walker expresses the opinion that even with 
an output of 10,000 kw. at 3,000 r.p.m., the limit has 
not yet been reached, At the beginning of the century 
it is interesting to recall that the recognised speed for 
a 3,000 kw. turbo-generator was only 750 r.p.m. 





Our science collections at South Kensington are 
less familiar to the public than they should be. The 
applied science sections in particular are most in- 
structive, as they frequently show the whole historical 
development of an original idea from its first crude 
conception by the pioneer to its highly efficient modern 
form. Indeed, in many cases, the earlier machines 
are the more instructive, as the additions made by 
successive improvers introduce complications, from 
which it is not always easy to unravel the master idea. 
A new catalogue describing the exhibits of mining and 
ore dressing machinery has just been published, and is 
prefaced with a clearly written note on mining appli- 
ances generally. The coal-cutting machines exhibited 
include a specimen dating from 1864, The very slow pro- 
gress made in introducing these machines into service 
is no doubt mainly attributable to the opposition of 
the skilled miners. In America they are, we believe, 
much more generally adopted, a policy which is no 
doubt in part responsible for the much greater output 
of coal per man employed, as compared with British 
conditions. The exhibits include not merely speci- 
mens of mining machinery but models of complete 
plants inclusive of a “ flotation” plant. 





Hypro-Extzctric Power IN ARGENTINA.—The new 
great hydro-electric power scheme of Argentina, utilisa- 
tion of the Iguazu Falls and of the Salto Grande, will 
create some stir even in our days of vast power-trans- 
mission projects. From reports presented last October 
to the Argentine Government the available head of 
water may vary between 85 m. and 47 m. (280 ft. and 
154 ft.), and the water flow vary between 7,120 cub. m. 
and 350 cub. m. per second ; the extremes are rare, 
however, the average rate of flow is of 1,500 cub. m. (over 
50,000 cub. ft. per second), and it is estimated that some 
370,000 h.p. will generally be available. Additional 
pet is to be obtained from the Salto a od 4 os 

Uruguay River. Buenos Ayres will probably 
wank mcs of the new power supplied ; but the scheme 
is important also because it will open up vast districts. 





INsTITUTE oF TRANSPORT.—At a meeting of the 
Institute of Transport, held on Monday last, a paper 
was read by Mr. D. Ross-Johnson, C.B.E., on ** Water- 
borne T rt.” This paper was mainly historical, 
but at the close the author reminded his audience of the 
committee now sitting to consider the best means of 
dealing with the question of the canals of this country. 
He suggested that if an authority were constituted on the 
lines proposed by the Commission of 1906 which reported 
in favour of the so-called Cross scheme, a start would 
necessarily have to be made on somewhat modest lines 
instead of embarking on a too comprehensive scheme. 
The author drew attention to what he considered might 
form a suitable starting point, namely, the connection of 
the Midlands with the Bristol Channel. This he pointed 
out would be the simplest and cheapest of the former 
Commission’s plans to adopt with a view to seeing 
whether the idea of working inland waterways by & 
public authority were practicable. He considered that 
the authority would also have to be the carrier in order 
to compete with the efficient organisation of the railways. 
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« SLIP-LINES” AND TWINNING IN ELECTRO. 
‘ DEPOSITED IRON.* 
By W. E. Hueusgs, B.A. (Camb.). 

Arter referring to former work by Mr. J. C. W. Hum- 
frey, the author stated that the deposits of which 
micrographs are shown were formed, some in a sulphate 
and some in a chloride of iron solution, The deposits 
were all formed upon small cylindrical cathodes cut 
from solid metal rod, sometimes steel, sometimes brass ; 
they were of _ thicknesses and structures. 

Descriptive.—The photomicrographs show various 
samples of electro-deposited iron. A table in the paper 
showed that some of the specimens were di ited from 
the sulphate bath, and some from the chloride solution, 
The conditions of deposition were given in this table, 
=~ one corres of the lines, which are believed 
to “‘ slip-lines,”’ differ according to—(i) Whether they 
are viewed at low or at high magnification; (ii) the 
general structure of the deposit; and (iii) the amount 
of etching the imen has received. 

(i) When the deposit has been formed upon a cylin- 
drical cathode, the lines, at low magnifications, and 
especially when the deposit is of the fibrous type, appear 
as wavy annular rings which sometimes run all round 
the specimen (Fi 1 and 2, reproduced on Plate 
XXIX). At higher magnifications and on broader 
crystals the ap ce is similar to the ‘“‘ herring-bone ” 
structure clearly seen in the engltocgndtitenns of i 
gabbros (Figs. 6 and 8). When more deeply etched, the 
appearance at high magnification resembles a staircase 
(Fig. 9). 

(ii) When the deposit is not of the fibrous t the 
lines do not give to the deposit the appearance of being 
composed of innumerable strata as seen in Fig. 2. The 
longitudinal axes of the crystals (or grains) not being 
parallel, but more or less inclined to one another, the 
lines have no regular relation in general appearance— 
no regular relation, that is, from grain to grain ; but on 
individual grains the “ herring-bone ” structure can be 
seen (Fig. 10, Plate XXIX). 

(iii) The amount (depth) of etching causes, as is natural, 
a marked difference in appearance. The exceedingly 
thin lines produced by light etching become broadened 
when the iron is more deeply ete ; and this, at high 
magnifications, causes the staircase appearance to 
particularly marked. 

The following conclusions may, it is , be 
drawn from the features illustrated in the photomicro- 
graphs : 

(a) The lines are common to deposits from both the 
chloride and the sulphate solutions. 

(b) They are formed whether the deposition is con- 
ducted at high or at low current density. 

(c) The temperature of deposition does not seem to 
determine whether the lines are present or absent. 

(d) They are found in deposits of various thicknesses. 
In the actual specimens deposited and examined the 
thickness of the deposits varied from 0-015-in. to 
0 -005-in. 

So far, then, as the conditions of deposition—namely, 
nature of electrolyte, temperature, and current density 
—are concerned, the formation of the lines does not 
seem to be dependent upon them. Nor is it dependent 
upon the thickness of the deposit. There is, however, 
one type of deposit in which such lines are not formed, 
or, at any rate, are not to be observed at magnification 
up to 1800 diameters. Deposits formed in a bath con- 
taining much suspended matter and many small par- 


ticles do not appear to show the lines, unless indeed the | P' 


cathodes are sharply moved during the formation of the 
deposits. The result of the movement seems to be to 
prevent the oxide particles su8pended in the solution 
from settling down upon and becoming, consequently, 
included in the deposit to anything like the same extent 
as happens in the case of the stationary cathode. 
Discussion of the Results.—The proposition which it 
is sought to establish is as follows: Certain lines (cir- 
cumferential in the cases of deposits formed upon 
cylindrical cathodes) are frequently to be seen in electro- 
lytic iron which resemble the lines called “ slip-lines ” 
which are a characteristic of over-strained metal ; and 
these lines (seen in electrolytic iron) are “ slip-lines,” 
and are caused by the stresses, of considerable magni- 
tude, which operate in the iron during its d ition. 
The micrographs shown and already consid are, it 
is suggested, sufficient to manifest the kind of lines 
indicated. They are very noticeable to an observer of 
a specimen of electro-deposited iron when examining 
the metal with the microscope. If the grains are narrow 
their general appearance, at quite low magnifications, 
is that of contimuous circumferential division lines ; 
but, under higher powers, each line is seen to be made 
up of very small straight lines, any pair of which are 
inclined at an angle to one another, so that the whole 
line has a zig-zag appearance. When the grains are 
large, and V-shaped, the lines on each grain often have 
a “herring-bone” appearance even at lower magni- 
fications, 
_ In the first place it has to be considered whether the 
lines seen in the d ited metal sufficiently resemble 
those seen in strained metal and known as “ slip-lines.” 
This is a matter of observation and comparison. 
hough perhaps not very clear in some cases, the resem- 
blance is manifest in very many others, and particularly 
so in the majority of the photographs shown. In Fig. 3 
especially, the change of direction from grain to grain 
is marked; and further, each complete grain (of the 
fibrous form in this case) appears as & twin crystal, 
and the lines change abruptly in direction from one-half 
of the twin to the other. ‘ 
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The second question to be answered is: Is it at all 
possible that the lines illustrated and described can 
indeed be “‘ slip-lines ’’ ? 

“Slip-lines ” are the result of stress, mediately or 
immediately. Hence, if such lines exist in pore | ic 
iron, this must have been the locus of stress, There 
is very good evidence that this is the case. 

(i) As 1 ago as 1877 Mills pointed out that when 
metals iverdpenieed electrolytically on the bulb of an 
i thermometer the mercury in the stem is seen 
to rise. This shows that there is a pressure acting 
upon the bulb—a that must result from the 
contraction of the it, since it can have no other 
cause. Mills called the pressure “ electrostriction ” ; 

iectnical pressure necessary to 


Stee sens sit? oo he eeescury 20 Wes caused during 
formation any particular deposit he obtained a 
alue for the total exerted by that deposit 


pressure t 
upon the thermometer bulb. In this way Mills obtained 
for iron a value, namely, eighteen atmospheres, as the 
_ effect’ exerted during its formation by a 
deposit of that metal upon the thermometer bulb. 
In some remarks on his experiments (which, in the case 
of iron, were conducted at a temperature of 17 deg. C. 
to 18 deg. C.), he says: “If we conceive such pressure 
to be produced by the electric d ition of successive 
layers of metal (as was ey the case with thermo- 
meter 502), it seems reasonable to suppose that each 
f the layers will have nearly the same constrictive 
effect. first layer, however, constricts the bulb 
alone ; the second constricts the first also ; the third its 
predecessors; and so on. Hence, the observed effect 
upon the bulb should diminish at interest.” 
® (ii) The same phenomenon was observed by E. Bouty, 
independently and without a knowledge of Mills work, 
and was considered in a numiber of papers in the Comptes 


Fic. 4. Magnification x 300. 


Rendus. As the result of his experiments Bouty con- 
cludes that: (a) Electro-deposits exercise considerable 
ressures upon the base metals on which they are formed. 
(6) The pressure increases with increasing thickness of 
deposit. (c) The slight local elevation of temperature 
is too insignificant to account for the rise of the ges 
when the d it is formed upon a thermometer bulb. 
(d) Current density is not the determining factor. It is 
interesting to note that Bouty remarks that “ very 
crystalline or coarsely granular deposits exercise but 
insignificant compression,” and further that, in his view, 
the compression is due to the change of volume which 
the metal undergoes upon deposition. It is unnecessary 
to enter in detail into a consideration of Bouty’s re- 
searches. It seems sufficient for the purpose of this 
paper to note that Mills’ observations were confirmed 
(and extended) by an independent investigator and by 
like means. 

(iii) A paper by G. G. Stoney* seems to be the next 
in order of date dealing specifically with the pheno- 
menon under immediate consideration.t oe de- 
posited nickel on one side of a steel rule which was 
‘si off ” on the other side. The deposited metal 


ca the rule to be bent into a concave form, the nickel 
being on the side of lesser radius. Stoney then calcu- 
lated, mathematically, the force necessary to produce 


a given amount of flexion. The maximum figure he 
found for the tension of nickel is given as 19-2 tons per 
square inch. This figure will be referred to later. ’ 

(iv) V. Kohlschiitter and E. Vuilleumier, in their 

per dated 1918, ‘“‘ On Cathode Processes during Metal 
areration,” have also observed and measured the 
amount of bending (towards the anode) caused in a 
metal strip by nickel deposited upon one side of it. Their 
work shows the existence of considerable forces, 7: 
of contraction, during the formation of deposited metal ; 
but their purpose was other than Stoney’s, and they were 
not concerned with the determination of the actual 
magnitudes of the forces in question. 

It is suggested that the researches referred to above 
establish beyond doubt that electro-deposited metal is 





* Proceedings of the Royal Society, 1909, vol. lxxxii, 
. 172. 
* + Dr. Mills has kindly informed the author that, so 


read at the meeting of the | far as he knows, no other work on the subject had been 





published until Stoney’s paper. 





the locus of forces variously named pressure, tension, or 
electrostriction, and, further, that these forces are of 
very considerable. magnitude. They show, too, that 
the force is one of contraction, The evidence of observa- 
tions that can be made in almost any plating-shop 
where it is the practice to deposit such metals as iron, 
nickel, or cobalt, is enough in itself to prove the opera- 
tion of internal forces in the d ited metal. Deposits 
are often observed to split and crack. In the case of 
nickel especially, the deposit, after splitting, will some- 
times leave the base metal upon which it is formed and 
curl over upon itself. It is a fact of note that cracks 
are less frequently seen in deposits of the softer metals 
such as silver, copper, or gold. 
The third question is—Are the forces located in 
deposited metal of an order of magnitude great enough 
to produce “‘slip-lines” ? Upon this point the work 
of O, Faust* of F. Crednert is illuminating. Faust 
gives a photomic ph of electro-deposi copper 
ieoprecnent in Professor Tammann’s ‘‘ Lehrbuch der 
etallographie,” 1914) which shows beyond doubt 
“slip-lines”” (Gleitlinien) in that metal, He mentions 
the work of Mills and Bouty and, with reference thereto, 
makes the following observations: ‘“‘ According to Mills’ 
results these pressures are quite considerable. In the 
case of they can amount to 109 atmospheres : 
according to Bouty they can amount to as much as 350 
atmospheres (476 kilogrammes). These pressures are 
in any case more than twice the value of the lower 
elastic limit found for ordinary copper, and it seems 
likely that in their action they are comparable with 
simple mechanical treatment.” Indeed, when the 
figure given by Stoney (for nickel) is recalled, there 
seems no reason to doubt that the forces that operate 
in deposited metal would be sufficient to effect a slipping 
upon planes of relative weakness—even in the case of 
iron (assuming “‘slip-lines ” or “ slip-bands”’ are really 
due to actual slip). At the same time it has to be said 
that, so far as the author is aware, there are no exact 
data that show that the forces existent in deposited 
iron are of a itude of the same order as the value 
of the elastic limit of ordinary iron or steel. 

Allusion was made above to the fact that the lines 
considered to be ‘“‘slip-lines’’ do not appear to occur 
in deposits containing a great deal of included matter— 
oxide or, according to Macfadyen, carbon. The explana. 
tion of this seems to be that the crystal grains have, 
in such case, no opportunity of growing to any con- 
siderable size. The deposit consists of a mass of very 
small, irregularly plesed quaian with oxide situate along 
the greater h of the boundaries. No doubt pres- 
sures operate during the formation of such deposits : 
the fact that anything resembling “slip-lines” has 
been unobserved in the grains of these deposits is prob- 
ably due to the smallness of the grains. 

On the Appearance of Twinning in Deposited Iron. 
The reference to the abrupt change in direction, in one 
and the same grain, of the lines called “ slip-lines”’ 
occasioned the use of the term “twin,’’ The opinion 
in regard to the formation of twin crystals does not 
appear to be definitely settled. Under the circum- 
stances, therefore, and in view of the fact that he has 
not been able to give sufficient study to this interesting 
subject the author ventures to merely call attention 
to the feature that a to be twinning in Fig. 4, 
annexed, and 3, 4, 6, 8, and 10, Plate XXIX. The point 
is, of cgurse, that in the case of the iron deposits, while 
there was certainly mechanical stress, there was no 
Famagene > ¢ It would be difficult to suppose that anneal - 
ing could occur at such temperatures as those at which 
the deposits were formed. Even the higher temperatures, 
103 deg. C. and 118 deg. C., would, it is suggested, not 
suffice to cause in iron any such molecular rearrangement 
as would become evident in its structure; still less 
would the lower temperatures of 22 deg. C. to 65 deg. 
C., be sufficient. 

The author has once again to express his sincere 
thanks to Professor H. C. A. Carpenter, F.R.8., for his 
continued kindly advice and encouragement during the 
work, which was carried out under the Professor's 
general supervision. The author’s thanks are also due 
and expressed to Professor Lamb, D.Sc., of the Engineer- 
ing School, East London College, for permitting him to 
use the apparatus in his laboratories, 








ARGENTINE-CHILE RatLway.—A start has been made 
by the Argentine Government at Salta on the pre- 
liminary work in connection with the railway projected 
to run via Huaitiquina on the frontier to Antofagasta. 
The plans of a French company which made the = 
some years back have been acquired. As regards 
Chilean section, which is roughly one half of the projected 
railway, nothing has been decided. 





Intish Parcetrs Trarric.—The London and North- 
Western Railway have recently adopted a daily service 
of box containers for the carriage of goods and parcels 
traffic between London and Belfast. The containers 
have been built at the pee gy om Works + = ey 
com) , and are ially ya to facili e 
rapii teanshipment an ls and 
and boat at Fleetw 
They are carried on special 45-ft. o railway trucks, 
there being four containers on each truck. oe are 
each ble of taking a load of about 2 tons. Their 
principal dimensions are : h, outside, 6 ft. 11 in. ; 
width, outside, 4 ft. 8 in. ; ight, including wheels, 
7 ft. 1d in. ; and capacity, 154 cub. ft. 





* Zeitschrift fiir anorganische Chemie, 1912, vol. 
Ixxviii, p. 20. ; 
+ Zeitschrift fiir physikalische Chemie, 1913, vol, 


Ixxzii, p. 457. 
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TWIN DRUM FRICTION LIFTER FOR 
DROP STAMPS. 


Tne advantages in bse fi of the friction drop stamp 
are fairly recognised and include free drop for the tup, 
a cleaner shop owing to the abolition of steam, with 
its necessary boilers and piping, and reduced power 
consumption. The ordinary friction drop stamp, 
however, still involves a considerable consumption of 
power together with heavy wear of brake linings, &c., 
Which losses are very materia!ly eliminated by a new 
type of gear introduced by Messrs, Thwaites Brothers, 
Limited, of Bradford, and illustrated in Figs. 1 to 6, 
on page 588. This type of gear gets over many of the 
ordinary troubles by having two brake drums, one for 
lifting and one for holding up. These are shown in 
Figs. 1, 3 and 4, of which the first is a view of the head 
gear of a stamp, while Fig. 3 shows the arrangement 
diagrammatically. Fig. 4 shows the parts in ter 
detail, but their actual disposition is slightly altered. 

In Fig. 4 the flywheel is shown to the right keyed to 
the main shaft, which runs at a speed from four to five 
times that of the ordinary lifter shaft. This shaft is 
driven by belt from an electric motor, or from line 
shafting. Keyed to this shaft is the small central 
pinion of an epicyclic gear, which will be recognised in 
Fig. 4. The idlers of this gear mesh with an internal 
gear fixed to the rim of a band brake drum. The 
idlers themselves are mounted on a plate which is 
integral with the lifter arms and pulley, and also with 
a second band brake drum seen on the left hand in 
Fig. 4. The action will be easily followed. Normally 
the central pinion revolves and the epicyclic gear 
causes the band brake drum for the lifting movement 
to revolve also freely. If this however be arrested 
by the application of the right-hand brake in es 4, 
the idlers revolve round the main shaft carryin; 
lifter arms and pulley. The tup is held up by app 
the band brake to the left-hand drum. 


fying ing 


The gear is operated by a hand lever havin, ing Dive 
positions, It is raised for lifting, the right-hand brake 
being applied as above. In the mid-position the left- 
hand brake is in action, the tup being held up, while 
when depressed this brake is released, and the tup 
is free to fall. A spring-return gear fitted to the 
operating shaft returns the hand lever to its mid- 
position. With this arrangement the only power used 
during holding-up, is that absorbed in the ing 
and the friction of the shaft and sleeve. None is 
absorbed by slipping brake linings. The band brakes 
employed are es in Fig. 2. They are of the 
differential type in which the load is applied through 
a double-armed lever. The type shown in Fig. 1 
is on the same principle, but is worked out somewhat 
differently. Theoretically, if the ratio of the two 
arms of the lever is less than the ratio of the tensions 
on the two ends of the strap, the brake will apply itself 
automatically and would continue to tighten till 
rupture occurred. If the arm ratio is greater than 
that of the tensions, a small load is required to apply 
the brake. In this lifter gear the lifting brake is 
applied by a small load, while the holding-w brake 
is automatic and requires a small load to oe ha it. 
In order to prevent rupture, safety springs are intro- 
duced which limit the load which can be thrown on 
the gear. Adjustment for varying the lever ratio 
is provided by means of a sliding block. This design 
of brake requires so little power to operate it that hand 
power can be employed without the introduction of 
any multiplying gear. 

The major portion of the braking load is, with this 
design, taken on the brake drum attached to the lifting 
arms, so that the usual severe retarding loads on the 
gearing and motor are practically eliminated. The 
fluctuation of load on the motor is thereby greatly 
reduced, amounting we believe to about one-half of 
those usual with the ordinary stamp. This, of course, 
reduces the size of the motor, the power consumed, the 
wear and tear and so on, The following figures show 
the power consumed by a 20-cwt. stamp fitted with 
this lifter gear, compared with one of the ordinary 
type :— 

Thwaites’ Ordinary 
Type with Type with 


two Single 
Drums. Drum. 
B.H.P. B.H.P. 
Running light against friction of 
earing, &c. 3:8 3°8 
Peak loads during normal work- 
ee . 26 45 
Holding up the tup 3:8 45 about 
Catching or arresting tup on 
down stroke after full drop 
(a frequent opetation in work- 
ieee + 4 from 50 
upwards 


The saving indicated 
important, 
We may mention that the brake linings used are pure 


by these tigures is very 





300-WATT PETROL-DRIVEN ELECTRIC GENERATOR. 


CONSTRUCTED BY MESSRS. ARTHUR LYON AND CO., ENGINEERS, LONDON. 


(6867.8) 


asbestos, and as little slipping occurs water cooling is 
entirely di with. The lubrication of the running 
portions is obtained by means of the hollow shaft, on to 
the end of which grease is forced by means of a screw- 
down or mechanical lubricator. The bearings are ring 
lubricated. The gears are totally enclosed, vant it is 
impossible for the fone to get out of mesh due to 
vibration, thrust, 

The principle Fy the brakes used for this lifter has 
been applied similarly by Messrs, Thwaites Brothers for 
holding up in the case of steam stamps, as shown in 
Figs. 5 and 6. This application avoids an enormous 











wastage of steam in such stamps and with costs as 
high as they are now, saving in this direction is worth 
every consideration, 





300-WATT PETROL-DRIVEN ELECTRIC: 
GENERATOR. 

Tue illustrations, Figs. 1 and 2 above, show a very 
light and compact type of electric generating plant 
constructed by Messrs. a Lyon and Co., of 36, 
Victoria-street, London, 8.W. The plant in ques- 
tion, which has a pantdaball rated output of 10 
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FUEL ECONOMISER FOR PETROL ENGINES. 


CONSTRUCTED BY THE LANCASHIRE ORDNANCE ACCESSORIES CO., LTD., STOCKPORT. 





amperes at 30 volts, is driven by an air-cooled petrol 
engine, and has been designed with a special view to 
lightness and portability, the total weight, empty, 
being only 55 ibs. The makers have embodied in the 
design the results of the experience gained from the 
manufacture of several thousand self-contained port- 
able generating sets during the last seven years, and 
the present plant is put forward as embodying all the 
requirements which practical experience has indicated. 
The engine is of the four-stroke type having a cylinder 
24 in. diameter by 2% in. stroke. A centrifugal 
governor inside the flywheel controls the speed through 
a throttle valve. The coupling between the engine 
and the generator is of the flexible leather disc type, 
and the nemo end of it is grooved for a belt drive 
to the fan which cools the engine. 
aluminium and runs on ball bearings. 

The engine is fitted with mechanically operated 
overhead valves. The crankshaft, which is hardened 
and ground, runs in a long phosphor bronze bearing, 
and the big end of the connecting rod is also bushed 
with pholiehee bronze. Lubrication is effected by an 
adjustable drip feed, and to ensure a regular supply 
of oil the tank pressure is equalised with that exist- 
ing in the crankchamber. The base plate is of alum- 
inium for the sake of lightness. The carcase of the 
dynamo is a steel casting, laminated pole shoes being 
bolted to it in the manner shown. The armature shaft 
is carried in double row ball bearings, and at one end 
of it is keyed an aluminium fan which ensures effec- 
tive ventilation. At a speed of 1,700 r.p.m. the set 
gives a continuous output of 300 watts. Double 
this output may be continuously obtained at a speed 
of 2,500 r.p.m., and the plant is so built that it may 
be run safely and without undue heating up to a speed 
of 3,400 r.p.m. if desired. 

The set illustrated, being designed for battery 


This fan is of 


charging, is controlled from a separate switchboard | and 


on which are mounted the shunt and series regulators. 
It may be started either by means of the rope-pulley 
formed on the coupling, or by a hand ratchet starter. 
The consumption of petrol is only one-tenth of a gallon, 
for 300 watt hours, or gas may be used as fuel if 
desired. When such a set is to be used for stationary 
purposes, so that weight is of no importance, the fly- 
wheel is made somewhat heavier, and the bedplate 
is made of cast iron instead of aluminium. The 














Detan of Vapourisine Crunoen. 


generator can also be fitted with slip rings, so as to 
produce alternating current for X-ray work and 
similar requirements in addition to direct current. 
Messrs, Arthur Lyon and Co. are building portable 
air-cooled generating sets, similar to that illustrated, 
up to a rated capacity of 4 kilowatts, 





FUEL ECONOMISER FOR PETROL ENGINES. 

THE apparatus illustrated in Figs. 1 to 10 on this > 
is a device designed with the object of reducing the 
fuel consumption of petrol engines which are operated 
for a great part of the time at less than load. 
This is, of course, the case with motor car engines 
generally, and we have been shown which 
appear to substantiate the claim of the makers that 
the use of the apparatus has resulted in a very material 
increase in the mileage per gallon. The economiser, 
as it is called, can be used in conjunction with any 
ordina: 
pipe. It is entirely automatic in its action and con- 
tains no moving parts except the air valve which is 


connected to the throttle valve of the carburettor, |' 


and therefore needs no separate consideration on the 
part of the driver. ° 
Reference to the illustrations will show that the 
pr consists of two distinct parts, a heating 
chamber to bring about the better vaporisation of the 
fuel and an air valve to dilute the mixture with heated 
air under all conditions of partial load. The fact 
that both the extra air and the mixture are heated 
before being brought together prevents condensation 
of the vapour, and permits a greater dilution than 
otherwise would be possible. The heater chamber A, 
in Fig. 1, is heated by the exhaust gases which pass 
round the outside’ of a ring of constricted tubes, as 
shown at Bin Fig. 3. Diluent air enters the air valve C 
passes through pipe D in the heater, mingling with 
the thoroughly vaporised but over-rich mixture at the 
top, and passing away with it to the engine, The air 
ve is arranged so that the amount of diluent air is 
varied in accordance with the throttle opening, and 
there is in addition a fixed setting, which determines the 
amount of extra air which shall be admitted for any 
ition of the throttle valve. This is accomplished 
y providing porte in the valve body, as shown at X 
and Y respectively, in Fig. 8. The porte are of different 


carburettor and takes the place of the mixture |. 
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widths and a slight rotation of the cap in either direction 
opens or closes them in succession, and thus varies the 
total inlet area of the paseage which the moving part 
of the valve can control. e slotted levers shown at 
Z in Figs. 4 and 5 are for altering the e and position 
of travel of the valve, thus ing the setting for 
= particular conditions to be readily obtained. 

he “ L.0.A.” economiser is made by the Lancashire 
Ordnance Accessories Company, ited, Heaton 
Norris, Stockport, under the patents of Messrs, A, A. 
Remington, M.I.Mech.E., and J. R. Garner, 





THE MANCHESTER STEAM USERS’ 
ASSOCIATION. 

THE annual meeting of this association was held at 
the offices, 9, Mount-street, Manchester, on Tuesday, 
May 3, the president, Mr. Harold Lee, J.P. (Manchester), 
in the chair. 

In presenting the report for the year 1920, the sixty- 
sixth of the association’s existence, the committee con- 
awn ge the members upon the fact that there had 

a satisfactory increase in the number of boilers 
enrolled, viz., 397; the total number of boilers under 
inspection being 12,541, the highest on record. The 


revenue also was well maintained according to the 
rates charged, though the committee regretted that it was 
mot adequate to meet the heavy demands arising out of 
the prevailing economic conditions. It had therefore 


been found necessary to make a decided advance in the 
rates in order to deal with the ch conditions and 
to maintain the association in a sound financial position ; 
and in the step thus taken the committee have received 
Citapen | the unanimous approval of the members. 

© report went on to say that “the determination of the 
committee is to maintain the object for which the 
association was founded, viz., the prevention of boiler 
ype by careful scientific inspection. To this end 
all its energies and resources are devoted and the com- 
mittee believe they have the full support of the members 
‘in thus faithfully prosecuting the aims and objects of the 
association, to which it is impossible to attach too much 
importance in view of the great power and destructive 
force of steam. The carrying out of the highly scientific 
and preventive work which such a policy involves, 
however, is naturally an expensive matter, which the 
former rates of subscription were quite inadequate to 
cover, hence the modified rates now in force.” 

The report states that the work of the association 
during the year was characterised by 





steady . 
The gross total number of examinations made was 25-229, 
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of which 11,746 were “ internal,” “‘ flue,”’ and “ entire.” 
No serious accident occurred to any of the boilers under 
inspection, and this immunity, doubtless, was due entirely 
to the thoroughness of the in: tions, 

It is pointed out that “in addition to the report 
required under the Factory and Workshop Act, the 
association furnishes the boiler owner with a se te 
report on its own form. This covers, in detail, the 
condition of the boiler and also contains recommenda- 
tions which the inspection may suggest with a view to 
the attainment of economy and the maintaining of the 
boiler in and safe working order. 

“The association has no throughout the United 
Kingdom during the year the occurrence of 37 explosions, 
killing 10 persons and injuring 51 others. Of these, 18, 
killing 3 persons and injuring 30 others, may be termed 
‘boiler explosions proper,’ while the remaining 19, 
killing 7 persons and injuring 21 others, may be termed 
* miscellaneous ’ explosions, i.e., those arising from steam 
pipes, stop valves, kiers, drying cylinders, bakers’ ovens, 
economisers, &c. 

“Under the Boiler Explosions Acts, 1882 and 1890, 
reports have been received up to the time of going to 
press, since the publication of our last report, of 40 
preliminary inquiries by the Board of Trade. Of these, 
6 have been followed by formal investigations, and costs 
varying from 5i. to 251., and amounting in the aggregate 
to 851. were ordered to be paid by parties found to be in 
default. In four cases no order was made as to costs.” 

Dealing with the subject of the special supervision 
by the association of new boilers under construction, the 
report states that “‘ owing partly to various influences 
which operated during the war and partly to the in- 
creasing employment of the various autogenous welding 
processes which afford a ready means of patching up bad 
work, the standard of workmanship in many places is 
not so high as it was before the war, and there never 
was a time when expert supervision during manufacture 
was of greater value to purchasers than it is at present.” 

In moving the adoption of the report the president 
referred to the fact that no explosion had occurred 
during the year with any boiler under inspection. 
The iation always placed safety first, and the motto 
acted upon of “‘ No inspection, no guarantee,”’ was a 
sound principle. The committee regretted that it had 
been necessary to increase the rates, but this was due to 
the vastly altered economic conditions under which the 
business was carried on. The action had been appre- 
ciated by the members and the finances were now in a 
sound position, and the committee trusted that during 
the year the reserve fund might be benefited by a 
substantial amount. 

The members were always invited to seek the associa- 
tion’s advice on matters pertaining to steam ; it often 
happened that these inquiries led to investigations which 
were of value. One such case was referred to in the chief 
engineer’s memorandum just published. The inquiry was 
started by a member who bed toon asked to test a drying 
cylinder annually, and he wished to know the value of 
hydraulic tests. A careful study of the Board of Trade 
reports showed that of the reported explosions of 
cylinders only one, and that was a doubtful one, could 
have been prevented by an annual hydraulic test. A 
further anle revealed what would come as a surprise 
to many members, that, far from preventing accidents, 
hydraulic tests had, in a number of instances, been 

ily followed by explosions at relatively low pressures. 

he most plausible explanation of these cases was that 
the hydraulic test had either started cracks or intensified 
weaknesses without revealing them, and had thus pre- 
pared the way for subsequent destructive explosions. 
In view of the relative scarcity of explosions in this 
country compared, for instance, with the case of Russia, 
where annual tests were compulsory, it was hoped that 
any tendency of the official mind to introduce compulsory 
tests of steam vessels would not be encouraged to develop. 

The president expressed the regret felt at the recent 
death of Mr. Henry Whitehead, who had for fifteen 
years been a member of the committee. He further 
mentioned that Mr, F. B. T. Trevelyan had resigned in 
co uence of his removal to the Far East, and that 
Mr. Alfred Cochrane (of Messrs. Armstrong, Whitworth 
Company, Limited) had pted a seat on the Board. 
The committee regretted the continued absence of the 
secretary, who had beer connected with the association 
over fifty-seven years, and on the ground of ill-health 
was now retiring, They wished for him as far as possible 
that he might gain sufficient health and strength so that 
he might still spend many happy years to enjoy his 
well-earned rest. 

In closing, the president paid a tribute to the work 
of the staff for their faithful service in face of considerable 
difficulty, and for the sense of comradeship which existed 
and which must tell in the efficiency of their work. The 
resolution for the adoption of the report was seconded by 
Mr. A. Norman Dugdale (Blackburn) and carried. Re- 
solutions appointing the com nittee and auditors for the 
ensuing year were adopted, and the proceedings ter- 
minated. 











Surerinc rrom Hamsurc.—The overseas shipping 
from Hamburg is increasing, and there are now 80 over- 
seas lines from Hamburg against 56 lines six months 
ago. Of these, however, only are exclusively 
German lines. America heads the list with 17 lines of 
her own and on four she co-operates with German com- 
— Great Britain has 13 lines, Holland 9, France 5, 
Japan 4 and Denmark, Sweden, Norway, Italy, Spain, 
Belgium, Brazil and Cuba have also lines on Hamburg. 
There are 18 regular connections with North America, 
9 with the West Indies and Central America, 20 with 
South America, 15 with India and Eastern Asia, 16 with 
Africa and 2 with Australia. They are nearly all freight 


THE PHYSICAL SOCIETY OF LONDON. 


At the meeting held on March 22, 1921, at the Imperial 
College of Sci , Prof W. Eccles, F.R.S., Vice- 
President, in the chair, a paper on “ The Effect of Viscosity 
on Orifice Flows,” was read by Mr. W. N. Bond. Deter: 
minations were made of the coefficient of discharge 
through an orifice 0-1469 cm. in diameter of solutions 
of glycerin and water, varying in kinematic viscosity 
from 0:01 to 7. The conte ore plotted in a manner 
which combines both linear and turbulent flow in one 
graph. It is shown that the effect of slight viscosity is to 
increase the coefficient of discharge. 

Mr. A. 8. E. Ackermann said he had made experiments 
of a similar character in which the substance tested was 
clay. The clay was packed in a box with an orifice 
of from 3 mm. to 20 mm. diameter in the bottom. The 
spaces above the clay contained air, and the pressure was 
raised by means of a pump. 

The speaker then drew curves on the board to show 
his main results. With any particular orifice a certain 
initial pressure was sequined before any clay was forced 
out. As the pressure increased the rate of the flow became 
more rapid, and finally became very rapid indeed. 
The initial pressures and the orifice diameters were 
connected by the law p d 6-835= 5,408 for a clay with 
29 per cent. water. Similar results were obtained in 
forcing a dise through clay. The speaker mentioned 
that these and other results were given in a paper by him 
to the Society of Engineers, which was at present in the 
Press 


Mr. Bond said the phenomenon described by Mr. 
Ackermann were probably due to plasticity, rather than 
viscosity. 

A paper entitled “‘ Viscosity of Water and Low Rates o 

Shear,” by A. Griffiths, D.Se., and Constance 
Griffiths, M.Sc., was read by the former. This paper 
described the determination of the coefficient of viscosity 
of water by a method in which water is forced along glass 
capillary tubes of 1-5 mm, to 2 mm. bore at rates of flow 
varying from 1 litre in two years to 1 litre in twenty-four 
years. The liquid filled a closed tubular circuit which for 
purposes of description may be said to be rec ar 
in shape. Two of the tubes of the rectangle were hori- 
zontal, and two vertical. The circulation was caused by 
a difference of density between the contents of the two 
vertical tubes. The difference was obtained by having a 
weak solution of uranine in one vertical tube, and pure 
water in the other. In Apparatus I the two vertical 
tubes were at a distance apart, and an allowance had to be 
made for the difference of temperature. In Apparatus II 
a modification of the rectangular circuit was employed, 
the vertical tubes were close together, and no such correc- 
tion was necessary. ‘‘ Applying the temperature correc- 
tion to the results recorded in this paper, the value of the 
coefficient of viscosity at 18 deg. is 0 -010624 + 0-000229 
(assuming observations of equal weight), and 0-010569 
gm./em. sec. from Hosking’s formula. Thus there is no 
experimental evidence that at the extremely low rates 
of shear (0-0017 to 0-0233 radians/sec.) the viscosity 
of air-free water in glass capillary tubes differs from its 
value at normal rates of shear (5,000 to 10,000 radians/ 
sec.).”’ 
Dr. Vincent said it would be useful if the same appara- 
tus could actually be used for high and low rates of shear. 
It would then be possible to find out any minor differences 
that existed better than by comparing results with 
different apparatus, 

Dr. Rankine suggested that there was not much point 
in giving the results to so many figures. With regard to 
Dr. Vincent’s suggestion it would probably be sufficient 
if the same capillaries were employed in conjunction with 
different driving apparatus for the different rates of flow, 
since it was in the capillaries that any errors were likely to 
arise. He thought, however, that the evidence of the 
paper was sufficient to show that there is no difference 
in excess of 1 per cent. or 2 percent. Thisresult might, 
of course, only hold for water. 

Mr. W. N. Bond said that for viscosities as high as those 
used by Davidson and Kurt Molin, the viscosity changed 
by 50 per cent. to 100 per cent. at low rates of shear. 

Dr. W. Eccles said the authors were to be congratulated 
on having surmounted very considerable experimental 
difficulties, particularly those due to temperature 
variations. Mr. Bond’s remark suggested that with 
more viscous substances the range of variable viscosity 
was reached earlier, and this suggested that the author's 
next experiments should be with oils. 

Dr. Griffiths, in reply to Dr. Vincent, said that in their 
experiments of eight years ago, in which they had been 
dealing with low rates of shear, though not so low as in 
the present experiments, they had for comparison made 
measurements in which the water was driven through the 
apparatus at ordinary rates. The difference in viscosity 
was less than } per cent. in that case. With the present 
apparatus there would be no difficulty in getting rates 
of flow a hundred times greater than those dealt with in 
the paper. 

A paper on “A Method of Measuring Frequencies * 
by B. 8. Smith and G. F, Partridge was read by the 
latter. An heterodyne method of measuring frequency 
by comparison with a calibrated valve oscillator was 
described. The calibration was performed by means of 
two valve oscillators capable of giving frequencies of, say, 

1,000 /sec. upwards. The frequency of the oscillations was 
raised alternatively to give a beat note whose pitch was 
determined by comparison with a fork. Intermediate 
frequencies were found by interpolation on the calibration 
curve and a method of checking the capacities of the 
oscillator condensers was described. For the measurement 
of acoustic fr ies the ds were converted into 








+ 


alternating currents by means of a suitable transmitter. 
Dr. Vincent said he would like the authors to give 
more detail about the coupling of the middle portion 





services, there being few passenger lines. 


a to have reached the same conclusion as himself 
that a triple arrangement was most suitable for measuring 
frequency differences. Dr. Eccles and he had called 
attention to a somewhat similar apparatus which they 
had termed a differential wavemeter. The two outer 
parts generated the oscillation, and the middle part 
resonated sufficiently to either of them so that you could 
do anything you liked to the middle circuit without affect- 
ing the capacity, &c. With the old arrangements it was 
necessary for the observer to stand in a particular 
position and to abstain from making any movement 
whatever. He had only one point of criticism. He 
ry = it was desirable to get the electricity wholesale. 
A different supply should be used for the two circuits. 
It was important to use large batteries which could be left 
on for some time to give steady conditions. With such 
precautions he thought it would be possible to get an 
accuracy of 3 or 4 in 10,000,000. 
Dr. D. Owen asked to what purposes the authors had 
actually applied their method. Could it be used for cali- 
brating a ton whistle ; would the sounds in this case 
be ciently intense for the method to be applicable ? 
He postumned the authors had determined by it the limit 
of audibility. This was usually stated to be 40,000 
vibrations per d, but he found people who were 
deaf above 10,000. Could the method be used to study 
the overtones of a valve set ? 
Professor Rankine asked if the authors could actually 
let the audience hear a note of 10,000 frequency. 
Professor Eccles said there was often some diffidence 
in confessing to deafness to high notes as the limit of 
audibility was a function of age. 
Dr. Rayner said he presumed the work had been done 
before the Abraham Block multi-vibrator was described. 

Mr. Partridge, in reply to the discussion, said he had 
seen Dr. Vincent’s work, but thought he was principally 
concerned with the measurement of inductances. As 
coupling, the middle circuit contained the 
telephone and crystal rectifier in series with two small 
secondary coils associated with the inductances of the 
outer circuits; there was no tuning. As regards the 
electric supply, their reason for eine the 220-volt lighting 
circuit was use of its convenience on board ship. 
In reply to Dr. Owen, they had found the method very 
useful in determining the frequency of heavily damped 
steel diaphrams. It would be possible to use it with a 
Galton whistle if some means of picking up the sound 
at such high frequencies was available. In reply to 
Dr. Rayner, he was unaware of the device he had referred 
to. 

Mr. Partridge then demonstrated the production of a 
note of 10,000 frequency. This appeared quite loud to 
many of the audience, but was inaudible to others. 








Notices or New Books: Erratum.—By a printer's 
error the title of the book referred to on page 547 of our 
last issue, near the bottom of the middle column, was 
given as “‘ Opportunities on Engineering.” It should 
have read “‘ Opportunities in Engineering.” 





“Tue Dror Forcer.’’—We have received the first 
number, for the current month, of this new publication, 
which is issued by the Association of Drop-Forgers and 
Stampers, 45, Newhall-street, Birmingham. It contains 
an article by Mr. A. Stubbs on the manufacture of 
drop-forgings, a comparison of English and American 
plants, transversal sections through drop-forgings, &c. 
The price of the journal is ls. It is to be published 
quarterly, 





ENGINEERING STUDENTs IN GERMANY.—Whilst ‘there 
is an utter dearth of engineers in Russia, so that 
the Soviet Government has found it necessary to 
introduce regular conscription for suitable young men to 
be compelled to attend the technical high schools, the 
exactly reverse is said to be the case in Germany, where 
the overcrowding of the technical high schools causes a 
good deal of apprehension. The gate number of 
students for the winter term 1920-21 was 19,891, against 
18,900 for the winter term 1919-20, against 12,200 
before the war and about 5,000 thirty years ago. Part 
of the increase is no doubt due to stoppage in studies 
caused by the war, resulting in an accumulation of young 
men anxious to become engineers, but the increase is all 
the same looked upon as rather alarming. There is a 
material increase of electro-technical students, their 
number having grown to 3,229, against 1,300 at the 
beginning of the war. The number of mechanical 
engineers has risen from 3,100 to 6,540. The com- 
paratively small increase in engineers for the mining 
industry hes caused some surprise, but the next few years 
are expected to bring a substantial addition to this 
branch. The mining engineers will be carrying their 
studies further than formerly and the next few decades 
will no doubt witness the formation of a number of good 
positions in this branch. It is only natural that 
shipbuilding should not prove a very attractive branch 
at present, but this is expected to right itself within a few 
years and in the meantime a number of German ship- 
building engineers will no doubt try to find employment 
abroad. The chemical industry has many devotees, and 
the opinion is being expressed in influential quarters, 
that the chemical sections of the universities should be 
transferred to the technical high schools, this being 
considered a better arrangement from every point of 
view. The civil engineering students have risen from 
2,767 to 3,111, but many of the latter and also students 
of architecture are likely to find employment abroad, in 
Russia for instance and other parts of Eastern Europe, 
in railway construction, at hydro-electric power stations, 
&e. The Charlottenburg Technical High School has the 
largest attendance, viz., 3,209 students, the one at 





of the apparatus with the end parts. 


The authors 


Danzig the smallest, 779 students. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—With the continuance of the stop 

of collieries business remains virtually at a standstill. 
Only small parcels are available for sale for essential 
home requirements and these are changing hands at 
the maximum price fixed by the South W lotedowsent 
Association. oading operations at the docks have 
been: and thousands of workers directly 
dependent upon the shipment of coal have been rendered 
idle. Most of the works on the docks have been stopped, 
or are on short time. The coal trimmers in particular are 
experiencing acute distress. Some time ago they arranged 
a scheme whereby penne ins may pooled and equally 
shared. Sections were formed and the money earned 
by each section was shared amongst the members. 
During the last month the average weekly earnings 
of the trimmers have ranged from 7d. to 10s. and some 
sections have not earned anything at all. With regard 
to a North Country port, where the pooling system was 
in operation, the coal trimmers at that port were refused 
unemployment benefit on the grounds that the men were 
not unemployed as they shared their earnings. In view 
of this decision coal trimmers of Cardiff and other South 
Wales ports have been refused unemployment benefit. 
An appeal was made to a court of referees who disallowed 
the claim of benefit on the ground that the trimmers 
were not unemployed and this recommendation has been 
upheld by the insurance officer. Men who have been 
compelled to pay insurance contributions are thus unable 
to secure benefit. In Cardiff alone 1,700 men are 

affected, but the Coal Trimmers’ Union are contesti 

the present ruling, and test cases are being made wi 
the object of getting the above decision reversed. That 
the coal strike has affected the employment of shipping 


may be realised from the fact that during April, 5] ceased 


steamers, of a carrying capacity of 8,000 tons, were 
fixed on the open market to carry coal from Cardiff and 
Swansea, compared with 230 vessels of a total carrying 
capacity of 490,000 tons in April, 1920. ite the 
fact that the National Union of Stewards, Cooks, Butchers 
and Bakers have decided not to accept the reduction in 
wages applied for by the shipowners of 2/. 10s. a month 
and 8s. 6d. a week, which reduced wage has been agreed 
to by navigating officers, engineers, sailors and firemen, 
signing-on at Cardiff in the past week was considerably 
moré active than has been the case since the commence- 
ment of the coal strike. Altogether, 183 ratings were 
engaged, and in that number was included several cooks 
and stewards at the new rate. A little trouble has, 
however, been experienced at Newport, where a crew 
refused to sign on at the new rate, but another crew was 
quickly obtained. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

The Industrial Position.—The state of trade throughout 
the country has gradually become worse, and what is 
the most disconcerting feature is that the outlook is not 
improving. Each week sees a large increase in the 
numbers of workers being paid off, and with unemploy- 
ment becoming so general a real menace is being created. 
One rather ugly phase of the present industrial crisis 
is the strike which has taken place at Glasgow Harbour, 
where shipping of all descriptions is now hung up by the 
refusal of the dockers first of all to unload the coal 
brought round from Cardiff. The latter is now being 
done by non-union labour under police protection. 
Many fail-to see the dockers’ point because the coal was 
mined and loaded by union labour at the other end, 
and yet they will not touch it here. They are out in a 
body and even refuse to allow the discharge of several 
food cargoes now in dock. Businesses of all kinds are 
moving along only in an intermittent way because coal 
stocks are almost exhausted and the end is not yet in 
sight. Many factories and works are now closed down 
and in a number of shipbuilding yards a four-day week 
has been resorted to because of shortage in supplies. 


Scottish Steel and Iron Trades.—There is little fresh 
to report in connection with the steel and iron trades of 
Scotland this week owing to the continued deadlock in 
the coal-mining industry. Business is really at a stand- 
still, as very few establishments are able to produce 
anything at all, and the odd orders which are coming 
in are being met out of stock. Ship plates are in v 
poor demand, so also are boiler plates, while there is 
likewise very little call for bar iron. Makers of black 
steel sheets are just like the others mentioned as the 
demands are of the smallest description. Movement in 
galvanised sheets is very limited and inquiries are not 
leading to much in the way of business. The general 
inquiry is not very hopeful, but when makers are better 
able to give an approximate date of delivery an improve- 
ment may take place. There is little material going 
foreign, and prices, which are all merely nominal at the 
moment, show no change. 


_Scottish Pig-Iron Trade.—The position in the Scottish 
pig-iron trade is without change of one kind or another, 
and furnaces are all idle. Consumption all round has 
been reduced to the very least possible, and, naturally, 
that does not amount to very much. Anything wanted 
can easily be supplied from stock. Prices are unchanged, 
but inclined to be firmer. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Tron and Steel.—Engineering firms find the difficulties 
of carrying on almost insuperable. Coal stocks have 
reached such skeleton proportions that it is impossible 
to furnish adequate power supplies for the heavy depart- 
ments. Almost without exception rolling mills, forges 


and foundries are idle, If a settlement comes imme- 
diately, most of these departments cannot be got in full 
going order again for at least three weeks. Steel-maki 

is paralysed. A moderate tonnage of foreign onaunaial 
is coming into the district, but as this can be used only 
for inferior quality products, works are inevitably 
closing, as reserves are eaten up. Messrs. Hadfields, 
Limited, one of Sheffield’s four largest steel-making 
firms, has entirely pended manufacturing operations. 
The firm hung on till the last possible moment, but was 
pcompelled to submit to force of circumstances over which 
it had little or no control. Similar big businesses will 
shortly be*compelled to follow suit. One of the most 
unsatisfactory features is the loss of confidence resulting 
from delayed production. Though inquiries for engineer- 
ing products are not very numerous, it is impossible 
adequately to deal with those coming to hand. Manu- 
facturers are not in a position to quote firm prices ; 
while delivery rates are altogether problematic. In 
order to try and tempt potential buyers, makers of 
shipbuilding materials have gone to the extreme measure 
of quoting prices which would simply keep plant 
employed, covering wages and overhead c! and 
eliminating profits. The result has been thoroughly 
disappointing. Apart from the demand for lower 
prices, purchasers are not satisfied in the present state of 
the labour unrest that deliveries can be made within 
a reasonable pense. The lighter trades engaged in the 
production of tools and implement parts have been less 
severely hit in the matter of power supply, owing to 
their connection with the corporation service, but they 
also are beginning to feel the pinch owing to lack of basic 
materials. Otherwise, there is a fairly healthy demand 
for tools made in bulk, both for home use and shipment. 
Further cuts are notified in the values of ferro alloys, 
but as the manufacture of special steels hag temporarily 
, the market is in a condition of slump. 

South Yorkshire Coal Trade.—The outstanding feature 
is the abnormally brisk demand for blast-furnace coke. 
Before the strike, stocks had accumulated and users, 
anticipating price reductions, could scarcely be induced 





for boiler-firing pu This is not an ideal mixture, 
but emergency conditions warrant emergency measures. 
Unfortunately, most of the loaded trucks have been 
emptied, and though considerable stocks are held at 
ovens, it has not been thought advisable to risk labour 
disturbances by loading operations. The industrial 
position has become critical. Railways still hold fair 
stocks, but are compelled to exercise every ible 
economy. Hence the service cuts. Public utility con- 
cerns have made big inroads into reserves, and are 
pes meme J with liquid fuel. Control authorities are 
tightening their grip on outcrop supplies. Deliveries 
of more than 4 cwt. are not allowed without a permit. 
Nominal prices are unchanged. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron has shrunk to exceedingly small proportions. 
Foreign trade has di , customers abroad 
naturally refusing to pay the much higher rates named 
here than rule for material produced abroad, There is 
still a small home demand for the better qualities which 
‘have now become very scarce indeed, with the result 
that they are realising comparatively high figures, 
customers needing supplies being compelled to pay up 
to 10s. above makers fixed minimums, Thus No. 1 
is selling at 135s., No. 3 G.M.B. at 130s., and No. 4 
foundry at up to 129s.; whilst the inferior grades, of 
which there are heavy stocks, cannot be disposed of at 
the minimums of 117s. 6d. for foundry 4 and forge, 
and 115s. for white iron. 


Hematite Iron.—There is an exceedingly quiet feeling 
in the East Coast hematite branch. Last week’s 20s. 
reduction has ap mtly not tempted buyers. Pro- 
ducers adhere to their agreed on minimums of 162s, 6d. 
for No. 1 and 160s. for Nos. 1, 2 and 3, for home purposes, 
but with a free market for foreign trade, several firms 
are keen export sellers at 152s. 6d. for No. 1 and 150s. 
for mixed Nos. 


Foreign Ore.—There is absolutely nothing passing 
in foreign ore. Consumers have large stocks and are 
not open to negotiate. 


Coke.—Dealings in coke are on quite a trifling scale, 
and values cannot be fixed. 


Manufactured Iron and Steel.—Transactions in finished 
iron and steel are hardly heard of, and the outlook is 
very discouraging. Quotations continue too high to 
admit of successful competition with Continental firms, 
Common iron bars are 19/.; iron rivets, 26/.; packin 
iron (parallel), 127. ; king iron (tapered), 181. ; stee 
boiler plates, 251. ; fer shi , bridge and tank plates, 
191.; steel angles, joists and sections, 171. 10s. ; steel 
billets (hard), 15/.; steel billets (medium), 14/. 10s. ; 
heavy steel rails, 15/.; fish plates, 20/.; and corrugated 
galvanised sheets, 22/. 10s. 





Harpour Construction in Siesvic.—Harbour Con- 
struction on a fairly comprehensive scale is being pro- 
both in the Danish and in the German portion of 
Slesvig. At Flensburg a large free port has pro- 
jected, and the plans are completed, The aggregate cost 
1s calculated at 22,500,000 marks, in which quays, 
railways, &<c., account for 12,000,000 marks and earth- 
works to 8,000,000 marks. At Sénderborg the harbour 
extensions are calculated to entail an expenditure of 
3,400,000 kroner, of which the town of Sénderborg 





offers to pay 900,000 kroner. 





to buy. A heavy tonnage has since been used with slack C 





NOTICES OF MEETINGS. 


Tue Royat Metreoro.ocicat Socrery.—Wednesday, 
May 18, at 5 p.m., at 70, Victoria-street, Westminster. 
Papers to be read: (1) “Report on the Phenological 
Observations for 1920,” by Mr. J. E. Clark, B.Sc., and 
Mr. H. B. Adames ; (2) “ Phenology and Habitat with 
Special Reference to the Phenology of Woodlands,” 
by Mr. E. J. Salisbury, D.Sc., F.L.S. 


Tue Junior INsTITUTION oF ENGINEERS.—Friday, 
May 20, at 8 p.m., at Caxton Hall. Leeturette, “ Liquid 
Fuel,” by Mr. Arthur Arnold, Member. 


Tae Royat Instrrvtion or Great Brrrarmn.— 
Friday, Mey 20, at 9 p.m., a discourse will be delivered 
by Mr. E. H. Starling, C.M.G., M.D., D.8c., F.R.8. The 
subject is “ The Law of the Heart.” Afternoon Lectures, 
at 3 p.m.: Tuesday, May 17, Mr. Edward Clodd, J.P., 
on “Occultism: Its Origin and Development” (Lec- 
ture I); Thursday, May 19, Mr. Ernest Law, ©.B., on 
“The Architecture and Art of Hampton Court Palace : 
(1) In Tudor Times”; Saturday, May 21, Mr. Francis 
, F.8.A., M.R.1., on “ Gnosticism and the Science 
of igions ” (Lecture I). 
MB ee or a ENGINEERS. — 
iday, May 27, at 6 p.m., Special Meeti at the 
pean — Gate, St. tae Park, 8.W. 
ture on “* orld’s Mon Yad Mr. J. G. 
Graves, of Sheffield. cata mast’ 





Tue “ Erecraiciran ” ELectrricat Trapgs Drrecrory 
AND HanpBooxk ror 1921.—This publication is among 
the best known of the annual electrical books of reference 
and its blue cover, from which it receives-its alternative 
name of “The Blue Book,” is a familiar sight in the 
offices of those who have to do with electrical affairs. 
As is usual with the annual issues it has been revised 
throughout and particularly in connection with the 
activities of the Ministry of Transport and the Electricit: 

ommissioners will important new matter be f 
while the legal digest in tes the latest decisions 
The book is so well known that it is hardly necessary to 
indicate its contents, but it may be said in addition to 
matter of the type we have indicated it contains alpha- 
betical and classified lists of electrical engineers, elec- 
trical firms, public bodies dealing with electrical matters, 
&c. There are also Colonial, Continental and American 
sections of the same type. The directory is published by 
Messrs, Benn Brothers, Limited, of 8, Bouverie-street, 
E.C, 4, and the price is 25s, net. 





ACETYLENE ror Sup Licurine.—The Board of Trade, 
Marine Department, state that surveyors need not 
raise any objection to the use of acetylene for the lighting 
of crew spaces and other closed on board fishing 
and other vessels provided the Sowing conditions are 
generally met :—({1) The generator should comply with 
the regulations as to acetylene generators issued by the 
British Acetylene and Welding Association. (2) No 
copper, compo, or flexible piping should be used for 
conveying the gas from the generator to the burners, 
Preferably the pipes should be of solid drawn steel or 
brass, the former being tinned to prevent corrosion, but 
they should not be copper-plated. After the pipes have 
been installed on boand, shay should be suitably tested, 
and in no circumstances should a naked light be used, 
(3) Each generator should be furnished with an auto- 
matic cock or other similar contrivance, so that the 
will be automatically shut off the main distributing 
pi when the pressure in the generator is practically 
exhausted. (4) A distribution box should be fitted near 
the generator, to which the distribution pipes conveyi 
the gas to the various burners should each be conn 
by means of a shut-off cock, so that when the pressure of 
gas in the generator is exhausted, the entire supply of 
acetylene can be shut off from the burners. A con- 
spicuous notice should be affixed near the distribution 
box to the effect that :—‘‘ When the pressure of gas 
in the generator is nearly exhausted, or the generator is 
out of use, the various cocks in the distribution box 
should be shut and should not be opened againto any com- 
partment until an assurance is given that the burners in 
that compartment are shut.” (5) Ap ly constructed 
metal storage container fitted with a jointed cover so 
that it can be hermetically sealed, should be provided 
near the generator for the storage of the carbide of 
calcium, A conspicuous notice should be affixed near 
the generator and storage container to the effect that :— 
“No naked light is allowed near the generator or the 
carbide container.” (6) It is understood that the 
carbide of calcium is usually delivered on board in the 
ordinary commercial drums weighing 50 kilos or 100 kilos. 
For convenience of handling and safety, it is y 
recommended that smaller —— be employed for 
oe reps. No serious objection need, however, be 

ised at. present to the use of the larger drums, provided 
a suitable eye-bolt is fitted to the room skylight 
and blocks and tackle furnished. © owners uld 
issue a warning to the engine man that immediately the 
carbide of calcium is delivered, or at any rate before the 
vessel to sea, the carbide should be removed 
from drum in which it is delivered into the storage 
container, and, further, that the blocks and tackle must 
be employed to lower the drums into the engine room. 
Neglect to adopt this simple precaution has resulted 
in one instance in loss of life and in serious danger to 
the entire crew. (7) Carbide drums should not be opened 
by the use of a hammer and chisel, but 4 suitable carbide 
drum opener should be used. In handling carbide and 

barging the generator, care must be taken to avoid the 
on 
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creation of sparks by rough handling or the use of metal 
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TWIN-DRUM FRICTION LIFTER FOR DROP STAMPS. 


CONSTRUCTED RY MESSRS. THWAITES BROTHERS, LIMITED, ENGINEERS, BRADFORD. 


(For Description, see Page 584.) 























om 
(6766.4, gh 


THE FUSION OF CARBON. 
THe most recent observations on “The Liquefaction of 
Carbon,” made by E. Ryschkewitsch, of Kropfmiihl- 
Graphitwerke, Passau, do not greatly advance the problem 
which is concerned. Ryschkewitsch (Zeitschrift fir 
Elektrochemie, 1921, pages 57-64) built up a box frame, 
7 cm. by 7 em., out of carbon slabs, 15 mm. in thickness ; 
the open front and back of the box he closed by carbon 
electrodes, round rods 10 cm. in diameter, so cut square 
at their ends as to fit into the frame opening. The inner 
“ was completely filled with scaly graphite. Heating 
the box, which was jacketed to keep the air out, by 
currents of 550 amperes at 30 volts for up to 12 hours, 
he found that the ends of the electrodes were sometimes 
converted right through into a pure graphite containing 
nearly 99-9 per cent. of carbon. This graphite was quite 
soft, easily cut with the knife, very homogeneous, and 
strongly differing from hard crystalline retort graphite. 
It was also observed that the joints between the electrode 
and the slabs had been welded together; these welds 
did not break along their seams. The greatest heat 
was probably developed at the contact between the 
electrode ends and the scale graphite; the electrode 
surface looked as if droplets of fused carbon had coalesced 
and had run down the electrode face. In another 
experiment a carbon rod was placed between the elec- 
trodes, and not packed with scaly graphite. The 
heating corroded the rod; there was no graphitisin, 
on the surface, but under the irregular surface which 
looked as if it had undergone sublimation, some soft 
graphite was found. Discussing the previous experi- 
ments of Despretz, La Rosa and Lummer on the fusion 
of carbon, Ryschkewitsch points out that, like Lummer, 
he found that the current density should be low (not 
high, as one would expect). He worked with current 
densities of only about 5 amperes or 10 amperes per 
square centimetre. But it is surprising that he does 
not refer to the influence of the minerals present. His 
electrodes contained 8 per cent. of ashes, the graphite 
produced only 0-1 per cent. of ashes. What became 
of the minerals? One might think that the mineral 
constituents facilitated fusion of some carbon com- 
pounds, When the temperature rose higher, the 
minerals would be volatilised, leaving a pure graphite 
carbon behind, It is, in any case, not.of much value to 
speak of fusion of carbon until we really succeed in 
melting a whole lump of pure carbon ; incipient fusion 
of impure carbon is inconclusive. 
While on the subject of carbon and graphite, we 
may mention that the continued experiments of V. 
Kohlschiitter and A. Na&geli at Bern (Helvetica Acta 

















(6766.C.) 








arate tpi 
feucks. oe 
pile hbetouny 





























































6168. 


Chimica, vol. 4, 45 to 76) further confirm the 
conclusion at which bije and Scherrer first arrived by 
X-ray studies, that there are only two distinct modifica- 
tions of carbon, viz., diamond and carbon, and that 
graphite and amorphous carbon represent gradations 
of the same substance. In conjunction with Hanni, 
Kohlschiitter had previously studied the reactions of 
graphitic carbon (see ENGINEERING, June 20, 1919, 
page 811). He now deposits carbon by passing carbon 
monoxide through glass tubes, hea’ to 300 deg. C. 
and higher, containing various metals in the form of 
foil or finely divided by mechanical or chemical méans. 























Return Gear 


Carbon is deposited on the metal or also in the metal. 
To study the latter reactions some sheet metal was 
electrolytically covered with films of other metals. 
On powdered or reduced iron the deposit was a fine soot 
at 300 deg. C.; at 500 deg. more soot was obtained, 
and the soot was less easily combustible, but graphite 
was not observed. Cobalt and nickel did not so readily 
deposit carbon from CO; but the deposit on powdered 
cobalt in particular was decided! phitic, and the 
character of the carbon deposi e in gereral 
with the nature and the physical condition of the metal 
used as accelerator or catalyst. 
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THE PORT OF MANCHESTER WAREHOUSES: THE OVERHEAD | 
CRANE EQUIPMENT OF THE COLD STORES. | 


(For Description, see page 576.) 
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THE PORT OF MANCHESTER WAREHOUSES: MECHANICAL 
HANDLING OF GOODS. 


(Fer Description, see page 576.) 
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AND TWINNING IN ELECTRO-DEPOSITED IRON. 


DEPOSIT SHOWING ANNULAR OR Fic. 


*““Wavy”’ Lines at Low Macnirt- 
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(For Description, see page 583.) 
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A few months ago the Proprietors of ‘‘ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to ls. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
ls, 24. per copy, and this price dated from and 

the issue of Friday, April 2, 1920. As the 
postal rates have been again in the price 
of single copies sent by inland post is now Is. 2jd. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation'of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “ENGI- 
NEERING” each week should place an order for 
the Journal witha newsagent or bookstall clerk. 
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OUR ‘INTERNATIONAL TRADE 
RELATIONS. 

TuHE House of Commons this week have, by a 
substantial majority, shown their agreement with the 
Government policy for “the safeguarding * of 
industries,” in other words, for improving the 
economical conditions in order to stimulate inter- 
national trade and thereby decrease unemployment, 
and to bring the foreign exchanges to a more level 
balance. Where finance is involved the procedure 
in the House is to pass resolutions preparatory 
to the introduction of a Bill, and these resolutions 
have now been passed, so that the Government are 
certain to have more than adequate support for the 

















==} Bill itself. There are two financial resolutions 


and three distinct features in the proposed legis- 
lation. The first resolution provides that, for five 
years, import duties equal to 33} per cent. of the 
value of certain articles will be imposed. These 
articles are enumerated in the resolution broadly, 
but may be modified in the Bill to be introduced, 
At present they include optical glass and optical 
elements and instruments in which such glass is 
required for any purpose, many scientific instru- 
ments, vacuum tubes, magnetos and magnets, arc 
lamp carbons and various rare metals required for 
alloys, in addition to certain dyes and chemicals. 
These come under the designation of “ key indus- 
tries,” and it is hoped that as a result of the duty 
the new industries created during the war will be 
stabilised and be in a position to meet foreign 
competition. 

The second resolution imposes a corresponding 
duty on certain other articles, to counteract the 
disadvantage to British trade due to imports from 


=| countries where the exchange rate is exceptionally 


low. In this case the details of the scheme are from 


* | time to time to be laid down by order of the Board 


of Trade, but the idea is that the duty will apply to 
articles sold or offered for sale in this country at 


588} prices below the cost of production, or at “ prices 


589] Which, by reason of depreciation of the value in 
relation to sterling or the currency of the country 
in which the goods are manufactured, are below 
the prices at which similar goods can be profitably 
manufactured in the United Kingdom,” resulting 
in unemployment in any industry in this country. 
The cost of production is defined as the current 
sterling equivalent of ‘‘ the wholesale price at the 
works charged for goods of the class or description 


. 885|for consumption in the country of manufacture ; 


or, if no such goods are sold for consumption in that 
country, the price which, having regard to the prices 
charged for goods as near as may be similar when 
so sold or when sold for exportation to other countries 
would be so charged if the goods were sold in that 
country.” It will be seen that this not only deals 
with the differences due to foreign exchanges, but 
alenixiitht Chd-qenctibo of duntzing theciapas peo: 
duction of factories in other countries in this 








country at low prices, resulting in unemployment. 
The progress of these proposals through Parlia- 
ment will be watched with great interest, as they 
involve very important questions of principle, 
with far-reaching effect upon our international 
relations. The whole commercial system of the 
country has been very seriously influenced by the 
necessities of the war, and largely by reason of 
State control, which not only embraced raw material, 
food supplies and manufactures, but, what is more 
serious, the relationship between employer and 
worker. No doubt these demand jal treatment, 
apart altogether from what might be termed the 
normal economic laws, and probably for this reason 
many who are not ordinarily to follow 
new doctrines are willing to solve abnormal problems 
by experimental departures. 

Until our foreign export and entrepdt trade can 
be revived, the rate of progress to normal inter- 
national trade relations must be ex tingly 
slow. This denouement has been clearly brought 
to the attention of the Government, and its import- 


~ |ance was immediately reeognised, as a scheme was 


prepared to assist export trade by safeguarding 
exporters who wished to send goods on long credit 
to countries abroad; but unfortunately, for some 
reason or another the scheme was not practicable, 
and at the present time is in process of reconstruc- 
tion. A more important move was made by the 
Council of the League of Nations, who referred the 
whole subject to an International Financial Com- 
mittee, to report on the question of establishing 
an elastic scheme of international credits, as a means 
of assisting those European countries who were in 
dire need of imports to establish a well of, credit, 
which would, as far as humanly possible, guarantee 
payment of their liabilities in this respect. After 
considering many propositions the committee 
reported favourably on a scheme prepared by 
Mr. Ter Meulen, a banker, of Amsterdam. Briefly, 
the foundations of the scheme are as follows: 
A specially constituted body appointed by the 
League, is to consider what national asseta, ¢.g. 
Government monopolies, customs duties, &., each 
country participating would be prepared to Pledge 
as security for credit granted to its traders, 
Commissioners were then to determine what was oa 
value of those assets on a gold basis, and, with the 
consent of the League, authorise the country to issue 
bonds up to that value if required. The committee 
were also to see that the amount of the bonds did 
not exceed their valuation of the pledged assete, 
and will also receive the revenues derived from them. 
As, in addition to this guarantee, the bonds will 
probably be redeemable in from five to ten years, it 
is anticipated that they will be recognised as a 
valuable and negotiable security, and an exporter 
would be prepared to grant credits, receiving 
the bonds as security for his credit. 

It is to be noted that the scheme interferes in no 
respect with the way in which the business is already 
being done. Both parties to the transaction will 
arrange all terms themselves in the usual way and 
agree upon such items as price, interest, length of 
credit, and the currency. When all this is decided, 
provided the importer desires the assistance of 
the scheme, he will borrow from his Government 
the necessary amount of bonds to deposit as security. 
If he fulfils all his obligations at the proper time, 
when the transaction is finished the exporter will 
return the bonds to him and he will return them to 
his Government for cancellation. His Government, 
however, will be empowered to create new bonds in 
place of, and to the extent of, those cancelled, and 
these new bonds will then be available to support a 
fresh transaction. Should the importer, on the 
contrary, fail to fulfil his contract, the 
retains the bonds, and may either hold them as an 
investment until their maturity, collecting the in- 
terest due on them in the meantime, or he can 
sell them in the open market, after first offering 
them to the issuing Government, who can redeem 
them against payment of his claim in full. [If 
on sale they realise more than the amount of his 
claim he must remit the balance to the issuing 
Government, if they realise less than his claim, 
he has a claim against the importer, not the issuing 
Government, for the deficiency. 

One of the favourable features of the scheme as 
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outlined above is its flexibility; it will be noted 
that a large amount of money is not, placed at once 
at the disposal of the borrowing country, but a 
reservoir of credit is created which can be drawn 
upon as and when required, which automatically 
expands and contracts with the demand, the 
amount not drawn placing no burden on the 
borrowing State, while of course the bonds issued 
carry the security of the total assets pledged. 
So much did the scheme commend itself to the 
League of Nations that an organiser was appointed 
to prepare plans for carrying it out, and it now awaits 
practical inauguration. There, however, appears one 
latent weakness that is inherent in all such schemes, 
and this is that no start can be made with its practical 
commencement until the Governments of importing 
countries apply for an issue of bonds. The best 
way to compel such an application is to stimulate 
a public demand.in their countries for such a step. 
If, therefore, exporters in this country will impress 
on their foreign importers, who cannot obtain the 
necessary credit without providing some special 
security, that this scheme provides their best chance 
of obtaining financial facilities on reasonable terms, 
they will greatly assist in creating the public demand 
necessary to compel the importing country to apply 
for an issue of bonds. 

It. is necessary to add that the adoption of this 
scheme is in no way advocated where traders are 
able to do business by the ordinary methods 
without it, but on the other hand it should bea 
valuable aid when such assistance is required. 

Of course, a serious objection to this and similar 
schemes is the length of time that ensues before 
the full working is assured, but if it can be estab- 
lished, there is little doubt that the result should 
be a gradually increasing improvement which it is 
hoped. will soon produce a condition where commerce 
may thrive without extraneous assistance to the 
mutual benefit of all concerned. 





MOTOR CYCLE PERFORMANCE. 
Purnaps of all prime movers, that which visibly 
enters largest into the services of man is the motor 
eycle engine. At all seasons carrying all types of 


speed. One exceedingly interesting point to emerge 
from these tractive resistance curves plotted ona 
miles per hour basis, is the extraordinary large 
effect of wind resistance, so that, for instance, 
comparing a flat wind screen with a streamlined 
wind screen on the side car, the difference amounts 
to as much as an increase of 12 to 15 per cent, 
in the tractive resistance at 30 miles per hour. 
In this way the importance of the wind resistance 
factor is very clearly brought out, and no doubt 
considerable improvements in performance of such 
high speed vehicles can still be made by a careful 
study of this factor. The position occupied by 
the driver, whether vertical or in racing posture, 
is also shown to have an even larger influence 
than that attributable to the wind screen of the 
side car. 

The next section of the paper deals with the per- 
formance curves of the motor cycle engine. These, 
as might be expected from the performance of the 
whole vehicle, are of a high order, and show that 
these small prime movers maintain a high m.e.p. 
in their diminutive cylinders over a very large 
range of speed of engine or cycle. Two cases 
might be cited, one where the m.e.p. on a B.H.P. 
basis lbs. per square inch over a range from 800 to 
3,600 r.p.m. rises from 60 to 82 and drops to 60 lbs. 
per square inch again; in another over a range of 
speed of reduction from 1,200 to 3,600, the m.e.p. 
rises from 75 to 81 and falls at the highest speed to 
58. With special tuning and increased compres- 
sions, higher figures can be obtained, and exceed- 
ingly large m.e.ps. are quoted by the author when 
analysing sprint performances on racing machines, 
well over 100 Ibs. per square inch being obviously 
frequently obtained. Only one example is given 
of the engine performance of a 2-stroke cycle motor 
cycle engine, and the result is surprisingly low. 
Not only does the m.e.p. of this engine fall off 
rapidly below and above normal full speed figure, 
but the highest obtained is considerably less than 
half that achieved with the 4-stroke cycle. The 
petrol and lubricating oil consumptions with the 
2-stroke cycle engine are, of course, notably higher 
than with the 4-stroke cycle. By combining the 


F > tr resistance curves and the tractive effort curves 
rrr seth ibaa Steve heen hin — built up from the engine performance, the curve 


by all road travellers that the efficiency of these 


of performance of the whole machine can readily be 


emall engines is of high order. Tho speed of obtained, and a number of examples of this kind 


vehicles, on the level or uphill, so propelled, even 


are given showing the maximum gradients that can 


4 . 1’ ., . | be surmounted with various cars and indicating the 
when transporting a total load for which it is : : ay 
doubtful if they were designed, is remarkable. In ARIE, Speed Sanat VeRying Seuiennae. 


like manner the expenditure of fuel for which the 


A comparison is made between the average 


work is performed is light, and nowadays it is most motor car and motor bicycle performance showing 


exceptionally rare that complete or partial break- 


that the motor cycle engine is not inferior in per- 


down ooours on-the road, even although the engines formance to the average car engine. From data 


are so often and so considerably overloaded. That 
this result could be achieved without careful re- 


recorded during racing, however, the fact that on 
sprints, performances are put up which cannot be 


243 : repeated over any length of time shows that there 

— a of omic -™ ee gente is a considerable margin yet for investigation and 
ablish ed pe owes ane kk A "2! improvement, and no doubt when all the lessons 
eh this. very popular = ee ~ Hoa learnt during the war in respect of the laws govern- 
os, meagre.as they are weloome wey do | 2S air cooling of internal combustion engine 


occasionally appear. 


cylinders and the design of high speed valve gear, 


; Fas hn are fully assimilated, figures of performance, 
A considerable amount of data is given in a paper} _). : . 
“Comparative Motor Cycle Performance,” recently which ot the p & Sime only refer to sprint 


read before the Institution of Automobile Engineers 
by Mr. D. 8. Heather, B.Sc. The major portion 
of these researches deals with the actual performance 


of the vehicle when decelerating on the level under Cree Ee 


various conditions of loading on a known surface 
of road. The clutch was thrown out at full speed, 
and readings of the speed in miles per hour were 
ordinary Bonniksen Isochronous 
speedometer every five seconds. This instrument 
gives a speed reading of the average speed of the 
vehicle over one-half of a second to the nearest 
mile per hour. From the deceleration so obtained 
the tractive resistance can be obtained from the 
known weight of the vehicle. By interpolation of 
curves of tractive resistance plotted against speed, 
making allowances for the inaccuracies of observed 
readings, curves for a number of machines are given 
of the following type—Tractive resistance = A + 
Bv*.. It is probable that the form A + Cv + Bv? = 
tractive resistance would be the more accurate, 
but it is exceedingly difficult to disassociate those 
elements of resistance that vary directly as the 
speed with those proportional to the square of the 


obtained from an 





THE PRACTICE IN COMMERCIAL 
ARBITRATIONS. 





racing under exceptional conditions, will, in due 
course, become applicable to ordinary touring 
conditions with a corresponding improvement in 


Tue functions and duties of arbitrators in com- 
mercial arbitration’ were discussed last week in the 
judgments of Mr. Justice Lush and Mr. Justice 
Bray, who were sitting as a Divisional Court (King’s 
Bench Division), in the case of the French Govern- 
ment against the owners of the 8.S. Tsurushima 
Maru. The two judges took entirely different views 
of the matter. The case arose out of an application 
by the French Government to set aside an award 
which had been made by an umpire in a dispute 
between the Government, as claimants, and the 
owners of a steamship, as respondents, with regard 
to the deadweight capacity of the vessel. Each 
party had nominated an arbitrator, and the arbi- 
trators had appointed an umpire, and it had been 


13 to hear the evidence and the discussion of the 


case. This was done, and the arbitrators disagreed, 


and the case was left to be determined by the 
umpire. He appointed a further meeting for 
December 20, and, after an adjournment on that day 


for fresh evidence, there was a further meeting on 


December 23 before the umpire. At this last 
meeting the arbitrators put forward the case for 
their respective constituents, but the claimants 
and—it is to be inferred from the report—the 
respondents were not represented by solicitors or 


counsel, The French Government objected to the 


award on the grounds that the umpire had not given 
them notice of when he proposed to hold the arbitra- 
tion and they had not had an opportunity of being 
represented by solicitors or counsel, and that the 
umpire had made his award without hearing anyone 
on their behalf. The owners maintained that it 
was the recognised practice in commercial arbitra- 
tions that unless the parties gave notice that they 
desired to attend personally, or by their solicitors 


or counsel, their respective cases were presented to 


the umpire by the arbitrators, and that the great 
majority of commercial arbitrations were disposed 
of in this way. They maintained, therefore, that 
the umpire had acted in accordance with the usual 
practice. 

The position of arbitrators when sitting with an 
umpire in commercial arbitrations is often somewhat 
anomalous, and in the days of railway expansion 
many engineers, architects, valuers and other 
professional men built up a large practice as arbi- 
trators as a result of the successful manner in which 
they advocated their constituents’ cases before the 
umpires on whom the arbitrations devolved when 
the arbitrators had disagreed. Other arbitrators 
have regarded themselves more as judges than as 
advocates, and have sought, with more prospect 
of coming to an agreed judgment, to take an un- 
biassed view of the matter in dispute. This 
difference in the point of view of arbitrators them- 
selves is reflected in the conflicting judgments. 

Mr. Justice Lush stated that it was not possible 
to say that the arbitrators, when they disagreed, 
became the representatives of the parties who 
appointed them, for any such purpose as that of 
presenting their constituents’ case. In his opinion 
an arbitrator advocate was not an agent at all. 
If a solicitor presented his clients’ case negligently 
he could be sued for his negligence, but that could 
not happen with an arbitrator, as no such relation 
as agency existed between him and the party who 
appointed: him. There was therefore, in his lord- 
ship’s opinion, nothing to support the contention 
that the French Government had agreed that their 
arbitrator should represent them before the umpire. 

Mr. Justice Bray, on the other hand, thought 
that the effect of the evidence was that the arbitra- 
tors, after difference, represented the parties ; that 
this was obviously convenient and saved delay and 
expense if the parties wished to dispense with 
solicitors and counsel; and that there was nothing 
contrary to natural justice in the practice. In 
his opinion the courts ought not to impose the rules 
of legal practice on the conduct of arbitrators or 
umpires, except such as were absolutely necessary 
to secure justice. They were entitled to have their 
own rules and practice, unless these were manifestly 
contrary to natural justice. 

Mr. Justice Lush took the view that it was 
contrary to natural justice that the case should 
proceed without the parties having an opportunity 
of being represented personally, or by solicitors or 
counsel, and that such a practice could not be 
recognised as legal. On the point that the French 
Government had not had notice of the hearing, 
Mr. Justice Lush thought that the omission to give 
notice invalidated the proceedings, as the French 
Government had never indicated that they did not 
wish to be present. Mr. Justice Bray apparently 
did not attach much importance to this point, as he 
thought it sufficient if the arbitrators put forward 
the evidence and the parties’ contentions to_the 
umpire. 

As the judges differed, the result is that the 
umpire’s award stands, but the case will probably 
be carried to the Appeal Court. It is most desirable 
that an authoritative and decisive judgment should 
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be obtained on such important questions. 
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TRINIDAD AND THE STUDY OF THE 
ORIGIN OF PETROLEUM. 


THE origin of petroleum is not by any means 
a problem of purely theoretical interest. The 
knowledge of that origin would hardly influence 
the “ wild-catter.” But it would afford valuable 
guidance to the geologist and prospector, and 
petroleum technologists might avoid much of the 
actual deplorable waste of oil still incurred in 
distillation and in cracking operations if we under- 
stood the parent material. One of the reasons why 
there is still so much controversy and so little 
agreement as to the origin of petroleum, in spite of 
all petroleum research, was dwelt upon—not for 
the first time, of course—in the Institution of 
Petroleum Technologists last Tuesday, when Pro- 
fessor P. Carmody, F.I.C., read a paper on “ Trinidad 
as a Field for the Study of the Origin of Petroleum.” 
Professor Carmody spent twenty-seven years on that 
island, first as a private chemist, then as Government 
Analyst and Professor of Chemistry. He collected 
a vast supply of analytical material; but for years 
he worked quite alone; in many cases he was not 
told more about his samples, their origin, treatment 
and object, than the respective prospector deemed 
necessary for his own purpose, and thus a great 
deal of material could not be correlated and is of 
little value. The long neglect of Trinidad as an 
oilfield is altogether amazing. The Pitch Lake, 
the largest of its kind, was famous before the British 
took Trinidad in 1797. Coal, oil and gas were found 
in other parts of the island; yet although the 
oil wells practically belong to this country, before 
Sir John Cadman went there to inspect the mines, 
and Mr. Cunningham-Craig published his official 
geological report in 1907, Trinidad was a field for 
romancing rather than for study. 

Professor Carmody had no difficulty in making 
out a strong case. The Pitch Lake of 130 acres is 
situated near the western shore of the island, which 
is roughly a rectangle, of 50 miles by 40 miles, 
sending two long feelers out west over to the coast 
of Venezuela. The “soft” pitch or asphalt is 
found towards the centre of the lake within a radius 
of 100 ft.; it is in constant motion upward and 
outward; the “hard” pitch, almost stationary, 
collects near the borders and moves over the edge 
downward towards the sea. Though the pitch is 
practically a mixture of sand, asphalt and water 
(25 per cent.), containing about 45 per cent. of 
bitumen, the mass is remarkably uniform. Even the 
“land asphalt ” found outside the lake has fairly 
the same composition when freed of dirt. All these 
pitches are blackish ; the “ cheese” pitch, is lake 
pitch, pitted with cavities when freshly collected ; 
the “glance pitch” is of very bright lustre; the 
duller “iron” pitch seems to have been partly coked 
by bush fires. All these products are probably the 
residue of prolonged natural evaporation of oil ; 
the “ manjac,” another dull black mass, Professor 
Carmody regards as the residue of semi-liquid 
petroleum, from which the lighter portions have 
disappeared without being in close contact with 
sand and water; manjac is slowly oxidised by the 
air. 

Neither the coal or lignite, found in small quanti- 
ties in other parts of the island, are of high quality ; 
graphite also occurs, and ozokerite has recently been 
discovered. Gases are given off, continuously and 
gently in the Pitch Lake and elsewhere, or eruptively 
by mud volcanoes; when an island of 3 acres was 
thrown up near the south coast in 1911, the gases 
caught fire spontaneously ; theymud island dis- 
appeared quickly again. The oils, now drilled for 
chiefly in the southern part of the island, are of an 
astounding variety. Three main oil horizons may 
be distinguished ; the heaviest, La Brea oil, occurs 
in the youngest upper strata; in “the deepest 
Galesta horizon a high quality oil is found, very rich 
in petrol and kerosene, and so light in colour that the 
genuineness of the samples had been suspected. One 
speaker mentioned during the discussion that two 
wells, sunk within 100 yards of one another on the 
same flank of an anticline, had yielded the one, a 
distinct paraffinoid oil, the other a pronounced 
asphaltic oil. In fact, Professor Brame (who was 
in the chair) thought that the complexity of the 


perplexing variety with a common origin of the 
various oils. But Professor Carmody found strong 
support for his suggestions that Trinidad was a 
favourable field for the systematic study of the 
origin of petroleum. The climate is hot, but 
not unhealthy. It must, of course, be systematic 
study, under the auspices of the Government 
or of a body like the Institution he was addressing. 
The origin of petroleum was not really discussed 
at the meeting, in view of the many controversial 
views held ; the question is to come up next session. 
Broadly speaking one may say perhaps that petro- 
leum is regarded as a decomposition product of 
marine organisms; the organisms may either be 
vegetable or animal, or both ; that oils are produced 
by the decomposition of carbides is not generally 
believed now, though locally such processes may 
count. Professor Carmody decidedly inclines to 
the vegetable theory. Mr. Cunningham-Craig, the 
authority on the geology of Trinidad and its oil, 
contented himself with stating that he agreed on the 
whole with Professor Carmody; he is known to 
regard the Trinidad oil as of vegetable origin. 
Other speakers were equally cautious; they all 
desired further study, however. 








THE COAL STRIKE AND THE TRADES 
DISPUTES ACT. 

Tue industrial calamity which has befallen the 
country not unnaturally turns public attention to 
the question of responsibility. The first impulse 
is to examine the statute book with a view to 
seeing whether it contains any act of parliament 
which, if properly and opportunely applied, would 
have prevented the present state of things. If 
this search is useless, one tries to formulate in the 
mind a piece of legislation which would render 
such a catastrophe impossible in the future. 

In many circles the blame is without hesitation 
ascribed to the Trades Disputes Act, 1906, and to 
those who passed it. This, however, is an asser- 
tion which should not be lightly made. Long 
before. this famous measure was drafted or even 
thought of, a strike was perfectly lawful. It was 
competent for every man to refuse to work except 
for a certain wage. It was lawful for a number of 
men to agree not to work for a particular employer 
unless the hours or other conditions of labour 
were modified. The Trades Disputes Act of 1906 
had no effect upon such agreements. Up to the 
present the miners who are waging war upon their 
employers, and incidentally upon the public, have 
committed no breaches of the law written or un- 
written. 

Let us glance at the famous Taff Vale Railway 
case, which was the fons et origo of the Trades 
Disputes Act. It was then decided that a trade 
union can be sued either in its registered name or 
by its proper officers. The questions addressed to the 
jury indicated that illegal acts were alleged against 
the officials of a union. The ultimate judgment 
of the court proved that the union, as a body, 
could be made responsible for those acts, that its 
funds could be attached to make good the damage, 
but it went no further than this. Here are the 
questions and answers. “Q. 1. Did the three 
defendants conspire together to molest and injure 
the plaintiffs in their business by unlawful means ? 
A. Yes.—Q. 2. Did the defendants or either, and 
which of them, unlawfully persuade the men whose 
notices had not expired to break their contracts ? 
A. Yes. All of them.—Q. 3. Did they, or either 
and which of them, authorise and assist in i 
out the strike by unlawful means? A. Yes. Al 
of them.” Had the Act of 1906 then been in force 
these answers would have afforded no ground for 
a judgment in favour of the plaintiff company. 
It will be seen that the foundation of the action 
was not a mere agreement to induce others to 
abstain from working, but an agreement to induce 
them to break their contracts of employment. 

The fact that the Trades Disputes Act has little 
or nothing to do with the present situation is em- 
phasised by the consideration of a Bill which was 
drafted in 1912 by several members of the House 
of Commons having for its object the repeal of that 
measure. This Bill provides by clause 1 that 
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“Nothing contained in the Trade Disputes Act, 


phenomena. It is indeed difficult to combine this 





1906, sections 1 and 3, or either of them,} shall 
be deemed to have removed or have affected, modi- 
fied, altered, or curtailed the liability of any cor- 
porate body, or of any person or persons, to be 
sued or otherwise proceeded against in respectfof 
the creation or commission of a public or private 
nuisance, or in respect of the tortious procurement 
of a breach of contract of employment, or in respect 
of an unreasonable or oppressive interference with 
the trade, business or means of livelihood of any 
other person or in respect of any other conduct 
unlawful at common law or by virtue of any statute 
now in force.” It is difficult to see how, even if 
this clause were part of the law of the land, a strike 
which has been carried out by a universal agree- 
ment and by means which do not involve the 
exercise of physical or moral intimidation can be 
or could have been prevented. 

The following statement of the common law, 
which is to be found in a work on T'he Legal Position 
of Trades Unions, by Messrs. Schlesser and Clark, 
appears to summarise the law independently of 
the Trade Disputes Act. “It is unlawful at 
common law by illegal means, to prevent persons 
from entering into contracts as to the employment 
of labour or capital if there be no sufficient justi- 
fication for such prevention. Every one has the 
right to employ his labour or capital as he will : 
he may earn his own living in his own way. Illegal 
means include any acts of violence or threats of 
violence, and may include moral intimidation by 
exercise of the pressure of numbers, as—where a 
person, controlling the conduct of many in order 
—indirectly to intimidate A, prevents them from 
working for B, thereby exercising pressure upon A, 
or illegal means may take the form of publishing 
a ‘ black list’ containing the names of recalcitrant 
men, thus preventing them from being employed.” 

It is sufficient to say that with regard to the 
present dispute there is no evidence of the commis- 
sion of any of the Acts which are illegal according 
to the above statement of the law. 

It would seem that in order to prevent the re- 
currence of disasters similar to that which has over- 
taken the country at the present time we must 
seek further legislation and other means of pre- 
serving order. In other countries strikes which 
affect the supply of the necessities of life are roundly 
declared to be illegal. 

One of the few attempts to protect the public 
against any attack upon the necessities of life is 
to be found in the Gas Works Clauses Act which 
provides that an offence is committed when a 
person employed by a municipal authority or 
company or contractor supplying gas, breaks a 
contract of service with the authority or company 
or contractor knowing or having reasonable cause 
to believe the probable consequences of his so 
doing either alone or in combination with others 
will be to deprive the inhabitants wholly or partly, 
or to a great extent, of their supply of gas. At 
its best this Statute protects the community from 
the consequences of breaches of contract, it does 
not render a strike of gasworkers illegal, nor does 
it prevent the man who is employed to charge 
retorts from terminating his contract of service 
by notice in the usual way. Not only has the 
principle here outlined in the case of gas never 
been extended, but we seem to have moved 
in a retrograde direction by the passing of the 
Trades Dispute Act. Indeed the problem which 
now confronts responsible Ministers is one which 
might well dismay the most skilful statesman. 





THE ROYAL SOCIETY SOIREE. 

Proressor C. 8. SHerrineton, of Oxford, who 
welcomed the Fellows of the Royal Society and their 
guests at the first soirée of this season, held at 
Burlington House on Wednesday last, succeeded Sir 
Joseph J. Thomson in the presidential chair of the 
Royal Society last autumn. During the last two de- 
cades great physicists had followed one another in 
that chair, Huggins, Kelvin, Rayleigh, Crookes and 
J. J. Thomson, the geologist Sir Archibald Geikie 
intervening between Lord Rayleigh and Sir W. 
Crookes. Professor Sherrington is a physiologist, 
and as such, successor to Sir Joseph Lister, who was 
P.R.S. in the ’nineties. 

Physiology was, therefore, naturally well, repre- 
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sented in the exhibits this year ; but we have to con- 
fine ourselves to matters of more direct, though not 
greater, interest to the ineer. The gravity 
torsion balance of Baron R. Eétvés, of Budapest, 
made by Siiss, of that town (exhibited by the Science 
Museum), was designed for the determination of 
the variation of gravity over comparatively short 
distances and has been utilised for geodetic studies 
as well as for the search for mineral deposits. 

The collision experiment conducted by Sir George 
Hadcock, F.R.S., and Sir George Greenhill, F.R.S., 
was described by the latter in our issue of May 28, 
1920. Two steel spheres, each of 100 lb. weight, 
were fixed in wooden boxes, from the adjacent end 
of which the spheres projected; the boxes were 
suspended as ballistic pendulums by the five-point 
suspension of Lord Kelvin, that is to say, each box 
was held by 2 V-wires and 1 single wire so attached 
to the corners of the boxes that there were three 
wires at each adjacent end, and two wires at each 
outer end; the experiments illustrated impact and 
rebound. The same exhibitors also displayed a 
wall diagram drawn from formulas in the “ Report 
on the G ic Theory” of 1914, for modular 
angles of 15 deg., 22 deg., 24 deg., 45 deg., 75 deg. 

The astronomical exhibits were not numerous. 
Those from the Royal Observatory, Greenwich, 
illustrated the partial solar eclipse of April 8 last, 
four photographs showing the changes in the 
crescent at intervals of 6 minutes. The eclipse 
photographs, taken last year at Sobral, Brazil, to 
study the Einstein effect of gravitation on light, 
were likewise exhibited. On behalf of the Stony- 
hurst Observatory, the Rev. A. L. Cortie, 8.J., 
showed photographs illustrating the changes of 
the bright-line spectrum of Nova Cygni III (1920), 
in the days August 29 and 30, and September 6. 
The drawings, also exhibited, of the great sun-spot 
group of March, 1920, made by the late Brother 
W. McKeon, and showing the development of that 
disturbance since December 27, 1919, were men- 
tioned in our report of the British Association 
meeting of last year. The astronomical model of 
Dr. William Wilson for educational purposes, demon- 
strating the motions of Sun, Earth and Moon, the 
retrograde movement of the moon’s nodes, and the 
forward movement of its apsides, were also notices 
in our columns* when Dr. Wilson discoursed on his 
model at the Royal Institution. 

Sir Robert Hadfield, F.R.S., had a most interesting 
exhibit consisting of many small samples of different 
nickel and manganese-steels, which Professor 
Kamerlingh Onnes, For. M.R.S., and Dr. H. R. 
Woltjer have, in their cryoscopic laboratory at 
Leiden, been exposing to the temperatures of 
liquid air, hydrogen and helium to test their mag- 
netic properties both while immersed in the liquified 
gases and after their return to normal temperature. 
Nickel steels turn magnetic on cooling if not already 
magnetic ; some steels would not turn 
magnetic at all, even in liquid helium, at 3 or 4 deg. C. 
absolute (— 269 deg. C.). That the latter were non- 
magnetic even in liquid air, was already known. 
The non-magnetic steels contain more than 15-7 
per cent. of manganese ;_ steels less rich in man- 
ganese become more magnetic on cooling. It would 
thus appear that there exists a non-magnetic (or 
very faintly magnetic) Mn-Fe, as well as a magnetic 
Mn-Fe alloy or compound. In the approximate 
determination of the specific magnetism Sir Robert 
Hadfield suspends a short bar specimen by two 
threads and applies to the bar a horse-shoe magnet 
sliding on a graduated arc struck from a centre 
in the axis of suspension of the bar ; the higher the 
magnet may be pulled up this arc without dropping 
the bar-armature, the stronge~ is the magnetism of 
the latter. 

The Hon. Sir Charles Parsons, F.R.S., and Mr. 
Stanley Cook showed the results of attempts made 
to reach high instantaneous pressures by the col- 
lapse of a hollow sphere of lead under explosive 
pressure. The hollow sphere is made up of two 
hemispheres of lead, 1 in. internal diameter, about 
} in. wall thickness, which are placed together, with 
@ piece of tissue paper between them ; in the cavity 
is put the substance to be compressed ; the hemis- 
pheres are then soldered together on their periphery 
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and placed in a bomb, packed all round with 
T.N.T. which is fired simultaneously at six places. 
The explosion makes the sphere collapse, i.e., the 
hollow is practically filled out with flown lead, 
though the two hemispheres do not fuse together. 
If the final diameter of the substance under test in 
nuclear form is 1/200th of the initial hollow and the 
explosive pressure is 20 tons per square inch, the 
nuclear pressure would be one million tons. 

The National Physical Laboratory had exhibits on 
both floors. The relay of Dr. Guy Barr for breaking 
moderately large currents between mercury elec- 
trodes in a was recently described before 
the Physical Society. The standard optical pyro- 
meter of Drs. G. W. C. Kaye and E. Griffiths is 
of the disappearing filament type, first worked out 
in the Reichsanstalt 25 years ago when the black- 
body radiations were studied.. Holborn and Kurl- 
baum then used a telescope to bring an image of 
the hot body in the plane of a lamp filament whose 
intensity was varied. In the arrangement exhibited 
two lamps are so mounted on a cross slide between 
the collimator and tho telescope that the image of 
the one filament, pushed in position, is superposed 
on the image of the body to be examined which is 
behind the collimator; the filament, which is a 
horizontal wire with a kink to facilitate observation, 
then appears brighter or darker than the body, 
and by altering a resistance the current intensity 
is easily found at which the two images are of the 
same intensity. A red glass is inserted into the 
eyepiece. The use of two lamps, quickly interchange- 
able, serves for checking the permanency of the 
calibration ; both the lamps are adjustable in three 
planes at right angles to one another. 

The various hygrometers, adapted for determin- 
ing the humidity in cold stores, exhibited by Dr. 
Ezer Griffiths and Mr. Schofield comprised a wet and 
dry bulb so mounted in a tube that a small electric 
motor draws an air current past the two tubes. 
Without aspiration wet and dry bulbs used in such 
situation are not reliable. In another tele-instrument, 
a hair hydrometer, the pointer is so attached to a 
hair, that it moves up and down in front of a drum 
which is really a resistance coil; when a button is 
pressed, the pointer is pressed against the coil, and 
a bridge reading is obtained. Very simple is the 
third dew-point instrument shown, a kind of 
telescope, to the far end of which a metallic mirror 
is attached ; when the mirror is held against a cold 
body the moisture film settling on it makes the 
mirror dull. 

Dr. Rosenhain and Messrs. S. W. Melsom and 
8. L. Archbutt showed various specimens of the 
new manganin, entirely made in the National Physical 
Laboratory under the name “omal.” The exhibits 
illustrated the stages of manufacture, from ingots 
down to rods, strips and wires, and proved the 
remarkable constancy of the omal resistance, the 
temperature coefficient of which is 1:1,000,000 per 
degree Centigrade. The difficulty is, of course, to 
maintain the constancy while machining the omal, 
which is supplied in two types of resistances of 
45 microhm per centimetre and 35 microhm per 
centimetre respectively. The 0-01 ohm standard 
resistance of Messrs. Melsom and H. C. Booth for 
currents of 200 amperes is also made of omal wire, 
not of tape, as in maganin coils. The No. 16 wires 
are wound on a frame so as to form a double W of 
large cooling surface. The soft-solder joints are 
not included in the resistance element, and the 
potential leads are taken off to terminal copper 
bars. The whole resistance element fits into a 
copper case, 16 in. by 14 in. by 14 in., in which water- 
cooled oil is kept circulating. 

The radiotel direction finder shown by 
Mr. R. L. Smith-Rose, also of the Laboratory, is of 
the Robinson type (Royal Air Force). Instead of 
trying to find two positions of a receiving coil for 
which the signals appear of equal intensity, two box 
coils are so connected in series that on rotating the 


coils (two rectangles, of unequal length, crossing at | left 


right angles) about their common axis and reversing 
the connections of one of them by means of a switch, 
the signal strength remains unaltered. This observa- 
tion gives the direction of the signal, say, North to 
South, with great accuracy, but it does not show 
whether the source is to the north or south ; to 
find that two stations would be needed.’ When the 


bearing of a signalling station is determined in this 
way, the daylight observations are in good agree- 
ment with the true bearings; at night, however, 
and especially near sunset and sunrise, the observa- 
tions may be wrong by several degrees, for reasons 
which are not yet understood. To elucidate this 
problem the Radio-Research Board has installed 
these instruments at the various universities of the 
country. 

Messrs. Evershed and Vignoles, Limited, as 
strated the use of Needham’s pulsator system of 
speed measurement and control, of which they are 
the manufacturers. This, however, was briefly 
described in our article on the recent exhibition of 
the Physical and Optical Societies, on page 36 ante, 
so that we need not refer to it again. 

A device for automatically regulating the tem- 
perature of furnaces and ovens of all descriptions 
was shown by British Oil and Fuel Conservation, 
Limited, 9, Southampton-street, Holborn, W.C. 1. 
It is known as the Freeman precision temperature 
control, and comprises an air bulb fitted in the 
furnace, or oven, and connected to a U-tube 
containing mercury. One arm of the U-tube is 
only slightly inclined to the horizontal, so that a 
small variation in the air pressure in the system 
causes a large movement in the mercury column. 
This arm contains an electrical contact wire con- 
trolling the circuit of a solenoid, and the solenoid 
operates a valve controlling the supply of fuel to 
the furnace, or regulating the dampers of a furnace 
fired with solid fuel. While the furnace is heating 
up the air bulb is disconnected from the U-tube, 
but as soon as the desired temperature has been 
attained, the air system is closed by a simple oil 
seal and the temperature is afterwards maintained 
by the means above described. We understand 
that the apparatus is sensitive to temperature 
changes of only a fraction of a degree Centigrade, 
and the temperature of the furnace can be kept 
constant to within 1 deg. The air bulbs are made 
of metal, glass, silica, porcelain or carbon, to suit 
various requirements. 

The Western Electric Company, Limited, Norfolk 
House, W.C. 2, showed a number of instruments of 
their design for use in connection with telephone 
transmission measurements. One of these is a 
portable bridge for measuring the capacity at 
telephone frequencies of cables in situ, and a some- 
what similar instrument enables the resistance and 
reactance components of the line impedance to be 
obtained by direct readings. Other instruments 
enable measurements to be made of the losses in 
lines due to the insertion of any piece of apparatus 
or the gains due to the use of amplifiers. The most 
interesting exhibit is, however, a variable frequency 
oscillator designed to produce alternating currents 
ranging in frequency from 200 cycles to 2,000 cycles 
per second. It employs three thermionic valves, 
the first of which produces oscillations of very small 
energy, which are amplified by the other two valves 
connected in cascade. The current output is 
20 milliamperes, which is practically constant 
at all frequencies and is of pure sine wave form, 
since a “ filter,” comprising a variable inductance 
and variable capacity, is provided to cut out the 
harmonics of the fundamental wave. The instru- 
ment exhibited can be used for frequencies as high 
as 3,000 cycles per second, and it could be designed 
for any frequency. 

Another interesting, exhibit shown by Dr. W. 
Lawrence Balls, consists of a portable instrument 
designed to sort out a collection of cotton or other 
fibres and distribute them in order of length on a 
collecting surface such as plush. The apparatus 
cannot be described in detail in the space at our 
disposal, but it comprises a set of small hand- 
operated drawing rollers, used to a the fibres 
in parallel strands, and a hand distributor which, 
when run along a strip of plush, feeds out the fibres 
about ¥, in. at a time so that the short fibres are 
to the plush in the early part of the 
run and the longer fibres are retained until later in 
the run. A scale placed beside the plush strip 
enables the fibres of any particular length to be 
collected and weighed, so that the proportion of 
each length can be ascertained and the value of 
the sample estimated in this way. The apparatus 





was constructed by the Cambridge and Paul Instru- 
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ment Company, Ltd., for the experimental depart- 
ment of the Fine Cotton Spinners’ Association, 
Manchester. 

The exhibit of Mr. Franklin Kidd related to the 
new method of storing of apples known as “ gas 
storage,” with which the Food Investigation Board 
have been experimenting. On this system the 
apples are stored in an airtight chamber in the gas 
produced by their own respiration. The proportion 
of carbon dioxide in this is determined from 
time to time by means of a direct-reading electrical 
instrument, and when it becomes excessive, air is 
admitted to dilute the gas in the chamber. The 
gaseous contents of the chamber are circulated by 
the temperature variations in an external pipe 
connected to the chamber at the top and bottom, 
and the moisture which condenses in this pipe is 
collected in a trap, so that the humidity in the 
chamber does not become excessive. The system, 
we understand, roughly doubles the time for which 
apples can be kept, and the working cost is obviously 
less than that of any cold-storage system. 

The Radiological Branch of the Woolwich 
Arsenal Research Department exhibited pinhole 
photographs of the targets of Coolidge bulbs and 
various protective appliances (in photographs) for 
X-ray examiners. The pinhole photographs illus- 
trated the changes in the shape of the focal spot of 
the target with increasing current strength and the 
stray radiations from all parts of the targets, 
noticed particularly in large bulbs. Good focal 
definition is best secured with the small bulbs of 
the radiator type. 

The cloud-expansion apparatus of Mr. C. T. R. 
Wilson (often mentioned by us), as modified by Mr. 
Takeo Shimizu, made by the Cambridge and Paul 
Instrument Company, enables everybody to see 
without trouble that radioactive bodies continuously 
send out rays. The expansion chamber is a box, 
about 2 in. in diameter, covered with glass; the 
piston underneath is worked up and down by an 
electric motor about 100 times a minute ; under the 
glass a speck of radium is attached to the inner 
wall of the chamber. Each particle shot out from 
that point forms a track of tiny water globules, 
which may remain visible for several seconds; the 
radiating tracks are straight lines, sometimes 
kinked by collision with molecules. The whole 
mechanism looks amazingly simple. 

The varied exhibits of the Meteorological Office 
included the apparatus of Dr. J. S. Owens, now 
used for recording atmospheric pollution, which was 
shown in operation. The air to be tested is 
drawn through the apparatus by the discharge of 
water from a basin. Above that basin a disc of 
filter paper, 7 in. in diameter, is slowly rotated ; 
every fifteen minutes a valve is opened so that the 
smoke-polluted air sucked through the paper forms 
a more or less dark spot, } in. in diameter, on the 
circumference of the paper; from the intensity of 
the dark spot the pollution of the air is estimated. 
The rainfall instruments of Messrs. Negretti and 
Zambra have been mentioned by us on other 
occasions. 

The liquid oxygen vaporiser of Mr. E. A. Griffiths 
is @ vacuum vessel of copper, weighing 44 lb. and 
containing 3 Ib. of liquid oxygen, equivalent to 
1,000 litres of oxygen, of which a man wants 3 litres 
per minute (12 litres of air). The interesting novelty 
is the regulation of the rate of gas evolution. The 
bottom of the outer vessel is a flexible corrugated 
plate of silver, to the centre of which is soldered a 
copper block fitting the contour of the inner vessel ; 
this diaphragm is displaced by a screw, and by 
bringing the flexible parts in closer contact with the 
inner wall, the rate of transmission of heat and 
thus the evolution of oxygen is increased. 

The recording kata-thermometer, exhibited by 
Dr. Leonard Hill, F.R.S., gives a continuous record 
of the cooling power of the environments exerted on 
the surface of the bulb of the kata-thermometer, 
which is kept at skin temperature ; the coil in the 
bulb of the kata, which is filled with alcohol, is a 


coil of a large temperature coefficient of resistance. |, 


These kata-instruments are combined with Wheat- 
stone bridges, and in this case the bridge arm of the 
coil is balanced at 36-5 deg. C. 

Mr. J. E. Barnard’s beautiful mi ic arrange- 
ment for taking photographs in ultra-violet light 


was mentioned by us in our comments on last year’s 
Soirée, and we hope soon to describe the apparatus 
in some detail. All the horizontal illuminating 
system, with condenser and stage, must be made of 
quartz and fluorspar ; the vertical microscope proper 
is of the ordinary type. The object is transformed 
into a fluorescent source of light, and the clearness of 
the definition, with which the tissues and cells 
of his preparations stood out, was truly remark- 
able. The exhibit was a convincing demonstration 
of the superiority of the ultra-violet microscope. 

The only chemical exhibits were the photographs 
of the absorption spectra of alkaloids, shown by 
Sir J. J. Dobbie, F.R.S., one of the early investigators 
of this field, and Dr. J. J. Fox. Minute quantities of 
the alkaloids, ¢.g., 0-3 milligram of strychnine, 
suffice to bring out the characteristic spectra, 
which are therefore of forensic value, apart from their 
theoretical importance. 

We regret not to be able even to enumerate the 
many exhibits of biological, geological, geographical 
and historical interest. But we should like just to 
refer to the abnormal developments and swellings 
which the mistletoe causes in lime trees; these and 
other deformities due to parasites, were shown by the 
Royal Botanic Gardens, Kew. Mr. H. Gabb’s 
exhibit, Tintoretto’s portrait of Galileo, attracted 
much attention ; the portrait dates from the period 
1605 to 1607, only a few years before Galileo made 
his astronomical discoveries. The one discourse of 
the evening on “‘ The Primitive Races of Uganda’”’ 
was given by the Rev. John Roscoe. 





NOTES. 
Grain ELEVATORS IN AUSTRALIA. 

Tue great importance which the Australian grain 
trade has now achieved is clearly indicated by the 
remarkable programme of grain elevator con- 
struction which is being carried out by the New 
South Wales Government. The works at present in 
hand include elevators at 72 country stations and a 
very large terminal elevator at Sydney. The 
country elevators are of various capacities depending 
on their situation and the district they serve. They 
vary in storage capacity from 50,000 bushels to 
600,000 bushels. Main storage at these plants is 
provided by circular reinforced concrete bins, each 
of 50,000 bushels capacity, while each has a working 
house containing 14 smaller bins of a combined 
capacity of 50,000 bushels for handling wheat on 
grades. These country plants will be provided with 
arrangements for receiving farmers’ wheat either 
in bulk or from sacks. The total storage which 
will be provided in the country districts by these 
plants is 15,450,000 bushels. Twenty-three of these 
country plants, although not fully equipped with 

i , are receiving and handling wheat in bulk. 

The terminal plant at Sydney, which will form 
one of the largest grain elevators in the world, 
received its first consignment from the country last 
February. The main storage at this plant consists 
of 72 circular bins or silos and 71 interspace bins. 
The total capacity is 5,723,000 bushels. The working 
house contains a further 139 bins with a combined 
capacity of 786,400 bushels, so that the total 
storage capacity of the plant is 6,509,600 bushels. 
All bins are built in reinforced concrete. There are 
20 receiving hoppers on four railway tracks and 
trucks can be unloaded at a maximum rate of 80,000 
bushels an hour. There are five receiving legs to 
elevate the grain to five hopper scales, each of which 
has a capacity of 1,600 bushels or 96,000 lb. The 
legs and belts carry the wheat at a rate of 16,000 
bushels an hour. A battery of 12 cleaning machines 
is also provided capable of dealing with 36,000 
bushels an hour and a drying plant to recondition 
moist or damaged grain. Six 36-in. conveyor belts 
work over the main silos and below 11 belts of the 
same size lead to five shipping scales. From the 
iseales the wheat is conveyed to travelling gantries 
the wharf, from which it is spouted into the hold 
vessel being loaded. Shipment can be made 
rate of 60,000 bushels an hour and four 

be loaded simultaneously. 
that the total cost of the works in progress will be 
3,000,000/. The elevator system will be adminis- 
by the New South Wales Government as a 
utility, fixed fees will be charged for the 





and handling of wheat. It is also proposed 


It is estimated. 





to institute a system of Government | grading on 
somewhat similar lines to the methods in operation 
in Canada and the United States. 


THE PROBLEM OF THE FurL CELL. 

Among the problems that had to be shelved 
during the war is the investigation of the electric 
fuel cell, i.e., a galvanic cell which is fed, not with 
zinc, but with carbon or some combustible gas 
for the direct generation of electricity. It seems 
tempting to convert the energy of carbon into 
electric energy in some more direct and less in- 
efficient way than by burning the coal under a 
boiler or in a producer and gas engine in order to 
drive the current generator. But carbon is a 
peculiar substance. It has many technically useful 
properties ; but its position among the elements 
is almost rae ; it will neither fuse nor volatilise ; 
it is electrically neutral], and it will not ionise. The 
latter peculiarity seems to be fatal to the many 
attempts made to build up fuel cells, Whenever 
some measure of success was obtained the cell 
appeared to work, not as a fuel cell, but as a gas 
cell, frequently our old friend, the hydrogen-oxygen 
cell of Grove. Thus when Jacques in 1897 placed 
a carbon rod in caustic soda, fused in an iron 
crucible, and bubbled air through the soda, the 
weak currents obtained were not really due, as 
Haber and Brunner showed, to the oxidation of the 
carbon, but to the oxidation of hydrogen liberated 
by the reaction between the caustic soda and the 
iron. Some manganate was also formed from the 
manganese in the iron, and the cell might thus 
likewise be considered as of the type of reduction 
and oxidation cells. A good many of these have 
been ‘tried by Taitelbaum, who made a thorough 
study of the Jacques cell in 1910, and others. 
All these direct and indirect fuel cells, moreover, 
seem to be liable to rapid polarisation, and it is 
perhaps not much to be regretted that the fuel cell 
has of late almost been shelved. The paper on 
“The Problem of the Fuel Cell,” which fessor 
E. K. Rideal and Mr. U. R. Evans, of Cambridge, 
read before the Faraday Society on May 9, does not 
make us feel more optimistic. When one thinks, 
on the other hand, of the triumphs of the thermo- 
ionic valve and of the Réntgen bulb, both in a 
sense sadly inefficient, one does not like a priori 
to bar the study of fuel cells because at present 
they consume far more fuel, directly or indirectly 
for the heating or preparation of their materials, 
than they yield in electric current. There is yet 
a great deal to be learnt about these cells. Rideal 
and Evans rightly drew attention to many mis- 
conceptions, and though their experiments—which 
were interrupted by the war and are unlikely to be 
resumed now—did not lead to definite success, 
they are instructive. In the place of caustic soda 
Baur and Ehrenbach used borax as e . 
Rideal tried glassy phosphates, but had to go back 
to caustic soda in several cases. They obtained 
some success, however, with diaphragm cells, 
containing tin (or also lead) as anode in aqueous 
(not fused) caustic soda or in diluted hydrochloric 
acid and carbon as cathode in hydrochloric acid 
with iron chloride (or also with manganese dioxide). 
The difficulty with these cells would be the re- 
generation of the tin. 


Vecocity oF ParTicres in THERMAL MOVEMENT. 

The velocity of particles in thermal movement 
can theoretically be deduced from the equation 
4mv* = 4k T, where v is the velocity of a icle 
of mass mm, k is Boltzmann’s constant T the 
absolute temperature. Referred to the gramme- 
molecule M the formula for v is v = 167-9 /T/M, 
expressed in metres per second, Till recently v had 
not directly been measured. In experimental deter- 
minations, of which more will probably be heard, 
Professor Otto Stern, of Frankfurt-am-Main (Zeit- 
schrift fir Physik, vol. ii, pages 49 to 56) started 
from the following consideration. If we imagine a 
small sphere charged with a gas, and pierce the shell 
by a small hole, the gas will, on heating, rush out in 
a slightly conical jet ; if we place the sphere within 
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speed of the gas particles. Instead of experi- 
menting with a'gas-jet Stern takes a platinum wire, 
0-4 mm. thick, which is coated with a silver deposit 
0-02 mm. in thickness. He makes this wire the 
vertical axis about which a cylindrical chamber is 
turned. The wire is electrically heated to melt 
and to evaporate the silver. Near the wall of 
the cylinder he mounts the soreen, a polished 
plate of brass, and between the wire and the screen 
he interposes diaphragms or slits in alignment, so 
that the silver particles have to pass through two 
slits in series before striking the brass, on which 
they settle in a brownish streak. The cylinder is 
now turned; the streak will then be displaced in the 
direction of the rotation, clockwise or anti-clock- 
wise; the displacement amounted to about 0-4 mm. 
The cylindrical box had a radius of 12 cm. and a 
height of 7 cm.; the speed was 1,500 r.p.m. or 
25 revolutions per second. Assuming that the 
silver was heated only to its melting-point, 941 
deg. C., the velocity of the silver particles emitted 
should have been 534 m. per second, whilst the 
velocities deduced for the various particles—which 
would not all have the same velocity—ranged from 
500 m. to 600 m. The temperature was certainly 
higher than 941 deg., and was estimated at 1,200 
deg. ©.; the velocity should then have been 
584 m., which is within 10 per cent. or 15 per 
cent. of the deduced value. A vacuum of 0-0001 
mm. of mercury was maintained in the cylinder. 
The whole apparatus was mounted in a glass bell 
ground to a cast-iron plate. The cylinder shaft 
had to pass through this plate; to prevent the air 
from leaking in through the shaft hole, the motor 
was itself encased in an evacuated box fixed to the 
lower surface of the plate. The maintenance of 
the high vacuum was one of the difficulties of the 
experiments, the calculations of which are not 
simple either. Yet the determinations are very 
interesting. If the silver particles were not mon- 
atomic (as is believed), but consisted of 2 or of n 


atoms, the displacements should have been J/2 


or \ n times as great as observed. Thus the method 
would admit of determining the number of atoms per 
particle, and further of experimentally verifying 
Maxwell’s law of the distribution of velocities. 
In a certain sense the method resembles J. J. 
Thomson’s positive ray analysis; though Stern 
relies entirely on mechanical and thermal forces, 
however, without having recourse to magnetic and 
electric deflections, his experimental difficulties do 
not appear to be less serious. 


Tare Propose ENGINEERING CONFERENCES. 


Reverting to pre-war custom the Institution of 
Civil Engineers has decided to resume next month 
the general conferences formerly held at intervals 
of every few years. At the same time a two days’ 
‘‘summer meeting” in London will be held by the 
Institution of Mechanical Engineers. As the dates 
selected are still some six weeks ahead it is to be 
hoped that these fixtures may be more fortunate than 
others which it has been thought best to abandon in 
view of the unsettled condition of the country. As 
at present arranged the conference organised by the 
Institution of Civil Engineers will be held on 
June 29 and 30 and July 1, and, as formerly, the 
meetings and discussions will be supplemented by 
afternoon visits to works of engineering interest. 
The work will be divided into seven sections. The 
conference itself will be presided over by the 
President of the Institution, Mr. J. A. Brodie. 
Mr. W. B. Worthington will act as chairman of 
Section I, which will concern itself with railways, 
roads, bridges and tunnels. Section IT will deal 
with harbours, docks, rivers end canals, and will be 
under the chairmanship of Sir Maurice Fitzmaurice, 
C.M.G. The third section, of which Captain H. 
Riall Sankey, O.B., the President of the Institution 
of Mechanical Engineers, will have charge, will deal 
with machinery. Another section will be concerned 
with mining and metallurgical processes, and of this 
the chairman will be Sir R. A. Hadfield, Bart. 
Shipbuilding will be the subject for Section V, with 
Engineer Vice-Admiral Sir H. J. Oram, K.O.B., 
in the chair. Dr. C. 0. Carpenter will have charge 
of the section on waterworks, works and sewer- 
age, while Sir J. F. ©. Snell will act as chairman 
for the section on electricity works and power 





transmission. The foregoing chairmen are well 
supported in each case by7numerous vice-chairmen, 
and each section has three honorary secretaries. 
The complete programme is expected to be ready 
early in June. It is proposed that the twenty- 
seventh James Forrest Lecture shall be delivered 
at the time of the conference in order that members 
attending one function may have the opportunity of 
being present at the other. The evening selected 
for this event has therefore been that of Tuesday, 
June 28, when a lecture will be delivered by 
Sir G. T. Beilby, F.R.S., Assoc.Inst.C.E. Early 
this year the John Fritz gold medal was awarded 
to Sir Robert A. Hadfield, and as Sir Robert is 
unable, at present, to visit the United States, 
it has been arranged that a deputation of 
American engineers shall come to England and 
make the presentation here on June 28th, the 
day on which the James Forrest lecture will be 
delivered. Our American friends will thus be able 
conveniently to attend the Conference, at the meet- 
ings of which they will be heartily welcomed. The 
deputation will consist of five members, each 
representing one of the chief national technical 
bodies in the United States, The representative 
of the American Society of Civil Engineers will be 
Mr. C. T. Main. The Institute of Mining and 
Metallurgical Engineers will be represented by 
Colonel A. 8. Dwight; the American Society of 
Mechanical Engineers by Mr. Ambrose Swasey 
and Dr. Ira N. Hollis; while Dr. F. B. Jewett 
will attend on behalf of the American Institute 
of Electrical Engineers. It should be mentioned 
that Mr. Ambrose Swasey will be present in a dual 
capacity, as he is also the Chairman of the John 
Fritz Medal Board of Award. The summer meet- 
ing of the Institution of Mechanical Engineers is to 
be held on June 30 and July 1. The subject to be 
especially dealt with is the “ Means of Increasing 
the Thermal Efficiency of Heat Power Plants,” 
Several meetings, of which detailed particulars 
will be published later, will be held concurrently 
on the mornings of the dates in question, while 
visits will take place in the afternoons to power 
plants, laboratories, &c., of interest in connection 
with the subject discussed. At the same time it is 
proposed to hold an exhibition of appliances bear- 
ing upon boiler room economy and the efficient use 
of steam and internal combustion engines. This 
exhibition will be held in the main lecture hall of 
the Institution. 


Tae MACKENZIE OILFIELD OF NORTHERN CANADA. 


At a special meeting of the Institution of Petro- 
leum Technologists, held on Wednesday, April 27, 
Dr. T. O. Bosworth, M.A., F.G.S., discoursed on 
the Mackenzie River Oilfield, about which the 
daily Press has had a great deal to say recently. 
The field, he stated, lies 950 miles north-west of 
Edmonton, Alberta, about 45 miles beyond the 
trading post known as Fort Norman, and within 
90 miles of the Arctic circle. Half of that part of 
the North American continent is covered by spruce 
and poplar forests, and travel through the forest 
is almost restricted to the great lakes and to 
the rivers ; roads and railways now terminate 
300 miles beyond Edmonton. The two main 
rivers, the Athabasca and the Peace River, unite 
and form the Mackenzie. In his travels of 1914 
Mr. Bosworth had to traverse 80 miles of rapids 
of the Athabasca River, and each year some 
lives and goods were lost there ; tracking up-stream 
on his return took him three weeks. At present 
the railroads shorten the waterway to 1,100 miles 
by the Athabasca route and to 1,395 miles by the 
Peace River route ; in both cases there is 18 miles 
of portage between Fort Fitzgerald to Fort 
Smith. The waters, moreover, are open only for 
about four and a-half months. They are wide and 
shallow ; the Mackenzie River reaches a width of 
three miles, and the stormy Athabasca Lake and 
Great Slave Lake have to be crossed. On the 
Peace River the largest of the flat-bottomed stern 
wheelers, of 5 ft. draught, has a length of 175 ft., 
and carries 300 passengers and 200 tons of freight ; 
on the Mackenzie the boats are only of 150 tons. 
All-steel aeroplanes have also been used. The 
winter cold,is not much more severe than at Winni- 
peg, but of longer duration ; 
may keep near 40 deg. F. below freezing point for 


the thermometer | &°v® P 


six weeks. The northern oil fields, Dr. Bosworth 
thought, may develop in spite of the severe climate. 
The oil transport would be by two fleets of barges, 
across the portage of 18 miles by a pipe line, and 
finally by rail. Pipe lines straight to inlets of the 
Pacific had also been suggested, but the distance 
to the tide water would be 550 miles across wild 
country. Geologically the oil and gas had been 
found in the Devonian which was largely covered 
by Cretaceous and Tertiary strata. The great 
rivers had cut through these upper strata, and 
in the north the Devonian was generally: denuded. 
Dealing with the geological features, Dr. Bosworth 
pointed out that it was the remarkable character of 
the Fort Creek shales and of the Beavertail Lime- 
stone rather than the oil seepages which had led 
to a favourable view of the prospects of the field. 
Highly-bituminous rocks, 1,000 ft. to 1,500 ft. in 
thickness, extended over a large region of thousands 
of square miles. These rocks and shales were 
black with bituminous material of a strong odour ; 


‘tthe shales underwent slow combustion at their 


outcrop, and there were conspicuous cliffs, 100 ft. 
high, of hard, burnt bright red or grey rock ; fluid 
oil was not visible in the rocks. Oil seepages were 
found in the sands, 2,000 ft. in thickness, overlying 


‘the Camp Creek Series, especially in the shores of 


the Long Reach, where the river flowed for 75 miles 
along the outcrop of this series. The high parts 
of the anticlinal folds of the district were no longer 
favourable territory, the oil-bearing beds having 
denuded away. But the flanks of the folds and some 
crests were intact. The Imperial Oil Company sunk 
the first test well in 1919 near Camp Creek in the 
Long Reach, at a spot Dr. Bosworth indicated in 
1914. Drilling proceeded during the summer, 
1920; oil came in before a depth of 100 ft. was 
reached, and oil spouting to a height of 70 ft. 
began at 783 ft. The well was capped and an out- 
put of 500 barrels per day was reckoned upon. 
Whether that flow would continue steady remained 
to be seen, and to prove the importance of the 
field more wells would have to be sunk. 





PrRsONAL.—Messrs. Crouch and Hogg, C.E., state 
that they have removed their office to 31, Lynedoch- 
street, near Charing Cross, Glasgow. Their new telephone 
number is Charing 587. 





Tae MicHELL CRANKLEsS STEAM ENGINE: ERRATUM. 
—With reference to our notice of this engine on page 290 
of our issue of March 11 last, we are asked to state that 
the rights of the Michell crankless engine are held in this 
country by Mr. Michell himself, but that Messrs. Michell 
Bearings, Limited, of 3, Central Buildings, London, 
8.W. 1, are empowered to negotiate European licences. 





ALCOHOL FROM CoKkE-OvEN Gas.—An account of the 
recovery of alcohol from coke-oven gas as carried on at 
Skinningrove, was given by Mr. C. F. Tidman some weeks 

© before the Newcastio Section of the Society of 
Chemical Industry (Journal of the Society, April 30). 
The Bury-Ollander process worked there absorbs the 
ethylene of the gas in concentrated sulphuric acid, 
ligieot pate the ethylene sulphate obtained by dilutin 
the acid with water, and obtains by distillation alcoho 
and sulphuric acid. The absorbing sulphuric acid, 
Mr. Tidman explained, should be strong, of 95 per cent. 
and more; below 93 per cent. the rate of absorption 
falls off rapidly. Three minutes’ contact between the 
gas and acid is sufficient. The absorption should take 
place between 60 deg. C. and 80 deg. C.; it may be 
effected either in towers packed with silica or in washer- 
scrubbers ; the latter require less power than the working 
of the tower pumps demands. ‘The distillation yields a 
weak alcohol, which is concentrated in the usual way, and 
which is of objectionable smell. Denaturation of this 
alcohol would hence not be required, but the odour is 
troublesome when the alcohol is to serve as raw material 
for chloroform and other products. The odour seems 
partly to be due to diethylene disulphide. To eliminate 
the sulphur compounds, of which H)S is the most common, 
from the original gas, the gas might be passed through 
bog-iron ore; as such a plant would be very expensive, 
sulphur dioxide was mixed with the gas, and this was 
best done on the counter-current principle. The SO2 
and the H,8 in the gas then decompose into sulphur and 
water; this well-known reaction requires an excess of 
802, however, and it does not affect the 4 = sulphur 
compounds. The alcohol produced at Skinningrove, 
it was stated, had given satisfaction in engines, 
where, indeed, blast-furnace gas and coke-oven gas 
containing sulphur had not attacked the large gas 
engines used, On that point, however, different opinions 
were expressed during the discussion of the paper, the 
chairman, Dr. J. H. Paterson, and some others insisting 
upon the need of eliminating all sulphur. The Skinnin- 

e process is so far worked on a semi-manufacturing 
scale; the 120 Otto erative ovens might yield over 





9,000 gallons of alcohol per week, 
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INDUSTRIAL NOTES. 

THE reports which are issued periodically by the 
General Federation of Trade Unions are always very 
different in tone from those issued by other trade 
unions. These latter are always full of empty, turgid 
talk concerning ‘* masters and slaves,”’ and of the pro- 
mised abolishment of these two extreme classes in the 
new order of things which Labour is preparing. Most 
unreasonable and unjust invective is levelled against 
every class of society which does not earn its livelihood 
by manual labour. The whole of the talk is mixed up 
with varying amounts of Canaan patois, and this is 
responsible for the fact that the “‘ cause of Labour” 
finds so much favour in irresponsible and non-re- 
flecting quarters. 

The eighty-sixth quarterly report and balance sheet, 
to March 31, just received from the General Federation, 
states that ‘‘ owing to the widening ratio in Britain 
between agricultural and mechanical pursuits, Britain 
becomes increasingly susceptible to industrial dis- 
location.”” We may add that matters are different in 
France, where agricultural labour predominates, this 
being one of the reasons why French industrial disputes 
are shorter-lived ; and notwithstanding all regulations 
dealing with an 8-hour ora 7-hour day, nothing on 
earth will prevent a French farmer from working 16 
when he thinks he must. The report also states that 
“unemployment is an economic disease, and the 
economist has primarily more concern with it than has 
the politician. The economist, however, deals with 
the facts, and these are only popular when they are 
pleasant. This may account for the very general dis- 
inclination to study unemployment from the practical 
and non-partisan point of view.” We agree with the 
report in this respect. The point, however, should 
* not be lost sight of that with manual labour also 
“‘facts are popular only when they are pleasant.” 
The report from which we quote is dated March 31, 
and the secretary cannot be expected to refer to the 
unemployment caused by the miners’ strike, a strike 
which started on April 1, and is fast ruining the country. 
We look to his next report for a statement in the 
matter. Economists have not ceased to deal with this 
unfortunate situation from the very commencement, 
but without avail so far. 





At a recent meeting in London of the building trades 
an agreement was reached on the question of a reduction 
in wages, but the employers’ application for an exten- 
sion of the 44-hour working week was adjourned. 
The wages of craftsmen and labourers are to be reduced 
by 2d. per hour as and from the 16th inst., the wages of 
labourers to be reduced by a further ld. as from 
July 1. The meeting stood adjourned until May 31, 
when the difference between the craftsmen and 
labourers will be further considered and decided. 
Both parties, in the meantime, are to endeavour to 
arrive at a recommendation, in regard to hours of 
work, to be considered at a future meeting. 

The Mines Department has published a list of 
calculations which it has made showing the estimated 
earnings per shift in May, 1921, in the mining industry, 
under the proposals put before the Miners’ Federation 
by the Government. From this list we take the few 
following figures :— 


Estimated Average Earnings of Coal-Getters on 


Piece-W ork. 

Pre- May, 

War. 1921. 

8. a. 8. d. 
Scotland .... Sad 8 3 19 6 
Northumberland .... a. 8 5 20 0 
Durham .... — ate 8 3 16 6 
South Wales yes 9 64 20 0 

Lowest Rate of Surface Labourers. 
Scotland .... a 4°0 10 0 
Northumberland .... 4 6 10 7 
Durham .... 5 0 10 9 
South Wales pi 5 3 ll 9 
Estimated Average Earnings of ail Adults. 

Scotland .... tie 7. 2 15 6 
Northumberland .... 611 14 10 
Durham .... és 6.10 14 1l 
South Wales 7 4 16 5 


Pre-war and May, 192] earnings 
districts throughout the country are in similar pro- 
portions to the above. The Mining Department states 
that in the figures given a 3s. reduction all over the 
federation area is assumed; the pre-war figure for 
surface labourers represents earnings of the lowest-paid 
classes ; the figures given for coal-getters on piece-work 
are necessarily estimated, as any piece-work earnings 
must depend upon output, but the calculation is based 
on actual earnings, with allowances for the loss of 
certain war wage payments which have now ceased. 





The unfortunate situation which now rules is re- 


for the other mining | 


the following figures issued by the National 

of Iron and Steel Manufacturers. The 
production last September was 741,000 tons‘of pig-iron 
and 885,000 tons of steel; last March the were 
respectively, 386,000 tons and 359,100 tons. A slight 
recovery in demand was noticeable towards the end of 
that month, and it was hoped that April would show an 
improvement in production ; the coal] strike, however, 
gave the final blow to the industry, and the pig-iron 
production in April was only 60,300 tons, the steel 
production being 68,000 tons. Out of 300 furnaces 
in, blast in the middle of last year, only 11 remained 
in operation at the end of April and some of these have 
since e out. Of every 100 persons employed in 
June , the industry found occupation for only 
21-5 at the end of April. 


flected by 
Federation 





The result. of the ballot of members of the North-East 
Coast Shipyard Trade Unions, on the proposed wage 
reduction of 6s. per week was made known last Tuesday, 
the figures being— 





For the reduction 45,169 
Against 35,913 
Majority for the reduction 9,256 


In’ the above figures, those of the boilermakers, black- 
smiths and shipwrights are stated to be 12,425 for 
and 27,836 against; general workers 6,852 for and 
1,253 against; N.A. Union of Labour 25,189 for and 
5,434 against. 





The Government has made arrangements for the 
importation of coal from the Continent and the United 
States so as to maintain the working of the public 
utility services. It is reported that the railwaymen and 
transport workers have decided to refuse to handle 
all imported coal, even including that required for the 
maintenance of the said public utility services. The 

int is not quite clear at the time of our going to press, 
but a meeting has been arranged for this afternoon, 
at which the railway men and transport workers have 
asked the Executive of the Associated Society of 
Locomotive Engineers and Firemen to assist, the 
object being to tighten the embargo upon the importa- 
tion of foreign coal, with a view to afford help to the 
miners. Some railwaymen who refused to handle a 
coal train having been dismissed, this may lead, it 
is feared, to a national strike. 

Mr. Herbert Smith, the acting president of the 
Miners’ Federation, has in the meantime stated that 
if the owners made an offer which he thought the 
miners could accept, he would ask that the latter 
take a ballot upon it. 

On the other hand, electrical workers in London have 
also refused to handle imported coal, a refusal which, 
if proceeded upon, may lead to further grave conse- 
quences. 





THE UNIT OF FORCE. 
To THe Eprror or ENGINEERING. 

Sir,—In your “ Notes on New Books,” page 546, 
paragraph 3, the question of the unit of force is raised, 
and the use of the poundal is deprecated ; but surely, 
from the point of view of Newton’s generalised mechanics, 
the poundal is the strictly scientific unit of force when the 
pound, the foot, and the second are the units of mass, 
space and time. ‘ ‘ 

The pound weight as a measure of force is an ingrained 
habit in British lands, and may be used by the most 
pedantic when convenient; but from the Newtonian 
point of view it is a mere astronomical and geographical 
accident, and the poundal is the true physical invariant. 

More recently a coterie of the Royal College of Science 
have introduced the “slug” as a unit of mass into 
textbooks and reports, on aéronautics, thus coming. 
by the irony of things, into contrast with Meteorological 
Office usage, which follows the practical metric units— 
the kilogramme, the bar, the kilometre, the kilowatt, 
&c., based largely on the work of another coterie, Clerk- 
Maxwell, Tait and Kelvin. 

It will be interesting to see whether the “Sluggards” 

revail, if one may invent a name recalling the st le 
betwsen the “‘ Deists ” and the “‘ Dotards’’ in the y 
days of reform at Cambridge. 
Lam, &., 
A. R. L, 

London, May 7, 1921. i 

Nore.—The slug is a mass of g pounds and is acted 
on by gravity with a force of g? poundals. 





Ferro-Concrete Froatine Dock.—A ferro-concrete 
floating dock which erroneously is described as the first 
ferro-concrete floati dock in the world, has been 
launched from the Minden Ferro-Concrete Yard, West- 





phalia. It is 80 m. long, 10 m. broad, 3-5 m, high. 
Tue InpustriaL Leacve anp Councit.—The election 
of the ht Hon. J. H. Whitley, M.P., as Speaker of the 


House of Commons has caused him to have to resign 
the Joint Presidency of the Industrial League and Council, 
which he has held in conjunction with the Right Hon. 
G. H. Roberts, M.P. Viscount Burnham has consented 





to become Joint President. 





ON THE OAUSE OF QUENCHING ORACKS,* 


By Koraro Honpa, ToxuJmo Marsusnrra, and 
Saxar Ipe1 (Tohoku Imperial University, Sendai, 
Japan). 

1. It is a well-known fact that during the quenching 
of high carbon steels in water, cracks are often formed on 
their surfaces. The cause is generally believed to be : 
(i) The non-uniform distribution of temperature in the 
specimen during quenching; (ii) the difference’ in 
martensitic expansion of adjacent parts ein Senge ve 4 
A closer examination of phenomenon shows, how- 
ever, that the true cause is not so evident, as the sound 
due to cracking is often heard some 10 seconds after 
quenching. The thermal stress is maintained so } 
as the temperature is not uniform throughout the epaite 
men, For instance, in a short cylinder, about 2 cm. 
in thickness and height, the difference in temperatures 
between the interior and exterior parts, during the first 
stage of the quenching process, may amount to several 
hundred degrees, and consequently a t stress will 
result, but after about 10 seconds it does not exceed 
20 deg., and hence there is only a small residual stress. 
Again, at the moment of transformation of austenite 
into martensite during cooling, considerable oe 
in volume occurs. In the case of rapid cooling the 
transformation does not, however, take place at the 
same moment at every point within t men. 
Hence a t stress due to unequal martensitic expansion 
will t which may lead to cracking, although after 
several seconds, during which the Al transformation 

over the whole mass, this stress will also vanish. 
if the cracks are due to the two causes above-mentioned, 
why do they not take place during the first stage of 
quenching, when the specimen is undergoing a large 
amount of internal stress, and why do they take place 
after a lapse of time ? It is, of course, conceivable that 
at a very high temperature the material yields to an 
enormous thermal stress, and therefore this stress is 
subsequently released, in which case a thermal stress of 
considerable magnitude may result at room temperature, 
and may be the cause of the cracks occurring some 


payer 


10 seconds after nae. The fact that in a high 
carbon steel, when quenc from a sufficiently high 
temperature, the cracks are produced immediately after 

uenching, shows, however, that a greater part of the 
thermal stress is not released by yielding, otherwise 
the immediate cracks would not take place at all, It is 
a well-known fact that quenching cracks can often be 
observed in carbon steels or in steels with a small content 
of other elements, but that it is hardly possible to obtain 
such cracks in pure metals. These facts lead to the 
conclusion that the above causes of cracks are not 
sufficient to account for the observed facts. The present 
investigation was therefore undertaken to find the real 
cause of the phenomenon in question. 

2. In order first to show that the cause of quenchin 
cracks is not pure thermal stress, the following experi- 
ment was first carried out: Several cubes, 2 om, on each 
side, were made of steel containing 1-26 per cent. of 
carbon, and each cube was attached to the end of a thick 
iron wire, 2 mm. thick and 30 cm. long, by means of which 
it could be placed in the centre of an electric furnace, and 
be quickly removed for quenching. ‘The furnace was of 
the resistance type, 25 cm. long, consisting of a nichrome 
wire; its tem ture was measured by means of a 
platinum and platinum-rhodium couple. © cubes were 
quenched in water from different high temperatures, 
and the quenching bar 9 eet at which cracking 
occurred was observed. If the crack did not occur, the 
same cube was used twice for quenching, and then 
renewed ; if it cracked, a new one was always substituted, 
The following table contains the result of the experi- 














menté :— 

Heating. 
tompecnbans 080 700 750 deg. 770 deg. 800 deg. 830d 
Remarks ete No c No crack Noorsek Crack Gu” 


Cooling (the specimens first heated to 900 deg., then 
cooled and quenched). 
710 deg. 690 deg. 


Quenching 
tem: 800 deg. 770 deg. 750 deg. 730 deg. 
Samar “ame asat aaee ee Bae era, 
From this it is seen that during heating the crack 
does not occur unless the quenching temperature exceeds 
800 deg. During cooling from 900 deg. the quenchin 
crack is always observed down to a temperature o 
700 deg., and not observed at any lower temperature, 
This limiting temperature is much lower than that during 
heati As is well known, the Arl point is always 
lower about 40 deg, to 80 deg. than the Acl point ; 
hence fam the above result of quenching experiments, 
it may be concluded that during heating or cooling the 
crack occurs when, and only when, the quenching 
ture exceeds the Ac] or Arl point, respectively. 
Hence the cause of quenching cracks is not pure thermal 
stress caused by non-uniform distribution of temperature 
due to rapid cooling, because if such were the case, there 
w be no reason for the cracks occurring beyond the 
Al point, The cracks must, therefore, have some 
connection with the Al transformation. In a. soft 
> cracks usually occurred in 10 seconds to, 
5 after quenching in water; they could be 
* Paper read at the Meeting of the Iron and Steel 
Institute, on Friday, May 6, 
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distinctly detected by the sounds accom: ing cracking. 
The same fact whi indicates that the thermal stress 
is not the direct cause of cracking because the cracking 
oceurs after a lapse of time, where a greater part of the 
thermal stress due to the unequal cooling of the specimen 
passes off. As is well known, during cooling through 
the Arl point the specimen undergoes a considerable 
expansion due to the Al transformation. Since during 
cooling the outer portion is always at a much lower 
temperature than the inner portion, the former, during 
the said transformation, exerts a great impulsive tension 
on the latter, and this may cause a crack in the specimen. 
But the fact that cracks often occur after the impulsive 
stress due to the Arl transformation is passed over, shows 
that the impulsive stress is not the actual cause of 


quenching cr \e ‘ : 

It was also a desirable to make a similar experi- 
ment with a specimen having no Al transformation, 
which was, however, at least as brittle as quenched 
carbon steels, An alloy steel containing a considerable 
amount of chromium and cobalt such a nope. 
The oa amy with the steel showed that, from be 
upw: , very superficial but irregular cracks gradually 
appear, but vanish, however, with a light polishing. 
As the quenching temperature rises, the cracks become 

and deeper, but remain always irregular, Quenched 
from 1,000 deg., they are still much finer than those in 
carbons teels, The quenching of a cast-iron from 
different high temperatures shows also similar cracks, 
Thus, erack lines due to pure thermal stress are very 
fine and irregular, and can easily be distinguished from 
very simple crack lines (Fig. 1) in quenched carbon steels, 
which are the object of the present investigation. 

3. To'get a — idea of the rate of cooling during 




















quenching, a cylindrical piece having the same dimensions 
wm Xe & 
200 , ! i U 
0 ‘ \ 
¢ ¢ 6 70 WW 
(6863 0) Time. 


was made of the same material as the test specimens. 
It had two holes bored parallel to its axis and to its 
middle height, their inner diameter being each 2 mm. ; 
one hole was bored at its centre and the other just inside 
the lateral surface. In one experiment a platinum and 
platinum-rhodium couple was well insulated and inserted 
into the middle hole, its junction being, however, bare 
and in direct contact with the specimen, while the other 
hole was packed with kaolin. In another experiment 
the couple was inserted into the side hole while the central 
hole was packed with kaolin. In each case the cooling 
was measured by a milli-voltmeter with a pivoted needle 
inserted in the circuit of the couple, the motion of the 
needle being almost dead beat. Fig. 2 shows graphically 
the result of the observations. From curves (1) and (2) 
it is seen that the temperature of the imen at its 
centre and at its lateral surface falls initi very slowly, 
and then rapidly, increasing in its rate till it reaches a 
maximum and then gradually decreases, Curve (3) is the 
difference curve between curves (1) and (2); thus the 
difference in temperatures between the centre and the 
lateral surface is at first zero, but rapidly increases, 
reaching its maximum value at about 3-5 seconds and 
then eS it almost vanishes at 13 seconds, 
The maximum difference in temperatures in the specimen 
amounts only to about 300 deg. 

4. The result of quenching experiments will be next 
described, The investigation consisted of the measure- 
ment of hardness in quenched specimens by means of a 
Shore scleroscope, the distribution of internal stress 
ae thus found, Four kinds of carbon steel containing 
the following constituents were chiefly investigated :— 





No Carbon | Manganese! Silicon /|Phosphorus| Sulphur. 
“| per cent. | percent. | per cent. | percent. | per cent. 

















1 0-28 0-25 0.42 0-032 0-070 

2 0-68 0-51 0-19 0-019 0.037 

3 0-91 0-31 0-11 0-027 0.004 

+ 1-47 0.25 0-34 0-040 0-004 
The imens were tested in the form of a cube, each 


side beimg 2-7 cm., or a short cylinder, 2-6 cm. in 
diameter and in height. On . surface of the cube or the 
cylinder a narrow hole, about 3 mm. deep, was bored, 
and a thick steel wire screwed in, as shown in Fig. 3; 
this wire served as a holder in the subsequent work. 
The specimen was placed horizontally in an electric 
furnace of nichrome wire, and heated to the required 
temperature. After maintaining the imen at this 
tem ture for 10 minutes, it was quickly taken out of 
the furnace and dipped vertically into a water or oil bath, 
followed by a constant stirring, until the temperature of 
the specimen fell to that of the bath. The specimen thus 

uenched was polished with emery paper; sometimes 
it was at first ground with carborun care being 
taken, by dipping it frequently in water, not to heat the 
specimen too much, since heating may affect the structure 
and consequently its hardness, The specimen was placed 
on the platform of a Shore scleroscope, and the position 
of a point, at which the hardness was to be measured, 
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was read on a section paper pasted on the form, 
In the case of the cubes, the number of points ages 4 
the hardness was amounted to 36, some- 
times more, if necessary. These 36 points were divided 
into three groups, the outer group consisting of 20 points 
at the periphery, the inner group 4 points about the 
centre, and the middle group 12 points situated between 
these two. In the case of cylindrical specimens, the 

ber of points amounted to 24 in all, the outer group 
being 12, the middle 8, and the centre 4. In cases where 
the general character of the distribution of hardness 
was sought, the mean value of hardness in each group 
was taken. 

The results of experiments showed that :— 

(1) In a soft quenching, such as in oil from a tempera- 
ture not exceeding 820 deg. C., the hardness of different 
specimens is greatest in the outer portion, and decreases 
from its periphery towards the centre. 

(2) In a medium quenching, such as that of a steel 
0-9 Pd cent. carbon at 780 deg. in water, or that of steel 
1-47 per cent. carbon at 900 deg. in oil, hardness is nearly 
constant everywhere. 

(3) In ‘a hard quenching, such as that of steel con- 
taining more than 0-68 per cent. carbon from 800 Cc. 
or a higher temperature in water, the hardness is least 
in the outer portion and increases rapidly toward the 
centre. 

(4) When cracking takes place, lines of cracking cut 
equi-hardness curves almost orthogonally. The form of 

ui-hardness curves is elongated in a direction normal 
to the line of cracking. 

(5) In the cubes, the equi-hardness lines become 
roughly circular or elliptical at a short distance from the 
periphery, The same remark applies naturally to the 
case of cylindrical specimens. 














Fig.4 Steel 0-687.€. 
Quenched in Water 
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(6) By grinding away a few millimetres from the 
surface layer step by step, the irregular deviation of 
equi-hardness curves from a circle or an ellipse gradually 
diminishes, 

In the present experiment, cracking occurred in most 
cases, when the temperature of the specimens fell nearly 
to that of the bath. To show the relation between the 
hardness and the quenching temperature, the results of 
experiments are given in Figs. 4 and 5, from which the 
following well-known facts may be inferred :— 

(7) The hardness does not increase pepepetably, so 
long as the quenching temperature is below the Acl 


point, 

(8) When the quenching temperature increases beyond 
the beginning of the Acl range, the hardness rapidly 
inereases, reaches a maximum at about 820 deg., and 
afterwards slightly decreases. 

From the curves in Figs. 4 and 5 we also see that the 
hardness of the outer portion is least, that of the middle 
portion considerably greater, and that of the central 
portion greatest. 

5. One important fact discovered by the present 
investigation (3) is that in a hard quenching the outer 
portion is softer than the inner. This abnormal pheno- 
menon is satisfactorily explained by the theory of 
quenching put forward in a former work by one of the 
present writers, 

According to that theory of quenching, the so-called 
Al transformation is not a single, but a compound 
transformation, consisting of 


Austenite = martensite 2 pearlite, 


i ito mart 
pearlite. During a very rapid cooling, such as a quench- 
ing, the change from austenite to martensite is so far 
retarded that when it is completed the specimen is nearly 
at room temperature, and therefore the next change 
from martensite to pearlite cannot progress, owing to the 
high viscosity of the material at room temperature. 
During a slow cooling austenite changes into martensite, 
and the latter, still at a very high t ature, ng 

immediately into pearlite. During heating, the Al 
transformation consists in the reverse change, that is, 
from pearlite to austenite through martensite. With 





Thus, during a slow or rapid cooling, austenite is at first 
hanged i ite, which is t transformed into 





regard to the volume per unit of mass, the relation is : 


Austenite < martensite > pearlite ; 


for martensite is known to exist in a more dilated state 
than pearlite, and the latter in a more dilated state than 
austenite, as is seen from the e ion curves at high 

tures. Hence in the Al range, during slow 
— the elongation is a differential effect of) the 
expansion due to austenite —> martensite and of the 
contraction due to martensite -> pearlite ; during slow 








heating, the contraction is a differential effect of the 
expansion due to pearlite -> martensite and of the con- 
traction due te martensite > austenite. In quenching 
experiments, the rates of cooling in the outer and inner 
portions of the specimen differ considerably from each 
other. In the outer portion, where cooling is very rapid, 
not only the second change of the Al transformation— 
martensite to i stopped, but also its first 

ite to martensite—is partially arrested, 
80 that this portion contains a certain amount of austenite 
in’ i with martensite, In the inner portion 
the rate of cooling is not so rapid, and hence the austenite 
is mostly transformed into martensite ; but its further 
transformation into pearlite is arrested. Since the 
austenitic structure is much softer than the martensitic 
structure, it is to be expected that the outer jon, 
containing a greater rtion of austenite t the 
inner portion, will be softer than this portion, 

If the above view be correct, for a soft quenching, 
such as quenching in oil from a moderately high tempera- 
ture, the outer portion may be just fully martensitised, 
while in the inner portion the transformation from 
me ape, yy . In this case, the outer 
portion must harder than the inner portion, as is 
actually brought out by experiments. In a somewhat 
harder quenching than in the seg one, the outer and 
inner portions may possess nearly the same 4 
The fact that above 820 deg. the hardness gradually 
decreases as the quenching tem: ture increases, is 
explained by the same theory, that is, by a gradual 
increase of austenite arrested and mixed in martensite. 

Several quenched specimens were examined micro- 
scopically to see whether any appreciable decarburisation 
actually occurred ; but except narrow edges, or at least 
in portions where hardness was measured, decarburisa- 


Fig5. Stee 0-28%.0. 
f Quenched in Water. 
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tion was negligibly small. Hence the less hardening of 
the outer portions cannot be explained by decarburisa- 
tion. It is the common experience of smiths that by 
quenching pieces of steel in water, the edges are much 
softer than other portions ; this fact is usually explained 
as the effect of decarburisation during heating. In many 
cases, however, it is caused by the arrested austenite 
during quenching. : 
The cause of cracking was next investigated in a series 
of equi-hardness curves for a number of carbon steels 
with varying percentages of carbon, quenched from 
varying temperatures. These curves accompanied the 
original manuscript, but as their reproduction would 
have been attended with certain difficulties, they have 
been omitted from the paper, and are filed in the Institute 
library, where they can be consulted by any member 
interested in the subject. Since the form of the equi- 
hardness lines was elongated in the direction perpen- 
dicular to the line of cracking, it is to be concluded that 
the martensite development is greatest in the elongated 
central portion and least in the periphery ; hence the 
martensitic ex ion in the former portion is much 
greater than that in the latter portion. The central 
portion exerts, therefore, a great tension on both sides, 
this tension causing the cracking of the specimens. 
This is why lines of cracking are normal to the elongated 
i curves. Since the difference in the specific 
volumes for mammeneivie and austenitic structures - 
creases i as the temperature falls, it may be 
madecetood ‘why cracking generally occurs when the 
temperature of the specimen approaches to room 
temperature. rie 
6. Having thus far explained the distribution of hard- 
ness and crack lines, the question of how to avoid 
quenehing' cracks arises. In quenching practice it 1% 
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not to get very a ewyns hardness, except in the 
case of cutlery. It is evident from the above 
investigation that to obtain a martensitic structure too 
rapid cooling is unnecessary. In order, therefore, that 
the specimen may not crack during quenching, but that 
ite hardness be properly dovtagel, quenching must be 
medium hard, such as quenching in oil from 900 deg., 
in which case the hardness is nearly constant throughout 
the specimen ; hence the stress due to the difference in the 
structures is small, and consequently cracking cannot 
occur. For a given steel, the quenching temperature 
of no cracking can be experimentally found in the 
following way: The speci is q hed in oil from 
three different temperatures, 800 deg. 900 deg., 1,000 deg., 
and the hardness at the outer and central portions is 
measured. ‘Two curves of hardness-quenching tempera- 
ture for these two portions are drawn. The temperature 
corresponding with the intersection of these curves is 
that required; for quenching at that temperature 
causes nearly equal hardness in the outside and central 
portions. 

7. According to the above view, in a hard quenched 
steel some austenite remains untransformed at room 
temperature, at which this austenite will slowly transform 
into martensite. On the other hand, at room tempera- 
ture martensite has a tendency further to be transformed 
into troostite, but its velocity is much smaller than that 
of austenite —> martensite just referred to. The conse- 
quence is that at room temperature a hard quenched 
specimen will slowly increase its hardness with lapse of 


| Fig.7. 
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time. To test this inference the hardness of a quenched 





sp 1 was ed from time to time in the usual 
way, and its mean value plotted against the time passed 
after the quenching, Fig. 6 is a graphical representation 
of the result of the experiment, which agrees completely 
with expectation. The hardness increases at t 
rapidly and then slowly, tending to an asymptotic value, 
as the time elapses. If the quenched specimen be 
constantly heated at 100 deg., instead of letting it remain 
at room temperature, the above change from austenite 
to martensite will be much accelerated ; at the same time 
the change from martensite to troostite will also be 
accelerated. Hence the hardness first increases, reaches 
& maximum, and then slowly decreases. As shown in 
Fig. 7, this conclusion is actually brought out by experi- 
ments. 

8. In quenching a large piece of steel-the distribution 
of hardness in the outer layer is exactly the same as in the 
case so far discussed; but in the innermost portion, 
where cooling is slow, the microstructure omes 
troostitic, and therefore the hardness is here considerably 
smaller, 

Now, the contraction-temperature curve for steel rod 
— slow cooling or quenching has been already deter- 
mi and found to have a form as shown by curve (a) 
or curve (6) in Fig. 8. The curve (a) is the ordinary 
contraction-curve for a slow cooling ; the curve (b) for 
quenching begins to elongate from 200 deg. downward, 
and at ordinary temperature the length of the rod is 
much larger than that in the case of slow cooling. This 
elongation is the expansion accompanying the trans- 
formation from austenite to martensite, the further 
transformation from martensite to pearlite being . 
Hence, in an a large specimen, its outer portion 
contracts along a curve similar to curve (b), while the 
= contracts in a manner similar to curve (a), 
and 


é fore during cooling through the Al range the 
mner portion is in a more di state than in the latter 
portion. Hence the outer portion is subjected to a large 


tension, and this tension superposed on the thermal stress 


may cause the cracks in the specimen at high tempera- 
tures. In a hard quenching, crackings are often found 
to take place immediately after quenching in water; 
this kind of crack is poss due to the stress just 
referred to. By a further cooling of the specimen, the 
tension acting on the outer portion begins to decrease at 
some 200 deg., ing zero at a certain lower tem: 

ture. It then changes into compression, its magnitude 
increasing mee as the temperature falls to room tem- 
perature. These changes of stress will easily be under- 
stood from Fig. 8. In eqgnoashing room temperature 
the temperature of the whole specimen becomes nearly 
uniform, and hence the thermal stress vanishes. By 
virtue of the above stress the inner portion undergoes 
a tension from the outer portion ; this outer portion also 
exerts a tension to the outmost portion of the imen 
by the strain exerted in the foregoing sections. The 
result is that the intermediate layer exerts on both sides 
considerable tension ; if it be sufficiently high, cracking 
of the specimen may take place in the vicinity of room 
temperature. Thus the nature of the stress present in 
small and large cylindrical Xo ee which are quenched 
in water may conveniently be illustrated in Fig. 9. 

Summary.—The result of the present investigation 
may be summarised as follows :— 

1. In a quenched steel a certain amount of austenite 
is generally a intermingled in martensite. The 
amount of this austenite increases as the quenching 
temperature increases. 

2. In small pieces of steel the periphery is harder 
than the central portion only when the quenching is very 
soft. In a moderate quenching the hardness is every- 
where nearly equal, but in a hard quenching the periphery 
is always softer than the interior. This anomalous 
phenomenon is explained by the presence of the arrested 
austenite in martensite. 

3. The quenching cracks in small pieces of steel occur 
when the hardness in the central portion is much greater 
than in the periphery. The cause of the cracking is 
attributed to the stress caused by the difference in the 
specific volumes of austenite and martensite ; the specific 
volume of the former structure being much smaller than 
that of the latter the central portion exerts a large 
tangential tension on the periphery, causing thereby the 
cracking of the specimen. 

4. Since the difference in the specific volumes increases 
as the temperature falls, the cracking usually takes place 
when the temperature of the quenched specimen 
approaches room temperature. 

the hardness generally 


5. In a hard quenching, 
increases with the lapse of time, owing to a gradual 
transformation of the arrested austenite into martensite. 
6. In the case of a large specimen, cracking may take 
place in the Al range, and also in the vicinity of room 
temperature. The cracking at the high temperature 
is chiefly caused by the stress due to the structural 
difference between the inner and outer portions— 
pearlite and austenite—just below the Al point; that 
at room temperature is due to a similar stress as in the 
small specimens. 





SOME RECENT DEVELOPMENTS IN LARGE 
STEAM TURBINE PRACTICE* 
By K. Baumann. 
(Continued from page 571.) 
PART V. 
GovERNING oF STEAM TURBINES. 

(1) Nozzle versus throttling governing (by-passing at 
high temperatures). 

(2) Design of nozzle boxes. 

(3) Steam chests. 

(4) Design of high-pressure end (C.S.). 

The use of oil relays for the operation of the governor 
valves is now universal for all large turbines. 

In respect of the admission of steam to the turbine, 
existing methods of governing can be classified under 


two headings, viz., throttle governing, and nozzle 
cut-out governing. 

The characteristic feature of throttle governing is 
that at all loads below the economical load the steam 


is throttled to the pressure required to c any 
particular load, and that loads above the economical 
are obtained by by-passing steam to an intermediate 
stage. In some cases two by-pass valves are used each 
of which is connected to one of two intermediate stages. 
Each main throttle valve is usually designed to 
the full steam quantity required at the loads which it 
is designed to c ° 

The principal disadvantage of throttle compared with 
nozzle cut-out governing is due, not so much to the 
fact that at light loads the former is less efficient than 
the latter, but to the necessity in the case of throttle 
governing of by-passi high-pressure steam to an 
intermediate stage in order to obtain loads greater than 
the economical load, It is clear that intermediate 
stages to which high-pressure steam is occasionally 
admitted must be dovignet to stand the high pressures 
and temperatures as if they were high-pressure stages. 

The fact that such intermediate stages may be only 
occasionally subjected to gu ree re conditions does 
not in any way mitigate the objections to by-passing. 
The conditions under which these intermediate. stages 
have to operate are in reality much more severe than 
those to which the initial high-pressure stages are 
subjected, since the magnitude of the temperature 
changes is greater in the intermediate stages than that 
of the temperature c which occur in_ the initial 
stages with either throttle or nozzle cut-out governing. 








* Paper read, before the Institution of Electrical 
Engineers, April 7, 1921. 





Such changes cause distortion and stresses in both the 
casing and the rotor. 

Furthermore, all parts which may come in contact 
with steam at high temperatures must be made of cast 
steel. Cast iron will not withstand high temperatures. 
It is particularly unsuitable for parts which are sub- 
jected to variations in tem: ture, as it is the repeated 

t and ing which accelerates the growth of 





cast iron. 

The drop in temperature in the initial and in the 
by-pass stages for normal and maximum load are 
shown by A and B respectively in Fig. 31. These 
conditions are much easier where nozzle governing is 
employed, since in this case all loads up to the maximum 
load are obtained not by by- ing the steam, but by 
admitting it to additional nozzles in front of the first stage. 

The variatiqn of temperature with load in the first 
and second stages when nozzle governing is employed 
is shown by curves C and D respectively. It will be 
seen that besides being smaller in magnitude these 
variations are less sudden than those which take place 
with throttle governing. 

Owing to the practice for steam conditions tending 
towards higher pressures and temperatures, these facts 
become of great importance, no matter whether the 
admission and overload valves are . automatically 
operated or hand-operated. 

It is interesting to note that the practice adopted 
by the General Blectric Company during the period 
under review is exactly opposed to that which would 
follow from a consideration of the phenomena described 
above. Up to 1914 this firm carried the development 


Fig. 3. 
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of multiple-nozzle control to almost its furthest limits, 
employing on some turbines as many as 14 separate 
nozzle-control valves. Since then, however, their design 
has developed in an opposite direction. 

On their very large turbines the Curtis wheel with 
two rows of blades was replaced by Rateau stages of 
relatively small diameters, probably with a view to 
improving the efficiency of the high-pressure end. 
This, however, necessitated the abandonment of nozzle- 
control governing since, owing to the heat drop being 
too small in the first s , it becomes necessary to 
by-pass the steam to the fifth and, in some cases, seventh 
8 in order to obtain the necessary overloads. 

ost large turbines are required to give loads beyond 
the economical load automatically. This involves the 
use of at least two automatic valves and, in the author’s 
opinion, all commercial needs can satisfactorily be met 
by the use of three automatic valves, with the addition 
of probably one or two hand valves to be used for emer- 
gency conditions. : = 

Fig. 32 shows an arrangement of nozzles and steam 
valves. The only parts which are subjected to full 
steam pressure and temperature are the steam chests 
and the nozzle boxes. e latter are made in the shape 
of a Pipe as shown in Fig. 32. Suitable slots are pro- 
vided for the admission of steam to the nozzles which 
are bolted to the boxes. The nozzle box itself is bolted 
at one end to the steam chest or to a pipe connectin 
the nozzle box to the steam chest. All joints are o 
a simple circular shape of relatively small dimensions 
and can be kept steam-tight without any difficulty. 
The other end of the nozzle box is free to expand inde- 
pendently of the turbine casing, its movement being 
guided by means of a pin. 

The steam chest the governor gear are shown in 
Fig. 33. The body of the steam chest consists of two 
pipes, an inner and an outer pi The inner pipe to 
which steam is supplied from the main stop valve is 
provided with three valves, which admit the steam to 
three com ents formed within the steam belt 
between the inner and the outer pipes. Each of the 
com: ents in turn communicates with a group of 
nozzles. This design provides a very compact arrange- 
ment, and the steel castings are of a simple shape. 

The governor gear is arran, in such a manner that 
the forces are acting in one plane, and the parts subject 
to wear are kept apart from those which are subjected 
to high temperatures. 

erring to Fig. 33, it will be geen that the three 
governor valves are actuated by means of oil pressure 
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under the control of relay mechanism fitted to governor 
valve No. 1. As the load exceeds that which valve 
No. 1 is designed to carry;when fully opened, the spindle 
of this valve continues to move upwards, ing with 
it a lever pivoted at one end and attached at the other 
end by means of a short vertical adjustable link to 
one end of a second lever, the other end of which is 
pivoted at a fixed point above governor valve No. 3. 
This lever moves in the same plane as the lever situated 
above valve No. 1, and carries with it a floating lever, 
which is connected at its extremities to governor valves 
Nos. 2 and 3. The springs which close valves Nos. 2 
and 3 are%so adjusted that, for an increasing Joad, valve 


Fig. 32. 


yy 























conditions for which it is designed, and also on the 
ratio u/eg which controls the price of the machine to a 
considerable extent. 

In order to assess the economic value of various 
turbines, it is necessary to reduce their thermodynamic 
efficiencies to a common basis by applying appropriate 
corrections in respect of the following controlling 
features :— 

(1) Steam Conditions.—The higher the steam pressure, 
the more difficult it is to design a turbine for a given 
efficiency. On the other hand, the efficiency of a given 
turbine increases jwith the superheat. 

The standard conditions adopted in the author’s 












































Fig. 33. 











Fic. 32. ARRANGEMENT OF NozzLE Boxes. 

















From curves A and B in Fig. 34 it will be seen that 
the general effect on thermodynamic efficiency of 
variations in the pressure and superheat for which a 
given turbine frame is’ designed is approximately as 
follows :— 

An increase in pressure of 100 per cent. decreases 
the efficiency by approximately 2 per cent. 

An increase in superheat of 100 per cent. increases 
the efficiency by approximately 2 per cent. 

These simple rules are in accordance with those obtained 
in Part IT, Section 2. 

Having regard to the improvement in working con- 
ditions which has taken place during the period under 



























































Fig. 33. SxcrionaL ARRANGEMENT OF STEAM CHEST AND GOVERNOR GEAR. 


No, 37remains closed until valve No. 2 is fully opened, 
and for a decreasing load valve No. 2 does not begin 
to close before valve No. 3 ig fully closed. In like 
manner valve No, 1 does not begin to close on a decrease 
in load until valve No. 2 is fully closed. 

The high-pressure end of the turbine casing is made 
suitable for the reception of the nozzle boxes, and the 
—_ thus obtained is one of extreme rigidity as far 
as deflection under the internal pressure is concerned, 
but at the same time it is sufficiently flexible in a 
vertical direction to ensure a tight joint between the 
upper and lower halves of the turbine casing. 





PART VI. 

Some Recent Steam ConsuMPTION GUARANTEES 
anD Test Resuuts or Lancs TURBINES. 
Correction Factors ror THERMODYNAMIC ErFricrency. 

It has been shown that the thermodynamic efficiency 
of a_turbine depends on the output, speed, and working 





previous paper for pressure and superheat were 180 Ib. 
per square inch and 150 deg. F., a, agra The 
range of corrections extended to 200 lb. per square 
inch and 300 deg. F. These corrections are reproduced 
in Fig. 34 by curves A and B. 

It will be seen that the pressure and superheat cor- 
rections are similar in value, but that they operate in 
opposite directions. For instance, for a pressure of 
200 Ib. per square inch, and a superheat of 200 deg. F., 
the efficiency of a given turbine frame would be approxi- 
mately the same as that which it would possess for a 

ressure of 150 Ib. per square inch (gauge) and a super- 

eat of 150 deg. F. 

This relationship between pressure and superheat 
corrections is reasonably correct for higher pressures, 
so that for a pressure of 300 Ib. per square inch and a 
su of 300 . F., approximately the same 
efficiency would be obtained with a given turbine frame 
as for a pressure of 200 lb. per square inch and a super- 
heat of 200 deg. F. 





review, and also with a view to facilitating calculations 
it is considered desirable to change the standard steam 
conditions from 180 lb. per square inch and 150 deg. F. 
superheat to 200 lb. per square inch (gauge) and 4200 
deg. F. superheat. Revised efficiency correction curves 
have therefore been prepared on this more up-to-date 
basis and in accordance with the rule given above. 
‘The pressure and superheat corrections are shown in 
Fig. 34 by curves C and D respectively for pressures from 
60 Ib. per square inch (gauge) to 500 lb. per square inch 
(gauge) and for superheats from 50 deg. F. to 400 deg. F. 

From Fig. 34 it will be seen that the efficiency cor- 
rection for @ steam pressure of 400 lb. per square inch 
( ) and a su eat of 200 deg. F. is 2 per cent. 
This teens that the efficiency of a given turbine would 
be 2 per cent. lower when designed for 400 Ib. per square 
ineh cy emda g F. than it would be if designed 
for 200 Ib. per square inch (gauge) and 200 deg. F. 


It is frequently useful, for purposes of comparison 
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Il. Standard conditions. 
1. Steam conditions :— 


(a) Pressure 200 Ib. per sq. in. 
(gauge) 
(b) Superheat ..., ae oo, Se deg. F. 
2. Vacuum - lin. absolute (Hg) 


3. Output, speed and price — 
(a) Output correction for stand- 


ard back pressure 1 in. absolute (Hg) 


(b) Output /speed product 30,000,000 kw.- 
r.p.m. 
(c) Type of design eee .-» One-cylinder 


III. Corrections. 
la. Pressure (Fig. 34) 0 +9995 
1b. Superheat (Fig. 34) ... 0 +9887 
2. Vacuum (Fig. 35)... «» 10085 
3a, Output back-pressure correction 4/1-+239 = 1-11 
3b. Actual output/speed product* 


1,500 x 26,153 _ 35.4 x 106 


Actual output-speed factor 
35-4 x 108 _ 1.18 
30 x 106 


Correction factor correspond- 
ing to an output-speed 


factor of 1-18 ae 1-0036 
3c. Correction factor for two- 
cylinder design - 1°02 


Corrected overall thermodynamic efficiency 
1 


0-9995 x 0-9887 x 1-0085 x 1-0036 x 1-02 
== 74-06 per cent. 


This means that the economic value of this turbine 
is equivalent to that of a single-cylinder machine of 
a capacity of 20,000 kw. and a speed of 1,500 r.p.m., 
the efficiency of which when designed for standard 
conditions would be 74-06 per cent. 

In order to illustrate the use of the corrections out- 
lined in Table 22 certain published steam-consump- 
tion guarantees have been analysed and corrected in 
the manner proposed. 

It is to be regretted that only one test result on a 
large turbine has been published during the period 
wae review with the necessary details to enable the 
actual performance to be judged. 


(To be continued.) 


= 75-56 








ExTENSOMETER Tests aT High TEMPERATURES.—A 
novel arrangement of apparatus for conducting tensile 
tests with the aid of mirror extensometers at temperatures 
up to 850 deg. C., is described by Professor H. Edert, of 
Riel, in Stahl und Hisen of April 14 last. The cylindrical 
electric furnace surrounding the test piece is of the 
Stribeck type. The levers, knife edges and clips are not 
made of ordinary steel, but of a chrome-nickel steel, 
supplied by the Nickelwerke at Schwerte, and known as 
chromin ; this can be forged and machined like ordinary 
steel, and will stand temperatures of 1,000 deg. C. The 
upper pair of knife edges and the mirrors are not mounted 
within the furnace, but a little above it, and the parts 
projecting from the furnace are kept cooled by a gentle 
cross current of air issuing from two nozzles, ary agp! 
opposite one another, the nozzles having a width of 
40 mm. and a mouth-gap of 1 mm. The cooling is so 
effective that the parts can be touched with the finger. 
Edert found these extensometer parts quite serviceable 
after having used them at 850 deg. C. in eleven series of 
determinations, each lasting several hours. 

Soiupimiry or GRAPHITE IN IRON.—<According to 
Rudolf Ruer and J. Biren (Zeitschrift fiir Anorganische 
Chemie, 113, pages 98 to 112) the solubility of graphite in 
iron is small even at high temperatures, and the graphite 
amounts only to a fraction of the total carbon contents 
of the iron. These experimenters fused Swedish iron 
with graphite in tubes of porcelain, magnesia or graphite, 
heated in electric furnaces up to 2,700 deg. C., and chilled 
the fused metal by pouring it into a copper mould of 
the shape of a narrow pocket, only 1 mm. wide at 
the top and tapering down to 0-4 mm. at the bottom ; 
with this rapid cooling graphite did not separate. 
The experiments were made in atmospheres of nitro- 
gen, hydrogen, argon and carbon monoxide. Below 
1,250 deg. C., the iron did not take up any graphite at 
all; at 1,500 deg. the graphite percentage was below 
0-1; at 1,710 deg. C. it had risen to 1-4; and it in- 
creased only slightly at higher temperatures, at which 
exact determinations could not be made, The total 
percentage of bound carbon was found to be rather 
accidental, and dependent upon the rate of chilling and 
other conditions. The only crystals identified in the 
iron were graphite, cementite and austenite. As the 
total carbon taken up increasea to 12 per cent. and more, 
the iron became less and less mobile ; above 2,300 deg. C. 
the fused iron could no longes be poured, and above 
2,500 deg. C, it was pasty. When cooled from these 
high temperatures, the iron did not at once turn more 
fluid again. The loss of fluidity is ascribed to the dis- 
solved carbon. 





* For this correction the speed of the high-pressure 
turbine is used. The lower speed for the low-pressure 
turbine was adopted with a view to decreasing the 
leaving losses. This procedure involves an increased 
cost for the turbine and, from an economic point of 
view, does not represent an advance in turbine design, 
The deduction of an additional 1 per cent. which results 
from the application of the higher speed only for the 
calculation of the output-speed correction, is therefore 


NOTES ON THE CLEANING OF BLAST 
FURNACE GAS.* 


By 8. H. Fowrzs, A.M.LE.E., A.M.I.Mech.E, 
(Jarrow-on-Tyne). 
Tue subject is dealt with under the following heads :— 
1. The gas and its contents; old and new methods 
of using it, and the advantages to be derived therefrom. 
2. The Halberg-Beth dry gas cleaning plant ; old and 
new methods of operating it, and some reference to 
competitive plants. 
Gas and its Contents.—The gas, heavily laden with 
dust and moisture, passes from the furnace tops into 
large cylindrical dust-catchers, where about 20 per 
cent. of the larger particles of dust is deposited. This 
portion is of very little use for the recovery of potash, 
the greater amount being found in the smaller and finer 
dust which is carried by the gas through a zigzag main 
to the cleaning plant, where the gas is finally divested 
of its dust and of most of the moisture. 
The constituents of the gas are given in Table I in 
the appendix, and are an average of several plants 
taken over a period of about one year. It will be seen 
that very little variation occurs in the constituents, 
and therefore in the British thermal units per cubic 
foot. One great advantage arising from this is that 
engines can be set (e.g., air and gas throttles adjusted) 
which gives good running and constant load. An 
average temperature of the gas leaving the furnace 
is in the neighbourhood of 500 deg. F. to 800 deg. F. 
This drops to about 500 deg. F. in the zigzag main, which 
is about 8 ft. in diameter, and leads to the cleaning 
plant. The function of the above main is to change 
the direction of the gas as often as possible and so de- 
posit the larger particles of heavy dust and considerably 
to cool the gas. 
The average of many blast-furnaces in this country 
has been taken, and it has been found that the production 
of gas is approximately 1,000,000 cub. ft. per furnace 
per hour under ordinary working. Hitherto the whole 
of this gas has been consumed by the furnace auxiliaries, 
and in addition a large amount of coal has been burned 
for steam-raising purposes for the blowing. 
The whole of the potash was lost, as the dust was 
regarded merely as a nuisance, Flue-cleaning was a 


Fig./. AS QUANTITY CURVES 
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very expensive item. An average has been found to 
show that the crude gas under the above conditions 
was consumed as follows :— 


The hot stoves consumed about 40 per cent. of the 


(0657.4) 


per Hour. 


gas. 
The boilers consumed about 60 per cent. of the 
gas. 
The latter on an average only provided something 
in the neighbourhood of 1,200 h.p. for the blowing of 
each furnace, while 40 per cent. of the gas was consumed 
to heat up the cold-blast from the blowers before entering 
the furnaces. How inefficient this method was will 
become more obvious later. 
Measurement of Gas Quantity.—This was one matter 
that had to be dealt with in the very early stages ; 
the old method was to calculate the volume from the 
quantities of coke, &c., used. This served its purpose, 
gas being generally used ad lib., and so long as everyone 
got sufficient no one troubled about quantities, but with 
the advent of the new methods and records a new basis 
had to be provided from which the amount of gas passing 
could be ascertained in a few minutes. 
This was done by means of a set of curves as shown 
in Fig. 1. These were plotted by the author and makers, 
and are, with slight modifications, —_ adaptable to 
any fan working on either this particular gas or any 
other gas. When it is known that the gas density 
and temperature are fairly constant at the fan, and the 
fan is running at a constant speed, the only necessary 
factors to be sought are the horse-power of the motor, 
the water-gauge pressure of the gas at that instant, 
and the motor speed. The curves have been checked 
in several ways, and tie error found to be negligible. 
The various curves are fur different speeds. 
The old method was a lengthy one, and is given in 
the appendix (Table II.). It will be seen that it is too 
long for everyday operation. It was thought to instal 
a venturi meter, but should gas of say 0-01 gramme 
of dust per cubic metre pass the error of the meter would 
be considerably increased and a wrong reading obtained. 
The gas passes to the gas-cleaning plant by way of 
the zigzag main, and is divided up after cleaning, one 
main leading to the boilers and hot stoves, where about 
1,386,000 cub. ft. of gas per hour was consumed under 
the old conditions. This was the first use that was 
made of cleaned gas. Other results were that the hot 
stove temperatures were increased from 800 deg. F. 





* Abstract of a paper read at the meeting of the 





fully justified. 


to 1,100 deg. F., and the make of pig-iron increased 
by 10 per cent., the coke for the furnaces being reduced 
250 tons per week. The coal to boilers was reduced 
from 200 tons to 20 tons per week. The financial 


results are tabulated below :— 


250 tons of coke saved at ll. 10s. 375i. 
180 tons of coal saved at ll. 5s. 22651. 


Total ... eee --- 6001. per week. 
Less wages on gas plant ... coe §=— 47. 
Energy for motors, &c. ... om | 4 
Stores and repairs wap so §6=—-- 008. 
Total... ane -- 800. 
Saving per week ... --- 5202. 


The gas produced to-day is about 3-5 million cubic 
feet per hour and is used in the following manner :— 


Cub. ft. 
per hour. 
Hot stoves for blast aii 1,056,000 
Boilers for hoist and auxiliary plant 400,000 
Gas blowing-engines of 5,000 h.p., 
total eee aes eee - 500,000 
Gas - driven generating engines of 
we a con as 850,000 
Not required ... 700,000 
Total wne rm or “on 3,506,000 


It will be seen from the above that with the same 
quantity of gas made, 8,500 extra horse-power is being 
obtained with considerably less labour. This figure 
of 8,500 h.p. will, it is hoped, in the very near future be 
increased to about 12,000 h.p., and the plant has been 
arranged with this object in view. 

The power supply for the whole of the works, which 
was previously bought, amounts to 88,000 kw.-hours 
r day, costing a little over ld. per unit, and is now 
ing produced entirely from waste gases at about 
20 per cent. of the unit cost. 

his is entirely due to the new method of gas-cleaning, 
which allows the gas to be used for engines. Indeed, 
the gas is found on inspection to be, on an average, cleaner 
than the atmosphere in the particular district in which 
the plant is situated. 

The plant on first starting was supplying boilers only 
for a period of six months. After this the hot stove 
burners were converted for clean gas, and were then 
supplied with clean gas. This gave a period of two 
months with all boilers and stoves on clean gas. Follow- 
ing this, a portion of the gas-driven blowing-engines 
and generating engines were started up and a large 
portion of the boilers shut down. The boilers have 
now been entirely dispensed with for power purposes. 
The Use of Gas for Boiler Firing.—This has been a 
general practice in this country, but has nevertheless 
been very inefficient. Earlier in this paper it will be 
seen that 636,000 cub. ft. of gas per hour were going 
to boiler-firing to raise steam for power purposes, the 
total load being only about 1,200 h.p. Now 636,000 x 
100 British thermal units per cubic foot equals 63,600,000 
British thermal units per hour, and if efficiently used by 
gas-engines should develop about 6,500 h.p. as against 
1,200 h.p. This shows that gas under boilers is only 
about 20 per cent. efficient, as compared with the effi- 
ciency of large gas-engines. 

It is pleasing to know that the days of the above 
practice are numbered, and although there are many 
places where this practice is still in operation, they 
must soon be stopped if progress is to be made, and this 
country is to compete in the open markets. 

The progress on the gas-driven electric sets is a striking 
result of what can be done when the total works cost 
per unit generated is taken at 20 per cent. of the price 
per unit bought. This alone is a tremendous saving, 
and should be very carefully investigated by all who are 
to-day wasting, or inefficiently using gas of any de- 
scription. 

Gas-Cleaning Plant.—A sketch of the gas plant and 
of the path of the gas is shown in Fig. 2. The main 
gas passages are shown in heavy line, while counterblast 
course is shown in dotted line. 

Commencing at the crude main, large uptake mains 
convey the gas past butterfly baffles to the top of the 
dry coolers, which have four annular tubes passing 
vertically through them. The intention was for the 
air to take up heat from the gas and cause a continuous 
flow of air up the tubes owing to the increased air tem- 
perature, but when it is remembered that the hottest 
gas enters at the top of the coolers and has a downward 
path, obviously the circulation is partly destroyed. 
An arrangement of water-sprays has been arran; 
down the whole length of tubes, and a considerably 
greater cooling effected. ? 

The drop by air was 15 deg. C. The drop by water is 
40 deg. C. to 45 deg. C. We are now obtaining much 
better results by forced air cooling in these tubes. — 

The gas passes from the dry coolers above-mentioned 
to wet coolers of the same diameter and length, but 
with no inner tubes; they are fitted with two rows of 
internal sprays. The gas takes an upward path, and 
the coolers were designed for the water to cool the gas 
and drop a considerable amount of dust by the dust 
becoming laden with moisture. This was found to be 
the wrong principle from beginning to end, for the 
following reasons : (1) The dust particles are very small 
and contained a good percentage of potash, which was 
being carried away by the washing; (2) the water was 
carried on by the temperature and velocity of the gas 
to an extent of about 6 per cent. of the water introduced 
into the coolers; (3) This water considerably raised 
the dew point of the gas; (4) it necessitated the raising 
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of the gas to a higher temperature in the pre-heater, 
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before entering the bags to avoid moisture. deposit ; 
(5) it"gave rise to condensation in the dust hoppers, 
and reduced the percentage of potash in the dust. It 
also gave rise to spontaneous combustion of the dust 
which was caused by the moisture coming in contact 
with the lime, and small particles of coke and carbon 
remaining in the dust. 

The original German practice was completely to cool 
the gas by internal water, which, apart from destroying 
the potash, completely coated the filter bags at the first 
experimental plant in Germany. It is for the above 
reasons that internal water has been completely con- 
demned, and all available external cooling resorted to. 
The ideal conditions for the operation of the plant 
is to lower the gas to a safe point; to drop say 80 per 
cent. to 90 per cent. of the moisture content, and then 
re-heat the gas so as to allow it, on leaving the fans 
and being put on the clean gas main for service, to be 
not lower in temperature than when leaving the coolers, 
otherwise the moisture may be dropped. 

The temperature of the gas-house containing the 
filter-bags should not be below{the dew point of the gas, 


Fig.2. 


be under pressure. This considerably reduced qthe 
temperature of the gas to be dealt with, and was found 
beneficial to the plant in many ways. 

One great benefit derived from this state of cooling 
is that the drains provided for draining mains, valves, 
and fans at many points of the plant are not required, 
and so prevent a plentiful source of water lodgment, 
which would be a great disadvantage to the plant if 
neglected and the water allowed to flow back, due to 
heading up, or if the drains became empty and a large 
amount of gas escaped into the house, or an equivalent 
of air was drawn into the plant, depending on pressure 
or suction on the plant. 

Fig. 4 gives a set of curves which enables the dew 
point of any gas to be found from the following rule, 
the wet and dry bulb thermometer readings being taken. 

Take the dry bulb on base line; proceed vertically, 
until the wet bulb temperature is cut. From this point 
proceed along the horizontal line to 100 per cent. satura- 
tion curve. Immediately under this read dew point 
on base line. 








The wet and dry bulb thermometers are both inserted 
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Fig.¢. DEW POINT CURVES. 
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or condensation will occur inside the boxes, As it is 
so essential always to avoid the dew point of the gas, 
several curves for the purpose of obtaining the dew 
point are given in Fig. 4. 

Fig. 3 gives the amount of moisture contained by gas 
at various dew point temperatures. The curve a 
gives the dew point at that temperature and saturation. 
This is of great importance to all plants dealing with 
gas. By turning the curve so that the base is formed 
by the temperature, the moisture that can be taken 
out of the gas for any temperature drop below the dew 
point can be read off on the abscissa. This again goes 
to disprove an old theory which originated in German 
plants, that no moisture was dropped until the dew 
point was reached. This has been proved incorrect, 
as during one test moisture was dropped at 20 deg. C. 
above the dew point of the gas, owing to the apparatus 
containing gas at a temperature below dew point. 

It further proved that the most efficient and effective 
way for cooling gas is to draw it out at a low pressure, 
and so gain the full enect of skin cooling. 

During the above tests the temperature of the gas was 
taken at several positions in a 4-ft. main, and a difference 
of 100 deg. C. was noted between the outside layer and 
the centre of the tube. This gas was passing the centre 
of the tube with a velocity of 30 m.p.h. and under a 
pressure of 2 in. to 3 in. water-gauge. This was the 
the first step that led to the cooling of gas by drawing 
it through the coolers and not allowing the coolers to 
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in an indiarubber cork about 1} in. diameter, the wet 
bulb being moistened by a thin strip of muslin attached 
to the bulb and connected to the water supply outside 
the gas compartment. It can be permanently fixed in 
the plant and read by the attendant at any time. 

Too much importance cannot be attached to the 
hygrometric operation of the plant if satisfactory results 
are to be expected. It is now possible to get a dew 
point with blast-furnace gas as low as 15 deg. C. This 
corresponds with 59 deg. F. and is quite a reasonable 
temperature. 

ith a dew point of 40 deg. C. = 104 deg. F. it becomes 
necessary to run the plant-house at 115 deg. F. = 
46 deg. C. to avoid condensation inside the plant proper. 
The skin of the gas has been proved to travel at a much 
slower rate than the inner layers, and so be more subject 
to moisture deposit. 

The cause of the low dew point of 15 deg. C. is the 
complete abolition of internal water cooling, and a very 
low temperature of gas leaving the coolers; it naturally 
follows that the lower the temperature the gas is taken 
to in the coolers, under dry conditions of cooling, the 
more moisture will be deposited. This is also assisted 
by the following conditions: the coolers being pro- 
vided with baffles on the incoming side, full advan 
has been taken of these by arranging all on one main 
turning shaft, so that the operation of all baffles is 
simultaneous from inside the gas-house. 

This enables the coolers to be kept under a very slight 
suction from the main fans, as after numerous experi- 
ments it was proved that gas under positive pressure 


could not deposit dust as easily, and consequently as 
pee as gas under expansion, This method has, 
therefore, been resorted to with very favourable results, 
both as to moisture and dust deposit. 

In order to obtain these results the makers established 
practice has been departed from, and instead of atmo- 
spheric pressure being maintained at the pre-heater 
bottom it has been applied to the cooler outlet main, 

At first sight it would appear that this would increase 
the fan suction on the bags. 


Although this has hap- 
pened to some a“ 


extent, the filtering of the gas is 
carried out under better conditions, and the fan suction 
is generally 1} in. below the makers’ figures when the 
plant is working on 20 per cent. overload. This has 
proved in practice that the method should be to draw 
the gas through filter bags, and not to push it through 
by a heavy crude gas pressure. This considerably 
increases the life of the bags, which is given by the makers 
as six months. Bags have been taken out in very good 
condition after fifteen ths conti service, 
The average bag changing is about five per week out 
of a total of 792. It will be seen that some bags may 
reasonably be expected to last two years. The counter- 
blast quantity which is continually being cleaned and 
blown through the bags completely to remove the dust 
from their inner surface is of t importance. Under 
the makers’ figures it was found to amount to 15 per cent. 
of the total gas cleaned, a figure which considerably 
increased the plant losses, 

After careful consideration and tests of the above 
methods of operation, it was found capable of reduction 
to 8 per cent. of the total cleaned. This alone has 
a considerable bearing on the life of the filter 





, in 
addition to keeping the atmosphere of the whole house 
in a much more healthy state for the operating staff, 


and reducing the power consumed by the fans. 

It may be said that too much care and attention can 
be given to such a plant, but it has been the author's 
experience that to investigate carefully every part of 
the plant, and to lay down rules based on the experience 
gained by such investigations, have invariably led to 
tests of further importance being taken. Under these 
conditions the Halberg-Beth dry cleaning plant 








become a healthy and prosperous undertaking. 
As the plants generally have to be run by unskilled 





6857.) ToStoves. 
labour it becomes essential to omit all calculations, and 
wherever possible to instal a recording gauge for tem- 
peratures, pressures, &c. With this end in view, it is 
considered that a dew point recorder would be a very 
useful instrument, with the result that several schemes 
are in progress for installing such an instrument. As 
this is the most important factor in the plant, it has 
proved beyond doubt that the essence of the operation 
of the plant is to be found in the pre-coolers, and that 

iven correct ideals at this point, the plant itself and all 

ter bags, &., work almost automatically. This will 
be seen from a set of curves produced giving the tem- 
peratures on the various portions of the plant (see 
Fig. 5). The peaky crude gas temperature will be 
noted, and yet that, with a constant supply of external 
water to the coolers, the clean gas temperature is kept 

constant. This is due to automatic baffling on t! 

soulant, which allows the gas to be drawn out in the 
coolers, and the natural ae Gee increased, 
which is absolutely essential w dealing with a gas 
at say 250 deg.C. When this gas has to be dropped to 
80 deg. C. a drop of 170 deg. C. occurs before entering 
the pre-heaters. 

This last paragraph alone will show the great im- 
portance of } cooling, as under these conditions it is 
an acknowledged fact that the dew point is always being 
reduced, which should occur all through the cooling 
process. With water injection the dew point will be 
raised considerably, and if this happens the uneconomical 
zone is rapidly approached. 

The coolers shown in the sketch are very economical 
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for cleaning and working and are to be preferred to 
economisers, owing to the larger area for dust deposit 
and the assistance of natural cooling. 

One set of coolers can be closed up and cleaned out 
in a few hours without any interruption to the working 
of the plant. 

Fig. 6 shows the present and the ideal methods res- 
pectively of operating the plant by temperature. 

The conditions obtaining under the general accepted 
system are not capable of giving a low } point, owing 
to the large amount of water injected into the gas at 
the wet coolers. This is in the neighbourhood of 
4 grammes per cubic metre with inside water used at 
the rate of 204 grammes per cubic metre of gas cooled, 
and is capable of increasing the dew point by 2 deg. C. 
Should the total cooling water allowed be used this 
would amount to 550 grammes per cubic metre of gas 
cooled, and would be capable of increasing the dew point 
by 5-4 deg. C. Under these conditions the plant-house 
has to be kept at a fairly high temperature to ensure 
the total drop through the plant being small and yet 
remain above the gas dew sale. 

The only advantage of this method of cooling is to 
leave a large amount of sensible heat in the gas to pass 
along to the boilers and stoves. This is not true economy, 
as a drop of 69 per cent. of the temperature is lost (in 
some cases) in the travel to the boilers and stoves, 
consequently a large amount of water is deposited. 
It can therefore be assumed that a fairly dry gas is 
being supplied to the boilers, &c. 

In this case the following conditions prevail :— 

The gas supplied to the engines has to be in the neigh- 
bourhood of 15 deg. C. to 20 deg. C. in order to get a 
very dry gas and also to increase the density of gas, or 
in other words, the gas, if increased in density and 
perfectly dry, will conduct the maximum British thermal 
units to the engines. It has been noticed under tests 
that with a cool 7 gas an increase of 10 per cent. 
load has automatically been taken up by the engines. 

A final cooler and dryer are usually arranged for this 
— to lower the gas temperature, so that it will 

seen that part of the gas is delivered to the boilers 

artly saturated for the purpose of still holding sensible 

a gos but this is lost by the gas cooling to such an extent 

pac w pan no to destroy the whole of it, so that no 
useful purpose is obtained. The other portion of the 
gas is passed through the final cooler and dryer to the 

ower temperature for the engine consumption, so that 
the primary object is defeated, i.e., to hold sensible heat. 

This brings us to the ideal conditions, namely, to 
increase the natural and external cooling to obtain the 
resulting temperatures shown in Fig. 6, Lefore cleaning 
the gas. 

ee these conditions :— 

. The gas is lowered to a vas approaching a dew 
m of 15 deg. C. to 25 deg. C., which will ensure a 
greater amount of water being taken out of the gas 
at the pre-coolers. 

The pre-heating will be considerably less, and re- 
duce the steam consumption at the pre-heaters by ap- 
proximately 50 per cent. 

3. The drop in temperature through the plant will 
be less. 

4, The fans will deliver more gas if required. 

5. The final cooler will have no work to do. 

6. The gas will be dryer passing to the engines, and 
the temperature of the plant-house will be lower, and 
therefore the plant will be more fool-proof. 

7. The final cooler for cooling the gas for the engines 
can be used on the pre-coolers, and do its work in the 
correct place, i.e., before the gas enters the filter bags 
and not after, 

8. A considerable saving would follow the steam saved 
in the pre-heaters. 

9. A much better filtering would be obtained at the 
bags, owing to the gas and dust being dryer, and the 
temperature lower. 

10. The mains would be cooler, and consequently 
dryer and cleaner. 

1l. The coolers being kept dry inside would be con- 
siderably cleaner, and so always offer a maximum cooling 
surface, 

Tests for Cooling.—On several tests taken with the 
gas passing at 250 deg. C. the container was found to 
be dry, and in passing on through a set of pipes and 
tanks the following conditions were noticed :— 

At the point where the water was injected the tanks 
and pipes Pp clog; up; the gas 
being then at a temperature above its dew point (the 
atmospheric temperature being below its dew point, 
which was 38 deg. C.), moisture was deposited in the 
pipes, showing that the amount of water has been 
dropped to correspond with that dew point (see Fig. 3). 

After this point, and before pre-heating, the pipes 
were found clean and dry, and the dew point lowered 
to 32 deg.C. This indicates the ideal system of dropping 
the maximum amount of wate> aut by a dry process 
of external water or natural covling to a dew point of 
15 deg. C., when the maximum amount of moisture 
contained will be only 13 grammes to 14 grammes per 
cubic metre. It will be noticed from the inversion 
of this curve that the lower the temperature of the dew 
point the greater drop necessary to take out a corres- 
ponding amount of moisture; therefore a tremendous 
drop could be tolerated in the plant, and yet the gas be 
quite safe from moisture deposit. 

This proves the necessity for a fool-proof plant and 
for the whole operation being considerably improved. 





Gas-cleaning plants for cleaning blast-furnace gas are 
of several types: The wet process, the dry process, the 
electrostatic process. 

Dealing with the wet process: It must first be as- 
sumed that boiler firing is out of the question, and that 
for engine consumption there must be a reasonably 


dry, clean gas, but the gas from a wet cleaner must of 
necessity be fully saturated at the temperature of leaving 
the washer, and will give much higher maintenance 
costs on the engines. This type of cleaner has, there- 
fore, some disadvantages when considering future pro- 


The electrostatic type of cleaner is comparatively 
new, but so far the power costs of running and the capital 
costs are very high. The one main feature of this cleaner 
is that the gas after cleaning contains the whole of its 
sensible heat. If.it be assumed that boiler firing has 
been provided for this feature is lost. Secondly, the 
gas after cleaning is not in a sufficiently clean state to 
be used in engines, and must pass through some other 
type of cleaner before being fit for such consumption, 
unless still heavier maintenance costs are to be incurred 
The dry process is neither a “dry hot” nor a “cold 
wet” process but stands between the two, and while 
possessing all the advantages required by the gas-engines 
has so far proved to be free from the objections of the 
two previous types, and is an ideal plant for cleaning 





Time. 


gas for engine consumption. It is moderate in first cost, 
economical to maintain, easy to operate, and flexible 
in respect of furnace operation. It gives a clean dry 
gas for the engines, and a clean dry gas of reasonable 
temperature for stoves and industrial heating (see 
Fig. 7 

A continuous gas supply is maintained when the fans 
are accidentally stopped, the engines continuing as usual 
without any interruption. This record has been main- 
tained over a number of years, and engine maintenance 
found to be very low. 

In conclusion the author considers blast-furnace and 
coke-oven owners should be encouraged by engineers 
to work for a maximum efficiency on the stoves and a 
maximum surplus of gas for the generation of power, 
which would thus become a great national source of 
cheap energy. 





APPENDIX. 
Gas CLEANING PLANT. 
Details of Areas, Volumes, and Surfaces. 
Crude Gas Main. 
Diameter ¥ as > -. = 8 ft. 
Gas temperature . = 280 deg. C. to 150 deg.C. 
Y Mains between Coolers and Plant. 
Cooling area, 5,304 sq. ft. : drop :=— 15 deg. C. 


Dry Coolers. 
Height = 57-25 ft. 
Diameter = 10 ft. 
Volume ee = 4523 cub. ft.—724 cub. ft. 


= 3,799 x 5 = 18,995 
cub. ft. 
1,868 x 5 = 9,340 sq. ft. 
1,444 x 5 = 7,220 sq. ft. 


Air-cooling areas... ° es 
Water-cooling area .. oe ao @ 


Total area os es .. = 16,560 sq. ft. 
rome d on gas oe 48 deg. C. 
[apemes Pad hour = 700,000 cub. ft. per cooler 
Water per cooler = 640° gallons per hour. 
Water temp. in = 13 deg. C 
Water temp. out = 36-5 deg. C. 
Rise = 23-5 deg. C. in water. 
Gas temp. in.. = 188 deg. C. 
Gas temp. out = 140 deg. C. 
Total water used on ‘tive ary coolers = 3,200 gallons. 
Total area of filter bags = 16,632 sq. ft. 
Wet Coolers. 
Height ee ea we .. = = 25 ft. 
Diameter... oe ps -- = 10 ft. 
Volume os ie * a y 523 cub. ft. x 3= 
13,569 cub. ft. 
Cooling area = 1,868 sq. ft. x 3 = 
5,604 sq. ft. 
Drop on gas .. 55 deg. C. 
Gas temp. in.. = 140 deg. C. 
Gas temp. out. = 85 deg. C. 
Gas entering plant top = 70 deg. C. yang § on Y 
main = 15 deg. 
aw passing each cooler .. = 700,000 cub. ft 
ater used per cooler per hour .. = 1,080 gallons. 
Total water used on ae coolers.. = 3,240 gallons per hour. 
Water temp. in +» = 13 deg. C. 
In cooler bottom .. == 45 deg. - ws | 
Leaving bottom os = 40 deg. a 
Leaving lutes = 20 3 c. Cooled by 
atmosphere. 


The water leaving the coolers contains 20 per cent. of dust by 
volume. 


Water pressure on top sprays -» = 30 ie} inside. 
Water pressure on bottom ee. : 44 Ib 
Total gas passing plant .. = — ,000 cub. ft. per 


Total water used on dry coolers .. = 3,200 gallons per hour. 








Total water used on wet coolers .. = 3,240 gallons per hour. 
4 
Total area of dry coolers .. -. = 16,560 sq. ft. 
Total area of wet coolers = 5,604 sq. It. 
Total coolers. . 22,164 sq. ft. 


Total drop on gas from 280 deg. C. to 80 deg. C. = 200 deg. C. 





drop under above conditions. 





Final Cooler. 
Height .. sé = 30 ft. 
Diameter oid bbe = 14 ft. 
Volume . > = 1,318-8 cub. ft. 
Number of water jets = 26. 
Area of each jet ° = 0-75 sq. in. 
Total area of jest - = 19-5 sq. in. 
Water. 
Gallons per hour used = 22,500. 
Temp. in ron ° = 13 deg. C. 
Temp. out = 24 deg. C. 
Temp. rise = 11 deg. C. 
Gas passing = 735,000 cub. ft. per 
hour. 
Gastemp.in .. ie .. = 86 deg. C. 
Gas temp. out .. nt -- = 20 deg. C 
Gas temp. drop ee = 66 deg. C 
Gas pressure at time .. . = 5 W.G 
Final Dryer. 
Diameter os -. = 8 ft. 
Volume . = 251 cub. ft. 
Water taken out of gas. = 60 gallons per hour. 
After cooler— 
Dust contents at time .. = Nil. 
Moisture contents at time = 17-6 grammer per cubic 
metre. 
Water taken out by dryer = 1-34 grammes per cubic 
metre. 


= 7 per cent. to 10 per cent. of the total moisture after cooler and 
at 24 deg. C. 



































TABLE I. 

Per Cubic = vey 
Metre. iv : a5 
z, . 3 a= 8o 

J i) 5 > os — 
| = |8!1Silelea | 8 | 88] so 28 
© = x 2E 2 -| Ss |8e 
= 5 | 38] aE 
Asa |oa!s ao, 
3/45/16 |" 
1/60-92 |8-0 |28-86|2-22 | 97-74| 0-0014| 8-15] 35-34) 1-77 
2/60-22 |8-0 |29-4 |2-38 | 99-9 | 0-0024| 12-30] 32-2 | 0-74 
3/60-3 |8-O0 (29-6 |2-1 99-7 | 0-0014) 9-4 | 31-0 | 2-98 
4/61-6 [8-0 |28-3 |2-1 95°63) 0-0027) 13-65) 35-1 | 2-43 
561-5 |7-4 |28-8 |2-3 97-69) 0-002 8-39) 30-4 | 1-9 
6|59-825/8-5 |29-75)1-925| 99-75) 0-003 8-69) 28-21) 2-59 
760-0 {8-0 |29-75)/2-25 |100-65) 0-0012| 9-75) 31-76] 1-17 
8/59-87 |8-0 |29-33/2-80 |100-81| 0-0026) 11-36) 22-83) 3-43 
9/60-8 (8-0 |28-5 |2-7 97-88) 0-0024) 12-42) 25-97) 2-35 
10|63-07 |6-75)27-75/2-43 | 94-76) 0-0042) 14-76) 33-56) 1-9 





TABLE II. 
6 x coke consumption per hour in Ibs. 
Weight of 1 cub. ft. of gas 
= gas produced in cubic feet per hour 


The weight of 1 cub. ft. of gas is calculated from its analysis 
and the specific weight of its constituents, as follows :— 











Analysis by Weight. Specific Taking 
Weight. Airas 1. 
CO2 .. whe 10-11 x 1-529 = 15-45 
a as -- 30°85 x 0-960 = 29-60 
H on aa 0-08 x 0-067 = 0-0055 
N ae .. 58°96 x 0-971 = 57-2 
100-00 102 - 2555 
-, 100-2555 


100 = 1-03 specific weight of gas comparing with air as 1. 


Weight of 1 cub. ft. of air = “. T = absolute temperature. 


— S-3\& = 008k The. 
i+32 493 


Hence weight of 1 cub. ft. of gas = 0°0811 x 1-03 = 0-0835 Ib. 
Therefore gas produced = 
6 x 20-5 x 2,240 


$-0636 = 3-3 million cub. ft. per hour. 





Coat Supriiges In THE Matay Peninsvuta.—Official 
statistics from the Straits Settlements give interesting 
details of the imports of coal into that Colony over a 
period of five years. Japan is the principal source of 
supply, sending 419,000 out of 717,000 tons imported in 
1915 and 392,000 tons out of 762,000 tons in 1916. 
For comparison, the figures are given for three years in 
the following table :— 

1917 1918 1919 





United Kingdom ... —_ — 1,000 
Australia and New 
Zealand ... --- 40,000 8,000 65,000 
 «—. xseoee --- 89,000 20,000 87,000 
Borneo, Sarawak and 
Brunei... --- 23,000 28,000 17,000 
Natal a as 2,000 18,000 35,000 
Japan oon --- 408,000 370,000 271,000 
Tonkin oon --- 18,000 17,000 13,000 
China ‘in -- 28,000 28,000 —- 
Dutch Borneo --» 14,000 7,000 12,000 
Other places -- 17,000 14,000 2,000 
Total --- 639,000 510,000 503,000 


There can be no doubt that the working of indigenous 
coal at Rawang in Selangor, one of the Federated Malay 
States, has had some effect upon the local coal market, 
an effect that will be felt more fully when the Malayan 
collieries reach their estimated annual output of 400,000 
tons. In the four years to the end of 1919, they produced 
628,682 tons, the output in 1919 being 191,293 tons. 
The power of plant employed in that year was 1,540 h.p. 
and the labour force averaged 1,372 men. Since then 
the collieries have obtained additional mining plant 
from the United Kingdom, and last year’s output is 
likely to show an advance upon previous figures. In 
1919, the Federated Malay States Railways and the 
tin mines in the Malay States took the greater portion 
of the local output, but 24,261 tons were exported. 
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THE MASTER SHIPWRIGHTS. OF THE 

16TH AND 17TH CENTURIES. 

By A. W. Jouns, C.B.E., R.C.N.C., M.LN.A. 

(Concluded from page 546.) 

Taomas Eastwoot, the first master shipwright 
appointed to Portsmouth, built in 1649 the Ports- 
mouth (460 tons and 46 guns), which was the first 
warship to be built at this yard. He also built 
the Laurel in 1651. £ 

Eastwood was succeeded in 1653"by John Tip- 
petts, who retained the post until 1667. Pepys 
was @ guest at his house in the dockyard when he 
paid a visit to the port in 1662.’ Tippetts built 
the Bristol (680 tons); the Lyme, renamed the 
Montagu (1,050 tons), afterwards girdled by Phineas 
Pett the Third at Chatham ; the Monk (703 tons) ; 
the St. Michael (1,100 tons); the Oake Ro 
(1,020 tons) ; the Richmond (211 tons); the Martin 
(127 tons) ; two hoys of 65 and 33 tons ; the Ports- 
mouth, a ketch; and the Portsmouth, a sloop of 
four guns. He also fitted a girdling to the Constant 
Warwick, the famous frigate built by Peter Pett. 
In 1667 Tippetts succeeded Colonel Middleton as 
navy commissioner at Portsmouth, and in 1672 he 
succeeded the same officer as surveyor. He held 
the post until 1690-1. In 1677 Pepys wrote to 
Tippetts that the King desired him to survey Shore- 
ham in order that the number of building yards 
might be increased, so that the older ones could 
have more time for repairing. In 1686 Tippetts 
was old and infirm, and Pepys, in a report of that 
date, states that “his age and infirmities arising 
from the gout (keeping him generally indoors or 
at least incapable of any great action abroad) 
would render him wholly unable to go through 
the work designed for Sir Anthony Deane.” 

Although nominally a member of the Special 
Commission of 1685-88, Tippett’s work was con- 
fined to completing the accounts of the Navy up 
to the date of the appointment of the’Commission. 
When the latter had completed its work he retained 
his post as surveyor and protested against the 
condition with which the Fleet was handed over 
by the Commission on the conclusion of its labours. 
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he ordered Deane 'to build a ship as nearly a4 prav-' 
ticable like’ ‘the Superbe.: The result was the’ 
Harwich, of 993 tons and 70 guns, built by Deane 
at Harwich, and which on completion, proved the 
fastest ship in the Fleet. Her suctess was stich 
that nine others were built to her lines. Compared 
with the Rupert, the Harwich had 31 in. more beam, 
and was broader than previous English 
ships mounting the same number of guns. Pepys’ 
remarks: “The builders of before t 
time (i.e., 1673) having not considered that 



















































































































others were the Cambridge built by Shish at Dept- 
ford, the Defiance by Castle of Deptford, and the 
Warspight by Johnson at Blackwall. The two 
last were contract-built ships. According to Pepys, 
“This was another great step and improvement in 


several previous ships proved useless before they 
were girdled. It is noteworthy that Paul Hoste, 
the French Jesuit, in his book published in 1697, 
stated that nearly all French warships had to be. 
girdled on completion. In 1673, Deane was Com- 
missioner at Chatham, epee B+ Aso knighted. 


rowed by 320 slaves. Deane promised to obtain 
information of these, and on securing it his son, 
A. men Bag. wea des oa ty ates, which were 
built, one by young Deane at 
other by Phineas Pett at‘ Woolwich. They carried 
32 guns, were of about 500 tons, and named the 
James and Charles. A similar pie: the 
was built by John Deane, Sir Anthony’s yo 
1687, and she was the last of this type built for the 
Navy. In 1675, Deane was inted 
Comptroller of Victualling, and served in this posi- 
tion until 1680, when for a few months he became 
Comptroller of Store Keeping Accounts, being 
succeeded by Sir Phineas Pett. In 1679; Pepys 
Deane were committed to the Tower on a 
of treason, a Colonel Scott having accused them of 
sending information relative to the English Navy 
to the French for the purpose of ing the latter 
to dethrone Charles and extirpate the Protestant 
religion. Committed to the Tower in June, let 
out on 30,000/. bail each, it was not until the follow- 
ing February that the c was withdrawn, the 
informer refusing to ackno » the truth of his 
original charges. It has been mentioned 
that in 1660 the Dutch presented Charles with two 
yachts, and that the master shipwrights had built 
one or more in imitation and for comparative tests. 
Deane built two yachts, whilst at Portsmouth, and 
a third at Rotherhithe in 1675. The French King 
to possess similar craft, directed his 
Ambassador to arrange with Deane to build two. 
These were constructed at Portsmouth, and on 
completion in 1675 were taken over by Deane to 
Havre. He was presented to’ the French 
and Court officials, made many friends and corres- 
ponded ‘with them on his return. It is probable 
this was the ground of the accusation made against 
him by Scott. In June, 1680, Déane retired from 
the service and became a private shipbuilder. . 
Pepys had resigned his position at the Navy 
Office just before being committed to the Tower, 
In 1684 he was appointed to his old ‘position as 
Secretary of the Navy, and found the ships in an 
inefficient and the Navy generally in a disorganised 
condition, and immediately took steps to set matters 
right. He made proposals to the King to set ‘up 
a special Naval Commission, which was to 
the Navy and dockyards, put the ships into thorough 
repair and build new ships as necessary. This 
was approved by the King, who directed Pi to 
submit the names of the commissioners. 
was considered by Pepys to be the most important 
member, and it was then he exptessed the opinion 
already quoted. Deane-was, however, very reluctant 
to accept the post, and pointed out that his emolu- 
ments as a private shipbuilder were far in excess 
of the salary—£500—of a commissioner, that he 
had fifteen in his family, and was in expectation of 
more. He offered to attend meetings of the Com- 
mission in his spare time. Neither the King nor 
the Lord Treasurer could persuade him to accept 
the post, and, as the result of an interview with the 
latter, Deane broke off negotiations. The Ki 
then directed Pepys to prepare a list of the quali- 
fications of the master shipwrights and leading 
private shipbuilders, with a view to choosing the 
most suitable for the post which Deane had refused. 
Pepys carried out the King’s instructions, and his 
report is amongst his papers. Possibly the quali- 
fications—or the lack of them—of the officials and 


ever was built. And then he fell to explain to me 
his manner of casting the draught of water which a 
ship will draw beforehand which is a secret the King 
and all admire in him, and he is the first that hath 
come to any certainty beforehand of foretelling 
the draught of water of a ship before she is launched.” 
From which it may be concluded that the visit to 
Waltham Forest in August, 1662, was of some 
benefit 'to both Pepys and Deane, and that the latter 
was either the first English naval architect to use 
Archimedes principle, discovered 250 B.c., or, what 
is more probable, had formulated‘ rules by which 
the displacement of a ship could be more accurately 
determined than had hitherto been the case and 
could approximate very closely to the weight of 
hull. It was some few years after this that the 
rules now generally known as Simpsons, but attri- 
buted 'to earlier writers, were first published. It is 
interesting, ‘moreover, to notice that with the 
adoption of more scientific: methods the qualities 
of warships showed a decided improvement, In 
1667, Deane was transferred to Portsmouth. There 
Inquiry, however, showed there was no cause for a mont se ghnge nam — we 
this protest, and it would appear to have arisen |°°™°* — ray - thet is aoevs a. ded ‘to 
through jealousy of Deane. Tippetts was knighted |S°™%. “Rese were the two larges ps 
in 1675. Portsmouth had built two ships before the British Navy since Pett built’ the’ Royal Bove! 
Tippetts’ term as master shipwright, but it. was |°°8" Pett, however had ‘chosen 4 greater beam 
while he held that position its building facilities for his ship than Deane had adopted in the Charles 
were greatly extended and a large dry-dock started Royal-and the latter had to be girdled later. | ‘The 
in 1656. preva po was —_ in battle pirat er 
On Tippetts’ promotion to Naval Commissioner | *°P Prrrae a Negee frmene Bem Spel 

in 1667, he was succeeded as master shipwright: by |"™ the following year. He also built the Swifteure 
Anthony Deane, who is next to Phi Pett the of 980 tons and 70 guns, the Nonsuch, a frigate of 
most famous shipbuilder of the seventeenth century 368 tons, and 42 guns, and a any larger frigate, 
He designed and built a greater number of warships the ‘Phonix." The ‘Nonsuch’ deserves sotie ‘hotice 
than Phineas and appears to have been a more|** she was designed in conjunction with s naval 
scientific shipbuilder” He alec i ‘high |°aPtain of Dutch descent named Van Hemskirke. 
administrative ability and was one of the leading| 7 ™* officer, in April, 1668, submitted proposal 
naval authorities of the time. Pepys was his col- for ‘doubling ‘the gpeed of ‘ships’ an Bw ed > 
league for some years and thought very highly of 20,0008. a aol a. aaa Tiataies aaa Canes 
him. According to the diarist, writing in 1686,|°°°°P% 2nd m May it was decided to a ehiy 
“The services of Sir Anthony Deane on the Board embodying the proposal, Van Hemskirke to be paid 
shall be secured at all costa, whose talents for this | 5000 down and 15,000. over a period of seven 
service seem to me (through every part of it) so|7°""® sia good.” Leter in his third 
much superior to all I ever yet met with in the Pepys os Aire a de ses th 
Navy.” On August 16, 1662, about seven o’clock ie " ilt ey permy A: - - es 4h beter, r 
in the morning, Pepys rode to Bow and there met | *. wb Cast ie  eeypee, . : 
“Mr. Deane of Woolwich.” Both proceeded to the experiment is not stated. Van Hemskirke 
Waltham Forest to inspect the timber hewn there | *PPC4™s to have been knighted shortly after wards, 
for the King’s ships. Deane explained to Pepys which would tend to show there was some merit in 
“the whole mystery of half-square* wherein the his proposal, and also probably that due to lowness 
King is abused in the timber that he buys which 1|0f the Tressury the knighthood was given him 
shall with much pleasure be able to correct.”” From of the ‘money promised. : the Cor het 
the reference to Mr. Deane of Woolwich it would | Bot of greatly different dimensions from the Contant 
appear that Deane was at this time assistant to eet tet om 4 pti te 13 tt. 
Christopher Pett, who was master, shipwright. |°° *.. beams 27§ ft. and 27 ft., and dreug 
Three years after Deane was at Harwich buildi and 12% ft. The dimensions of the Phenix, built 
warships in a yard leased by the Government, and after, mt 90 ft., 28} ft. and 13 ft. aaa nor, repys 
possibly the same as that in which old Peter Pett states in hile Diary that Deane ask pee 

in which he might write a theory of shipping. 


of Harwich had built merchant ships over a century | m . i ‘ 
before. There Deane built the Rupert of 832 tons pies" | is in the Pepysian Collection at Cam- 


and 66 guns and the Resolution of 885 tons and In 1672, Ti te was appointed 8 r of the 

Navy, and Deane succeeded him as Commissioner 
at Portsmouth. In 1673, the French fleet visited 
the Port and was inspected by the King, who was 
so pleased with the appearance of the ships that 





* If the butt end of a baulk were rectangular the 
square of the mean of the sides was taken as the area 
for payment purposes. By this method the area of a 
rectangalar section 2 ft. by 1 ft. would be 2} sq. ft. 
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private shipbuilders reported on were 
exaggerated by Pepys. According to they 
were @ gouty, illiterate, intemperate and ill-coun- 
tena’ lot and none was suitable for the post. 
As a result Deane was proved to be the only suitable 
person, and was appointed on his own conditions. 
The original proposals of Pepys allowed three years 
for the Commission’s work, but so well were the 
duties carried out that the intended results were 
effected in six months less than the specified time 
and with an appreciable saving on the original 
estimates. During the time the Commission was 
at work three fourth-rates were built, 20 ships 
rebuilt and 69 repaired. The amount of money 
expended was one and a-third millions. There 
were nine commissioners, but, according to Pepys, 
“the whole word, conduct and care of it had been 
upheld by two members only, namely, Sir A. 
Deane and Mr. Hewer.” The latter organised the 
accountant portion of the work. Some dissatis- 
faction was, however, publicly expressed at the 
Commission’s work, and a Commission of Inquiry 
was appointed in 1690. In the same year Pepys 
published his memoirs relating to the state of the 
Royal Navy for the purpose of defending Deane, 
Hewer and himself from the attacks which had 
been. made. The most thorough investigation 
showed that the Commission had done all that it 
set out to do, and that extremely well. Deane 
again retired into private life after the work of the 
Commission was completed. In addition to. design- 
ing warships, Deane had also designed a gun which, 
from its shortness and fatness, was nicknamed 
Punchinello. It was probably a bombard. Pepys 
mentions that in April, 1669, he and Deane visited 
the artillery ground at Spitalfields to witness the 
firing tests of the gun. These were reported as 
satisfactory, and, on their return home, Deane 
offered him a third share in the profits of the gun. 
Pepys thought the matter over, but neither it or 
the fate of Punchinello is again mentioned. Deane 
also made some new proposals for the construction 
of fireships, but, according to Pepys, these were 
not successful, the combustibles being too slow in 
taking fire and thus allowing time for the enemy to 
tow the fireships out of the way. 

It is noteworthy that in 1677, whilst Deane was 
a member of the Navy Board, the first Establish- 
ment of Dimensions for English warships was pro- 
mulgated. These dimensions generally showed a 
considerable increase in the beam of the different 
rates, the good effect of which had been shown by 
the results obtained in the Harwich. In 1684 Sir 
Richard Haddock, Comptroller of the Navy 
directed. an inquiry to be made into the displace- 
ments of all rates below the third. The order to 
the dockyards stated that the draughts were 
to be observed when a vessel was launched and 
also when completed. From the draughts the 
displacements were to be calculated. Presumably 
Deane’s “secret” was to be utilised for these 
calculations. From the displacement when launched 
the weight of hull was obtained, and from the 
difference between this and the weight when complete 
the equipment was determined. The information 
thus obtained was of great value for future designs. 
Charnock considers this as the first important step 
*‘ in uniting a philosophical theory with the science 
of shipbuilding.” There is little doubt this was 
entirely due to Deane. Curiously enough, 1689 
is usually regarded as the date of the foundation 
of naval science in France, for in that year a very 
important ordinance was issued by the Government 
of that country. Deane was elected a Fellow of 
the Royal Society in 1681, and in the same year 
was elected a member of council. He sat at one 
time as member of Parli:ment for Harwich. The 
date of Deane’s death is not known. He was alive 
in 1703, when Pepys died, and was the recipient 
of a 20s. ring left by that celebrated gentleman. 

As already mentioned, A. Deane, junr., Sir 
Anthony’s son, was also a shipbuilder engaged in a 
private yard at Blackwall. He designed and built 
the James galley in 1676, but, beyond this, there is 
no record of any other warship being built by him. 
A brother of Sir Anthony Deane—Mr. John Deane— 
built.a galley in 1687 at Cuckolds’ Point. Accordi 
to Fincham, Peter the Great received his principal 
instruction from. Sir Anthony Deane when he 
visited this country, and John Deane went to 
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Russia with the Emperor to assist him in rebuilding 
and reorganising the navy of that country. 

When in 1672 Anthony Deane succeeded John 
Tippetts as commissioner at Portsmouth, he was 
replaced as master shipwright by Daniel Furzer, 
who remained in that post until 1683. Before going 
to Portamouth Furzer had spent most of his time 
building warships in private yards. In 1654 he 
built the Guardland (260 tons) in a yard at South- 
ampton, and in 1657 was at a yard in the Forest 
of Dean, where he built the Forrester (300 tons) 
and Princesse (602 tons). In 1666 the St. David 
(685 tons) was built by him at Conpill, and in 1668 he 
was superintending the building of the Edga: (994 
tons) at the yard of Mr. Bailey at Bristol. In June 
of that year Pepys visited the town, and reports 
that both Furzer and Bailey were absent. Whilst 
at Portsmouth Furzer built the Eagle (1047 tons 
the Vantguard (1,482 tons), the Expedition (1,059 
tons), the Ossory (1,415 tons), and the Isle of 
Wight (25 tons), a yacht. 

Furzer had a son David, who was an assistant 
to his father whilst the latter was at Portsmouth. 
In 1687 Furzer was master shipwright at Sheerness, 
where he had succeeded Joseph Laurence when 
the latter left for Woolwich. In 1690 he built 
the Sheerness (354 tons), the first warship built 
by that yard, and in 1693 the Medway (914 tons). 
In 1686 Pepys reports that David Furzer “‘ is young, 
and never built a ship, but finished one begun by 
his father at Portsmouth, always. bred 
under his father; working little, and is thereby 
little acquainted in the methods of good husbandry.” 
David Furzer was, however, appointed Surveyor 
of the Navy in 1699, and continued in that position 
until 1706. Like Deane, he was left a ring by 
Pepys, but in his case the value of the trinket was 
15s. Furzer was succeeded at Sheerness by 
Zachariah Medbury, who was an assistant at Dept- 
ford in 1686. He built the Queenborough, a frigate, 
whilst at Sheerness. 

Daniel Furzer: was succeeded at Portsmouth by 
Isaac Betts in 1683. Harwich yard had been given 
up for warship building in 1667, when Deane left 
and when John Taylor also ceased to be a naval! 
commissioner there. It was utilised again in 1673, 
when the Harwich was built by Deane. Betts 
went there in 1677 or 1678 and whilst in charge 
built the Albermarle and Sandwich, both of 1,395 
tons and 90 guns, and the Restoration and Bredah, 
both of about 1,050 tons and mounting 70 guns. 
Whilst. at Portsmouth Betts rebuilt the Bonadven- 
ture, this being the second rebuilding of that: vessel. 
Built by Peter Pett at Deptford in 1649, with a 
beam of 294 ft., this was increased on her first 
rebuilding to 304 ft., and on her second to 32} ft. 
Betts built the Coronation (1,427 tons) in 1685. 
He was succeeded by William Stiggatt in 1692. 
Betts was decribed by Pepys as ‘‘ not of countenance, 
method or authority sufficient for a commissioner 





of the Navy.” Nevertheless, he seems to have 


been elected Mayor of Portsmouth, which points to 
the differences in the qualifications necessary for 
the two positions. William Stiggatt, who suc- 
ceeded Betts, was in 1686 an assistant at Ports- 
mouth, and is described by Pepys as “‘ only a boat- 
builder.” He appears to have soon taken to the 
art of shipbuilding, for he built the Russell (1,177 
tons), the Shrewsbury, the Weymouth (673 tons), 
the Litchfield, and the Newport. For some reason 
not known, he was dismissed in 1695, and a William 
Bagwell was appointed in his place. 

built no ships, and only retained office 
at Portsmouth for three years. A Mrs. Bagwell, 
of Deptford, is often mentioned by Pepys, but 
readers of the expurgated editions will find no 
mention of the lady. It is probable she was some 
relation to the master shipwright. He was suc- 
ceeded in 1698 by Elias Wass, who had been the 
first Principal Shipwright at Devonport yard (or 
Plymouth dock, as it then was) since 1692. Wass, 
like Bagwell, built no new ships, and, like Stiggatt, 
was dismissed in 1702, being succeeded by Thomas 
Podd. 

Such, then, were the master shipwrights of the 
sixteenth and seventeenth centuries. As Ruskin 
says, ‘‘ They built ships of the line,” but this hardly 
does them justice. For they also designed them 
and repaired and rebuilt them, always endeavouring 
to the best of their ability to correct their faults 
and improve them so that they should be capable 
of efficiently taking their place in the country’s 
first line. All records show these old master 
shipwrights were excellent practical men, and no 
other country in the world their equals in 
the art and practice of shipbuilding. Of theoretical 
knowledge they had little, since there was no great 
amount existing at the time. One notes, however, 
that as soon as such knowledge became available it 
was at once applied, and improvements resulted. 
Many of the ships built by the old master ship- 
wrights have become famous in the annals of the 
British navy. 





THE DEVASTATION OF FRANCE. 

THE output of the French collieries in 1913 
amounted to 40,060,000 tons. In the same year 
the total coal consumption in the country was 
63,000,000 tons, or an excess of consumption over 
output of 23,000,000 tons, which was made good by 
imports of coal from Belgium, Great Britain and 
Germany. In the same year France manufactured 
about 3,000,000 tons of coke and imported an 
approximately equal quantity. As is well known, 
the main coal resources of France are situated in the 
northern districts of the country, and as soon as 
these districts were occupied by the enemy the 
French coal output fell to an annual total of less 
than 20,000,000 tons, and remained close to this 
latter figure during the whole time the war lasted. 
It improved slightly, the other French colliery dis- 





been the only one of the master shipwrights to have 


tricts having taken steps to exceed their own output 
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in order to further the industrial needs of the 
country as far as it lay in their power to do so. 

The war ended with the signing of the Armistice 
on November 11, 1918, and if France had then only 
had to make good the destruction of some of the sur- 
face works of her northern collieries—a destruction 
which was to be expected from the fact that the war 
raged for many months in close proximity to some 
of these collieries—the work of reconstruction would 
have been completed long since, and the coal output 
of the country would, before this, have returned 
to the pre-war figure quoted above. Such, however, 
has not been the case, for quite apart from what we 
may term normal war destruction of the French 
northern collieries, the enemy carried out a series of 
wanton systematic devastations quite unparalleled 
in the history of even those nations which hitherto 
had been regarded as the lowest in the social scale. 
The reason for this is not far to seek, for, in the 
words of Mr. E. Gruner, the French mining expert, 
the Germans believed at first that they would annex 
all Northern France and they decided to maintain 
intact and to utilise for their own benefit the 
collieries and other establishments of the region ; 
but the activity displayed by France from the early 
months of 1915 with the object of keeping her 
armies regularly and abundantly supplied with guns 
and ammunition so surprised and exasperated the 
Germans, that they deliberately chose to counteract 
the French industrial move. The installations 
nearest to the front were left mostly to their fate ; 
but in regard to those situated farther from the firing 
line, steps were taken to work them to the profit of 


‘the invaders until the time came for dismantling 


them and rendering them completely unworkable for 
a long time to come. Proofs of this deliberate action 
are afforded by a whole series of German documents 
which have come into the possession of the French 
Government, these documents consisting of ques- 
tions asked and orders given by the German Head- 
quarters to their mining experts on the spot. 

In the winter of 1914-15 the German officers were 
said to be living in constant fear—a most singular 
one, it must be admitted—of being taken in the 
rear by French troops who would have travelled 
underground from one colliery to another. They, 
therefore, first cut off ventilation at the pits in the 
vicinity of the front, severed the cables and left the 
cages to fall down the shafts. These actions not 
appearing to give a sufficient protection against the 
rear-action by the Allied armies—which it is stated 
the Germans believed in—or, which is more probable, 
not constituting sufficient damage in German esti- 
mation, the mines were gradually allowed to become 
flooded, and a few months later, in September, 1915, 
the German mining engineers at the front took in 
hand the blowing up of the tubbing of numerous 
shafts, using for this charges of 300 Ib. of 
“ detonite.”” When the resulting leakage thus 
caused was not up to their expectation they lowered 
heavy charges of the same explosive to various 
depths and exploded them simultaneously. Further, 
they then threw down the shafts all the material they 
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could lay their hands upon, mining trucks, skips, 
waste of all description, cases of ammunition, also 
corpses and dead horses, so as to render the future 
drainage and restoration as difficult and as dan- 
getous as possible. The German mining engineers 
have themselves stated that at some of the levels 
they even went to the trouble of driving a circular 
gallery round the shaft, in which gallery they 
exploded heavy charges so as to bring about the 
most serious weakening, if not the complete caving 
in, of the shaft itself. 

All the shafts of the Liévin colliery were dealt 
with by them in a very thorough fashion. They then 
took in hand the destruction of the shafts of the Lens 
colliery. They attacked the shaft No. 12 of this 
colliery four times, in October and November, 1915, 
and also six months later, exploding inside it charges 
weighing up to 400 Ib., at depths varying from 
170 to 340 ft. The shaft No. 14 was dealt with by 
them at about the same time, and they exploded 
seven charges in it before the tubbing yielded 
sufficiently to allow of serious water leakage. All 
the other Lens pits were similarly damaged, not one 
has remained intact, and the whole Lens colliery 
was rapidly flooded level with the surface. The 
Lens colliery, it may be remarked here, had an 
annual pre-war output of over 4,000,000 tons. 
Figs. 1 to 8, on Plates XXX and XXXI, and 
Fig. 9, on page 604, illustrate the destruction 
carried out at the Lens colliery. 

The enemy undertook at the same time the sys- 
tematic destruction of the surface plant. It is 
quite true that the artillery on both fronts was 
responsible for the destruction of many portions of 
the said plant, but gunfire alone would not have 
annihilated it completely. Gunfire, however, was 
not to be feared in this re:péct to any great extent 
in the case of the more distant collieries of 
Courriéres, Dourges and others. Notwithstanding 
this latter fact, the surface installations and also 
the underground works of these more distant 
collieries were systematically destroyed also. Their 
engine rooms were dynamited one after the other ; 
the engines were dynamited also and practically 
piece after piece. The offices, plans, records 
and books were completely destroyed and burnt, 
and the miners’ dwellings rased to the ground. 
Figs. 10 to 15, on Plate XXXII, show the damage 
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necessity whatever warranted such a procedure on 
the part of the enemy. This is further illustrated 
by the fact that as late as October 6, 1918, all the 
coal pits at a greater distance still from the front, 
namely, those in close proximity to the Belgian 
frontier, were being worked by the Germans, who 
evidently then still believed that they would be left 
to profit in peace by a conquest which they deemed 
permanent. Six days later, however, on October 12, 
1918, when the German armies were in full retreat, 
these same pits, their chimneys, surface plant, 
engines and boilers were reduced wilfully to a mass 
of ruins ; every axle and axlebox of the wagons they 
were unable to remove, and every switch and crossing 
of the permanent way, had also been dynamited. 
As many as 220 coal pits have been rendered un- 
productive for several years to come; some of 





done to the Dourges colliery. No military 











them, whatever be the activity and the scientific 








means employed for reopening them, cannot be put 
in @ position to resume their pre-war output under 
ten years. The Northern France coal basin con- 
tained shortly after the Armistice 60,000,000 cub. m. 
to 80,000,000 cub. m., equal to about 2,500 million 
cubic feet, of water, and it is probable that double 
or treble that volume will have to be pumped 
before all leaks in the tubbing of the several 
shafts are located and stopped. The material 
damage is estimated at 2-5 milliard francs for the 
collieries alone. The drainage of the coal basin is only 
@ small fraction of the work which has to be carried 
out. Owing to the presence in the underground 
workings and sumps of numerous unexploded shells 
and cases of explosives, referred to in some of the 
German reports handed in since the Peace Treaty, 
extreme prudence will have to be exercised in the 
preliminary exploring operations. 
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A most striking example of the destruction effected 
by the enemy, and of the ingenuity displayed by 
French engineers in the work of reconstruction in 
face of most disheartening conditions and occur- 
rences, is afforded in the case of the Courriéres 
colliery, briefly referred to in our article on page 366, 
ante, In the middle of September, 1918, the British 
military authorities in France informed the Cour- 
riéres engineers that a violent explosion had been 





noted at the place where the shaft No. 9 was 
situated, causing the destruction of the superstruc- 
ture and of a portion of the buildings, On 
October 20 the engineers were able to ascertain that 
the damage was greater than was expected. An 
idea of this damage is afforded by the views, Figs. 
16 to 21 on Plate XXXIII, and Fig. 22 on page 
605, which all relate to Courriéres. When the 
Courriéres engineers reached the site of their 





ry 

the mass of debris showed that there was no further 
communication from the outside with the lower 
portion of the shaft, and that the ground around the 
130-ft. diameter hollow formed at the site was 
broken up, entailing a possible enlargement of the 
cavity below the surrounding ground surface. No 
particulars were at that time available as to the 
manner in which the enemy had carried out the 
work of destruction, nor as to the depth in the 
shaft at which charges had been exploded. 

It may be briefly noted here that this shaft No. 9 
was commenced in the latter part of 1891, and finally 
driven, commencing in June, 1894, by the freezing 
process. This work is illustrated in Figs. 24 and 25, 
on page 605, which show the ground formation, 
the shaft as it was commenced in 1891 and aban- 
doned for a time, and as it was completed by the 
freezing process in 1894. Fig. 24 also gives the 
water inflow af various depths in cubic metres 
per hour. The freezing process was in charge of 
a German firm which owned the licence for 
working the Fetch patents. 

In the work of reconstruction the programme 
which the Courriéres engineers followed embodied, 
as the first operation, after removal of the visible 
war debris, the strengthening of the hollow and of 
the surrounding surface ; they then formed an outer 
cemented zone for reducing to a minimum the 
leakage towatds the shaft of the water-bearing 
strata, and also an inner cemented zone, the object 
of which was to strengthen the made ground round 
the site of the upper portion of the shaft (see 
Fig. 28, page 605). Previous to this .they had 
determined the shaft centre by tri » but 
for this no very reliable bench marks were avail. 
able, owing to the devastations. 


One of the suppositions made by the engineers 
was to the effect that the enemy had endeavoured 
to destroy thé tubbing at the spot where he knew 
the danger of leakage was the greatest, namely, at 
a depth of about 30 m. (98 ft.), see Fig. 24. The 
German foreman who had charge of the freezing 
process at the shaft in 1894, “ happened to be on the 
spot ’” when the work of destruction was carried out 
in September and‘ October, 1918. A second sup- 
position was to the effect that the shaft was tightly 
blocked up by a solid mass of debris of all kinds at 
an indeterminate depth, and this was based upon 
the fact that at the bottom of the hollow, in a 
practically vertical position and, as near as could be 
estimated, on the actual site of the shaft, were rye 
portions of the superstructure. The engineers had 
concluded that for such a heavy weight falling 
vertically to have stopped at such a comparatively 
moderate depth when the available open section was 
sufficient to have allowed it to pass further down, 
it must have encountered in its fall an ex 
large block strongly wedged inside the shaft. 

After clearing the site as best they could, with 
rudimentary mechanical appliances—the only kind 
then available—without any safe fulcrum and an 
insufficiency of labour, the engineers commenced 
filling the hollow and the cracks round its periphery 
with shale—of which a sufficient quantity was avail- 
able, an advantage that was to be compensated for 
by the difficulty to be experienced later on in the 
strengthening of the filling by cementing the shale 
mass—by making it serve, in the first place, as a 
bearing for the necessary surface works and by driv- 
ing it through afterwards. The inner and outer 
cemented zones referred to above are shown in 
Fig. 28; they were driven to a depth of 45 m. 
(147 ft.), so as to reach well below the 30 m. (98 ft.) 
level where the shaft ran through the chief water- 
bearing stratum. Besides the formation of these 
heavy cement columns, the ground and shale mass 
were injected with cement under pressure at several 
hundred different places, the total consumption of 
cement amounting to over 4,000 tons. 

The Courriéres engineers had several times 
requested the Germans to supply information as to 
the conditions in which they had carried out the 
destruction of the company’s property, notably 
their shaft No. 9 in question. .On October 1l, 
1919, they met at Versailles the German dele- 
getion, of which the menenn Ziervogel and 

elmann, who had charge of the mines in the 
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Pas-de-Calais district during the occupation, formed 
part. ‘The Courriéres company was then handed a 
report written by the German foreman above referred 
to. This gave in detail the depths at which 
charges of detonite, weighing 300 lb., suspended 
by cables, were exploded down the shafts Nos. 17 
and 9. In the case of the latter the foreman said 
he heard, immediately after the explosion, the 
falling of parts of the tubbing and the inrush of 
large masses of water. He adds that he had to 
leave speedily, for the superstructure fell “ six 
minutes after the explosion took place,” and cracks 
developed in the ground in the vicinity of the 
shaft. These German declarations, notwithstanding 
discrepancies ascertained later as to the depth at 
which the charges were exploded, were not of a 
nature to lead the Courriéres engineers to modify their 
programme, and they therefore proceeded with it. 
After having determined the shaft centre, the 
site of the shaft was excavated over an area of 
7°15 m. (23 ft. 5 in.) in diameter to a depth of 
0-75 m. (29} in.), underneath an A-shaped rein- 
forced concrete framework, illustrated in Figs. 23, 
26 and 27, on page 605. Caving was prevented by 
means of a series of channel rings, 120 mm. by 
55 mm. by 7 mm. (4} in. by 24 in. by } in.), 7 m. 
inside (22 ft. 114 in.) and 7-11 m. (23 ft. 3% in.) 


outside diameter, to which flat bars, 63 mm. by | lining 


50 mm. by 10 mm. (2% in, by 2 in. by # in.) were 
bolted, thus connecting one ring with the next. 
Interlocking sheeting, ing 750 mm. by 200 
mm. by 20 mm. (29} in. by 7] in. by } in.), enabled 
a well-jointed lining to be formed at the back of 
the rings. In order to distribute at a distance 
from the shaft a part of the load due to this lining, 
the first course was suspended from a special 
octagonal frame. 

The actual sinking work commenced on May 3, 
1920, in depths of 0-75 m. at a time, this depth 
corresponding with the height strictly required for 
placing a fresh course. The tubbing consisted of 
cylinders built up in segments (Figs. 29 to 35, page 
606) and suspended from the reinforced concrete 
frame (Figs. 23, 26 and 27), and it was allowed to 
gradually follow the sinking operations by the 
slackening of the screw-jacks. Soundings preceded 
the sinking work when the bottom of the shale-filled 
ground in the hollow was reached. 

The whole work was carried out in two stages, 
namely, from the surface to the depth of 22 m. 
(about 72 ft.), and from the latter depth to the 
meeting with the existing lower portion of the shaft. 
(In their original programme, the Courriéres engineers 
reckoned upon caftying out the sinking in two stages 
of 15 m. (about 49 ft.) each.) On May 31, the 
sinking reached a depth of 11-50 m. (37 ft. 9 in.), 
there being then no water trouble to speak of ; 
at that date, it may be remarked, pumps at the 
neighbouring shafts had been in operation for a 
few days. Beyond 11-50 m. the sinking ceased to 
be through the shale filling, and proceeded through 
a compact mixture of iron scrap, marl, bricks, &c. 
Delay was caused by the cutting up of heavy iron 
débris—caissons, of cage, &c.—and these had 
to be cut exactly to the shaft diameter to prevent 
the loosening of the sides. A depth of 14-50 m. 
(47 ft. 7 in.) was, however, reached on June 5. 
At that date, the 15 courses forming the first portion 
of the tubbing were in position, but the curb had 
net arrived, neither had the sections for the succeed- 
ing stage been received. The lining of the portion 
already sunk having, however, held firm, with no 
shifting of the ground, it was decided to continue 
the sinking with the first length of 15 courses, 
Between 16 m. and 17-50 m. (about 56 ft.) a mud 
pocket was reached ; this was plugged with no very 
great difficulty, using bags filled with earth. Then 
flooding occurred and between 21. m. and 22 m. 
(about 70 ft.) the water reached a volume 
of 120 cub. m. (4,240 cub. ft.) per hour, a heavy 
amount for the very limited drainage appliances then 
available. The water carried with it a compara- 
tively large quantity of cement, and loosening of 
the ground to a great extent being feared, it was 
deci to fit in the curb for the first stage as 
quickly as possible. On July 10, therefore, a cast- 
iron curb was put in place amidst numerous com- 
plications caused b: ing, and ten days after 
it_was found possible to cement the upper portion 





of the shaft lining with it. The situation was satis- 
factory as far as concerned the prevention of 
caving, but loosening of the ground occurred under 
the curb, whilst the joints of the lining remained 
practically watertight. The curb was cemented 
over, and a large amount of grouting was carried out 
in its vicinity. 

What may be termed the second stage of the sink- 
ing dated from August 25, work being resumed 
from the depth of 22-90 m. (about 75 ft.). Ata 
depth of 24 m. (over 78 ft.) drainage had to be 
resorted to, but both the pumps and the electric 
current were insufficient for the work, and on 
September 1 a depth of only 25 m. (82 ft.) was 
reached, and 25-60 m. (84 ft.) on September 5. 
It was then decided to form a passage for the water 
down the shaft, through the débris which had still 
to be excavated, the depth then reached being 
approximately that at which the Germans had 
exploded their c Boring chisels were used, 
and on September 20, the water ran down the shaft 
through a mixture of iron, wood, pipes, concrete, 
&c. Sinking was then continued, great precautions 
being necessary. At 27 m. (over 88 ft.) a plate 
was met, belonging to the superstructure; this 
had held up other heavy iron débris and had thus 
afforded some protection to the lower existing shaft 
ini The chisels had, however, also loosened 
the surrounding ground and it was necessary at the 
depth named to resort to sheet piling. Until junction 
with the existing lower portion of the shaft, at a 
depth of 30-60 m. (100 ft. 5 in.) the engineers 
utilised the 15 courses above referred to, and these 
besides ing safety in the shaft sinking work, 
afforded by the angle bars in the segments the only 
reliable bearings for a number of different operations 
which had to be carried out. 

The 15 courses were lowered and made to rest 
at a depth of 22 m. ; 8-60 m. (over 28 ft.) of tubbing 
was fitted between 22 m. and 30-60 m., and 7 m. 
(23 ft.) was fitted over the 15 m. up to the ground 
level. The inside diameter of the tubbing, as will 
be seen from Figs. 32 and 35, is 6-80 m. (22 ft. 
3} in.), a figure which was selected in order to meet 
any error in the centreing of the shaft. The 
original shaft having a diameter of 4-80 m. (15 ft. 
9 in.) only, when the existing lower portion was 
met, at a depth of 30-60 m., there thus existed 
a ledge at that depth. The existing portion of 
the shaft from 30-60 m. downwards having a 
wood tubbing, the wood tubbing was continued 
upwards from that depth to the surface, and 
the space between it and the steel tubbing, 
lowered and fitted as above described, was filled 
in with concrete. 

The depth of 30-60 m. in the sinking operations 
was reached on October 17, 1920; this preliminary 
work, therefore, at one shaft, shaft No. 9 
occupied the Courriéres engineers during a period 
of exactly two years. 

Work of a similar nature was carried out at the 
other shafts belonging to the same company, at all 
the shafts in the same region owned by different com- 
panies, and is not yet completed in every instance. 
As stated in our general article above referred to, 
the draining of the large volume of water which 
found its way into the underground workings of the 
collieries in the invaded district, is being proceeded 
with. The levels as they gradually become free are 
being inspected and put in working order again, 
a most stupendous task, and one, as already stated, 
which is surrounded with difficulties and dangers of 
all kinds. Coal is, even now, being won, but in 
extremely small quantities as yet ; temporary super- 
structures, such as illustrated in Fig. 36, on page 606, 
and other surface installations are gradually being 
put down, the progress in the work being directly 
proportionate to the supply of the necessary material 
and the labour available. The enemy having de- 
stroyed also the workmen’s dwellings, the various 
colliery companies have had to devote part of their 
energies to the erection of new ones. The work 
which the Courriéres Company had to carry out in 
this respect can be gathered from the views Figs. 
37 to 39, on page 607. 

The coal output in the devastated districts was 
20,000,000 tons in 1913, the last complete year 
before the war. It is now at the rate of about 
one-sixth this amount, a figure which illustrates 





both the extent of the German destructions and 
the energy and proficiency displayed by the French 
engineers in their work of restoration. 


(To be continued.) 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 580.) 
Sotmp SotuTion oF OxycEn un IRon. 

Tuts paper, by Dr. Stead, which we reproduce 
on page 627 of our present issue, was put before the 
meeting on Thursday, the 5th inst, Dr. Stead stating 
that he would not read it, but he expressed the hope 
that it would lead to further work in the determina- 
tion of oxygen in iron. He added that the cupric 
reagent was a method of testing oxygen in iron. 
He invited remarks to be made in writing, but at 
the meeting on the morning of Friday, the 6th inst., 
Mr. Cosmo Johns asked that the paper should be 
discussed in conjunction with that on 
Curric Ercumne Errecrs PRopUCED By Puxos- 

PHORUS AND OxyYGEN IN Inon, 
by Mr. J. H. Whiteley. We reproduce this paper 
also on page 628 of the present issue. 

Mr. Cosmo Johns said the two papers raised 
a momentous question, in that they constituted 
a new departure of the way in which we should 
consider certain metallurgical questions, and for 
that reason he was anxious that they should be dis- 
cussed at the meeting. The president, with all his 
caution and his very large experience, had asserted 
that oxygen in some form or other was soluble in 
steel ; he had said that when iron was heated in air 
or oxidising gases, apparently the surface layers 
absorbed oxygen which passed into solid solution. 
The onus of the proof rested with those who held 
a contrary view. At the present time, the evidence 
on the other side was so strong, that any who 
opposed the authors’ view must bring their evidence 
forward. There had yet to be worked out an 
equilibrium diagram for iron and oxygen, a particu- 
larly difficult piece of work. One consequence of 
the two papers would be that they would lead to the 
discussion of many well-known but imperfectly- 
understood defects occurring in steel. It was 
asserted that one virtue of silicon was to increase 
the solubility of liquid steel for gases. That theory 
was unscientific and in contradiction to other well- 
known facts. If iron oxide were soluble in steel, 
then there would be in steel another element which 
never was analysed, which was always present and 
which had to be brought into further consideration 
in dealing with the case of blowholes. If iron oxide 
were soluble in steel, one had there a source of oxy- 
gen in varying proportions. In the difference of the 
oxygen content of the two steels, one might perhaps 
find a possible explanation as to why basic steel 
gave a lower tensile figure than acid steel of the same 
composition. In regard to hair cracks, in America 
styled ‘“ snowflakes” because they occurred on 
transverse tests and appeared as bright circular or 
semi-circular patches on the test-piece and caused its 
failure, these also could be discussed in the light 
of the knowledge that oxygen was present in steel. 
Mr. Whiteley had assumed the solubility of oxygen 
or iron oxide in steel, whilst Dr. Stead had demon- 
strated its solubility with caution. In short, a 
new line had been put forward and the defects in 
_ might be discussed in the light of that new 

e. 


Dr. Arnold referred to a paper he read at the 
Stockholm meeting of the Institute on “ The Micro- 
Chemistry of Cementation,” in which he had stated 
that when a heat had been converted, if the walls 
of the pot cracked and air were admitted into the 
converting chamber, the bars were liable to become 
“ aired,” and the decarbonised outer layer might 
contain oxide of iron. He showed by a sketch how 
oxygen dissolved in the bar and how the oxide was 
precipitated: 

Dr. A. McCance said he had approached the 
solution of ferrous oxide from a different stand- 
point ; he had found some inclusions, certain of 
which had a white field round them, they etched in 
a different manner, a halo formed, the cause of which, 
in etching, seemed to be due to oxygen. By heating 
the sample in hydrogen to about 1,100 deg. the halo 
disappeared. The ghost lines also disappeared by 
heating in hydrogen to the same temperature, this 
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pointing to some chemical reaction between the 
hydrogen and the ghost line which etched as a halo. 
In melting carbon steel in vacuum, the steel became 
totally decarburised. In an iron containing 0-5 per 
cent. of carbon heated in a vacuum all the carbon 
disappeared. If one took the same steel, carburised 
it, and heated it up in a vacuum, the carbon did not 
disappear. All these facts seemed to show that 
there was some oxide, probably iron oxide, which 
was reacting with the carbon. The only means 
to control the ferrous oxide was to watch the 
composition of the slag. In a small electric fur- 
nace the control of the slag and varying amounts 
of ferrous oxide could be obtained. In other 
words, the only way to control the ferrous 
oxide was to control the temperature. He (the 
speaker) took samples of steel, cooled them 
slowly and etched them to see as to the inclusion of 
oxygen, if any, and his reagent was that suggested 
by Dr. Stead, which he improved by adding to it 
one or two drops of hydrochloric acid. He showed 
views in which one could not detect any oxide 
inclusions or oxide etchings, but low-temperature 
etching areas pointing to dissolved oxides. Ferrous 
oxide was one main cause of inclusions in some of 
his (the speaker’s) cases. He gave the instance of 
a heat up to 1,740 deg., the slag of which showed 
61-6 per cent. of SiO, and 6-4 per cent. FeO, and 
where he could not detect, except for minute spots, 
any oxide inclusions or oxide etching. At a lower 
temperature, 1,635 deg., the SiO, was 54-6 and 
the FeO 17-3. On assuming that carbon was 
removed by ferrous oxide one had FeO + C= 
CO + Fe. One could, further, calculate the re- 
actions which took place at the two temperatures, 
and on the basis of the 17-3 FeO above, calculation 
yielded 7-4, which was close enough to the 6-4 to 
show that the ferrous oxide in the steel ‘was pro- 
portional to that in the slag. From the authors’ 
papers, ferrous oxide did dissolve in steel, but 
as it was difficult to get microscopic evidence 
he thought the point could be explained by the 
fact that it seemed to diffuse very slowly. 

Dr: Stead asked the members to follow up the 
question thoroughly, and anticipated that as a 
result many valuable communications would be put 
before the Institute for complete discussion. 


ROENTGEN SPECTROGRAPHIC INVESTIGATIONS OF 
IRon AND STEEL. 

The last paper taken was the one bearing the 
above title, by Dr. Arne Westgren, of Gothenburg, 
Sweden. It was presented to the meeting by 
Sir W. L. Bragg, who said he had spent some time 
in trying to investigate the crystalline nature of 
materials, and the paper described experiments in 
which the new knowledge relating to crystals was 
probably going to help very materially metal- 
lurgical examinations. By X-rays it was possible to 
find the structure that lay at the bottom of these 
particular modifications of iron and steel—to find 
the lattice in which the atoms were arranged. 
It was hoped to be able to unravel the sizes, forces 
and so on of the atoms themselves, and to show, 
if certain atoms of known sizes and forces were 
taken, how they might be put together and the 
structures obtained with which one was familiar. 
It was beginning at the other end. In the course 
of his demonstration, he asked whether the carbon 
units were pushed in independently and separately 
here and there in the iron, or were they associated 
with the iron so as to make some new iron carbon 
crystal. The natural supposition was that they 
were simply pushed in. We propose to reproduce 
Dr. Westgren’s paper in our next issue. 

_Dr. Arnold, who opened the discussion, informed 
Sir William Bragg that metallurgists had buried 
beta iron and he was glad Sir William had found no 
remains of it in the lattice frame. In manganese 
steel, carbon existed as a mixture of carbide of iron 
and carbide of manganese, as shown by chemical 
examination. Iron having 1 per cent. of manganese 
gave about 40 per cent. elongation ; if it had 10 per 
cent. it gave 1 per cent. elongation ; if 20 per cent. 
it gave an alloy which went back to the 40 per cent. 
elongation; and with 30 per cent. of manganese 
there was 60 per cent. elongation. That was almost 
as baffling as the lattice forms, and if the latter 
could throw any light on a fact like that it would 
be a,very important point. 





Dr. Rosenhain thought the real future advance- 
ment of a knowledge of the internal structure of 
metals could be obtained in the direction of X-rays. 
He thought Dr. Westgren’s conclusions would be 
established ultimately, and they would have a very 
direct bearing on certain questions upon which 
much controversy had taken place. On the whole, 
they confirmed in a remarkable way the evidence of 
other methods of investigation. In regard to beta 
iron, that was a name for a certain condition of 
iron which existed although it had been long known 
that its crystal structure was identical with alpha 
iron. At the same time also it was non-magnetic, 
there was a change of energy, passing from the non- 


magnetic to the magnetic state, and Dr. Westgren |i 


treated that question in a scientific manner without 
attempting to dogmatise about it. X-ray analysis 
was a powerful method of attacking problems from 
the inside, but the knowledge of the structure of 
the crystal was not by any means the whole story 
in reference to the properties of metals. Dr. West- 
gren had found in martensite the space lattice of 
alpha iron, that was what he (the speaker) would 
have 


between martensite and ordinary annealed iron 
was not due to the iron but was due to the carbon. 
Then he found that the carbon, apparently, was not 
present in any crystalline form. That conclusion 
might be true, but was not proved by his evidence. 
All the evidence proved was that there were regions 
in the sample he had examined in which the alpha 
iron space lattice existed and that these regions 
were large enough to give a visible spectrum. 
Dr. Westgren had established that there were 
crystallites of alpha iron in martensite. He (the 
speaker) suggested that the remainder of the 
material was probably not in a crystalline con- 
dition at all. After further debating the point, 
Dr. Rosenhain said that mechanical hardness was 
accounted for by the existence of a comparatively 
large amount of non-crystalline material incapable 
of conveying plastic deformation by the process of 
the crystal slip. It might therefore be supposed 
that the hardness of martensite was due to an 
extreme case, to the same kind of hardness that was 
obtained by cold work. A very short time ago, he 
(Dr. Rosenhain) had put forward a view on the cause 
of hardness of solid solutions, basing it upon the 
idea that by forcing into the space lattice of pure 
metal atoms of another metal, by actual substitution 
in some cases in the original piling of the metal, 
one would get a certain degree of hardening depend- 
ing upon the solubility of the element added. 
Metallurgists were quite as interested in the material 
which existed between the crystals, holding them 
together, as in the crystals themselves. 

Sir Robert Hadfield asked whether the future 
examination of such a very important matter could 
not be made the subject of co-operative research. 
The Council for Scientific and Industrial Research 
were ready to give grants for dealing with important 
problems, and if agreeable to the Institute, he would 
like to suggest that an application be made for a 
grant to investigate the matter. Sir Robert then 
read a letter from Dr. Westgren stating that “ the 
suppositions on the constitution of cementite that 
he presented had proved false from his later experi- 
ments. The arrangement of atoms in Fe,C had 
turned out more complicated than he thought he 
could conclude from his first spectrograms, which 
were rather indistinct. From later work he inferred 
that a close relationship must exist between the 
arrangement of atoms of Fe,C and of gamma iron,” 
He (Sir Robert) congratulated Dr. Westgren on his 
most valuable paper. 

Dr. Edwards wished to confess that the. results 
given in the paper did clearly necessitate a modifica- 
tion of the views he (the speaker). had been 
responsible for. There was no doubt, from Dr. 
Westgren’s results that his (the speaker’s) views 
as to the constitution of martensite did not appear 
to be correct. Work of this kind would greatly 
help in arriving at the true explanation of why steel 
was as the result of quenching. 

Dr. F. C. Thompson said he was afraid he refused 
to be converted even now to the view that beta iron 
had no existence. It was to find an 
explanation of the magnetic changes and of the 


to find, but Dr. Westgren concluded | there 
from that fact that the difference in hardness |i 





Dr. Westgren’s letter which Sir Robert Hadfield 
had just read. 

Mr. Hallimond said he could not help thinking 
many workers had gone further than the facts 


gen 

of a space lattice was of a rigid lattice which did not 
at first sight, seem to afford any opportunity for 
the diffusion of molecules. 

This concluded the discussions. The replies by 
the various authors will be by correspondence 
printed in the journal of the Institute. 

The other papers on the list were taken as read. 
They include the following: “Slip-lines” and 
“ Twi in Electro-Deposited Iron,” by Mr. 
W. E. Hughes, which we reproduced on page 538 
ante, ‘ The Protection of Iron with Paint; against 
Atmospheric Corrosion,” by Dr. J. Newton Friend. 
“Comparison of Different Methods of Estimating 
Sulphur in Steel,” by Mr. T. E. Rooney. 

All the authors were accorded the thanks of the 
meeting for their contributions. 

The usual thanks to the Institution of Civil 
Engineers for the loan of their premises, and to the 


concluded the proceedings. 


MECHANICAL REDUCTION GEARS ON 
WARSHIPS AND MERCHANT SHIPS. 
By Joun H. Macatrrye. 

I nave studied two excellent papers which appeared 
in Enorngerine in the spring of 1920. These are 
“‘ Experience and Practice in Mechanical Reduction 
Gears in Warships’ (April 9, p. 474), by jneer- 
Commander H. B, Tostevin, D.S.0., R.N., (read before 
the Institution of Naval Architects in March) and your 
editorial, ‘‘ Reduction Gearing on S§ ips,” May 7, 
ANS), (pean SFR, ight I ask room for the results of a 
analysis of these as they seem, in a remarkable 
degree, to justify the anticipations which gave rise to the 
invention of the floating frame and I trust the analysis 
will be found to throw light on the present situation 
which, at least in regard to double reduction gears, is 


not a very happy one. 
Commander Pestevin, (Vol. CIX, page 477 ; T.LN.A, 
Vol. LXII, page 133)t+ states the “empirical rule,” 


* See Encinecrina, vol. ci, page 454. 

t It would add greatly to the length of this paper to 
quote all the passages referred to but what is written 
will be much more fully intelligible if these references 
are consulted. Insuch references where no publication 
is mentioned, Encivgertne is to be understood, The 
following contractions are also used :— 

T.LE. & 8. = Transactions of the Institution of 

Engineers and Shipbuilders in Scot- 








T.LN.A, = Transactions of the Institution of 
Naval Architects. 

T.S.ME. = Transactions of the Society of Naval 
Architecta and Marine Engineers, 
(American). 

J.A.8.N.E,, = Journal of the American Society of 


Naval Engineers. 
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p= KA _D, which. has. very largely been adopted. in 
Britain, where p = the tooth pressure per inch run, 
K a constant, and D the diameter of the pinion. , This 
game rule ‘was also deduced in a theoretical investi- 
gation given in Enotrrrina (Vol. CII, page 119) 
which seemed to me not 'to take full account of the 
essential facts, ‘In +a letter (Vol. CII, page 527) 
I gave reasons which seemed to indicate that the rule 
p = K,D was much nearer the truth, and it was with 
great interest that I found in your editorial (Vol. CIX, 
pages 599 and 601) that further researches based 
on entirely different considerations go far to confirm 
this view—called by you “the American view.” ; 
though, unfortunately, some of the engineers in the 
States seem to be far from clear on the subject, 

That the “./D rule,” as we may for brevity 
call it, does not express a theoretical truth follows at 
once from the fact that if applied to similar gears the 
stresses in the metal of the smaller ones will be higher 
and will rise without limit as D diminishes toward zero. 
With the “D rule” these stresseg will be constant. 
I have discussed this question somewhat fully in former 
papers and will not take -your valuable space to re- 

iscuss it at length here. (See T.LLE. & S., Vol. LXI, 
page 380, ‘et seq.; and Vol. Cl, page 416). As the 

'D rule”’ gives the same value of the power constant. * 
for all diameters of pinion, and as the validity of this 
law has) always been assumed in designing floating 
frame gears, there is now a large body of evidence 
for the truth of the deduction, The “ «/D ‘rule,” 
if properly termed “empirical,” must have been 
founded on experience, with rigid gears, The details 
of that experience I do not know, but as the rule has 
been generally adopted in Britain it probably is an 
expression of the e ience of a number of makers— 
possibly of many. The apparent discrepancy indicated 
by the use of two rules puzzled me for a time, but, as 
fully stated in my Glasgow paper referred to above, 
the reason must = that the larger gears are, in one 
important. respect, not similar to the smaller gears; 
that is, their bedplates or casings will be relatively 
thinner and more elastic. The rigid r depends 
almost entirely on the rigidity of its casing while the 
floating frame gear does not to nearly the same extent 
and, hence, it ap perfectly natural that while for 
large gears the use of the floating frame allows the 
value of the power constant to be kept oo rigid 
gears it must be diminished. This will found to 
give a consistent explanation of very much in the two 
papers under discussion. 

A rigid gear is a redundant structure and in every 
redundant structure the danger of unequal distribution 
of stress makes it imperative that the designed stresses 
be kept much below those which could be employed 
safely where the distribution definite. If we supported 
a gear wheel with its axis horizontal and brought up 
the ion to it, without placing it in bearings, the 
involute teeth engaging with a uniform pressure all 
along the helices, we would, as is well known, find that 
the axes of gear and pinion were parallel whatever the 

istance of centres. If both axes are in the same 
horizontal plane, it would be impossible to rotate the 
pinion axis in the vertical e to an amount that the 
finest gauging could detect, without wholly u i 
the condition of uniform tooth pressure. But the 
relation of these axes is also determined by the i 
in which the gear and pinion have to run; and this, 
obviously, is a perfectly ind»pendent condition. It is 
only ee king care t they can be made 
approximately consistent. It was to remove this 
obvious and great redundancy that the floa frame 
was devised towards the end of 1905, and the first 


complete d made in the following year. It was 
the design wholly successful trials of this gear in 
1909 which gave the needed impulse to the recent 


great development of the turbine, 

Long before these trials I very carefully calculated 
the ‘elasticity of the teeth, due both to flexure and 
shear. Such a calculation is only a rough approxima- 
tion as the usual formulas do not apply to a beam so 
very short in proportion to the dimensions of its cross 
section ; and they do not follow the stresses into the 
body of the pinion and gear. The result is probably an 
under-estimate, but not greatly so. The circumferen- 


* As I will frequently have to use the power constant 
and as its expression may not yet be generally known 
I will define it— > 

1,000 


Po constant = C = —___., 


where P = horse-power transmitted. 
D = diameter of pinion in inches. 
R = R,P.M, of pinion. 
(See Vol. CI, page 416.) 
It applies exactly to similar 
mately, over @ considerable 








tial pitch was 1} in, and the helical angle 30 deg. 
The Toad supposed in the calculations on one pair of 
teeth in contact was 1,000 Ib. per inch run, The sum 
of the yields of the pinion and gear teeth were as 
follows :— 
Yield. 
Unit, 1/10,000 
inch, 


Point of gear tooth engaging flank of 


Saomenl a od ae 
Teeth ng at pi ine -48 
Point of pinion tooth engaging flank 

of gear tooth one ° 5-13 


I have, consequently, always maintained that an error 
of alignment of 1/1,000 in. in a bearing is important. 
If so, every casing, except perhaps those of very small 
gears, must be looked on as sensibly elastic structures. 
It is a frequent belief, and Commander Tostevin seems 
to share it (Vol. CIX, page 478; T.LN.A., Vol. LXII, 
page 134), that clearance in the bearings removes the 
difficulty ; but Professor Osborne Reynold’s investiga- 
tion of the theory of lubrication Jends no countenance to 
this. (Vol. CII, page 527 and footnote. The -0007 
in the footnote should obviously be -00007.) I will 
revert more fully to this important question. 
Considering the rigidity of the teeth, the redundant 
structure, and the elasticity of the casing, it is not 
surprising that Commander Tostevin gives such a 
inent place to questions of alignment and distri- 
— of tooth pressure, by frequent references all 
through his r, and Mr, Walker's sympathetic com- 
mendation We . CIX, page 472; T.I.N.A. Vol. LXII, 
page 141) of the treatment of this subject is good 
evidence of much vexatious experience. 
Commander Tostevin believes that the casings do not 
suffer distortion under working conditions (Vol. CIX, 
e478; T.LN.A. Vol. LXII, page 134), though the 
ow power constants of the gears given in his Table I. 
and other facts which he details find simple and con- 
sistent explanation in the opposite belief. While 


Fig.1. ez E 
ah 


proper design can give a maxmium of rigidity for a 
given weight of metal it cannot make iron and steel 
inelastic materials nor can any calculation forestall 
subsequent severe concentration of tooth pressure in 
service (Vol. CIX, page 478; T.I.N.A. Vol. LXII, 
page 134). He then refers to ships where relative 
motion with misalignment took place between the 
turbines and gears and states: ‘‘ In later designs this 
movement is not possible, as the after-ends of the 
turbines are now supported on stiff extensions of the 
gear case, the whole installation forming a rigid unit.” 
(Vol. CIX, page 478; T.I.N.A. Vol. LXII, page 134). 
The construction is perfectly propér, but to say that 
this long unit is now even approximately rigid and 
movement impossible seems to me a grave mistake. 
The complete structure is much more elastic than are 
the two parts—the turbine and gear—each within itself. 
However heavily built, its elasticity could be readil 
proved by supporting it in the middle and bolting it 
down at the two ends. That this is not an exaggera- 
ted test and that it has a counterpart in reality is 
proved by the first paragraph of the “‘ Extract from 
Admiralty Specifications” (Vol. CIX, page 480; 
T.L.N.A. Vol. LXII, page 139) which provides that the 
accurate alignment of the gearing will) not only be 
tested in the shop but afterward when erected on 
board ship, The first two paragraphs bear conclusive 
testimony to the well-known delicacy of aligning, and 
clearly reflect a large amount of troublesome experi- 
ence. The casé is even stronger than I have so far 
stated ; for it is important to note that the specified 
double test, in shop and ship,.refers to the gearing 
alone, thereby recognising the very important degree of 
elasticity which its easing possesses, to which Com- 
mander Tostevin’s paper otherwise bears so much 
evidence. 

In the combined structure there are four (or five) 
turbine and pinion bearings, which should be brought 








into line well within an error of 1/1,000 in. ; and the | © 


same must be done for each pinion meshing with the 
large gear. This reminds one in a very exaggerated 
degree, of the difficulty of the labourer, with which:all 
gear builders will sympathise, who could always get 
two posts in line but never three, An adjustment so 
delicate is surely subject to displacement by the slightest 
accident and may be upset at any moment. This can- 
not be guarded against by repeated tests—it constantly 
exposes the gear to danger. Indeed, the limits being 


: | 80 fine as the rigidity of the teeth indicates, there is no 


reason to believe that uniform distribution of tooth 
pressure under working conditions can be assured even 





initially, Red lead, or other markings with a sensible 
thickness of film, will not do this, and it cannot be told 
whether it has been attained by subsequent examina- 
tion of the teeth (Vol. CIX, page 479; T.LN.A. Vol. 
LXII, page 136) as there are wide limits of pressure 
within which the teeth will take a fine polish. Indeed, 
if there are fluctuations of alignment a beautiful 
uniform polish might result though at times the teeth 
were not bearing along their whole length. 

While the tieing together strongly of the turbine and 
gear casings is obviously a correct and very necessary 
thing to do, surely it is not good practice to depend 
on it so entirely for good alignment if this can be 
escaped without detriment. If it can be escaped, as 
I believe, with great advantage this dependence is less 
commendable still. 

There is a very interesting passage (Vol. CIX, 
page 478; T.LN.A. Vol. LXII, page 134) referring to 
teeth on which the load had not been distributed over 
the whole length. The conclusion reached is that the 
helical angles of the pinion and gear were not the same. 
That this was due to “‘a slight slow slip of the pinion 
in the chuck” is hardly credible as the slip would have 
to be extremely uniform to leave a presentable surface. 
This difference of angle, I am informed, has also some- 
times occurred in the experience of the Westinghouse 
Company. It could not fail to be detected in the shop 
from the markings of the teeth when first run together. 
It is never of large amount and I could not imagine a 
maker of these fine gears so unintelligent as to leave it 
uncorrected. Commander Tostevin’s description of the 
result is not quite full enough to say definitely what 
happened, but if the helical angle was properly cor- 
rected, there are still two possible explanations of the 
observed results. I am only putting forward supposi- 
tions which may be examined by those who have access 
to all the facts :— 

(1) If the hard bearing occurred at both ends of 
both the right and left-hand helices it is precisely what 
would occur in a rigid gear due to a change of alignment, 
if the loose coupling between the turbine spindle and 
pinion were acting properly. 

(2) If the hard bearing showed itself at the outer end 
of one or both helices it might be due to misalignment 
accompanied by derangement of the loose coupling, 
through wear roughening the pins or other sliding parts 
and making them offer too great resistance to end 
motion of the pinion. The loose couplings now in 
general use are a menace to any gear. 

Perhaps it is not realised by all how high the maxi- 
mum pressure will become for a slight change of align- 
ment. I have before me the report of a rigid gear 
examined. after it had run a perfectly satisfactory trial. 
At one end of one helix the teeth were not bearing at 
all for fully 25 per cent. of the length of the helix. 
In Fig. 1, ab is the face of the helix and an exactly 
even distribution of pressure all along this helix may 
be represented by the dotted line cd. But the bearing 
was only from e to 6, three-quarters of a b. The pres- 
sure must have risen from zero at e to a maximum at f, 
increasing approximately as represented by the straight 
line e f. For the same speed and power obviously the 
area of the rectangle a d must be equal to that of the 
triangle e bf. Therefore, 


ab x ac = > eb x by. 


Hence, denoting the uniform and maximum ununiform 
intensity of pressure per inch by p and P respectively, 
we have 


This or an even greater margin must be allowed for 
in the constants used in designing a rigid gear. It is 
a condition which does not and cannot occur in a 
floating-frame gear. The only reason for inventing 
the floating frame was to avoid such a detrimental and 
otherwise unavoidable distribution. I have explained 
the simple dynamics involved in several papers* 
and need not repeat hear. I have also shown that 
if a pinion’ in a floating frame goes slightly out 
of line from any cause. such as the wear of the 
bearings, it automatically does so by a rotation about 
an axis parallel to the line of action of the teeth 
(Vol. CI, moge 479) “‘ Errors of Alignment,” or T.LE. 
& 8. (Vol. LXI, page 33) and that, such a rotation, until 
it has reached a far greater value than would occur in 
ractice, would not sensibly affect the good distribu- 
tion of tooth pressure. A curve for the large exper- 
mental gear is given of opening of contacts at the outer 
ends of each helix due to such a rotation, supposing 
the teeth absolutely rigid. It shows that a horizontal 
error of } in. in 9 ft. 4} in., or over 6 min. of arc, Is 
negligible so far as the good action of the teeth is 
concerned. Further, in such a gear, if there is no 
horizontal error there can be no vertical error. 

This valuable automatic adjustment has no counter- 


* Or see the editorial in Exarvzenrine, (Vol. LXXXVIII, 
377), written before the first gear was tried ; espe- 
y Fig. 6 and accompanying text, page 378. 
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part in the rigid gear; though Mr. R. N. Walker and, 
I believe, some other builders seem to suppose, since 
there is “ always a certain amount of natural flexibility 
in all such structures” (T.I.E. & S. Vol. LXI, page 365), 
that self aligning takes place to some extent in rigid 
gears ; not recognising that this flexibility is responsible 
for far the greater part of the difficulties of alignment so 
impressively shown by the two papers under dis- 
cussion. Keeping alignment is the principal function 
of the casing. The only merit of the above quotation 
is that it fully admits the sensible elasticity of the 
structure. 

Hence we see that, compared with the great and 
perpetually recurring difficulty of misalignment in 
rigid gears, the question can hardly be said to exist 
for floating-frame gears. All that is done is to push 
the floating frame toward the large gear till collars 
outside the helices of the pinion come against block 
gauges held against similar collars on the gear. The 


Fig.2. 
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I beam of the floating frame is then bolted down and 
the operation is complete. The accuracy of the adjust- 
ment can readily be ascertained at any time by gauging 
between these collars; and, as explained above, a 
small but sensible crror is of noimportance. The float- 
ing frame must, obviously, be sufficiently stiff to resist 
sensible flexure by either the tangential or radial 
components of tooth stress, at full power. 

Commander Tostevin states (Vol. CIX, page 478; 
T.LN.A., Vol. LXII, page 134) that “ the line of 
centres through the turbine and pinion should be 
free to remain parallel with the axis of the wheel, 
and the clearances in all the bearings should permit 
of this, otherwise misalignment will take place.” 
The last clause seems clearly to involve belief in 
important elasticity of the bedplate. But the 
whole quotation is practically a statement that the 
parallel position is exceedingly stable, whereas it is 
slightly unstable; that is, the action of the teeth alone 
would tend to increase any error of horizontal alignment 
which existed and this tendency would increase with 
the error. Hence, clearance of the bearings beyond 
what is best for lubrication is not advisable and the 
pinion will not seek the parallel position. To defin- 
itely supply any lack of stability struts are fitted abutt- 
ing on the floating frame. 

In the letter I referred to above (Vol. CIL, page 527) 
have pointed out that Professor Osborne Reynolds’ 
mathematical investigation of Mr. Beauchamp Tower's 
experiments opposes the belief that there can be valuable 
self-adjustment of the position of an oil-borne journal 
in & bearing. But it at once follows from his investi- 
gation that even if the adjustment were sufficient to 
consider, it would not serve the purpose desired. If the 
line from the centre of the bearing and passing through 
the position of minimum thickness of the film oil 
coincided with the direction of, the resultant pressure, 
as in (600, Fig. 2)—or, what is very nearly the same, 
was parallel to the line of action of the teeth—and if the 
parallel position of the axes were stable, the automatic 
adjustment, if very slight, might be exact; that is, 
the rotation of the pinion axis would be about an axis 
parallel to the line of action of the teeth (as it always 
is when a pinion is held in a floating frame) if during 
such rotation the minimum thickness of the oil film 
(did not change. If the adjustment were larger, so 
that the movement of the journal centre were a sensible 








fraction of its radius, the total rotation, constrained as 
it is by the curved surface of the bearing, would 
obviously be about another axis, varying in direction 
as the adjustment increased. But the position of 
minimum thickness of oil film is always at a consider- 
able angular distance from the point just indicated ; 
not less than 40 deg., Professor Reynolds shows, and 
in some cases much more. Thus the axis of rotation 
about which. adjustment would take place would be 
far removed from parallelism to the line of action of the 
teeth and rotation about it would be harmful. 

Therefore, relying on bearing clearance is trebly 
wrong: (1) The axes tend to depart from parallelism. 
(2) The oil film does not allow of sensible adjustment. 
(3) If adjustment did take place, the action of the oil 
film is such that it would be about a wrong axis. 

If all stated above is correct we would expect to 
find low power constants used with rigid gears. Calcu- 
lating from the data given by Commander Tostevin in 


of 
the 
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Table I. (Vol. CIX, page 476; T.I.N.A., Vol. LXII, 
facing page 132) we find :- 











Horse- 
— Power Power of Ship. 
Constant. Pinion. 
Maximum .. ep od 2-568 875 | “ P” boat. 
Average for high-pressure 
pinions pa od wi 2-07 
Average for low-pressure 
Pavan a oa re 1°37 
Minimum for high-pressure 
Pinions es ee ve 1-424 17,500 | Hood. 
Minimum for low-pressure 
pinions e¢ ee 33 0-612 6,100 Leonidas. 
Hood, high-pressure pinion 1-424 17,500 
Hood, low-pressure pinion. . 0-809 18,500 











The average value for the H.P. pinion of 
Width of tooth face _ 4.99 
Pitch diameter 


and most of them are quite near this value, so that 
making comparison with floating-frame gears, in which 
the ratio is almost always very near 4 (since the tooth 
face is twice the helix length) the use of the power 
constant cannot be objected to. For the L.P. pinions 
this ratio is smaller, as in Table I. these are nearly 
always larger in diameter than the H.P.* 

The power constants of floating-frame gears are 
usually much larger than those just given. In the 
very early gears, or where tooth pressures have been 
specified, or where a pattern was used for a smaller 
power than the original design, comparatively low 
power constants may be found; but even before 1916 
power constants of 4 had been found to be quite safe 








* The necessity for low power constants in the gears, 
Table I, is accentuated by the small pitches and large 
number of teeth in the pinion, This practice is ado 
for quietness of running (Vol. CIX, page 476; T.I.N.A., 
Vol. LXII. page 132), but the smaller the pitch the higher 
will be the surface and internal stresses. Theory quite 
clearly points to a constant number of teeth being the 
best practice (Vol. CI, page 416; Proposition C and 
page 520) and interference is avoided by oietinp 30 
or 31 teeth im the pinice and a proper addendum of the 
gear tooth. In ting-frame gears this gives quiet 
running. The pinions of the destroyers referred to below 
have 31 teeth. 


(Vol. CI, 492, Table; or see T.I.E. & 8S., Vol. 
LXI, page 349 Table). The United States collier 
Neptune has a pinion diameter of 7 in. and the 
breadth of face is 5-15 times this, which I believe 
is considerably above the best ratio. Nevertheless 
the average power constant on the 12-hour full 
power trial, November 17, 1915, was 5-22, at 
14-28 knots average speed, the contract speed being 
14 knots. During the war she had hard service. At 
last report the gear teeth were in excellent condition 
and show little sign of wear. 

(In tests made in the Westinghouse shops in Essing- 
ton recently there are strong indications that even 5 
is not the limiting safe power constant, and I have long 
urged them to build a gear with ample so that 
they would run cool at a power constant of 8 or 10. 
I am very sanguine that experience indicates these 
values t be safely reached with floating-frame gears.) 

As this question of the highest safe load is of the 


greatest importance I will luce a diagram, Fig. 2, 
from a paper by Mr, Francis kinson on ‘‘ Progress 


of Turbine Ship Propulsion ” (T.L.M.E. Vol. XXVI, page 
59 and Plate 31 with slight addition). It gives the tooth 
pressures plotted on pinion diameter both according 
to the “./D rule” and the “D rule.” The curved 
lines represent the first for values of K (in p = KD) 
of 175 and 220. The straight line represents the ‘“‘ D 
tule” for a power constant of 3-3, su g the total 
tooth face to be 4 pinion diameters. The small circles 
give actual tooth pressures of some floating-frame 
marine gears at the power for contract speed. Some of 
these ships had been in use for years when this — 
was first published, and all are in use now. Every 
turbine has an overhead capacity of 10 to 25 per cent., 
or more, and as the power constant and tooth pressure 
vary approximately as the two-thirds power of the 
horse-power for marine gears, a circle falling on the 
straight line for floating frame gears would indicate a 
power constant of from 3-3 x 1-10% to 3-3 x 1-254, 
or over, that is from 3-5 to 3-8, or over. Where the 
small circle falls to the right of the line, the maximum 
power constant is still higher. 

The tooth pressure in Fig. 2 for the United States 
collier Neptune is for 6,500 total horse-power at 1,910 
r.p.m, of pinion. The average full power twelve-hours’ 
trial gave 7,175 horsepower at 2,003 r.p.m. of pinion, 
which gives about 5 cent. higher tooth pressure. 
Had the total tooth face been made 4 diameters of 
pinion instead of 5-15—which reduction would, I 
believe, have made a better and safer gear—there 
would have been a still further increase of tooth 


5-15 This 


— or 29 per cent. 
illustrates the danger of using only tooth pressure in 
designing as, after a certain length of tooth face is 
reached any increase, while it will reduce mean tooth 
pressure will also reduce the factor of safety. 

In Commander Tostevin’s Table I., page 476 we 
have— 


pressure in the ratio 


Maximum value of K = 226, 
Minimum _e., K = 152, 
Mean » «o m= 

A just comparison can, therefore, be readily deduced 
from Fig. 2. 

If we have two similar reduction gears transmitting 
the same power at the same s of pinion, it can readily 
be shown (Vol. CI, page 520) that the weight is in- 
versely proportional to the power constant. The power 
constants, given above, for H.M.S. Hood are 1,424 for 
H.P. pinion and -809 for L.P. pinion. Hence, peotete. | 
for the weight of the floating frames and requi 
changes in the casing, and without exceeding the power 
constants now in common use, it is within the truth 
to state that a floating-frame gear to transmit the 
same power as each of the Hood’s could safely be 
built on half the weight. Whether the reduced pinion 
centres could have been adopted in the Hood depends 
on the clearance between the turbines: but, if the 
total reduction of centres could not be made, the length 
of the tooth face could have been shortened, thue 
saving much weight. If the turbine speed has been 
determined by a desire not to exceed a certain pitch 
line speed, it can now be increased (for the same pro- 

lier speed) with an additional saving of weight; 

‘or, though the large gear diameter would then be 
kept up to give the greater ratio of reduction, the 
saving of weight in the two turbines would, no doubt, 
far more than compensate this increased weight of the 
large gear. ’ 

‘There seems no reason to doubt that the relative 
weights of direct driven and all-geared sets (Vol. C[X, 

479; T.LN.A., Vol. LXII, page 138) could thus 
Lave been considerably modified in favour of the 
latter. 


The turbine and gear then being connected by an 
elastic driving shaft in addition to a loose coupling, 
there would not only be almost complete ind ce 
of the elasticity of the gear casing, but also of the more 
or less elastic junction of the turbines and gears, 


(To be continued.) 
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SMALL-BALL HARDENING TESTING MACHINE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 














Fic. 1. 


Tre usual Brinell test for hardness, in which a ball 
10 mm. or 5 mm, in diameter is employed, in conjunc- 
tion with loads of 500 kg. to 3,000 kg., is unsuitable 
for testing thin specimens. If the latter are carried on 
a hard support, the thin metal squeezes out, while if 
the support is soft the material would be pressed into 
it. In order to obtain a correct figure for hardness on 
this method, the thickness of the specimen should be 
at least seven times the depth of the impression ; on 
this basis a 10 mm. ball is not suitable for testing 
material less than one-tenth of an inch in thickness. 
With this point in mind, some time ago a machine 
using ® very much smaller ball was introduced and 
was successfully employed during the war for testing 
small arm cartridge cases, etc., at Woolwich, having 
in fact, been the outcome of investigations in the 
Research Department there. This machine as origi- 
nally desigaed was described in a paper published in the 
Journal of the Institution of Mechanical Engineers in 
February of this year, but has lately been improved in 
certain details. 

The machine, which, we understand, is patented 
by Messrs, Craig, Moore & Mather, can be used for 
testing the hardness of thin-walled tubes, etc., without 
internal support. It is possible to test objects only 
one-hundredth of an inch thick, Tests can be made 
on small arm ammunition without withdrawing the 
bullet or charge and the cartridge can be afterwards 
firei, Thin material which a large impression would 
disfigure, such as cutlery blades can safely be tested, 
the impression being so small] that it is practically im- 
perceptible to the eye without magnification. Blades or 
tools can be tested close to the cutting edge, and small 
portions of larger areas may be examined in this way 
for hardness. Case-hardened work with a skin too thin 
to be tested by the usual Brinell test, can also be deter- 
mined with this machine. 

We illustrate the machine in two forms in Figs. 1 to 4 
above. The photograph reproduced in Fig. 1 shows 
the original pattern as used, we understand, during the 
war at Woolwich. The manufacturing rights for the 
machine have now been transferred to Messrs. Alfred 





Herbert, Limited, Coventry, who have introduced 
several modifications which add to the ease of mani- 


pulation. The machine employs balls of 1, 2 or 5-mm. 
diam., being intended for normal working with the 
1 mm. and 2 mm. sizes, and deadweights up to 50 kg. 
The hardness number is calculated on the ordinary 
Brinell method, the load being divided by the area 
of the impression, and is directly comparable with the 
ordinary Brinell figure. Tables giving the hardness 
number for the range of impressions are supplied, so 
that calculation is obviated. 

The drawings in Figs. 2, 3 and 4 will convey a clear 
idea of the machine, which consists of a stand, a base, 
two columns and a cross-piece. On the columns, which 
are threaded for part of their length, are two nuts 
which support a cross-bar forming the anvil or table of 
the machine. A worm shaft will be seen extendin 
across from one column to the other, having at one en 
a small handwheel by the rotation of which the table 
is readily adjusted for height. In the centre of the 
cross-piece, at the top of the stand, is a fine thread, 
non-rotating, screw, capable of vertical adjustment by 
a handwheel provided with a ball thrust bearing. At 
its lower end this screw carries a stirrup from which is 
hung a platform on which are placed the weights or 
the load. The main arm of the stirrup is extended on 
either hand and forked so that each end embraces one 
column of the stand, set screws being provided to 
ensure freedom, but no excess, of movement. The load 

latform is hung from this stirrup from a spherical 
ing X, which damps out any tendency to swing. 
The ball is held in the ball-holder by means of rubber 





solution, and after setting the table for 
the required height the load is carefully 
lowered on to the specimen by turning 
the top handwheel. As soon as the 
specimen takes the load the upper stirrup 
disengages, and the load is free with all 
the weight on the specimen, there being 
no parts in rubbing contact to introduce 
complications. A hardened steel anvil 
2 in. in diam. is furnished with the 
machine for which also a suitable micro- 
scope is supplied. Three ball holders 
are also furnished, for 1, 2 and 5-mm. 
balls. Levelling screws are furnished in 
the base. 
The. machine has a height of 36 in, 
and a maximum height between work table 
and the ball, when using the full load of 50 kg., 
of 8in. The work table is 74 in. by 6 in. 





Tue InstiruTion or Crvim EncGineers.—At the 
annual general meeting of the Institution of Civil En- 
ineers, held on Tuesday, April 26, the result of the 
ot for the election of officers for the year 1921-22 
was declared as follows: President: Mr. W. B. Worth- 
ington (London). Vice-presidents: Dr. W. H. Maw 
(London); Mr. Charles L. Morgan, C.B.E. (London) ; 
Mr. Basil Mott, C.B. (London); Sir William H. Ellis, 
G.B.E., D.Eng. (Sheffield). Other members of council : 
Dr. C. C. Carpenter, C.B.E. (London) ; Mr. G. M. Clark, 
M.A. (South Africa); Dr. P. C. Cowan (Dublin) ; 
Colonel R. E. B. Crompton, C.B., R.E.(T.) (London) ; 
Mr. Maurice Deacon (Matlock); Sir Archibald Denny, 
Bart. (London); Mr. W. W. Grierson, C.B.E. (London) ; 
Sir Robert A. Hadfield, Bart., D.Sc., D.Met., F.R.S. 
(London); Mr. Kenneth P. Hawksley (London) ; 
Sir Brodie H. Henderson, K.C.M.G., C.B. (London) ; 
Mr. E. P. Hill (London); Mr. G. W. Humphreys, C.B.E. 
(London); Mr. Summers Hunter, C.B.E. (Iynemouth) ; 
Mr. H. G. Kelley (Canada); Mr. C. R. 8. Kirkpatrick 
(London); Mr. F. W. MacLean (New Zealand); Mr. 
H. H. G. Mitchell, O.B.E. (India); Engineer Vice- 
Admiral Sir Henry J. Oram, K.C.B., F.R.S. (Rudgwick) ; 
Mr. Frederick Palmer, C.I.E. (London); Mr. George 
Richards, F.C.H., B.A. (India); Captain H. Riall 
Sankey, C.B., C.B.E., R.E. (ret.) (London); Sir John 
F C. Baell (London); Mr. W. A. P. Tait (Edinburgh) ; 
Mr. E. F. C. Trench, C.B.E., M.A. (London) ; Professor 
W. H. Warren, LL.D. (Australia) ; Sir Alfred F. Yarrow, 
Bart. (Hindhead). The council will take office on the 
first Tuesday in November, 1921. 
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INDUSTRIAL NOTES. 


THE meeting referred to on page 595 of our last 
issue, of railwaymen, transport workers, locomotive 
engineers and firemen, took place as announced, when 
it was decided, but not unanimously, according to 
the report, further to tighten the embargo on imported 
coal. Simultaneously, correspondence was exchanged 
on the subject between Sir Eric Geddes, Minister of 
Transport and Mr. J. Bromley, secretary of the 
Associated Society of Locomotive Engineers and 
Firemen. The latter informed the Minister of Trans- 
port that the locomotive engineers and firemen could 
not lay themselves open to the charge of blacklegging 
other workers irrespective of what the consequences 
might be. Sir Eric, in his reply, stated, among other 
points, that the object of the importation of coal b 
the Government was not, as Mr. Bromley had sugges’ 
the defeat of the miners’ cause, but the preservation 
of the health, elementary needs and even the existence 
of the people. Mr. Bromley, in a second letter to the 
Minister of Transport, confirmed his attitude, stating 
that “‘in all communities there was an esprit de corps 
which was more powerful than other considera- 
tions.” 





The report for May of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that 
owing to their own unemployment they are sending 
out over 20,0001. per week to their own branches, 
but in the circumstances they decided to give in aid 
of the miners, for the moment only, the full amount 
possible in terms of rule, i.e., 201. to each of the 61 
mining unions, a total subscription therefor of 1,2201. 





Among the latest schemes suggested for ending the 
coal strike is one formulated by Lord Londonderry in a 
letter he has addressed to his fellow coalowners in 
Durham and Northumberland ; he asks them to consider 
the amalgamation of the various coal undertakings in 
the United Kingdom. He is convinced that the nationa- 
lisation of the coal trade, the control of the mineral 
resources of the country by Government, would result 
in utter disaster, but he is convinced also that 
unless an alternative is put forward, the nationalisation 
policy will be forced upon the coal industry. He adds 
that there are over 3,000 mines in the United Kingdom, 
which are controlled by over 1,400 undertakings ; 
the organisation in districts of these mines would lead 
to reduced overhead charges and also to reduced cost 
of distribution of coal. He adds that Sir George 
Elliot put forward a similar scheme as early as 1893 ; 
the matter wes, however, dropped and, so far as he is 
aware, he is the first to raise it again. This might lead 
to a permanent solution, and one adequate to maintain 
wages and to sustain profits. Sir Arthur Duckham 
has informed Lord Londonderry that the latter’s 
scheme of area amalgamation was fully set out in his 
(Sir Arthur’s) report to the Coal Commission, 1919. 





In the meantime separate meetings are being held 
by the coal owners, the miners and Government repre- 
sentatives, with a view of working out a permanent 
solution of the most unfortunate situation. At the 
time of going to press it is anticipated that a full 
joint conference will take place this week or early 
next week, when it is hoped the permanent settle- 
ment here referred to will be arranged. 





It is satisfactory to note that, according to the 
statistics prepared by the Ministry of Labour, on 
April 30, the average level of retail prices of all com- 
modities, including food, rent, clothing, fuel, light and 
miscellaneous articles, was 128 per cent. above that of 
July, 1914, as compared with 133 per cent. on April 1. 
The decrease was mainly due to reductions in the 
prices of food. 





The Co-operative Congress at Scarborough rejected, 
on Tuesday, a proposed Labour and Co-operative 
political alliance. The National Committee of the 
Co-operative Party moved a resolution to the effect 
that the Congress should accept the constitution of 
the suggested alliance. Northern societies, to the 
number of 47, supported an amendment declining to 
ratify the terms of the alliance. The amendment was 
defeated by 1,953 votes to 1,199; the resolution was 
ilso defeated, by 1,686 votes to 1,682. 





Speaking last Tuesday, at the Conference of the 
Grand United Order of Oddfellows, which is being 
held at the Caxton Hall, Westminster, Dr. Macnamara, 
the Minister of Labour, said at the beginning of this 
month there were 2,684,600 men and women regis- 
tered as either wholly unemployed or on short time. 
But, thanks to the Unemployment Insurance Act, all 
save about 98,000 of those were getting some assist- 
ance week by week. Of course, the gravity of the 
industrial situation was deeply accentuated by the 





dispute in the mining industry, which had now con- 
tinued for 46 days. That was the dark side of the 
picture, stated Dr. Macnamara. But there was another 
side that was more reassuring. There he saw employers 
and employed getting together, joining hands in the 
endeavour to pull industry out of the morass in which 
war had left it, and on to firm ground again. In this 
connection, there were now in existence, 71 Joint 
Industzial Councils, and three and a half million work- 
people were covered by these organisations. Just now 
over the whole field of industry, employers and em- 
ployed were meeting together, either round the Whitley 
table or elsewhere, and frankly debating one with 
another the present very difficult position of their 
industries. To a d that was certainly not appre- 
ciated by the public at large, they were coming to 
friendly agreements as to how the present situation 
may best be met, Peaceful settlements were being 
arrived at, fat oe relations maintained. Nothing 
much was h about that. It was only when a 
rupture took place that the newspaper headlines were 
busy. But for every single case where breakdown was 
chronicled in startling type, he could give twenty where 
settlement was sonched withing dislocation. ‘‘ When 
I am depressed by the outlook,” Dr. Macnamara 
further said, ‘‘ I turn to this picture and am reassured. 
I see mutual respect and confidence finding a satis- 
factory solution for the very difficult and intricate 
problems of a very difficult time. We walk in the 
shadows. But blue sky is beyond. And if we all pull 
together in ‘friendship, love, and truth,’ we shall pull 
through all the sooner.” 





A meeting of the operative cotton spinners, who 
number about 50,000, was held at Manchester on 
Tuesday, to consider the refusal of the Executive 
Committee of the Amalgamated Association of Opera- 
tive Spinners to accede to the request of the employers 
for a reduction of approximately 30 per cent. on present 
day wages. (A year ago the operatives received a 
25 per cent. advance.) The meeting was private, but 
Mr. Henry Boothman, the secretary, intimated to the 
Press representatives that the meeting had affirmed 
the action of the Executive Committee. He also 
stated that a ballot on the wages question would be 
taken next week, but no date was given. 





The Ministry of Labour states that during the 
whole of April 98 trade disputes occurred, their 
aggregate duration being 24,000,000 working days. 
Reduction in wages affected 1,147,000 people, to the 
extent of 270,000/. weekly; in the case of 900,000 of 
these, the reduction followed the operation of the 
cost of living sliding scales. On the other hand, 
increases to the extent of 2,700]. per week were 
received by 18,000 people. 





“ PHYSICAL PROPERTIES OF CLAY.” 

« To THE aes Lam eye Saheatets 
1m,—In your report of the p: ings of t ysi 
Society of London, in your issue of the 13th inst., 
reference is made to my part in the discussion of Mr. 
Bond’s paper on “ The Estect of Viscosity on Orifice 
Flows,” and I notice that either the “P.D.” or my 
blackboard figures are responsible for a couple of slips. 
It is the critical pressures and not the initial pressures 
causing the disc of the clay through orifices of 
different diameters that were found to be connected 
by the law p d0-835 — 5,408 for clay containing 29 per 
cent. of water, where p is the pressure in grammes per 

uare centimetre and d is the diameter of the orifice in 
millimetres. By critical pressure is meant the pressure 
at a point where the curve connecting the pressure and 
discharge becomes nearly horizontal. 

From the similarity of the curves connecting the 
initial pressures with the diameters of the orifices 
with that referring to the critical pressures, it is obvious 
that the initial pressures obey a similar law, but so far 
I have not had time to obtain the equation to that curve, 

Yours very truly, 
Atrrep 8, E, ACKERMANN. 

25, Victoria-street, Westminster, London, 8.W. 1. 

May 17, 1921. 





“ RELATIVITY.” 
To tHe Eprror or ENGINEERING. 

Srtr,—I have read with interest Mr. Lanchester’s 
articles in your issues of the 22nd and 29th ult., and have 
to thank him for a presentation of the subject which 
cleared away for me some of the difficulties encountered 
in several perusals of the translation of Einstein’s popular 
exposition. 

It is with considerable temerity, therefore, that I put 
forward the following observation. Since the whole 
essence of the theory is bound up in an application of 
the (at least apparent) fact of the constancy of the 
velocity of light in a vacuum, independently of any 
motion of source or observer, it appears that the theory 
cannot hold if the state of the intervening medium 

source and observer is such that the velocity 
of light is a suitable function of the relative velocity of 
source and observer. Thus, if the relative velocity is 


‘wrth Swedes may Moy rylled Swing waliyr expe of be 


intervening medium might 


such that when the relative 





velocity of the source is » towards the observer, the 
actual light velocity is c — v, giving in this case an 
apparent velocity of co, i.e., the velocity of light as 
measured would then be independent (apparently) of the 
relative motion. This, again apparent y; gives us back 
the original postulate of the relativity theory, but 
actually it is not so. The eccentric shift of the point O 
for the relatively moving system would then be accom- 
panied by an assymmetric distribution of the state of 
strain of the intervening medium for that system. 
This eccentric shift and assymmetric distribution of the 
state of strain would then neutralise each other so that 
the expanding shell of light from the detonation at O 
would always appear to an observer at O on the relatively 
moving system to be spherical. This, then, appears to 
me to dispense with the need of resolving the geometric 
problem so as to find, as Mr. Lanchester says, “ some 
ition in the diagram for the moving system, which 
is consistent with an equal velocity of light in the direo- 
tion with and a — the velocity of motion and in a 
direction at right angles thereto.” In other words, 
instead of looking for a geometrical solution, it seems 
to be as valid a procedure to look for a physical one. 
Thus, the conception of a “‘ twisted space " would then 
give way to that of a medium strained by relative motion. 
I trust it will not be considered that in the foregoing 
I have been presumptuous enough to criticise the 
magnificent generalisations derived by the exponents 
of the relativity theory. My observation appears to me, 
however, perhaps wrongly, to restore the ‘nares sense *’ 
realities to their original value and to leave the “ realities 
of relativity ” as apparent only. 
Yours respectfully, 
Wa. J. WaLtkER. 
Engineering Department, University College, Dundee, 
May 11, 1921.., 





“THE USE OF LIMITS ON DRAWING 
DIMENSIONS.” 
To Tae Epitor oF ENGINEERING, 

Sir,—My letter and sketch under the head “ The Use 
of Limits on Drawing - Dimensions,” a on 
page 334 of your issue of March 18, seems to have raised 
a query as to dimensions I used to illustrate my con- 
tention. ‘I have assumed” does not enter into that, 
but what I know seems to be questioned, I t, no 
limits as to hole distances were indicated on the drawings, 
and after an “ official *’ report 1 submitted my views as 
regards limits, based on what I know’to be standard 

ractice here. ‘‘The reply of my critic on page 424 of your 
issue of April 8, is of no value in refuting my claim, 
My reference to general limits covers the point I wished 
to make. 

Why was this simple jig rejected, not once, but three 
times ? I repeat it was due to lack of limits and they 
were su ited by the writer of this letter as a solution 
for an impossible task. Absolute sizes are impossible 
problems ; even Swedish gauges have limits, and they 
are only accurate under certain conditions. 

I am, yours faithfully, 
James McIwrosn. 

2,964, Corydon-road, Cleveland Heights, O., U.S.A. 

April 28, 1921. 








COKE FOR THE FRENCH IRON INDUSTRY. 

In French engineering circles great importance is 
attached to efforts recently made to produce ee 
serviceable coke for blast furnace use from the Saar 
district coal. If this can be done, the French iron 
industry would become independent of the Rhenish- 
Westphalian coke, which, for a considerable period, has 
been mainly employed. Hitherto Saar coke has not 
proved suitable for blast furnaces, but, thanks to the 
new methods adopted, it is now said ‘to be quite equal 
to Rhenish-Westphalian coke. 

There were in the Saar and the Moselle district, and in 
the formerly German Lorraine, some nine coking plants, 
which coked high-class Saar coal, but this coke was too 
small and too friable for blast furnace use, A French 
company—Le Coke Métallurgique—with a capital of 
2,000,000 frs., was formed some time ago, and erected 
experimental stations at Hépital, in the French Moselle 
Department. Two different processes have been tested 
there. In one case, the Saar coal was combined with a 
certain percentage of anthracite, and this is said to have 

iven satisfactory results. The second method has, 

owever, attracted particular attention because it does 
not necessitate the use of any foreign coal. The experi- 
ments have been quite successful, and the coke made 
from the Saar coal possesses all the desirable character- 
istics of Rhenish-Westphalian blast furnace coke, 

It would, therefore, seem that the problem has been 
practically solved from a technical point of view. There 
is, however, the important question of cost of production, 
and it has been admitted that this is somewhat high, 
but this adverse circumstance may be counterbalanced 
by the sale of the by-products obtained. It is evident 
that French engineers look upon the coking of Saar coal 
as @ great advantage for the French iron industry in 
Lorraine, the Vosges, the Ardennes and the district of 
Pont-a-Mousson, Longwy and Nancy, 





British Watrerworks Assoctation.—This Associa- 
tion announces that its tenth annual general meeting 
is to be held at Bolton, on Thursday, June 16, com- 
mencing at 2.15 p.m. After the business proceedings 
papers are to be read and discussed, Visits to water- 
works, other works and reservoirs are on the list for the 
following Friday and Saturday. Applications should 

made to the Metropolitan Water Board Offices, 
173, Rosebery-avenue, E.C, 1. 
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THE MOTOR-SHIP’ “KANGAROO.” 


Tue lessons of experience are always valuable, 
whether negative or positive, and some changes have 
been made in the motor-ship Kangaroo, built by 
Messrs. Harland and Wolff in 1915, which are note- 
worthy. This vessel has been in continuous service 
since she was completed. The ship and her machinery 
was at the time of her commissioning fully described 
in ENGINEERING (vol. c, pages 468 and 565). Up to 
the present she has worked successfully, and returned 
recently to this country to refit and to have installed 
additional refrigerating machinery and space required 
by new duties on which she will be employed in the 
near future, by her owners, the Western Australian 
Government. This work was carried out by Messrs. 
J. I. Thornycroft and Co., Woolston, Southampton, 
under the superintendence of Sir J. H. Biles and Co., 
London and Glasgow, who were also responsible origin- 
ally for the acquisition of this motor ship by the 
Government of Western Australia. 

The principal alteration carried out in the main 
machinery concerns the fuel injection air compressors. 
Reference to the description in our former article 
will show that originally there were two twin sets 
of three-stage compressors driven by two four-cylinder 
auxiliary Diesel engines of 200 brake horse-power each, 
one of which sufficed to supply both main engines at 
full power. On the forward end of the crankshaft of 
each main engine was a fourth stage which took the 
air from the three-stage compressors already men- 
tioned, and compressed it to the fuel-injection air 
pressure of 800 lb. to 1,000 lb. per square inch. The 
new arrangement is that each main engine is complete 
with its own three-stage air compressor. These com- 
pressors are of normal design with the high-pressure 
stage on top, the low-pressure stage next and the 
intermediate pressure formed by the annulus between 
the low-pressure cylinder and the trunk guide. 
Multiple suctions are provided to the low-pressure 
stage. Control of the compressor output is not 
obtained by throttling the suction, but by blowing-off 
from the high-pressure stage to the starting air reser- 
voirs, or by draining from the low-pressure intercooler. 
The multiple suction makes for silent operation. This 
is the only alteration which has been found desirable 
to the main plant. An extra auxiliary Diesel engine 
has been added in order to supply the extra current 
called for to operate the additional refrigerating plant. 
The engine has cylinders of 12-8 in. diameter by 
17-33 in, stroke, and develops 200 brake horse-power 
at 250 r.p.m. 

As the Kangaroo is going to trade between Fremantle 
and the north-western ports in Australia, she had to be 
prepared for the carriage of cattle, chilled and on the 
hoof. The ’tween decks were fitted with cattle stalls, 
and two holds were insulated. At some of the ports, 
when laden with chilled beef, the vessel will ebb dry, 
and her sides will be exposed to a strong sun. For 
this reason additional thicknesses of insulation have 
been fitted and provision was made for carrying 
sufficient water to run the refrigerating machinery 
when the vessel is dry. 

When originally built the Kangaroo had a rudder 
of the ordinary narrow, deep type abaft the rudder 
post. It was found in navigating shallow waters, that 
with the very full water lines at deep draughts this 
rudder did not give a markedly positive turning effect. 
In order to overcome this difficulty the naval architects 
to the West Australian Government, Sir J. H. Biles 
and Co., had model tank experiments carried out on 
a rudder of novel shape, narrower at the top and 
broader at the bottom. The experimental tank was 
arranged to represent shallow water, and it was found 
that the desired effect was produced as regards steering 
without abnormal torque on the rudder stock. 
Steering trials have been carried out since the new 
rudder was fitted, when, amongst other tests, the rudder 
was put from hard over to hard over by the steerin 
engine when the Kangaroo’s engines were running fu 
astern. Turning circles were made at full power 
ahead, and the vessel was steered over shoal water and 
obeyed her rudder without any hesitation. 

Trials after the refitting of engines and ship were 
carried out from Southampton, preparatory to the ship 
sailing for Fremantle. 

During this trial the main engines, each of 850 brake 
horse-power, in six cylinders, worked extremely well. 
The exhaust was smokeless and noiseless. When 
proceeding to open water from her moorings, due to 
harbour conditions, a very large number of manceuvres 
were called for and the main engines responded 
admirably. It was observed that the engine started, 


with certainty, on a small quantity of compressed air | bolls 


at a pressure ranging from 20 to 7 atmospheres (285 Ib. 
to 100 Ib. per square inch). For lifting the rollers 
from the cams, displacing the camshaft fore and aft 
and replacing the rollers, a compressed air servomotor 
of the rotary type is used, 
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Fia. 


ALTHOUGH some parts of the United Kingdom, 
notably the North of Ireland, have been engaged for 
many years in the cultivation of flax for fibre, by far 
the greater portion of our requirements of this com- 
modity prior to the war, were imported from abroad, 
Russia being, at that time, the main source of the 
supply. The importation of flax from Russia, however, 
was stopped during the war, and as the demand for 
linen was enormously increased by the development 
of the aircraft industry, the production of large quanti- 
ties of flax in this country became of vital importance. 
The matter was taken up energetically by the Govern- 
ment, and a number of experts were appointed to study 
the cultivation and preparation of flax in France, 
Belgium, America and other countries, in order to raise 
the standard of production of the United Kingdom to 
the extent necessary to meet the requirements of the 
war. As a result of the efforts then made, the British 
flax industry was established on a very large scale, 
and it is to be hoped that it will not now be allowed 
to relapse to the comparatively insignificant propor- 
tions of pre-war times. 

The flax plant, which can be cultivated in any 
country where corn is grown, usually produces a single 
stem about /, in. in diameter and from 18 in. to 
3 ft. 6 in. in height. At its upper end are formed a 
number of short branches on which the seeds are carried 
in smal] spherical pods or bolls. The seed of the flax 
plant, is, of course, the linseed of commerce, but if 
the seed is the required product, the variety of plant 
and the method of cultivation both differ somewhat 
from those used for the production of fibre. In the 
latter case the seed is specially selected and sowh 
much closer than is the case where flax is grown for 
linseed, and the resulting fibre is finer and of a higher 
commercial value. Usually when flax is grown for 
seed the fibre is wasted, although its value is by no 
means negligible, since the operation of threshing 
tangles and damages the stems to such an extent that 
further treatment is unprofitable. If suitable pre- 
cautions were taken much of this fibre could certainly 
be saved. Harvesting is done entirely by hand labour, 
the plants being pulled up and laid in small sheaves. 
Several machines have been designed for this part of 
the work, but none has proved satisfactory on all 
classes of land. The objection to the use of an or- 
dinary mechanical reaper is that, as the knives must 
be set a considerable distance above the roots, a certain 
amount of the fibre in the stem would be lost. More- 
over, the cut ends of the stems would expose the fibre 
to the action of the weather which would have a very 
deleterious effect. 

After the flax has been stacked in the fields it is 
subjected to the opeiation of de-seeding, in which the 
are removed for the extraction of the seed. 
Several machines are available for this work, which 
must be carried out without so damaging the straw, 
as the woody casing of the stems is called, as to 
expose the fibre ;] unlessjthis is avoided the subse- 
quent operation of retting,would be uneven and much 
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of the fibre would be wasted. The object of the 
retting process is to soften the material which unites 
the fibres to the straw and eliminate the soluble parts 
so that the fibre can be readily separated. The best- 
known method of retting is to spread out the flax on 
the fields so that it is exposed to the action of dew, rain 
and drying winds, but it is also largely effected by im- 
mersing the flax in ponds or sluggish streams. The 
more modern method is, however, to employ steeping 
tanks, and with the knowledge recently acquired and 
the investigations now proceeding in connection with 
retting, it is likely that the process will be ‘greatly 
simplified and expedited in the near future. 

The only other operation necessary for the production 
of fibre for the spinning mills is that with which we 
are more immediately concerned in the present article, 
viz., that of scutching. Its object is to break up the 
straw and detach it from the fibre in the interior of the 
stems. Formerly the operation was carried out entirely 
by hand, a bunch of flax being beaten with a stick on 
the edge of a board or table. The use of scutch wheels, 
although not without drawbacks, was a distinct 
advance on the older hand method of scutching in 
that the time and labour required for the operation 
were considerably reduced. Scutch wheels, which are 
still largely employed, are composed of thin wooden 
blades mounted on a circular iron frame with a small 
space between them and rotated at a high speed. The 
operator takes a bundle of flax, holding one end in each 
hand, and brings it up against the periphery of the 
wheel which chafes and rubs off the straw, finally 
leaving a hank of fine fibre in the hands of the operator. 
In large installations it is customary, before presenting 
the flax to the action of the scutching wheels, to pass 
it through a breaking machine, and this crimps up 
the straw and breaks it into short lengths which are 
more easily detachable from the fibre. One of the dis 
advantages of this method of scutching is the dangerous 
proximity of the operator's hands to the rapidly- 
revolving blades, accidents, as might be expected, 
being of frequent occurrence. Another drawback 
is the large amount of tow, and comparatively small 
proportion of useful fibre, produced, especially when the 
flax has not been properly retted. Much, of course, 
depends upon the skill and experience of the operator. 
but there is a tendency for the intense friction of the 
blades to tear away the pieces of straw in such a manner 
that many of the fibres are broken and the loss due 
to this cause is often very considerable. 

It is, therefore, not surprising that attempts 
should have been made to perform the operation of 
scutching by purely mechanical means, and we now 
propose to describe a combined flax breaking and scutch- 
ing machine invented by M. Swynghedauw, of Motte- 
ville, France. This machine, which we understand 
has given entirely satisfactory results, is made by 
Messrs. Robert Boby, Limited, St. Andrews Works, 
Bury St. Edmunds, who are now associated with 
Messrs.. Vickers, Limited. The general appearance 
of the machine is shown by the half-tone engraving 





Pf May 20, 1921. | 





ENGINEERING. 








FLAX SCUTCHING MACHINE. 
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Fig. 1, on page 614, while Figs. 2 to 5, on this 
page, illustrate its construction and also give its main 
dimensions Referring first to Figs. 2 and 4, it will 
be seen that the main shaft of the machine, which is 
driven by a belt pulley at 125 r.p.m., runs in ball 
bearings and “carries two cast-iron discs on which are 
mounted the ball bearings for six scutching cylinders. 
These cylinders are formed of a pumber of steel blades, 
and the shafts on which they are mounted each carry 
at one end (the left-hand end in Fig. 4) a pinion which 
engages with an annular gear fixed to the frame of the 
machine. The arrangement constitutes a sun and 
planet gear, so that the cylinders rotate about their 
own axes, as well as about the axis of the main shaft, 
























































when the latter is in motion. Under the scutching 
cylinders is a concave grid formed of steel blades, 
similar to those of the cylinders, and this grid is carried 
by a spring-mounted frame which can slide in guides 
bolted on to the side frames of the machine in a radial 
direction relatively to the main shaft. The spacing 
of the grid blades is equal to that of the cylinder blades, 
and the radial position of the grid is adjusted by means 
of the bolts shown in Figs. 2 and 4, so that as the 
cylinders revolve the cylinder blades penetrate between 
the grid blades to a depth of about } in. «In practice 
the depth of penetration can be varied slightly in 
accordance with the quality of the flax being treated. 
The reason for mounting the grid frame on springs is, 








Fia. 7. 


of course, to prevent damage to the blades by the 
accidental admission of foreign bodies between the 
fixed and moving parts. 

In using the machine about 10 oz. of flax, which must 
be perfectly dry, is taken and arranged as uniform! 
as possible on a band conveyor which is equal in wid 
to the scutching cylinders, and forms‘a table in front of 
the machine. The band conveyor, which is normally 
stationary, is set in motion by means of clutches 
controlled by the levers lettered R and L in Fig. 3, 
the operator moving these levers by rare his y 
against them so that his hands are free, To feed the 
flax forward, the lever R is moved to the right, and the 
flax passes first between a pair of rubber-covered 
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feed rollers and then through a pair of breaking rollers, 
both pairs of rollers being started and stopped simul- 
taneously with the band conveyor and running at the 
same surface speed. The rollers and conveyor are 
driven by chain belting from a sprocket wheel keyed 
on to the right-hand end of the main shaft. The 
provision of the breaking rollers, of course, renders 
previous treatment of the flax in a separate breaking 
machine unnecessary. As the flax emerges from the 
breaking rollers it is gripped between wooden slats 
carried on a travelling chain belt and corresponding 
wooden bars mounted on the revolving frame i 
the scutching cylinders; an inspection of Fig. 2 will 
make the arrangement of these parts clear. Gripped 
in this way, the flax is drawn round between the re- 
volving scutchers and the fixed grid until about three- 
quarters of its length has entered, when the conveyor 
and rollers are stopped and the scutching action allowed 
to continue for a few seconds until the operator judges 
that the treatment has been sufficient. The operator 
then presses the lever L, which reverses the motion 
of the rollers and band conveyor and withdraws the 
flax from the machines against the frictional resistance 
of the scutching cylinders, grid and travelling slats. 
When the whole of the flax has been withdrawn on 
to the conveyor, the latter is stopped and the operator 
turns the flax over, placing the untreated ends foremost 
and repeating the process as above described. The 
straw stripped from the fibre by the scutching process, 
falls through the bars of the grid on to the floor below 
the machine, whence it can be removed at intervals, 
or the scutching cylinder can be covered by a stecl- 
ay hood connected to an exhaust fan, as shown in 
ig. 1, and the waste material collected by the method 
commonly employed with wood-working machinery. 
In Figs. 6 and 7 we illustrate an accessory by means 
of which the output of the machine is considerably 
increased. It consists of a light frame hinged on to the 
right-hand side of the machine, and a bundle of flax 
is arranged on this frame by a boy or girl while another 
batch is being scutched. The operator has then only 
to turn over the frame and deposit the flax on the 
band conveyor when the previous batch has been 
finished, the time that would otherwise be occupied 
in yr ay) it uniformly being saved. One assistant 
can easily keep two machines supplied in this way. 
The output of each machine, we are informed, is equal 
to that of five ordinary scutching wheels, and the 
average yield of fibre ranges from 25 per cent. to 30 per 
cent., according to the quality of the flax and the 
manner in which the retting process has been carried 
out. It should be noticed that the scutching action 
of the machine differs materially from that of the 
older scutching wheel, the rotary movement of the 
scutching cylinders being in the opposite direction 
to that in which the fiax advances. The pull on the 
fibres and the friction on the blades is, therefore, 
tly reduced, so that the fibres are not broken or 
iminished in strength. Both these points are obviously 
of considerable importance to the spinner, as well as 
to the scutcher. The machines, which can be made to 
deal with any class of flax by adjusting the grid as 
above explained, requires only 1} h.p. to drive it, 
and needs very little attention, lubrication being .un- 
paso since ball bearings enclosed in dust-tight, 
grease-filled housings are used throughout. It is, 
therefore, well suited to the individual requirements 
of a small growers, as well as for large 
plants treating the flax from a number of producers. 
In conclusion, it is hardly necessary to point out 
that the maintenance of an Brsser cong He industry in 
this country, in face of the foreign competition of normal 
times, will only be ible by the employment of the 
most éfficient machinery for all operations in con- 
nection with its cultivation and preparation that can 
be performed by mechanical means. As it is highly 
desirable, both from the agricultural and industrial 
points of view, that such an industry should be main- 
tained, we need offer no excuse for referring at some 
length to a machine for carrying out what is, perhaps, 
} = most important operation in the preparation of 
ax, 








Rotary KiLw ror CeMENT-MaAkING.—Messrs. Vickers, 
Limited, have recently completed at Barrow a rotary 
kiln for cement-making, one of several manufactured by 
them for the Associa Portlane: Cement Manufacturers, 
Limited. The kiln is in six sections. When these are 
assembled it has a total length of 202 ft.; the two 
firing end sections are 10 ft. 3 in. in diameter, the remain- 
ing sections having a diameter of 9 ft. 4} in. The kiln 
weighs 109 tons 13 owt. 





InpusTRIAL Prace.—A meeting was recently held 
at the Crystal Palace to further the project for an Inter- 
national Exhibition to be held there in September and 
October next. The object of the exhibjtion is to demon- 
strate the success which has been attained in our own 
and other countries in promoting industrial peace under 
conditions of co- ip, profit-sharing and other 
forms of welfare work. A further meeting is to be held 
in June, and meanwhile an Executive Committee is 
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ROYAL METEOROLOGICAL SOCIETY. 


THE usual monthly meeting of this society was held 
on Wednesday, the 18th inst., in the Society’s Rooms, 
70, Victoria-strees, Westminster, Mr. R. Hooker, 
M.A., president, in the chair. 

Messrs, J. E. Clark and H. B. Adames presented the 
“* Report on the Phenology of the British Isles,” December, 
1919 to November, 1920. Returns from 212 stations 
(more than double the preceding year and 80 above the 
previous highest, 1914) make the 1920 results ex- 
ceptionally complete, save for Ireland, south of 54 deg., 
and Scotland north of 57 deg. Here further stations are 
badly needed. The abnormal mildness and wetness 
up to mid-April ruined fruit tree crops through too early 
bloomi Field crops suffered through drought in May 
and June, and the cold sunlessness of July and A 
with excessive wet in the former month. After June, 
in England, the accumulated temperature above 42 deg. 
(that at which wheat will grow) fell more and more 
behind the mean till October, which by its warmth, 
sunshine and dryness gave a wonderful seeding time in 
earlier districts and helped to save crops in the later. 
We now have the mean of thirty years for comparison. 
In 1920 the four ageing flowers were, in England and 
Wales, 13} days early (Feb 27); 10 days (March 3) 
for the whole British Isles. The latter date for 1919 
was March 15. The succeeding flowers became less and 
less early, until the two of July were just average. 
From 1921 on, observers are asked to include the Devil’s- 
bit Scabious to extend our records into A t. The 
mean date of all is 8-2 days earlier, or the earliest in the 
thirty years except 1893 (14 days). The latest were 
1891 (94 days late) and 1917 (74 days). Two charts 
show by isohels, isotherms and isophenes, the relation 
between lines of equal sunshine, equal temperature and 
equal appearance of flowers. The correspondence is 
closest between the last two. Thus the average flowering 
date ranges from April 19 in the south-west, near the 
isotherm of 50 deg., to May 31 on the isophene lying 
between isotherms 45 deg. and 44 deg., 7 deg. further 
north, which represents a rate of change of six days for 
each degree. In Continental districts, European and 
North American, the rate is nearer four days. Bird 
migrations and appearances of insects confirm the plant 
records. The former were 3} days earlier than the mean 
of the seven years available. 

A second paper was read by Dr. E. J. Salisbury, 
entitled “‘ Phenology and Habitat with Special Reference 
to Woodlands.”” The observations of Klebs and Lakon 
have shown the importance of conditions of nutrition in 
determining periodic phenomena, Raun Kaier has, 
moreover, shown that earliness or lateness in foliar 
development is an hereditary character. Probably 
no less important is the influence of habitat. The 
flowering period of chalk-down plants is, on the whole, 
early, whilst that of aquatics is late, but the close relation 
between phenology and habitat is best illustrated by 
woodland plants. Here we find there is a definite 
sequence from below upwards. Taken as a whole, 
woodland species develop earlier than the non-woodland 
but this is especially true of the shade flora. The average 
date for the inception of foliar development of woodland 
herbs, which loose their leaves during the winter, is 
February 19. Many, however, retain all or part of 
their foliage throughout the “‘light-phase.”” The leafage 
of the shrubs begins about a month later (aver date 
March 19) and that of the trees towards the end of April 
(average April 21). This upward sequence and its early 
inception are clearly correlated with the diminished light 
(7 per cent. to 1 cent, of that in the open) in the 
interior of the wood from the end of May to the sooennte 
of November. Such facts emphasize the importance o 
choosing species for phenological observation po = 
to similar habitats and ing aerial and under- 
ground o of a similar nature, Further leafage 
age to be more susceptiblé to meteorological changes 
than the flowering period which is the usual subject of 
meteorological observation. 





Tue Instrrvution or WarTeR EncingEers.—The 
twenty-sixth summer general meeting of this Institution 
will be held at Hull, on Thursday to Saturday, June 


9toll. Eight papers are to be read and , and 
visits will be to works and places of interest. 
Further iculars can be obtained from the secretary, 


5, Victoria-street, 8.W. 1. 





A Meniscus Microrpsone.—In a paper 

the Ministry of Public Works, , Mr. E. B. H. 
ade describes a new kind of mi one which consists 
of a short tube plugged at one end with a rubber plug, 
through which passes a rod terminating at its outer end 
in a plate, which rests on a flexible diap This 
diaphr; is fitted with a mouthpiece resembling that 
commonly used with telephones. The other end of the 
short tube aforesaid is drawn down to a rounded point 
and pierced by a small hole. This end of the tube passes 
up through a solution of copper sulphate contained in a 
somewhat wider tube of about }in.in diameter. Matters 
are so adjusted that the open end of the inner tube just 
touches the under surface of the sulphate solution. 
A battery and telephone are connected up so that the 
circuit can be completed through the sulphate solution 
in the outer tube and thence through the hole in the inner 
tube and the sulphate therein, to a second terminal. 
When adjusted as described any alteration in the level 
of the fluid causes large c in the resistance in the 
circuit, and consequently if alterations of level are 
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actively at work on the proposal. 


produced b oad Deets See pee, ane 
speech tranemiasion the articulation is sai to be good. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Despite the coal strike and its con- 
comitant troubles, it is cheering to note that a substantial 
volume of business awaits execution as soon as pro- 
duction can be r d in anything like a normal degree. 
This applies not merely to the lighter industries, which, 
perhaps, occupy a more favourable position, but also 
to certain sections of the heavy trades. The premier 
danger is that the prolongation of the dispute may cause 
the further cancellation of important contracts, but 
even in this event current evidence clearly points to 
the fact that buyers are urgently in need of many of the 
principal engineering products, and would soon be forced 
into the market again. When basic material is forth- 
coming, substantial orders will be placed in hand for 
agricultural and textile machinery. Inquiries are 
freely circulating, particularly from India, France and 
Australia. Customers in the United States, Japan 
and China also appear to be awaiting a favourable 
opportunity to cover deferred requirements. The 
principal trouble at the moment is that steel stocks 
are apa exhausted, and until fuel and power 
supplies are available in reasonable quantities there 
is not much p t of improvement. The heavy 
engineering establishments specialising in industrial 
= are not without bookings for future deliveries. 

idespread efforts on the part of certain Colonial 
— to place their own engineering industries on a 
self-contained basis, do not seem to have affected local 
business materially. Quietude is most pronounced so 
far as new bookings are concerned in galvanised sheets, 
steel bars and wires. An expansion in requirements is 
shown in locomotives, rails and railway material. Makers 
of farm implements and garden tools, pliers, pincers, 
saws and hammers are assured of several months’ 
activity on current bookings as soon as supplies of 
semi-finished materials are forthcoming. Very little 
business is passing in ingots and billets, open-hearth 
steel, and special crucible brands. The slump in pig-iron 
production has checked the reduction in prices. 


South Yorkshire Coal Trade.—Nothing that is palatable 
can be said of current business. On all hands there is 
a heavy demand which nobody is in a position to meet. 
Colliery companies who, when the coal strike commenced, 
were in a very favourable position as regards reserves, 
have consumed such large quantities to maintain pump- 
ing and ventilating operations, that the strictest economy 
measures are necessary. Domestic users will chiefly 
suffer from the action of the miners locally in \compelling 
coal diggers at outcrop seams to cease operations. 
Neither merchants nor the corporation are in a position 
to offer appreciable relief. Railway companies and gas 
and electricity concerns are making reserves spin out 
as long as possible, but will be compelled to institute 
further economies in services unless relief unexpectedly 
arrives. The manufacturing position is almost as bad 
as it can be. Firms furnishing their own power supplies 
are the exception rather than the rule. Prices, which are 
purely nominal, are unchanged. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—For some time past there 
has been little or no business passing in Cleveland 
pig-iron, and holidays have now cau absolute sus- 
pension of transactions. The better qualities of iron 
are now ——_, scarce, but producers have still 
heavy stocks of the inferior grades. For home con- 
sumption, and for shipment abroad, No. 1 is 135s., 
No. 3 G.M.B. 130s., and No. 4 foundry is 119s, and 
upward; whilst No. 4 forge and mottled are both 

1178. 6d., and white iron is 115s. 


Hematite.—No new feature is noticeable in the hema- 
tite branch. Home customers have not been at all 
tempted by the recent 20s. cut in prices. Makers still 
adhere to their agreed on minimum prices for home sales 
of 260s. for Nos. 1, 2 and 3 East Coast brands, and 
262s, 6d. for No. 5, but they have a free hand for foreign 
trade, and many of them would readily book export 
orders at 10s. below the recognised home quotations. 


Foreign Ore.—Utter stagnation characterises foreign 
ore. Consumers have large stocks, and are not open 
to negotiate. 

Coke.—Transactions in coke are on an infinitesimal 
scale, and values cannot be fixed. 


Manufactured Iron and Steel.—There is nothing doing 
in finished iron and steel. Manufacturers report that 
their stocks have been reduced somewhat, but they still 
have ample supplies for any needs likely to arise. 
Common iron bars are 19/.; iron rivets, 26/.; packing 
iron (parallel), 12/.; packing iron (tapered), 18J. ; steel 
boiler plates, 25/.; steel ship, bridge and tank plates, 
191.; steel angles, joists and sections, 17/. 10s. ; 
billets (hard), 15J.; steel billets (medium), 14/. 10s. ; 
heavy steel rails, 151. ; fish plates, 20/.; and corrugated 
galvanised sheets, 22/. 10s. 





THERMOMETER TrEsTING tN Canapa.—The topo- 
phical surveys branch of the Department of the 
iateier, Canada, now undertake the testing of thermo- 
meters, a class of work which had hitherto to be sent to 
Kew or to smaller establishments in other countries. 


The survey department is also now equip for the 
testing of aneroids, time pieces and teks of length, 
so that Canada in these matters is now i ent. 
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NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

State of Trade.—Affairs in the industrial world of 
Scotland have now reached a very serious point because 
of the want of fuel, and only a very limited number of 
establishments can carry on for any length of time. 
Two, three and four days’ work per week is all too 
general, and everyone (not connected directly with the 
mining industry) is not only sorry for himself but also 
for the many thousands of other workers who have been 
thrown out of employment, or are only earning a 
small part of their usual weekly w The miners’ 
strike has had far-reaching effects and it will be a v 
long time before the industries of this country can er | 
up even a fair proportion of the trade which has now 
been lost. The coal trade alone will suffer severely for 
years to come, and as many of the foreign markets have 
had to depend on other sources for their coal supplies, 
the demand for British coal will not be anything like 
what it formerly was, with the result that the miners’ 
total weekly earnings will suffer in consequence. The 
textile industry, which was bad enough before the present 
crisis, and which was expected to have become much 
better by this month, is now ina very low state. The engi- 
neering trade—all branches—is being carried on with no 
little difficulty and on a reduced working week, while 
several concerns are almost closed down, Shipbuilding 
yards are managing fairly well, but many of them must 
soon stop operations. A sufficiency of steel plates and 
sections is being secured out of stock, but many other 
supplies, like fuel, are almost unattainable. Two cargoes 
of coal from America have arrived in the Clyde this week, 
one at Glasgow and one at Greenock, but these are most 
likely to be used for the essential services, but, of course, 
although unloaded by non-union labour some difficulty 
may be experienced over the question of carriage on the 
railway. The general outlook here is very black mean- 
time, but wiser counsels must surely prevail soon and 
the present deadlock be removed. To-day 1,400 volun- 
teers are at work and are well protected. 


Scottish Steel and Iron Trades.—With the pits still 
idle and the miners likewise there is still nothing doing 
in the steel and iron trades of Scotland. When this 
terrible state of affairs will end it is difficult to see, as 
outwardly the miners seem quite determined to force 
their terms. Inquiries for steel and iron are very poor 
and only small lots are going out and these orders are 
easily met out of stock. Neither shipbuilders nor 
engineers are requiring much material owing to the 
prevailing short time, and many other consumers are 
meantime quite out of the market. The trade in bar 
iron and in black or galvanised sheets is of the most 
meagre description, while export business of any kind 
is quite off owing to the Glasgow dockers’ strike. Prices, 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—In the coal trade business remains 
at a standstill. Restrictions in respect to the shipment 
and delivery of available supplies, obtained before the 
stoppage and standing on the railways, are rigidly 
enioneed, and it is only when such supplies are required 
for extremely essential requirements that permits 
authorising delivery are granted. Supplies for bunkers 
are entirely suspended. Meanwhile unemployment at 
the docks continues to increase. It will be recalled that 
the coal trimmers of South Wales were refused unemploy- 
ment benefit in view of their system of pooling their 
work and earnings. It has now been decided, after 
representations to the insurance authorities by Mr. J. T. 
Clatworthy, president of the Cardiff, Penarth and 
Barry Coal Trimmers’ Union, that unemployment 
benefit will be paid to men in sections which do not work 
in any particular week. At Cardiff there are five sections, 
at Penarth one and at Barry three, and the money earned 
by each section is pooled and divided equally amongst 
the members in the section. Under the arr ment 
work done by any men in a particular section debars the 
rest of the section from receiving unemployment pay. 
Though there has been much talk about the importation 
of foreign coal, so far as South Wales is concerned up 
to the present no local merchants have placed orders 
for the foreign commodity. 


Iron and Steel.—In consequence of the shortage of 
coal there are only a few tin-plate mills in operation, 
and business is extremely quiet. The most important 
event of the week has been another cut of 30s, in the price 
of Welsh sheet and tin-plate bars, and the present 
quotation is now 11/. 10s. per ton. This figure is still 
about 4/. per ton above the price of foreign bars, and 
there is a feeling that the associated price will fall yet 
lower. Indeed, makers in some cases have been virtually 
compelled to buy foreign bars in order to meet con- 
sumers’ ideas in respect to the price of tin plates. 
Galvanised sheet prices are round 22/. to 22/. 10s, for 
24-gauge corrugateds, with flats at 231. to 231. 10s. 
In the scrap market material is freely offered with heavy 
steel from 50s, to 75s. ; heavy steel turnings, 458, to 60s. ; 
bundled steel scrap and shearings, 50s. to 70s.; heavy 
cast-iron scrap, 3/. 10s. to 5/. 108.; and machi 
scrap from 5l. to 6/. Mixed wrought iron scrap is 
























































Contracts.—The Brightside Foundry 


Com; 
the Dar' m Forge, Limited, a large ingot mould 
weighing over 87 tons. The mould is over 15 ft. in 


length, is octagonal in shape, measuring 9 ft. across at 


and Engineering 
, Limited, Sheffield, have recently made for 





f - the widest points. It was carried on special trucks 

when quoted, show little change. constructed by the Great Central Railway Company. 
Scottish Pig-Iron Trade.—The position of things in the ve 

Scottish pig-iron trade shows no change for the better,| THE Execrric Prorutsion or  Suxirs.—The 


and no improvement of any kind can be expected so Comptroller-General of British Patents, on May 4 last 
long as the present upheaval caused by the miners h arguments by Captain W. P. Durtnall in opposition 
continues. Furnaces are all standing idle and the to the t of a patent to Messrs. Brown, Boveri and Co., 
limited demand for iron is not making any great inroad of en, Switzerland, for the use of a self-starting 
on stocks, although No. 3 foundry iron is not just so three-phase synchronous motor for the propulsion of 
plentiful as it was. The latter is priced at 8J. 5s. per ton | Ships. Captain Durtnall also opposed the — of 
for home consumption and 2s. 6d. more for export, | ® patent to the Oerlikon Company of Zurich, for step- 
but there is really nothing doing in the latter connection, | by-8tep motor-operated switch gear in connection with 
as shipping is largely laid up meantime. No.1 grade |@lectric ship propulsion. Both applications were con- 
is called 8/1, 108, per ton, ex works, but all prices are tested on the grounds that the “Paragon” system 
inclined to get stiffer, as it will be some time after the es pe nae af cy ay ne -— 
strike is over before new supplies will be available. an apparatus for whic were soug 

ad ” he already in use. The Comptrolle -General reserved 

decisions. 








Tue Soctete pes INGENIEURS CIvILs DE FRANCE.— 
A meeting will be held in France of the British Section 
of the Société des Ingénieurs Civils de France, extendi 
from June 18 to 24. This meeting will not be conned 
to members of the French Society, but those of British 
Engineering Institutions will be welcomed. The pro- 
gramme includes a tour to Verdun, Longwy, Briey and 
Homécourt, Hagondange, Metz, Nancy, &c., at all 
of which works of interest will be visited. A conversazione 
will be held in Paris on Thursday, the 23rd, and on the 
24th the meeting will terminate with an ordinary meeting 
of the whole Institution. Further merge may be 


obtained from Mr. H. Sloog, 45, t Marlborough- 
street, London, 


FvEL For INTERNAL-ComBuUsTION ENGINES.—We are 
informed that an experimental consignment of the new 
patent alcohol fuel “ Natalite,” ig to arrive at the Port 
of London next week from South Africa, per the ss. 
Cluny Castle. This fuel, which we described under the 
above title in a former issue (see ENGINEERING, vol. cix., 
page 150), has been manufactured and has been in 
eo use in South Africa for four years ; it is now also 

ing produced in East Africa, India and Australia. 
The above consignment is the first to reach this country, 
and it is being imported under special permit given by 
pone Mae on = S Customs oe It is Ay be used 
ex: y for demonstration and experimen’ urposes, 
It is that tests already made have own that 
“N ite’ will give as good a mileage as petrol; it 
is also said to be superior in many other respects to 

rol as a fuel for motor cars, aviation engines and motor 
ats. 





PREssURE Losses From Arm Pires in Mines.—Some 
experiments on pressure losses and | from com- 
pressed air pipes were recently made in the collieries 
Helene and Amalie, near Essen (Gliick Auf, Agel 16 last). 
Che pipe system in the former colliery a of 
36 km. (22 miles), and the pipe diameter is 125 mm. 
(5 in.); the pipe length in the latter mine is 35 km., 
and the pipe diameter 100 mm. (4 in.). In both cases 
the pressure was raised, by piston pumps, to 5 atmo- 
spheres and maintained at that figure for 3 hours while 
pressure measurements were taken at various points. 
‘he compressed air is utilised for haulage, pe | &., 
and for ventilation at special points by fans and by air 
jets. The leakage in the Helene mine amounted to 
37-6 per cent. of the total; the machines absorbed 
25-8 per cent., the fans 15-7 per cent. and the air jets 
20 per cent. In the Amalie mine, which was tested a 
fortnight later than the other mine, the leakage was only 
24-4 per cent. > difference is ascribed mainly to the 
improvements made in the pi yey b teste 
in the former mine. The signs all dated trom the war 
period ; the joints were only packed with paper, and the 
valves were of inferior quality. There was little loss 
in the various machines ; but the air jets were found 
wasteful, and are being replaced by water jet-ejectors. 





British ENGINEERING StTanpaRps.—The 
i ing Standards Association have recently issued 
five small octavo apeets on material employed in the 
construction of rolling-stock. These are numbered 
Parts 1, 2, 3, 4 and 6, and are sections of the original 
Specification No. 24. They deal ively with 
rolling-stock axles, tyres, laminated, volute and other 
springs, steel forgings, steel plates, angles, &c. Except 
in the case of crank axles in which the maximum per- 
centage of sulphur and phosphorus is restricted to 0-04, 
the permissible percentage for these impurities has been 
raised to 0-05. Another modification permits the use 
of basic open-hearth steel in alternative specifications 
for axles, tyres, springs, boiler plates, &c. A uniform 
method ing bend tests on axles, blooms and 
forgings, has been adopted. Part 5 omitted from the 
above relates to copper plates, tubes, &c., and has not 
been altered from the report of 1911. The several parts 
may be obtained for 1s. 2d. post free, from the Associa- 
tion’s Office, 28, Victoria-street, S.W. 1, or Messrs. 
Crosby, Lockwood, Stationers’ Hall-court, E.C. 4. 


British 





NOTICES OF MEETINGS. 


Tue Royat Insrrrvrion or Great” Brrrain.— 
Afternoon lectures, at 3 p.m.: Tuesday, May 24, Mr. 
Edward Clodd, J.P., on “ Occultism: Its Origin and 
Development’ (Lecture II); Thursday, May 26, Mr. 
Ernest Law, C.B., on “The Architecture and Art of 
Hampton Court Palace: (II) In Stuart and Later 
Times”; Friday, May 27, at 9 p.m., a discourse will be 
delivered by Me. A. Mallock, F.R.8. The subject is 
“Elasticity”; Saturday, May 28, Mr. Francis iligions * 
M.R.I., on “ Gnosticism and the Science of igions "’ 
(Lecture IT). 

Tue Institution or Exscrricat ENGINEERS.— 
Wednesday, May 25, at 6 p.m., Wireless Section Meeting 
at the Institution of Mechanical Engineers, Storey’s 
Gate, Westminster, 8.W. A discussion will be opened 
by Mr. C. F. Elwell, Member, on “ Long-Distance Wire- 
less Transmission.” 


Tue Roya Society or Arts.—Wednesday, May 25, 
at 8p.m.: Ordinary Meeting, “‘ Some Effects of the War 
on Industrial Unrest,”” by Mr. Charles M, Wilson, M.D., 
F.R.C.P. Sir Robert A. Hadfield, Bart., D.Sc,, D.Met., 
F.R.8., Vice-President of the Society, will preside. 
Friday, May 27, at 4.30 p.m.: Indian and Colonial 
Sections (Joint Meeting), ‘‘ Industrial (including Power) 
Alcohol,” by Sir Charles H. Bedford, LL.D., D.Sec., late 
Chemical Examiner to the Government of India. 


Tue InstrrvuTiIon or MercnanicaL ENGINEERS.— 
Friday, May 27, at 6 p.m., Special Meeting at the 
Institution, Storey’s Gate, St. James’s Park, 8.W. 
Lecture on “ The World’s Money System,” by Mr. J. G. 
Graves, of Sheffield. 


Tue Junior Institution or Enoinerrs.—Friday, 
May 27, at 8 p.m., at Caxton Hall. ‘‘ Notes on Electrical 
Transformer Breakdowns,” by Mr. 8. A. Stigant, Member. 





Sywruetic Resins aND VaRnisHEs.—The British 

i and Allied Industries Research Association, 

19, Tothill-street, S.W. 1, is actively interested in 

the manufacture and use of electrical insu- 

lating materials made from synthetic resins and varnishes, 

having the well-known heat-resisting characteristics 

associated with some of these materials. It invites 
communications on the subject. 


~ 


InTeRNaTIONAL RusBer Exurisrrion.—The fifth 
International Exhibition of Rubber, other tropical 

roducts, and Allied Industries, will be opened at the 

oyal Agricultural Hall, Islington, on June 3 next, 
and will continue until June 17. The exhibits will include 
rubber manufactured articles, rubber working machinery, 
tropical raw materials and their manufactured products 
pane other articles of kindred nature. We understand 
that already some 40 British and foreign countries, 
and over 50 associated firms have secured space. The 
organising manager is Mr. H. Greville Montgomery, J.P. 








FaILure oF a Conpurr Surrtyine a Swiss Hypro- 
Execrrio Station.—In connection with the electrifica- 
tion of the St. Gothard Railway, a power station was 
constructed in the valley of the Tessin, which derives 
its supply from Lake Riton. The duit ting 
the | with the power station includes a tunnel section. 
The strata through proved to be of a somewhat 
unsound character, but it was —_—) that water tight- 
ness could nevertheless be ensured by lining the tunnel 
with concrete grouted up solid with the backing. On 
starting-up the station, however, so much leakage 
developed in this tunnel section that the works had to 
be shut down, and they can now only be operated under 
the greatly-reduced head of 10 metres of water, instead 
of the 45 metres as originally intended. 








ManvuracTuRE oF HypROGEN FOR THE AMMONIA 
SynTHEs1s.—In the Comptes Rendus of April 18, Georges 
Claude points out that he attempted to make use of 
“h ression ”’ (up to 1,000 atmospheres and more), 
adop' also in his system of hydrogen manufacture, 
because the hydrogen plant of German ammonia works 
formed a large and e ive portion of the whole, His 
intention is to start from coke-oven gas or some other 
gas rich in hydrogen and carbon monoxide, In the 
experiments described he mix- 
tures of hydrogen and carbon monoxide, however, 
without referring to other gases, the d 
would complicate the separation. The novelty in his 
process is not the hyperpression—which he found un- 
necessary—but the use of an organic solvent for the 
gases; ether proved the most suitable solvent. He 
charged a steel tube of a one. of 150 cub. om., with 
the compressed mixture of H and CO, 20 cub. cm. 
of ether into it, and cooled the lower ion of the tube. 
As the pressure was raised the solubility of the hy 
in the {i uid increased, whilst the solubility of the CO 
y aches che a little; the ratio of the solubilities CO/H 
tended to become constant, and at a temperature of 
— 50 deg. C. a favourable solubility ratio was obtained 
even at the relatively a pressure of 100 atm — 
In this way he ydrogen contai only 0-2 per 
cent. of CO. ydrogen proved more soluble in ether at 
+ 20 deg. C. than at — 40 deg. C., the opposite 
for carbon monoxide, At the pressure of 1, 
atmospheres the 20 cub. cm. of disappeared, the 
ether being dissolved in the gas and the solvent was 
essentially the carbon monoxide, not the ijadgen. 
When CO was alone present, the ether disappeared 
at a pressure of 350 a . This was one of the 
unexpected and curious observations made by Claude. 
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STAIR-STRINGING MACHINE. 














Fia. 1. 


Tue illustrations annexed show a simple machine 
suitable for a great variety of woodwork of the lighter 
kinds, such as drilling, recessing, shaping, working 
inside or outside edges of straight, circular or irregular 
mouldings, chamfering, grooving, cutting housings in 
string boards for stairs, panel raising, slot-mortising, 
&c. The main frame of the machine consists of a 
heavy hollow standard carrying a high-speed belt- 
driven spindle as shown in the illustrations. The 
distance from the centre of the spindle to the frame 
is 18 in., and the maximum distance from the chuck 
to the table is 13 in. Holes up to 4} in. deep and 
14 in, diameter can be bored from the solid. The table 
of the machine measures 28 in. by 15 in. and has 
movements in both directions. A rack and pinion 
gear gives a longitudinal travel of 22 in., while the 
transverse travel of 9 in. is effected by means of a 
screw and hand wheel. The table top is provided with 
tapped holes for fixing fences and clamps, and the table 
itself can be raised or lowered 6} in. by means of the 
large screw and hand wheel beneath it. 

The spindle runs in dustproof ball bearings, and is 
carried on a balanced sliding sleeve operated by a 


hand lever which acts through a rack and pinion gear. | 


The sleeve may be locked in any position. Two 
spindle speeds, namely, 4,000 r.p.m. and 2,000 r.p.m., 
are provided, the two speed pulley at the head of the 
machine being carried on ball bearings mounted on a 
fixed sleeve, so that the pull of the belt is not taken by 
the spindle itself. 

Referring to the illustrations, Fig. 1 shows the 
machine grooving with a solid saw. Loose screwed 
spindles are furnished to suit grooving saws up to 
6 in. diameter. The fence illusirated, which can also 
be supplied by the makers, is very useful in many 
kinds of work besides straight grooving. In Fig. 2 
the machine is shown with an attachment provided to 
facilitate circular or radius work. This device consists 
of a table 15 in. square, fitted with a hand-operated 
spring plunger which engages with suitable holes in 
the main table. This upper table, to which the work 
is cramped, may be rotated relatively to the main table 
in such a way that any desired radius up to 6 in. may 
be worked. Fig. 3 shows the machine engaged in 
cutting housings in string boards for stairs, The 
attachment used consists of a hardwood table with 
an adjustable ledge to which a pointer is fixed. This 
table is pivoted at the string nosing and is slightly 








MACHINE ARRANGED FOR GROOVING. 























Fic. 2. 


MACHINE DOING CURVED WorRK. 























Fic. 3.. Macutne Curtine Strinc Boarps. 


rotated to an adjustable stop after the straight cut 
has been made, to obtain the taper for the wedges. 
Stops are provided to limit the length of the cuts. 
The only setting out required is to mark the pitch 
of the treads on the edge of the board, then, after each 
has been cut, the board is moved forward in the attach- 
ment until the next mark is in line. with the pointer. 
The whole of the work can be done by a boy. 

The makers of the machine, which was shown at the 





recent Building Trades Exhibition at Olympia, are 
Messrs. Wadkin and Co., of North Evington, Leicester. 





Tue Scrence ScHo.arsuirs OF THE Boarp oF Epvca- 
1s0N.—The Board of Education has issued a draft 
set of regulations for scholarships and other awards 
in science for the year 1921. Copies, price 1d., can be 
obtained through any bookseller or direct from H.M. 
Stationery Office. 
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WAR DEVASTATION OF MINES IN NORTHERN FRANCE. 


(Fer Description, see page 604.) 
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Fic. 10. Dourcrs CoLtiery; Heap Works oF No. 2a SHAFT Fie. 13. Dovurces Cottrery; Heap Works or Darcy S#arr 
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Fic. 11. Dourcrs Cottiery; Heap Works or No, 2a SuHart Fic. 14. 


DourcEs CoLtigery; Heap Works or Darcy SHart 
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Fic. 12. Dovurces Cottrery; Heap Works or No, 24 Suart Fic. 15, Dources Cottrery; Heap Works or Darcy Suart 
AFTER DESTRUCTION. AFTER DESTRUCTION. 
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WAR DEVASTATION OF MINES IN NORTHERN FRANCE. 


(For Description, see page 604.) 























Fic. 16. CourrterES CoLurery ;:!No.:5 SCREENING PLANT. Fig. 17. Courrreres Cottiery; No. 12 Ventimatinc PLANT. 




















Fic. 19. CourrierReS CoLLIERY; PitT-HEAD PLANT, SHart No. 9. 
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Fic. 20. Covurrteres CoLtrery; Winpinc Piant, Sarr: No.'6. Fic. 21.: CourrrerREsS CoLLiery; Borer Hovse. 





(To face page! 605. 




















May 20, 1921. = 


ENGINEERING. 


619 








AGENTS FOR “ « ENGINEERING. ¥ 


AvsTRaLia: Gordon and Gotch, Limited, Melbourne ; erences! 
Brisbane ; We Angusand Robertson, L mited 
——~ ° S.W. T. Willmett and Co., Towns- 

lie, North Queensland. W. C. Rigby. Adelaide, 

South Australia. Melville and ullen, Mel- 
bourne, Victoria. 

Be.teium, Brussels: BE. F. Satchell, 86, Rue du Tabellion. 

CanabDa, Toronto, Ont.: Wm. Dawson and Sons, Ltd., 87, Queen 
Street East. 

BprxsurGH : John Menzies and Co., 12, Hanover-street. 

FRANCE, Paris: Boyveau and Cheviilet, 22, Rue de la Banque. 
For Advertisements, Agence Havas, 8, Place de 
la Bourse. 

Gtaseow : William Love. 

Inpia, Calcutta: Thacker, Spink, and Co., Bombay: Thacker 
and Co., Limi 

Itaty: U. Hoepli, Milan. 
p en Libraria Italiana, Torino. 
And any post office. 

LIvERPOOL: Mrs. Taylor, Landin, ng eee ate 

MANCHESTER : John Heywood, 1 

New Zea.tanp: Gordon and Gotch Pro) _. Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Christiania : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RoTrERDAM: H. A. Kramer and Son. 

Sours AFrica: Central News Agency, Limited, Head Office— 
Johannesburg; and Pretoria. Cape Town, Port 
Elizabeth, oem fontein, Durban, and their 
various branches and bookstallis throughout South 
Africa. Also Wm. Dawson and Sons (South 
Africa) Ltd., 29 and 31, Long Street, Capetown. 

TasMaNiI4: Gordon and Gotch Proprietary, Limited, Laun- 
ceston : Hobart. 

UNITED STATES: For Subscriptions, New York: W. H. Wiley, 

, Fourth Avenue, 

For Advertisements, J. S. Allan, 30, Church- 
street, New York. 


ADVERTISEMENT “RATES. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence of 
the necessity for going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received on the Friday 
previous to the day of publication. 

The charge for advertisements classified under the Headings 
of Appointments Open, Situations Wanted, Tenders, &c., is 
four shillings for the first four lines or under, and one shilling 
per line up to oneinch. The line averages seven words. When 
an advertisement measures an inch or more the*charge is 12s. 
per inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be guaranteed. 
Terms for displayed advertisements on the wrapper and on the 
inside pages | be obtained on application. The es are 
12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all prac- 
ticable regularity, but absolute regularity cannot be guaranteed. 


SUBSCRIPTIONS, HOME AND FOREIGN. 
REVISED RATES. 


“ENGINEERING” may be ordered from any newsagent 
in town or country and at railway bookstalls, or it can be 
supplied by the Publisher, post free, at the following rates, 
for twelve months, payable in advance :— 























For the United Kingdom  .......ccssssesseseee 28 50 
For Canada— 
Thin paper copies £2 18 6 
Thick poe POT COPIES......00eececereeeees £3 30 
For all other p abroad— 
Thin paper copies ..........0..sseeee+ £23 30 


Thick paper COpieS.........-0+++++00++ 
All accounts are payable ~- ** ENGINEERING,” LIMITED. 
Cheques should be crossed ** The National Provincial and Union 
Bank of England, Limited, Charing Cross Branch.” Post- 
=, Gers should be made payable at Bedford Street, 
tran 


Offices for Publication and Advertisements 
35 and 36, Bedford Street, Strand, London, W.C.2. 


TELEGRAPHIC} “ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 
CONTENTS. 
Pace PaGe 








The Master Shipwrights of 
the 16th and 17th Cen- 
CERFERD  cccencedcnsescscccntuiceese 603 

The Devastation of France 
GIES ansueosavetemnndianninnens 604 

The Iron and Steel Insti- 
CULE corccvccrcccrcrscrescoercesees 

Mechanical Reduction 
Gears on Warships eee 
Merchant Ships (JWus.).. 

Small - Ball Sis = li 
Testing Machine (IUus.) 61: 

Industrial Notes 61: 





** Relativity ” 
“The Use of Limits on 
Drawing Dimensions” 613 
Coke for the French In- 
dustr 
The 





Notes from Cleveland and 
the Northern Counties... 616) 

Notes from the North ..... 617 

“=. from the South- 


17 
Notices of Meetings......... 617 


Solid Solution of Oxygen 
16 | Titus.) een 621 torpedo may run at the surface or at any depth 
a Cupric ltchiag Effects 

hos 


Recessing, Housing and 
Stair Stringing Machine 





NOD ici hetbatstlasttonnubhe 618 
Warship Design and Tor- 

pedo Attack ... 619 
The Railways Bill... — 
The Commercial Art of 

COREE coco ccccccccccccancocoee 621 
The Danish Industrial 

Sitwation.......cesccccesccccsces 621 
Scottish Water Power 

Schemes (Illus.) ............ 622 
WARSD - coocscencocccncees +» 623 
Literature ......... 


Books Received 
The Late Mr. 





( illus indepperctanbenieumnenten 625 
Industrial Standardisation 
of Engineering and 
Allied Products ............ 625 
The Uehling COg Recorder 
626 


in Trom (TUU8.) ...c00-+--000e+ 
roduced by phorus 
and Oxygen in Lron (JW.) 628 
Some Recent Develop- 
ments in it Steam 
Turbine Practice yg 630 
yo Patent Re- 
COPE (TUUB.)  ....cceeereeseeeee 633 


With Four One-Page Pilates of the WAR po Spm ys es OF 
MINES IN NORTHERN FRANCE. 





NOTICE. 


A few months ago the Proprietors of “ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to 1s. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
ls. 24. per copy, and this price dated from and 
included the issue of Friday, April 2, 1920. As the 
postal rates have been again increased, the price 
etetnats copies sent by inland post is now Is. 2jd. 








NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will 
not have copies for chance customers; therefore 
readers who wish to be sure of obtaining “ ENGI- 
NEERING” each week should place an order for 
the J ournal with a newsagent or bookstall clerk. 


NOTICES OF MEETINGS. 


Notices of Meetings to ‘to take place during the 
present and next week will be found on page 617. 





ENGINEERING. 


FRIDAY, MAY 2, 1921. 


WARSHIP DESIGN AND TORPEDO 
ATTACK. 


Tue problems associated with warship design, 
and especially those relating to protection against 
torpedo attack, are again exercising the minds of 
all interested in the subject, in view of the fact 
that four new capital ships are about to be laid 
down to take the place of obsolescent ships in 
the British Navy. Under these circumstances 
it is of interest to review the question in the 
light of recent experience and controversy. It 
will be remembered that Sir Philip Watts has 
in two successive years, at the Institution of 
Naval Architects, raised the question of the pro- 
tection of battleships against torpedoes. He stated 
that all the Dreadnoughts, battleships and cruisers 
up to and including the Queen Elizabeth, were 
designed to be safe against the explosion of two 
torpedoes in any position, and sufficient stability 
was provided in each case to ensure the vessel not 
capsizing from loss of stability due to the flooding 
of compartments. Two battleships, the Audacious 
and Marlborough, and one cruiser, the Inflexible, 
were seriously damaged by torpedoes or mines ; 
the Marlborough was able to fight on and arrived 
in the Humber 37 hours after she had been tor- 
pedoed. The repairs necessary were subsequently 
speedily effected. 

Sir Eustace Tennyson D’Eyncourt, the present 
Director of Naval Construction, stated that the 
Marlborough was the only battleship of the past 
Dreadnoughts that was torpedoed during the war, 
and the value of the longitudinal bulkheads and the 
subdivision and arrangements adopted was clearly 
shown, as the ship was able to remain in the line, no 
vital damage being done. Sir Eustace also men- 
tioned that vessels of the “ Royal Sovereign ” 
class were provided with good under-water 
protection, which in certain of the ships was rein- 
forced by adding outside bulges. These bulges 
were originally fitted in the “ Edgar” Class, after 
considerable experiments had been made. He 
further stated that results had proved the efficiency 
of the bulges. 

Sir Philip Watts, in the discussion on this paper, 
whilst approving of the addition of bulges for ships 
actually built, submitted that there was no advantage 
in providing such bulges in the design for the new 
ships, but asked the question : “‘ What is the shape 
and construction which provided most protection 
against torpedo attack?” He pointed out that a 


below the surface ; if it could be compelled to run 
so as to hit near the ridge of the bulge, the bulge 
would be justified, whereas if it hits below this 
ridge the forces of the explosion would be directed 
inwards by the upper plating of the bulge against 
the vitals of the ship instead of being allowed to 
escape upwards. The internal protection seems to 





be about the same in the two cases. As to — 
alone, he concluded that there was no advantage in 
the bulge-shaped side over the ordinary side. He 
pointed out that in the bulge-sided ship it was very 
difficult to adopt any means to prevent a torpedo 
from exploding before it reached the side of the ship. 
Sir Eustace d’Eyncourt, in reply, stated that the 
bulges had proved successful in resisting the attack 
of torpedoes. In the old ships the bulge formed a 
complete protection, and when the bulges were hit 
by torpedoes some of the hits were near the top and 
some near the bottom, and some at the centre of 
the bulge. In all cases adequate protection was 
given. The bulge, too, keeps the protective 
structure external to the ship proper; gases due 
to the explosion are vented in the air immediately 
above the bulge. 

Sir Eustace d’Eyncourt, in his paper in 1920, 
read at the meeting of the Institution of Naval 
Architects, on H.M.S. Hood, stated that the torpedo 
protection consists of the bulge arrangement with 
an outer compartment of air and an inner one 
specially strengthened with the bulkheads, which 
renders the ship as safe from attack against tor- 
pedoes under the water as she is against gun attack 
above water, and that the bulge fitted to the Hood 
was different to that fitted to the earlier ships, as 
proved by a series of experiments by Professor 
Hopkinson. He also stated that trials have shown 
that the Hood can receive the blows of several 
torpedoes and still remain in the line without 
serious loss of speed. Sir Philip Watts, in discussing 
this paper, said that the Hopkinson device was pro- 
posed by Lord Kelvin in the Warship Design 
Committee of 1905, but Lord Fisher considered the 
weight prohibitive. Two longitudinal bulkheads 
between the outer side and the bulkheads were 
effective, provided air spaces were fitted between 
them to be filled with water to take up the forces 
of the explosion, the bulkhead adjoining the 
machinery spaces having protective plating for 
stopping the fragments driven in by the explosion. 
The Hood was made of sufficient beam to have the 
wing spaces wide enough for sufficient protection. 

Sir Philip Watts thought that the structural 
arrangements of the wing spaces in the Dread- 
noughts were practically the same as in the 
Hood, though not so wide. Between the out- 
side plating of the bulge and the side plating 
of the machinery compartments there are two 
longitudinal bulkheads, the space between them 
being as in the Dreadnoughts. The only struc- 
tural difference was the longitudinal hollow 
along the Hood’s side near the water line, 
on account of which the part below is called a 
bulge, and the two longitudinal bulkheads are not 
quite vertical. He further stated that the bulge 
is not an additional structure. It is a part of the 
whole as existing in all other Dreadnoughts; the 
bulge does not take the place of a torpedo net. 
He suggested the use of plate shields outside the 
hull, which would destroy the torpedo before it 
reached the ship; these shields could be instantly 
got rid of if desired, but could only be conveniently 
stowed and carried on a ship without bulges. 
Sir Eustace d’Eyncourt replied that the explosion 
on a ship with a bulge takes place outside and does 
not destroy the stringer and sheer strake, which is a 
distinct point gained. The bulge is free from the 
disadvantage of a shield, which seriously reduces the 
speed and is difficult to handle. Sir Philip again 
returned to the question at this year’s meeting of the 
Institution of Naval Architects, in discussing 
Sir Eustace d’Eyncourt’s paper on German battle- 
ships. 

It will be seen, therefore, that there is a distinct 
issue between the present and the earlier Director 
of Naval Construction as to the value of bulges. 
The actual amount of material used for protection 
against torpedo attack seems to be very little 
different in the case of the Hood and the Queen 
Elizabeth ; the former having a bulge and the latter 
vertical sides. There is no doubt that the outside 
of the bulge is farther away from the vitals of the 
ship in the case of the Hood than in the Queen 
Elizabeth, but in order to obtain this the ship has 
to be made much broader. This advantage of the 
Hood over the Queen Elizabeth is not due to the 
bulge, but to the extreme beam of the ship. A 
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recent correspondent to The Times has pointed out 
that the Baden, the German battleship which Sir 
Eustace was comparing to the Royal Sovereign, 
was 10 ft. wider, so that it would seem as if the 
Germans had appreciated the benefit of greater 
beam, but had availed themselves of it without 
adopting a bulge form of construction. There 
is no doubt that the German ships withstood a great 
deal of damage without sinking, and that they were 
attacked by both guns and torpedoes very severely. 

Sir Philip Watts and Sir Westcott Abell have 
recently contributed to this discussion in T'he Times, 
and both have called attention to the necessity 
for the provision of sufficient beam to ensure 
adequate stability should the side protection be 
defeated, and both are of opinion that the best 
way to ensure this stability as well as to obtain the 
protection by the best available construction of the 
side is a matter which deserves the most careful 
consideration. Sir John Biles has also contributed 
to The Times discussion without entering into the 
relative merits of the bulge or vertical side. He has 
followed up the views expressed by him at the 
Institution of Naval Architects, and has reminded 
the authorities ‘‘ That a policy of secrecy adopted 
deliberately to avoid criticism is likely to be harmful 
to the country and to the science of naval design as 
well as those who practice it,” and he urges that the 
design of the new British capital ships may well be 
referred to a suitable committee for consideration, 
to the satisfaction of all concerned. 

From the summary we have given above of the 
views of the present and late Directors of Naval 
Construction it will be seen that nearly all that can 
be said for and against the bulges in public discussion 
has been said and it is not easy without more detailed 
information, such as could be placed before a com- 
petent committee, to reach any reliable conclusion. 
The bulges undoubtedly were a satisfactory way 
of adding to the stability of existing ships, whose 
stability was deficient. The bulges also keep the 
point at which the torpedo exploded further away 
from the vitals of the ship. Whether this is the 
best way to give the ship the necessary stability and 
protection seems to us to be sufficiently in dispute 
to necessitate a thorough investigation of the ques- 
tion by a competent and independent committee. 
The protection of our battleships from torpedo 
attack is of vital importance so long as we rely on 
these battleships for our naval defence. Sir Philip 
Watts thinks that we should go farther than we 
have done and that portable shields should be 
carried. Undoubtedly, if they can be successfully 
carried they will afford another and a powerful line 
of defence. The matter is bristling with intricate 
technicalities, but no harm can be done by, and good 
is likely to follow, a thorough investigation. With- 
out doubt such an investigation can only be made 
by considering the whole designs of our recent 
battleships, and a committee which could do this 
would have to be similar in character to Lord 
Dufferin’s Committee of 1870 and Lord Fisher’s of 
1905 on Warship Design. 





THE RAILWAYS BILL. 

Tue long-promised Bill intended to settle the 
future of the railways of this country has at last 
been laid before the House of Commons. The 
first feeling produced by it will probably be one of 
relief that the disastrous state of suspense of the 
last two years is now in way of being terminated. 
The next will also be relief at finding that several 
of the suggestions of Sir Eric Geddes’ early plans as 
set forth in the famous White Paper of June last, 
have been jettisoned, while mature consideration 
will probably convey the opinion that the Bill errs 
on the side of too much regulavion. It has hitherto 
been accepted, and admittedly with some justice, 
that a form of State control over the railways has 
been advisable. Precisely how far this should extend 
beyond that exercised in the case of any other 
essential to existence it is difficult to say, but in 
this country generally we have ever been averse to 
State interference beyond the indispensable mini- 
mum. The excuse for regulating the railways is 
based on their so-called monopoly, which, although 
no Official recognition is allowed, is daily becoming 
less and less of a fact. We do not wish to dwell 
unduly on this point which we have raised several 





times in these columns, but it seems rather anoma- 
lous that a service which can be organised by the 
Government to meet effectively, as it is claimed, 
a state of national emergency due to a railway 
strike, should otherwise be officially considered to 
be so ineffective as to constitute in no sense com- 
petition tending to destroy the so-called railway 
monopoly. We believe the time will come when the 
whole question will have to be reviewed in the sense 
of equal treatment for all. At present traders 
who are apt enough in making complaints against 
the railways in order to extort regulations to their 
advantage, have no hesitation in accepting the 
benefits which the rival state-subsidised motor 
services can offer. This is perhaps only human, 
but it isn’t cricket. 

The Bill now being introduced must be regarded 
from the present point that some regulation is 
necessary, and we believe that a very fair measure 
of assent has been given to it by both the rail- 
ways and the traders, though certain details will 
doubtless have to be modified in some respects 
in its passage through the House of Commons. It 
is rather an agglomeration. in that it mixes up 
State regulation with the question of the post-war 
settlement, and also with that of conditions of 
employment. The second of these is, in our 
opinion, a matter absolutely distinct in itself, and 
should have been settled as such, instead of being 
used in striking a bargain with regard to the 
future. In fact, the tone of the recent Colwyn 
debate suggests that this settlement has been the 
means of bringing pressure to bear upon the rail- 
ways to accept otherwise unpalatable conditions. 
If this be a fact it is much to be regretted. 

The provisions of the Bill divide themselves into 
several main headings, of which the more important 
deal with the proposed grouping system, the 
regulation of the railways, rates questions, and 
wages and conditions of service. The idea that the 
position of Minister of Transport might be abolished 
is clearly not held by the introducer of the Bill, 
which provides for his existence at least for some 
time ahead. It will soon be seen whether this 
will receive approval, or whether the functions of 
the present ministry might not be preferably 
transferred to a department of the Board of Trade, 
with advantage to the country. It will, according 
to this Bill, be the Minister of Transport who, in 
1922, will consider the amalgamation schemes put 
up by the groups of railways. The grouping pro- 
posals are virtually a development of the movement 
which was afoot before the war among the com- 
panies themselves, to work more closely together 
with a view to operating economy, which, it will be 
remembered, was so strenuously, and we may add 
senselessly, opposed at the time that the combines 
were abandoned. The recent amalgamation of 
the London and North-Western and the Lancashire 
and Yorkshire Railways is, of course, a develop- 
ment of the type which has been frequent in the 
past, for not one of our large lines is anything but 
an amalgamation of smaller systems The imme- 
diately pre-war schemes, however, were of a rather 
different character, not so much concerned with 
securing unified through routes, but with a view 
to eliminating waste and overlapping. This is now 
officially sanctioned in the grouping system. In 
fact, the Bill goes further, for if the companies do 
not agree among themselves, on the lines officially 
laid down, an agreement, which they will be com- 
pelled to adopt, will be come to for them by a 
tribunal. 

The two main changes now proposed, from this 
section of the White Paper of June last, concern 
the Scotch systems and the North-Eastern Group. 
The North-Eastern and the Hull and Barnsley were 
placed by Sir E. Geddes in a group by themselves, 
for exactly what reason probably no one but the 
North-Eastern officials and the Minister of Transport 
clearly understood. The railway claimed that its 
operating conditions made it unique, and that 
it was unfair to make it amalgamate with lines 
very different in character. In the end the 
through route idea has prevailed, and the North- 
Eastern Group merges into that consisting of the 
Great Northern, Great Eastern and Great Central 
Railways, and it is proposed that this group shall 
serve the eastern and central sections of the country 





between the Thames and Tweed, as the North- 
Western and Midland, &c., will serve the western 
side. Then, again, this idea of continuity has 
now been allowed for in Scotland, and instead of, 
as formerly proposed, making the whole of the 
Scotch systems into one group, the East Coast 
English system has a Scotch group with which it can 
directly co-operate, as has also the West Coast 
route, the former being the North British Group and 
the latter the Caledonian. The East Scottish Group 
includes the North British Railway and the Great 
North of Scotland, but the West Group will consist 
of the Caledonian, Glasgow and South-Western, 
and Highland Railways. None of the divisions is 
strictly geographical as the systems interlace. 
It is rather strange that power should now be 
sought to compel, by law, the railways to adopt 
measures of bringing about operating economies 
which a few years ago they were condemned for 
seeking. It rather suggests that the railway 
officials are more far-sighted than our legislators, 
and the inference is, of course, that natural amalga- 
mations such as were then planned might well 
prove more satisfactory in the end than com- 
pulsory combines at the dictation of Parliament, 
on terms arrived at by an outside tribunal. 

The proposals of the Bill on questions of rates 
follow very closely the report of the Rates Advisory 
Committee which was recently referred to in these 
columns. The idea is now to make rates more 
elastic than hitherto, which is all to the good, and 
to ensure to the companies what is to be known as 
a standard revenue. This is to be based upon the 
earnings of 1913 plus certain additions and allow- 
ances. This will tend to keep returns on railway 
capital at what is now considered a rather low 
value, but the fact that it will be practically secured 
may furnish some recompense. Any excess upon 
this standard revenue was, it was first proposed, 
to be paid into a development fund to be adminis- 
tered by the State for improving facilities in approved 
districts, &c. The development fund has wisely 
been dropped. The companies did not see why they 
should contribute to the extension of the facilities 
of a rival undertaking at the caprice of a Government 
department. Much the same idea underlies the 
present objection to the national coal pool which 
the Government has repeatedly stated it would 
be unfair to enforce. In place, therefore, of the 
development fund, to which the ever-ready traders 
also formulated a series of objections, excess above 
standard revenue is to go 20 per cent. to the com- 
panies as increased revenue, and 80 per cent. in 
reduction of rates. The highest possible revenue 
of the railways due to efficient operation is therefore 
again strictly limited. The manner in which this 
reduction of rates will be secured is, of necessity, 
rather complicated, and a time lag in its operation 
cannot well be avoided. It is fairly clear how it 
is intended to work for goods traffic, but not so 
clear whether or how it will function with regard to 
passenger traffic. 

The main departure in the present proposals 
regarding conditions of employment from the 
scheme of June last is the abandonment of the 
plans for working-men directors. This proposal, 
which was at first hailed with delight by the leaders 
of the Labour Party, and was regarded by the 
railways as an unreasonable interference on the 
part of the Government, has now been given up as 
the employees seem to have thought better of it, 
and the proposers alone remain its friends. From 
the Bill and a covering memorandum we gather 
that the Government has very reluctantly aban- 
doned this somewhat socialistic experiment which 
the companies have opposed as not conducive to 
discipline. The reason for the employees failing 
in the end to support it is not quite clear, but it 
looks as if it were once again a case of preferring 
some degree of power without sharing responsibilities. 
A great deal has, in the past two years, been said 
about the putting cards upon the table and taking 
the employees into confidence with a view to 
allaying unrest. In the present case, although 
certainly the companies never welcomed the director 
scheme, even the employees have thrown it over and 
have, we understand, independently approached 
the companies with the object of arriving at an 
agreed scheme. This, in face of these facts, the 
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ference to its own proposals. 

The multiplicity of authorities instituted or 
involved in the carrying out of the Bill may be 
gathered from the following: There is, of course, 
the responsible Minister, and the Board of Trade. 
The first new body will be the Amalgamation 
Tribunal, to be composed of Sir H. Babington 
Smith, Sir William Plender, and Mr. G. J. Talbot. 
The Railway and Canal Commissioners will be able 
to regulate the services given by the companies to 
what they think requisite to the public needs, 
and even order alterations, extensions and improve- 
ments, of a limited character. Rates will be con- 
trolled by a Rates Tribunal of permanent members 
and two panels of additional members. Appeal 
from this tribunal will be to the Railway and Canal 
Commissioners. There will also be a Central 
Wages Board of officials and men, and a National 
Wages Board to include users of the railways, to 
which appeal can be referred. There will also 
be councils for the separate railways composed of 
officials and employees. The machinery is certainly 
more complicated than anything we have had in 
the past, but the arrangements have, we are told, 
satisfied the men and the traders, and therefore 
ought to presage a brighter future for the companies. 
This is not quite sound as an argument. When 
the men have had the first picking, and the traders 
have subsequently extracted a good deal of 
nourishment, the bone is to be left, it is true, to the 
shareholders in a condition which will, we admit, 
keep them from starvation ; but will this be inviting 
enough, as the Government hope, to induce that 
investment of new capital without which the rail- 
ways certainly will not progress ? 








THE COMMERCIAL ART OF CASTING. 

AN article appeared on page 558 of our issue of 
May 6 entitled “‘ The Casting of Metals,” in which 
attention was drawn to several points of very real 
and general interest to those who are engaged in 
this class of work. The points which it is now pro- 
posed to elaborate briefly are (1) that dealing with 
the question as to whether casting was a science or 
an art and (2) the inaccessibility and unreliability 
of scrap and rejections figures in this country. 

With regard to the first, making castings for sale, 
as at present done the world over is, whatever may 
be said to the contrary, a commercial art. Were 
commerce and “‘ making a living” in no way con- 
cerned casting might, with time and the expenditure 
of (commercially) altogether disproportionate sums 
of money, be kept within the limits of observation 
and error usually permissible in a purely scientific 
undertaking. The point can be better made and 
ideas generally more precisely fixed by taking a 
particular type. Professor Turner took some 
U.S.A. figures regarding aluminium as reliable and 
useful and probably did not give British bronze 
and brass figures as, assuming their reliability, they 
would still require a great deal of qualification and 
explanation before affording a sound comparative 
guide. Let us then fix our ideas with the smaller 
types of steel castings ranging in sizes approximating 
to those usually found in brass and bronze practice 
and designed to end as castings and not as the basis 
for forging and rolling operations. 

The defects they suffer from are due (as with most 
metals) to faults (a) in the metal as poured, (b) in 
the sand it is poured into, and (c) in the work other 
than selection and milling and drying done in con- 
nection with the sand previous to its receiving the 
metal. Steel is chosen because in (c) and (b) the 
difficulties are largely enhanced by the high tempera- 
ture. 

(a) commercially renders casting an art because 
of the staff which would be required to test at 
sufficiently short intervals the uniformity, quality 
and effect of the slags, finishing metals, finishing 
slags, and raw materials; but light steel castings 
imply small furnace charges and the running charge 
described above could only appear as a reasonable 
percentage of the cost of the steel to be poured if 
— large quantities were filled into ladles at a 
ime. 

Assuming, however, all that this implies was 
achieved for reasonable cost, (b) for its exact control 


would require a staff almost as large and quite 
separate, for short time interval would be the 
essence of exact control. The difficulties here 
would be the siliciousness and size of grain of the 
new sand, a point varying in itself with the size and 
type of casting; the nature of the binder and its 
variation depending on the first point, the sieving 
and milling depending on both these points; the 
condition and porosity of the backing sand; and 
the moisture in the case of green sand moulds (now 
fairly general). The last is the only point which 
could easily be determined frequently and quickly. 
If the first two could be done with the same expedi- 
tion and the over fine in the old sand removed really 
quickly, the make up of fresh sand in almost all steel 
foundries could be very greatly reduced. But to 
do all that the above really implies would require 
quite expensive plant and a much larger scientifi- 
cally trained and (comparatively) expensive staff 
than most small steel casting foundries could afford 
to provide. Having got over (a) and (b), however, 
(c) appears to be only a matter of conscience and 
inspection; but really in addition to that most 
artful characteristic it implies about four times 
the floor space and boxes usually carried besides 
a crane and transport system (probably impossible) 
to cope therewith. 

The foregoing considerations should be sufficient 
to show why casting must, for a very long time at 
any rate, remain an art, and they serve to introduce 
the reason why comparative scrap figures are, 
usually without any dishonest intention, unreliable 
or misleading. Foundries with a great variety of 
design and size of patterns always in work must 
necessarily have a much larger output of scrap 
(other than “discard,” gates and risers) than those 
who work on a limited number of patterns and those 
not all of different design. Then some foundries 
pour till slag appears and list the few castings, 
thus failing as scrap; others do not do this, and 
others again would not list such castings if they did. 

Where much work is by hand, judgment and 
closing errors will appear; where most is by 
machine, less skill and conscience will produce 
faults; and both these causes of scrap will be 
accentuated where (as in all live foundries) there 
are learners. Finally, a foundry employed on a very 
diverse assortment of small steel castings will 
probably be doing very well if it maintains a con- 
tinuous scrap output from all causes except “ dis- 
card,” of under 10 per cent. ; but in this country, 
at least, only those foundries which, owing to the 
fewness of types dealt in, have a scrap loss of under 
about 5 per cent. will come out into the open and 
admit the facts. 





THE DANISH INDUSTRIAL SITUATION. 

ALTHOUGH a neutral country during the war, 
Denmark has suffered, and to a certain extent is 
still suffering, as acutely as many of the late belli- 
gerent countries from post-war industrial and finan- 
cial conditions. During last year the situation was 
extremely critical; and although there has since 
been an improvement in certain directions, the 
economic position of the country as a whole is 
still by no means satisfactory. During 1920 the 
balance of trade was heavily against Denmark, 
and as a result her currency depreciated consider- 
ably as compared to that of other countries with 
whom the bulk of her trade is conducted. In the 
course of that year the rate of exchange was pro- 
gressively against her, the depreciation in the value 
of her currency being particularly marked in rela- 
tion to that of Britain and America—the only two 
countries which to-day provide anything approach- 
ing a stable basis for financial comparison. Between 
January and October, 1920, the value of the kroner 
decreased from -051l. to -040/., and in comparison 
with American currency from -196 dol. to +137 dol. 
One of the most hopeful features of the present 
economic situation of the country has been the 
rapid recovery which has taken place since the 
autumn of last year in this respect, the rates at 
the time of writing having appreciated again to 
-046/. and -181 dol. respectively. 

The fundamental cause of the heavy trade 
balance against Denmark during last year, with 
its depreciation of currency, may be found 








in the fact that the value of her exports did not 





increase in the same ratio as the cost of her imports, 
while another factor of considerable importance 
was the heavy importation of fuel. Denmark is 
largely an agricultural country, and is compelled 
to import most of her fuel. During the war, while 
the value of her agricultural exports only increased, 
as regards price, some 300 per cent., the cost of 
imported coal increased nearly 1,000 per cent. 
This enormous increase in the cost of imported fuel, 
coupled with the fact that stocks during the early 
part of 1920 were considerably depleted and that 
there was a widespread anxiety as to future sup- 
plies which led to somewhat excessive buying, 
naturally accentuated the adverse trade balance 
during that year, and was in part at least respon- 
sible for the critical position in which the country 
found itself towards the autumn. 

The engineering and allied trades of Denmark 
suffered, on the whole, less acutely from the crisis 
than certain other industries, but it cannot be said 
that their prospects for the future are any too 
bright. The high prices of coal and of raw materials 
and the increased wage bills make it difficult for 
Danish manufacturers to compete against foreign 
producers who are more favourably placed in 
respect to these matters. Competition from 
Germany has become very effective during recent 
months, particularly in certain specialised lines. 
Brass rods, for example, have been offered by 
German manufacturers at prices which practically 
represent the copper value of similar rods made by 
Danish firms. Cheap German coal and labour, and 
the utilization of war stores of metal, probably 
explain the extremely low prices which Germany 
is able to quote for this commodity. 

Manufacturers of machinery of all kinds have 
been, on the whole, fairly fully employed during 
the past year. The shipbuilding industry also 
maintained a satisfactory level of activity, although 
considerable difficulty was experienced in obtain- 
ing raw materials. At the present time, however, 
the industry is embarassed by the cancellation ot 
orders for new ships which has resulted from the 
recent slump in freights and the general stagnation 
of shipping. There is little except repair work to be 
had, and newly-established or recently-extended 
yards will probably find a difficulty in obtaining 
sufficient work to keep their plant fully employed. 

The branch of industry that would appear to be 
in the most satisfactory condition is that which 
dea's with the manufacture of electric motors and 
dynamos. Of these there has been no inconsider- 
able export both to Sweden and Norway, and also 
to other markets, while there is also a considerable 
demand in Denmark itself, where small electrical 
motors are much used in agricultural districts. In 
this connection it may be mentioned that great 
interest is being evinced in the development of 
electricity in the country. At present the large 
electric power stations on the islands are mainly 
driven by steam engines, turbines or oil engines. 
On Jutland, however, efforts are being made with 
some success to harness water power, while in other 
cases plants have been installed in which peat can 
be used as fuel. In some of these latter cases the 
farmers have made arrangements whereby electri- 
city is delivered to their farms from the high tension 
systems in return for peat delivered by the farmer 
to the power station. The general question of the 
further development of the use of electricity is 
attracting the interest both of the Government 
and of such institutions as the Chamber of Manu- 
facturers. Schemes are under discussion for the 
generation of electricity by means of windmills, 
and also for a more complete utilisation of the water 
power available. It is further suggested that 
electricity might be transmitted from one or other 
of the great water-power stations of Norway or 
Sweden to some point on the coast of Jutland, 
whence it could be distributed over the peninsula 
and linked up with already-existing local power 
stations. The realisation of this scheme would, 
it is admitted, be exceedingly expensive in view of 
the length of submarine cable required, but its 
advocates maintain that it would be economically 
sound so long as the price of coal in Denmark 
exceeds 50 krs. per ton. As the present price is 
something like twice this figure, and as there 
seems no immediate prospect of any material 
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reduction, it would seem probable that this scheme 
has a fair prospect of being carried through. 

Although up to the end of last year financial and 
economic conditions in Denmark were extremely 
unfavourable, there has been, during the early 
months of the current year, appreciable improve- 
ment in many directions, and signs indicative of 
improved conditions are not wanting. The most 
hopeful of these signs, as previously mentioned, has 
been the improvement in the rate of exchange of 
the kroner, while in addition to this there is every 
prospect that the adverse trade balance may be 
less heavy during the present year than it has been 
during the past two years. British manufac- 
turers have, in the past, found in Denmark a profit- 
able market for their commodities, and if the indus- 
trial revival which is confidently anticipated in 
some quarters should materialise, firms in this 
country will be offered an opportunity which might, 
perhaps, be exploited to their advantage. 








SCOTTISH WATER POWER SCHEMES. 

[ny December, 1920, two draft Provisional Orders 
entitled ‘‘ Lochaber Water Power” and “ Grampian 
Electricity Supply ” were lodged with the Secretary 
for Scotland. It was subsequently directed that 
both measures should proceed as private Bills. 

The Lochaber scheme is a revival of a scheme 
promoted in Session 1918 by the British Aluminium 
Company, Limited. The draft Order of 1918 pro- 
posed to utilise the waters of Loch Laggan and Loch 
Treig (which naturally flow down the course of the 
River Spean, reaching the sea at Fort William) for 
the development of power at a new factory at 
Kinlochleven, adjoining the existing factory of the 
British Aluminium Company, Limited. This pro- 
posal aroused keen resentment on the part of the 
Burgh of Fort William and other authorities in 
Inverness-shire, resulting in the manifestation of 
strong opposition on the occasion of the second 
reading of the substituted Bill in the House of Lords. 
The Bill was thereupon withdrawn. 

The present Lochaber scheme, which is virtually 
promoted by the British Aluminium Company, 
Limited, provides for the erection of the new factory 
at Fort William. Further, a small proportion of the 
power developed is reserved for other local industries 
and these and other provisions have secured the 
support of the successful objectors to the scheme 
of 1918. It may be remarked that the scheme of 
the Bill now passing through Parliament embodies, 
with certain additions, one of the nine Scottish 
schemes recommended by the Water Power 
Resources Committee appointed by the Board of 
Trade in 1918, with Sir John Snell as chairman. 
It is now proposed to utilise the yield of a total 
catchment area of 303 sq. miles, comprising the 
waters of Loch Laggan, Loch Treig, certain tribu- 
taries of the River Spean and the River Lochy, 
and the headwaters of the River Spey. This 
catchment area is shown stippled on the map 
annexed; the average annual rainfall over the 
whole area is probably fully 70 in. The magni- 
tude of the new scheme may be indicated by 
comparison with the existing Blackwater scheme 
developing power at Kinlochleven. The Black- 
water catchment area is only 62 square miles, but 
it must be added that the head at Kinlochleven is 
about 900 ft. as against 700 ft. which will be 
available at Fort William, and that the 1ainfall is 
also rather higher. The proposal to divert into 
Loch Laggan water from 674 sq. miles of the catch- 
ment area of the River Spey was strenuously 
opposed by the Spey Fishery Board during six days’ 
proceedings before a House of Coramons Committee 
presided over by Sir Harry Samuel. Eventually 
agreement was reached on the footing that the 
abstraction of River Spey water is to be limited 
to the excess over a flow of 40,000,000 gallons 
per day. The promoters were assisted by the 
fact that a report made in 1918 to the Board 
of Agriculture for Scotland recommended a diver- 
sion of the head waters of the River Spey to 
Loch Laggan as a means of mitigating the serious 
flooding to which the Spey Valley is at present 
subject. In connection with this point the Commons 
Committee stipulated that the carrying capacity 
of the diverting conduit to Loch Laggan should by 


increased by 75 per cent. or up to 1,600 cub. ft. 
per second. The Bill now goes forward as an agreed 
measure. 

The scheme is based upon the conversion of 
Loch Laggan and Loch Treig into storage reservoirs. 
The overflow level of the Loch Laggan reservoir has 
been fixed at 820 ft. above ordnance datum and it 
may be drawn down to 804 ft. above ordnance 
datum, giving a capacity of 1,403,000,000 cub. ft. 
At the dam at the west end of Loch Laggan elaborate 
provision will be made by means of sluices and 
siphons for the discharge of flood waters into the 
River Spean. Loch Laggan reservoir will be con- 
nected to Loch Treig reservoir, which will have the 
great range of 124 ft. (between 819 ft. and 695 ft. 
above ordnance datum), giving a capacity of 
7,837,000,000 cub. ft. The formation of Loch Treig 
reservoir involves a considerable diversion of the 


and Sir Alexander Binnie, Son and Deacon, West- 
minster. The estimated cost of the project is 
nearly three million pounds. 

The Grampian electricity supply scheme was 
stated to be intended to provide for the supply of 
electricity, at low rates of charge, within the counties 
of Perth, Kinross and Forfar, and certain parts of the 
counties of Inverness, Argyll, Stirling and Dum- 
barton, and there was at least newspaper mention 
of the Highland Railway Company as a possible 
consumer in connection with the suggested electri- 
fication of part of their line. It was proposed to 
utilise the yield of a large catchment area lying 
generally east of the Lochaber catchment area. 
Five widely separated generating stations were 
contemplated, the principal one being on the shore 
of Loch Rannoch, where power was to be developed 
from water stored in Loch Ericht. The average fall 























West Highland Railway. From Loch Treig the 
water will be conveyed by means of* a pressure 
tunnel, partly 15 ft. and partly 16 ft. in diameter, 
to a surge chamber on the hillside above Fort 
William. The pressure tunnel will intercept the 
flood waters of streams crossing its route, by means 
of intakes at levels higher than the top water level 
of Loch Treig reservoir, thus permitting such flood 
waters to be either utilised at the turbines, or stored. 
The surge chamber at the head of the lines of steel 
pipes to the turbines is intended to be about 80 ft. 
in diameter and 200 ft. deep, and will be cut out of 
the solid rock. The power house and factory will 
be situated on the south side of the River Lochy, 
at sea level, just outside the burgh of Fort William, 
and the factory will be connected by a railway to a 
new pier to be constructed out to deep water in the 
arm of the sea known as Loch Linnhe. 

The average net available head at the turbines 
will be nearly 700 ft., giving an average develop- 
ment of 72,000 electrical horse-power. However, 
the works will be constructed so that over 100,000 
electrical horse-power can be developed when 
sufficient water is available. This provision of 
spare carrying capacity and plant will effect the 
utilisation in a wet year of water which would, 
without the provision of hopelessly uneconomical 
storage, otherwise be wasted, and is an important 
element of the scheme. The manufacture of alu- 
minium is an industry in which such variation of 
output can be conveniently arranged, and, the 
process being a continuous one, the advantage of 
a high load factor is obtained. Subject to the 
restriction mentioned in the case of the River Spey 
the promoters are not under any obligation to give 
compensation water, which is a very valuable 
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from Loch Ericht reservoir to Loch Rannoch would 
have been about 500 ft. Embankments were to be 
constructed at both ends of Loch Ericht and the 
reservoir was to have a range of about 110 ft. The 
natural catchment area of Loch Ericht is relatively 
small and into it was to be diverted the yield of a 
large catchment area on the right bank of the River 
Spey, and also (here conflicting seriously with the 
Lochaber scheme) the waters of Loch Pattack. 
No fewer than 48 intended “ works” were specified 
in the draft Order, and it is believed that the pro- 
moters had in view future extensions of the scheme 
under which power would be developed at successive 
stations down the course of the River Tay, the final 
station being a few miles above Perth. In view 
of formidable opposition from various quarters the 
measure was withdrawn before the committee stage 
in either House, but it is understood that the 
promoters intend to submit a modified scheme to 
Parliament next session. The engineers of the 
Grampian scheme were Messrs. Mott, Hay and 
Anderson, Westminster, and Signor Angelo Omodeo. 





NOTES. 
Tae Institution oF ELEcTRICAL 
AND A CHARTER. 

THE growing aspiration towards some more 
definite standing for the members of the engineering 
profession receives its latest illustration in the 
proposal that the Institution of Electrical Engineers 
shall apply for incorporation under a Royal Charter. 
The matter is to be considered at a special meeting 
of the Institution on the 3lst inst. A Charter of 
Incorporation has in the past been obtained by more 
than one of our technical institutions, and such 
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advantage in the modification of by-laws and 
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procedure which it has involved, and it is of interest 
to note that in the draft Charter which has been 
prepared by the Institution of Electrical Engineers, 
as illustrating the charter they desire, power to 
alter the by-laws subject to the approval of the 
Privy Council has been postulated. As against any 
disadvantages of rigidity incorporation under a 
Royal Charter would improve the standing of the 
Institution. The draft Charter also proposes that 
corporate members of the Institution shall be 
entitled to the exclusive use of the designation 
“‘ Chartered Electrical Engineer.” It is apparently 
not yet decided if any attempt shall be made to 
employ the word “ Chartered” in connection with 
the initials signifying membership—M.1.E.E., &¢.— 
but as a period of six months after the Charter is 
granted is proposed for the formulation of the first 
by-laws under the Charter, the matter may pre- 
sumably be determined later. 


Petro, ExPLoOsION ON AN Orn TANK BarGE. 


The Home Office have just published the report 
of Mr. G. Stevenson Taylor, O.B.E., on the disastrous 
explosion which occurred on the oil barge Warwick 
at Millwall on September 24 last. The barge in 
question belonged to the Anglo-American Oil 
Company, Limited, and had an overall length of 
79 ft. by 21 ft. beam. The tank was capable of 
holding 150 tons of petrol and had shortly before 
the explosion been used to convey 42,000 gallons 
of motor spirit from the Thames Haven depot of 
the company to Silvertown. As the owners had 
decided to effect some alterations in the bulkheads 
in order to comply with the latest specifications of 
the Port of London Authority, steps were taken to 
clean the tank thoroughly, preparatory to handing 
it over to the contractors who were to make the 
alterations. To this end a workman properly 
protected by a modified diving suit was sent into 
the tank. This workman pumped out about 19 
gallons of petrol, and subsequently mopped up all 
splashes of liquid petrol which he could find. The 
tank was next steamed for 3 hours, with the object 
of evaporating off any residue that might be left. 
This steaming apparently was imperfectly accom- 
plished, and as no inspection was made subsequent 
to the steaming, the real state of the tank was not 
discovered before work on it was commenced. 
This work involved the use of an acetylene torch, 
which ignited the mixture of air and petrol vapour 
in the tank and caused a very violent explosion, 
in which seven men were killed and four injured. 
The reporter recommends that immediately before 
work of this kind is commenced on vessels which 
have contained petrol, an inspection should be made 
by an expert, who should be required to certify 
in writing that the petrol vapour has been thoroughly 
cleared away. 


Tue INTERNATIONAL RatLway ASSOCIATION. 


As already recorded in these columns, the organ- 
isation known before the war as the International 
Railway Congress has been re-formed under the name 
of the International Railway Association. The new 
name is an improvement as the word Congress is 
apt to be taken to refer to an institution of 
transient interest, whereas the countries forming 
part of this international association remain per- 
manently organised. The body first took form in 
1885, and subsequent congresses took place in 1889, 
1892, 1895, 1900, 1905 and 1910. It is to be noted 
that until 1905 Germany stood out of the Congress, 
but having been admitted in that year, the congress 
for 1915 was planned for Berlin. This, of course, 
never took place, though some of the written con- 
tributions intended for it have been published. 
In the association as re-formed since the war, the 
Central Powers and Russia, &c., have at present no 
part. It is proposed to hold the next congress of 
the Association in Rome, in 1922, and the reporters 
will for the most part be the same, as will also 
be the subjects, as arranged for 1915. In some 
cases new reporters have been secured. We are 
not able to go at length into these details, but we 
may say that for Section I, on Way and Works, 
the reporter for Great Britain for construction of 
road bed and track is Mr. E. F. C. Trench, of the 
London and North-Western; for maintenance he is 
Mr. C. J. Brown, C.B.E., of the Great Northern 
Railway ; Mr. W. W. Grierson, of the Great Western 





Railway is taking charge of reinforced concrete. In 
Section IT, on the Economic Use of Steam on Loco- 
motives, Mr. G. J. Churchward, of the Great Western 
Railway, is responsible for English-speaking coun- 
tries. Mr. G. Hughes, Lancashire and Yorkshire 
Railway, is undertaking the same task for bogies, 
springs and axles of locomotives. The subject of 
passenger carriages will be in the hands of Mr. R. W. 
Reid, of the Midland Railway. In the matter of 
electric traction this country and Holland are being 
jointly reported on by Mr, van Loenen Martinet, 
of the Netherland State Railways. In “operation,” 
all English-speaking countries are under the care 
of Mr. A. 8. Baldwin, of the Lllinois Central Rail- 
road ; a similar arrangement holds for goods stations 
for which subject Mr. H. G. Kelley, of the Grand 
Trunk System, is reporting. For slow goods traffic 
the British reporter is Sir H. A. Walker, of the 
London and South-Western Railway. Sir Henry 
Fowler, K.B.E., of the Midland Railway, will, we 
believe, lay before the Congress a note on the subject 
of studying the use of liquid fuel. The association 
represents some 260 administrations working about 
227,619 miles of line. No administration operating 
less than 100 km. (62 miles) of line is now admitted 
to the association. It will be observed that the 
organisation is a large one in its reconstituted form, 
and its work is thus sure to be of the same interesting 
character and thorough nature as before the war, 
for most of the large systems are represented in it, 
and it is from these as a rule that reliable information 
and progressive ideas are derived, if only for the 
reason that the larger systems are better equipped 
than the smaller, both financially and otherwise, 
to experiment and test out new systems. 

Some War DEVELOPMENTS oF EXPLOSIVES. 

In a Royal Institution discourse recently, 
Sir Robert Robertson, Director of the Government 
Laboratory, Clement’s Inn, dealt with some of the 
developments which took place in connection with 
explosives during the war. He took the example 
of an amatol-filled shell and explained the meanr 
for ensuring its complete detonation. The “ graze- 
fuse,” with its detent of only 20 grains weight, its 
centrifugal bolt, graze pellet, capsule and needle, 
he explained, sent a spit of flame down a small bore, 
to set fire to the detonator and detonate the tetryl 
in the gaine (sheath), a strong steel tube. Under- 
neath the gaine was a bag of trinitrotoluene crystals, 
also confined in a steel tube; this tube was sur- 
rounded by a layer of pure T.N.T. cast in position, 
and this annulus finally exploded the main filling 
of the shell. All these columns of materials were 
subject to “ set-back” owing to the acceleration 
of the shell, which increased the force acting on a 
fuse of 24 lb. weight to 11 tons. To mitigate the 
set-back, the columns should be short, and the 
sensitiveness of the materials and the pressures they 
developed had to be determined. In these studies 
the “‘ pressure-bar apparatus ” of the late Professor 
Bertram Hopkinson had first proved of great value ; 
various special designs of this apparatus had been 
worked out by Mr. H. Quinney (formerly Professor 
Hopkinson’s assistant) in Sir Robert’s laboratory. 
The principle of the apparatus depends upon the 
firing of a charge against the front of a horizontal, 
cylindrical bar ballistically suspended. The result 
is that a wave of compression travels to the far end 
of the bar to be deflected there as a wave of tension. 
At the far end, a short length of the bar (the time- 
piece), is separate, but fixed in place by the aid 
of a film of vaseline. The compression wave travels 
unchanged across the joint into the time-piece, but 
the tension is not transmitted. When, therefore, 
the amplitude of the reflected tension wave, reach- 
ing the joint, becomes greater than that of the on- 
coming compression wave, the time-piece is pro- 
jected off the end of the bar with a momentum 
depending upon the pressure exerted by the explo- 
sion and the time taken by the wave to traverse 
the time-piece. This momentum is measured 
by catching the time-piece in a hollow cylinder, 
suspended as a ballistic pendulum in the line of 
the bar. The velocity of the propagation of 
the wave through steel being known, the mean 
pressure exerted during an extremely small time 
interval (about 1/200,000 second) can be calcu- 
lated. The apparatus thus resolves momentum 
into its factors, time and pressure. By using a 





succession of time-pieces of different lengths (from 
4 in. up to 4 in.) the maximum pressure (300 tons 
per square in.), the mean pressure over various 
intervals, and the time of a complete oscillation can 
approximately be determined. As no material 
would withstand these pressures, a degrader, a 
pellet made up of magnesium carbonate and asbestos, 
is interposed between the explosive and the end 
of the bar. With the aid of instruments on this 
principle the influence of confinement, density of 
loading, &c., were studied, and it was found that 
a small air gap of 4 in. between the gaine and the 
end of the bar reduced the active pressure from 300 
tons to 220 tons per square inch. It was also 
proved to what extent nitrate of ammonium 
mixed in the amatols with T.N.T. in proportions 
of 80: 20 or 40: 60, was in itself an explosive. 
It had first been added to supply additional oxygen 
for the complete combustion of the T.N.T. 
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Wireless Telegraphy and Telephony: First Principles, 

Present Practice and Testing. By H. M. Dowserrt, 

M.1.E.E. London: The Wireless Press, Limited. 

1920. [Price 9s.] 

THE interest attaching to wireless installations 
grows with such rapidity and the demand for in- 
formation is so keen, that, however large the number 
of treatises published, the market far from. being 
overstocked, seems able to absorb this abundant 
literature. The problems to be discussed are so 
many and so constantly changing, the preliminary 
knowledge possessed by the readers so various, 
and, let us hope, steadily progressive, that each 
book probably finds its own clientéle, and there is 
little interference or overlapping. The particular 
object that the author designed this book to fulfil 
is to supply a connecting link between the elementary 
treatise and the specialised text book, and particu- 
larly to be used as a sequel to other works which 
he has published on this subject. 

Like many other writers the author thinks it 
necessary to start with a description of the 
mechanism of the atom, and ventures further than 
most, for having his own original views which convey 
to his mind something definite and simple, he is 
able to supply diagrams, which he believes, and no 
doubt correctly, will satisfy the ‘‘ non-mathematical 
mind,” and provide a satisfactory explanation for 
electro-atomic processes as exhibited in the therm- 
ionic valve and similar apparatus. Accordingly, 
we have suggestive pictures of the trapping of an 
electron by a positively charged atom, of the 
translational motion of an atom, of chemical 
combination, in which ‘one atom enters another, 
“either by a forced shrinkage of the smaller or an 
extension of the larger.” Mr. Dowsett is, of course, 
perfectly justified in giving his conception and 
illustrating the mechanism of his “‘ electron vortex- 
atom,” by which chemical and electrical phenomena 
are achieved, but he should at the same time give the 
evidence on which he has built his elaborate schemes. 
The danger is lest the “‘ non-mathematical mind ”’ 
confuses conjecture with demonstration, and believes 
that the secrets of the atom have completely yielded 
to the attack of successful experiment. There is, 
too, the further, but less important danger, that the 
mathematical mind, mistrusting the competency of 
the theory to explain the few known facts and 
legitimate inferences, may fail to examine the 
after chapters that contain much excellent practical] 
material. To be finished with any remarks of 
disapproval we may say here that we think the 
illustrations of methods and mechanism are too 
exclusively drawn from the Marconi practices and 
designs ; Alexanderson, Goldschmidt, and a few 
others get occasional mention, but Marconi domi- 
neers the situation. This preference may obviously 
create a false impression. 

The chapter on phase displacement effects 
contains the information one would expect to meet, 
but the author denies himself the assistance of higher 
mathematics, and the advantages of the closer 
reasoning its employment permits. Wave trans- 
mission is not an easy subject to explain clearly 
and the chapter is descriptive rather than con- 
vincing. It is true that towards the end, reference 
is made to vector quantities and vector diagrams, 
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but little aid is gained from such introduction and 
one feels that the section would have gained in 
force and proved more instructive if it had been 
remodelled to admit of a direct mathematical 
treatment. It is in the following chapter, that on 
the Spark Discharge, that we can follow the author 
with greater satisfaction, and thenceforward he 
holds our attention to the end by the exhibition of a 
thorough command over the mechanism employed 
and his evident familiarity with the processes he 
describes. He has the power of showing precisely 
what is the object sought, and of tracing the 
mechanical means for its accomplishment, with 
clearness and certainty. The Marconi disc dis- 
charger and the Quenched spark discharger figure 
somewhat prominently among other types, but in 
the next chapter on Continuous Wave Transmitters 
better justice is done to Duddell, Alexanderson 
and others. The action of the conducting pro- 
perties of hot ionised gases in the generation of 
continuous oscillations leads naturally to the 
consideration of the behaviour of gas atoms in small 
ourrents, and the reactions which take place in 
vacuum tubes, fitted with suitable electrodes, in 
promoting continuous waves by oscillating valves. 
The description of the use of the thermionic valve 
is satisfactory and fairly full, although more might 
have been said of the effects of continuous exhaustion 
of the bulb, and of the principle of beats as used in 
heterodyne practice. But the theory, or the account 
given of the effect of heat in causing the movement 
of the electron, rests on an insufficient basis. The 
consequences that follow the heating of a solid to 
incandescence may be admitted, but when the 
author traces the process to the “increase of the 
translational speed of the secondary electrons along 
the axis of the atoms, while the movement of the 
atoms themselves is also increased but to a very 
much smaller degree,” we feel that our knowledge 
of the atom is not sufficient to enable us to follow 
the argument or to appreciate the diagrams by 
which it is accompanied. But though we may not 
understand the mechanism by which certain effects 
are produced, yet the author makes the principles 
of the Fleming electrode valve and of the additions 
that have been made to it quite intelligible. Con- 
sidering the prominence given to the scheme of 
generation of radio-telegraphic energy by therm- 
ionic valves and Poulsen arcs in the plan of wireless 
communication recommended by the Norman Com- 
mission, the public should apprehend the revolu- 
tion effected in wireless practice by the introduction 
of the thermionic valve and the reasons for the out- 
classing of the spark discharge. Also, the chance 
of the valve and the other approved apparatus 
mentioned in the Report to Lord Milner being 
superseded in their turn by new developments is not 
to be overlooked. The present position is one that 
demands more than a superficial acquaintance with 
the general problem, if an intelligent opinion is to 
be formed. 

The apparatus used for high-speed transmission 
and reception has much in common with line 
telegraphy and nothing with telephony. Indeed, 
the problems peculiarly attaching to telephony are 
but very little considered. The Wheatstone per- 
forators and transmitters are described, together 
with some other instruments designed to effect 
the same purpose. The special arrangements for 
receiving the signals by means of the Einthoven 
galvanometer on a sensitised ribbon that can be 
developed, fixed, and dried, by automatic machinery 
seems to be incapable of further improvement. 

The remaining chapters are occupied mainly with 
methods of measurement, and in those connected 
with current and Electromotive Force, galvano- 
meters and ammeters are described with Resistance, 
the Wheatstone Bridge and Ohmmeters. On the 
measurement of capacity, the inappropriateness of 
the unit is emphasised. ‘“‘Imagine,” says the 
author, ‘‘a sheet of ordinary window glass, } in. 
thick and 20 sq. miles in area, covered on both sides 
with tinfoil. The condenser so formed would have 
a capacity of about one farad.”” No doubt the 
arithmetic is correct, but like many others, we had 
never considered the possibility of any other unit 
than the microfarad. Similarly with the “ henry” 
in inductance measurement, the working unit has 
little reference to the exact terms of the definition, 
The measurement of frequency utilises many 





ingenious processes as in the Stroboscopic methods, 
and in the employment of oscillographs. The 
mechanism in all cases is very well described and 
illustrated. Something more might have been said 
of the accuracy attainable in the measurement of 
wave-length by the different methods suggested. 
By this is meant not merely how closely an observer 
can repeat the same operation with the same 
apparatus, but of the degree of reliability to be 
placed on various testing processes. Similarly in 
the measurement of dielectric strength we are left 
without sufficient information of the extent to 
which the presence of disturbing causes can effect 
the accuracy of the result, and of the most efficient 
way of eliminating those causes. 

The volume closes with a chapter on Direction 
Finding, which is of an eminently practical character 
and useful as exhibiting the actual practice followed. 
A little further explanation might have been given 
for determining the distance of a land transmitting 
station, for in the formula used, if a = 8 and when 
the distance is large and the course run short, 
these angles would be nearly equal, the distance 
of the station is infinite. The error of plotting in an 
ill-conditioned triangle would be large, and a 
warning as to the selection of the station and the 
best course for the ship to steer, would not have 
been out of place. It is said that in the hands of a 
capable operator, the direction can be determined 
within a degree or even less, but this accuracy is 
not great, and a considerable error will be left. 
The better plan seems to be that adopted in America, 
where the ship sends out a signal and the stations 
receiving the signal report to a common centre, 
where all the observations are utilised and the ships’ 
position ascertained, and transmitted to the navi- 
gating officer. 

The Geology of the British Empire. By F. R. C. Reep, 
M.A., Sc.D., F.G.S., F.R.G.S. London: Edward 
Arnold. [Price 40s. net.] 

THERE is no question of either the need or the 
value of the careful compilation that Dr. Reed has 
prepared. Accurate and co-ordinated information 
concerning the geology of the British Empire 
has been conspicuous by its absence, and in the 
domain of economic geology this reprehensible 
deficiency has manifested itself in various ways. 
The necessity for some remedy led to the foundation 
of the Imperial Mineral Resources Bureau, and by 
activities in other directions efforts have been 
made to overcome the more serious inconveniences 
arising from want of trustworthy statistics or 
efficient estimates. The author of the present 
work offers his contribution towards a coherent 
geologist review of the Overseas Dominions by 
publishing the notes of his lectures, that he has 
given to Cambridge students for the last twelve 
years. The painstaking industry here exhibited, 
and which is especially demonstrated by the numer- 
ous references to technical literature attached to 
the description of each colony, or dependency, 
makes very evident the sad lack of uniformity 
and thoroughness noticeable in the collection 
of geological data. The author has enjoyed the 
advantages of an excellent library, has consulted 
the papers and memoirs that have appeared in 
the less accessible proceedings of learned societies, 
but nevertheless, he thinks it necessary to apologise 
for the incompleteness of his work, due “to the 
meagre or unsatisfactory nature of our present 
knowledge of the different areas. The same 
method of treatment cannot be always followed, 
nor can the same amount of detail be given.” 
Of course some allowance must be made for the fact 
that the author is dealing with a progressive science, 
of which the boundaries are being continually 
widened by the accretion of fresh information. 
The dates of the various publications quoted cover 
a period of at least fifty years, and throughout 
such a length of time the character and the purpose 
of the investigation will vary considerably, and the 
collected information possess very different degrees 
of trustworthiness. Doubtless in another fifty years, 
the standard of accuracy will have become more 
severe, and a similar complaint will be made of the 
want of uniformity and consistency. It is better 
to make available the facts we have than to leave 
the material unused in the hope of tapping fresh 
sources in the future. Whoever undertakes the 





formidable task of collecting, comparing, and sifting 
the scattered work of others, affording a broad 
and comprehensive view of disconnected details, 
emphasising, if need be, the lacune and giving pro- 
minence to the salient features, renders an im- 
portant service to science and deserves well of his 
fellow-workers. 

The treatise makes an admirable work of reference, 
and though the description of the surface, the 
character of the geologic structure, and the dis- 
tribution and availability of the mineral resources 
are profoundly interesting, indeed indispensable 
to those intimately connected with the fortunes 
of the colonies, the facts are necessarily too crowded 
and abrupt to invite general reading. The scheme 
does not include the description of the British Isles 
themselves, as the necessary information can be 
gleaned from many sources and in greater detail 
than the limited space here permits. Each of the 
outlying possessions, however, is visited, continent 
by continent, and treated as a separate unit. The 
general plan of arrangement is preserved throughout. 
It is designed to present a sketch of the geographical 
features and geological structure, to be followed by 
full details of the stratigraphy, and a fairly complete 
description of the mineral wealth of each colony, its 
mode of occurrence, extent, and commercial im- 
portance. A very extensive bibliography accom- 
panies each monograph, as these separate accounts 
may be regarded, enabling the reader to trace the 
original authority and to pursue his enquiries with 
greater minuteness. The scheme may be better 
understood if illustrated by an example. 

Selecting, at random, Australia, the author in a 
few preliminary paragraphs sketches the natural 
divisions consisting of the Eastern Highlands, 
running parallel to the Eastern coast line and 
extending from New Guinea, across Torres Straits, 
to Tasmania. A second plain, stretching from the 
Murray River to the Gulf of Carpentaria marking the 
site of a great continental sea in Cretaceous times, 
and at present defined in the south by the tec- 
tonic trough of the Great Valley of South Australia 
and thirdly, the Great Western Plateau, constituting 
more than half the continent, a mass of ancient 
rocks, mostly pre-Cambrian, which have been 
exposed to subaerial denudation since early geo- 
logical times. Picturesque details are added show- 
ing the material changes that have passed over 
these areas through successive periods, the varying 
submergence and uplift they have undergone, 
the massive foldings that have varied their structure 
and the surface alterations presented during long 
intervals of time. Anyone reading no more than these 
opening paragraphs, descriptive of each colony, 
would get a good idea of the general characteristics 
of our many possessions, learn much of the tectonic 
movements whose forces have displaced land and 
sea alternately, and understand the coastal physio- 
graphy that has defined and limited the lands where 
our countrymen have settled. Also, there would be 
brought home to him, the complicated nature of 
the design that he has to unravel, and he would 
appreciate the intelligence exhibited in deciphering 
the obscured and obliterated elements on which 
the science is securely built. 

The exhaustive account of the formations is a 
much more serious affair, of whose wealth of detail 
we are warned by the use of smaller print. The 
Archean, the Cambrian, the Ordovician, the 
Silurian and many others are all discussed in their 
turn, and in this section the division is not geo- 
graphical, but by time. Of course, there must 
be omissions in minutiz, but it would be very 
ungrateful and misleading to pick out some obscure 
fact, and quote it as evidence of carelessness or 
misrepresentation. That so much information from 
so many sources of such diverse nature and quality 
has been collected and arranged is a matter for 
sincere congratulation. Then returning to welcome 
normal type, the economic geology is discussed on 
general lines. In the particular instance of Australia 
we may read with satisfaction that most minerals 
of commercial importance are found scattered over 
its ample area. Coal is plentiful, one seam of the 
South Australian beds belonging to the Trias- 
Jura age is reported to be nearly 48 ft. thick. 
Petroleum is not mentioned, but there was an 
opportunity for supplying some information con- 
cerning the oilfields of South Australia. Gold, 
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of course, figures largely, tin and copper, lead and 
zinc, with some other deposits of less significance 
pass under review, and rather unexpectedly, the 
water supply is treated as one of the chief problems 
of economic geology. The origin of the water 
obtained from deep bores in the great Australian 
Artesian Basin is a mystery, of which no tendered 
explanation is generally accepted. We have no 
intention of discussing this point while illustrating 
the plan of construction of the treatise. A special 
interest attaches to this problem, however, for 
there is some evidence that the supply is dwindling. 
It is impossible to close the reference to this summary 
of mineral wealth, a wealth that every colony 
possesses in greater or less abundance, without 
expressing the hope that each dominion or authority 
will realise the responsibility owing to itself 
and to the world of developing fully its resources 
and its efficiency generously, so that each nation 
may increase human welfare by fulfilling the trust 
imposed on it by the ample resources of which 
she is the custodian. 
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Tse Brrrish Enereers’ Assocration._-The Annual 
General Meeting of the British Engineers’ Association 
took place at 32, Victoria Street, London, 8.W. 1, on 
Thursday, May 12. A meeting of the Council followed, 
when Mr. Nevile Gwynne, late Chairman of the Executive 
Committee, was elected President in place of the retiring 
President, Colonel O. C. Armstrong, D.S.0., who had 
occupied the position for three years. Mr. E. W. Petter 
was elected Chairman of the Executive Committee in 
succession to Mr. Nevile Gwynne. 





THE LATE MR. WILLIAM OROUOH. 


WE regret to have to record the death, which occurred 
on the 14th inst., at Thinacre, Ayr, of Mr. William 
Crouch, late of 31, Lynedoch-street, Glasgow. 
Mr. Crouch was a well-known civil engineer; he was 
in his 8lst year, and had been a member of the Institu- 
tion of Civil Engineers since February, 1871. 

Mr. Crouch received his training in London in the 
offices of Sir John Fowler, under whom he worked from 
1857 to 1862, upon a number of railway schemes, 
including the London Metropolitan Railway. Shortly 
after this, he went to Sardinia in order to carry out 
surveying for a projected railway. On his return, he 
took up an appointment with the late Mr. J. F. Blair 
for the preparation of the Parliamentary plans for the 
Glasgow City Union Railway, a scheme which was 
designed to link together the Caledonian, Glasgow 
and South-Western, and Edinburgh and Glasgow (now 
North British) Railways. Notwithstanding great 
opposition on the part of the Caledonian Railway 
Company, the'Union Railway Bill was passed, and 
when construction was undertaken, Mr. Crouch was 
appointed the resident engineer. When the railway 
was opened, he was given the position of maintenance 
engineer. 

In 1872, Mr. Crouch started in private practice as 
consulting civil engineer in Glasgow, and in a very 
short time he built up an extensive business. At 
that period he held, among other appointments, that 
of maintenance engineer to the Glasgow Tramways 
Company. In 1876, on the death of Mr. Blair, he 
acquired that gentleman’s practice and took control 
of the works at St. Enoch Station and Hotel, which 
were then being proceeded with. He associated with 
himself Mr. C. P. Hogg, who had been acting for 
Mr. Blair as resident engineer for those same works, 
thus forming the firm of Crouch and Hogg, a firm which 
has undertaken a large number of important railway, 
bridge, water, drainage and other works throughout 
Scotland. Among those in which Mr. Crouch took 
more particular interest, we may mention the Alloa 
Railway, the Rutherglen and Dalmarnock Bridges over 
the Clyde, the Lochearnhead, St. Fillans and Cowrie 
Railway, and the reconstruction of tramways in the 
south of London. 

The services of Mr. Crouch were always in great 
demand as a witness and arbitrator; his advice was 
frequently in request concerning engineering schemes, 
both at home and abroad. He retired from active 
engineering practice in 1907, but continued to give 
much attention to the business of Nobel’s Explosives 
Company, Limited, of which he was for many years 
a director. He was also a director of the Scottish 
Amicable Life Assurance Society. 





A Roap Tarrine Succrestion.—The secretary of the 
Automobile Association and Motor Union sends us the 
following note on a road-tarring suggestion: Now that 
the “ spring offensive "’ has commenced, the Automobile 
Association is receiving the more or less inevitable com- 
plaints with regard to the tarring of roads. The usual 
natures of such complaints is that the road, after tarring, 
is gritted with material which is not only injurious to 
pneumatic tyres, but which after getting * oroughly 
coated with tar has an unhappy knack of being thrown 
up and adhering to all sorts of objects other than the 
road. It is generally agreed that fine sand is the best 
covering to be Some councils use shingle and sand 
for tar-dressing work, and others pea gravel or sharp 
shingle mixed with sand. It is, of course, realised 
that the use of local material saves cost, but as a good 
coating of fine material not only prevents tar “ splash- 
ing,” but also leaves a more waterproof coat, and sur- 
veyors might co-operate to the extent of using more 
finely crushed material in cases where sand may not be 
available, and the motoring community will be duly 
grateful. 





THe WALIsEeND Siipway AND ENGINEERING Com- 
PaNy, Louwirep.—Under the title of pe. 4 — Years’ 
Retrospect,” the Wallsend Slipway an ngineering 
Company, Limited, of Wallsend.on-T'yne, has issued a 
most attractively illustrated and printed booklet describ- 
ing the principal productions of the firm and indicating 
its growth during the last half-century. The achieve- 
ments of the company are too well-known to need more 
than passing reference. Before the war the Wallsend 
Slipway Company had supplied machinery and boilers 
to the Cunarders Ivernia, Carpathia, Franconia and 
Laconia, as well as to the D: nought Superb and the 
Super-Dreadnought Orion, but possibly the most striking 
work was the equipment of the Mauretania with boilers 
and turbines of 70,000 h.p. During the Great War the 
Company equipped no less than 68 ships with propelling 
machinery aggregating the immense total of 1,346,290 
h.p., the average production being more than 300,000 h.p. 
per annum. Included in these vessels were HLM... 
Queen Elizabeth, Malaya, and the mystery ship Furious. 
Turbine machinery, with or without reduction geering, 
boilers of various types equipped for burning oil or coal ; 
and Diesel ines are all among the specialities of the 
Company, while ship-repairing has long been a feature 
of the yards, which together with the various shops 





connected with them are splendidly equipped. 





HIGH-PRESSURE WATER TAP. 

AN interesting new design of water tap or cock, 
which is being introduced by the Steam” Fittings 
Company, Limited, of West yton, Middlesex, is 
illustrated below. As will be gathered at once from the 
figure, the special features of the tap lies in the use 
of a rubber cone to replace the ordinary valve and 
leather washer. The wedge-action of this cone, 
combined with the nature of the material of which it 
is made, ensures a watertight fit on the seating when 
the tap is screwed down quite lightly. It is at no 





time necessary to exert any considerable force on the 
handle to prevent the tap dripping, as is so frequently 
the case with taps of ordinary construction. This 
absence of pressure results in little wear on the spindle 
screw, which consequently has a long life. The spindle 
rotates independently of the cone, so that the latter 
does not rub on its seating. This fact, combined with 
the large surface, tends to eliminate wear of the cone. 
There is no sticking action, and the tap is always quite 
easy to turn on. A further point which may be noted 
is the direct course of the water through the tap body, 
so that possibility of water hammer is remote as com- 
pared with taps in which the water is sharply deflected 
in its course through the body. All taps are tested 
to 300 lb. hydraulic pressure. 





INDUSTRIAL STANDARDISATION OF ENGI- 
NEERING AND ALLIED PRODUCTS. 


A CONFERENCE, unofficial in character, of the secre- 

taries of the various standardising organisations at 
resent in existence, has recently been held in London. 

he conference was convened by the secretary with the 
cordial permission of the Main Committee of the British 
Engineering Standards Association, and was o 
by the chairman of the Association, Sir Archibald Denny, 
Bart. The following secretaries were present: Dr. P. G. 
Agnew (U.8.A.), Mr. A. Eriksen (Norway), Mr. E. 
Hijmans (Holland), Mr. J. R. Durley (Canada), Mr. G. 
Gerard (Belgium), M. Zollinger (Switzerland), Mr. C. le 
Maistre, C.B.E. (Great Britain). 

The object of the conference was the exchange of ideas 
looking towards the establishment of closer relationship, 
and from this point of view it was eminently successful. 
Each secretary gave a brief report of the general organisa- 
tion of the work in his own country, the methods adopted 
in arriving at the standards, as well as the principles 
followed to ensure their adoption when issued. It is 
interesting to note that in most countries it is becoming 
more and more recognised that industrial standardisation, 
whether of quality or dimensions to be really useful 
must be arrived at through a process of unifying the needs 
of industry rather than by attempting to set up an ideal. 
It also coupons that whereas engineers ace everywhere 
giving freely of their time and experience tc this important 
work, its value to commence generally is far too little 
appreciated, and is therefore not being supported 
financially to the extent it should be. 

Some enthusiasts are rather apt to think that the time 
has arrived to attempt to create an international organisar 
tion for standardising all engineering products, but the 
conference, it is understood, took a much more modest 
view and, seeing the almost insuperable difficulties in the 
way, preferring to see international standardisation 
develop along national lines and sectionally similar to 
those adopted for instance by the electrical industry in 
the case of the now well-established International 
Electrotechnical Commission, 

The conference having no executive functions what- 
ever, each secretary will in due course submit to his 
respective organisation the suggestions of the conference 
on the various points discussed. The secretaries were 
entertained by the British Engineering Standards 
Association during their four days’ conference. The 
human factor enters so largely into all questions of 
standardisation that for the secretaries of these important 
bodies to meet and become personally acquainted, and 
thus have an opportunity of comparing notes in this 
informal way is bound to be of no small advan in 
the future and materially assist in guiding international 
intercourse on this complex question along right lines. 





Tue InstirvuTtion or MuvuwnrcrPaAL anp County 
EnorineEers,—The forty-eighth annual general meeting 
and conference of this Institution will be held at the 
Institution of Civil Engineers, on Wednesday to Saturday, 
June 15 to 18. A full programme of the proceedings has 
been and can be obtained from the Secretary, 
92, Victoria-street, 8.W. 1. 



















































| 
| 
; 
| 


; 
. 
i 
| 
4 
t 








-ENGINEERING. [May 20, 1921. 


















































Constant 6 Suction 
BIE 
20% : E 
‘ iF 
04 4\- 
: |: 
| 
= 2 
RK : 
AP = 
Be wv 
(6040.8) 


Tur Uehling CO, Recorder is of the continuous 
type in which a consecutive indication is given and a 
continuous record of the CO, percentage in flue gases 
for 24 hours may be obtained. In multiple boiler 
installations part only of the apparatus has to be 
repeated for each boiler. The appliance is illustrated 
in a form suitable for a single boiler plant in Figs. 
1 to 4 herewith. Fig. 1 shows in diagrammatic form 
the main parts of the apparatus, while Fig. 2 shows 
in developed form the complete appliance. The main 
details contained therein will be easily traced in the 
view, Fig. 3, of the actual apparatus, while Fig. 4 
is a view of the 24-hour dial recorder. 

Briefly the principles involved require the passage, 
through a chamber containing an absorbing medium, of 
a constant flow of the flue gas, this constant flow being 
maintained by an aspirator and a regulator which are 
two of the main features of the instrument. Referring 
to Fig. 1 the regulator A and the aspirator B will be 
seen to be connected with a chamber C, which contains 
the absorbing medium. Gas enters the latter flowing 
in a constant stream owing to the regulator maintaining 
a constant difference in suction between the two ends. 
The CO, in the stream of gas passing through the 
chamber C is absorbed and the resultant difference in 
pressure is indicated by a manometer graduated 
to read directly in per cent of CO,, and may be recorded 
by the dial instrument. The difference in suction on 
the two ends of the chamber C is secured by drawing 
vas through the regulator under standard heads of 
water, as will be followed from Fig. 1. 

In Fig. 2 the complete apparatus is developed in a 
way which enables the path of the gas to be clearly 
traced through it. At the left-hand upper corner is 
the fitting named the aspirator (B). This is a steam 
ejector coupled to a live steam pipe from the boiler, 
and serving two purposes, In the first place, by this 
means flue gas is drawn through the main pipe system D. 
In the second a suction is produced on the smail pipe 
E coupled to the regulator. In passing through D the 
flue gas goes through a large preliminary filter, after | 
which the pipe is branched to connect with the instru- | 
ment. The gas which is branched off, passes through | 
a second filter F, and then through a pipe to the small | 
filter G, just ahead of the aperture X at the entrance | 
to the absorbing chamber C. Passing through this | 
chamber the gas traverses another small filter G,, 
to the outgoing aperture X,, and from there to the 
regulator A, where the and of the pipe opens under | 

J 
| 








water. From the space in the upper portion of the 
regulator the gas is drawn off through E by the aspi- 
rator. | 
The regulator is a tank containing water, under the | 
surface of which three pipes are terminated at definite | 
differences of level. The pipe immersed deepest is | 
connected to atmosphere. The next longest pipe is | 
connected to the pipe on the supply side of the absorbing 
chamber. This pipe is exactly six inches shorter than 
the atmosphere pipe referred to above, so that if 
air is drawn off from the space in the vessel above the 
water surface a suction equivalent to a head of 6 in. 
of water will be exerted in the shorter pipe and there- 
fore produced on the inlet side of the chamber C. The 
third pipe has already been referred to as ending just 
below the water surface. The difference between this 
pipe and the atmospheric pipe is 48 in., and the suction 
exerted at the discharge end of C is thus equivalent 
to 48 in. of water. The chamber C has at its upper 
end, a pipe branching off to a manometer tube, to the 
recorder and to an indicator, the last two being placed 
at any convenient position in the boiler room. The 
two other manometer tubes, of the group of three, 








serve as checks on the correct working{of the instru- 
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ment, against choking, &c. The regulator A is pro- Alcohol (95 per cent.) 100 em. crystalline junctions, when p hide of iron diffuses 
vided with a supply water bottle as shown, but the Water iv ee ee ee 10 om, into iron it travels for the greater distance along the 
exact water level in the regulator is not a matter of pusrie es yon oe : —— a illustrated by the . ie h No. 31 

ime importance, as the vital point is the diff : ceric acid... —... -5 gramme. | in he author’s published in 1915. 
ane len aths ~ yf Kp ott siete os d yn apap Hydrochloric acid 1 to 3 om. Mr. W. H. Cathcart first drew attention to the fact 


alterable. At the outlet end of the filter F is a cock in 
which is a third aperture X,. This is also shown in 
the diagram Fig. 1, and this aperture is so proportioned 
that more gas will pass through it than through X, 
but not enough to prevent the aspirator drawing air 
into the regulator through the atmospheric pipe, the 
suctions all being kept from varying by this means. 

Attached to the filter F is a U-bulb which indicates 
the suction just in front of the aperture X,. “When the 
preliminary filter is fresh its resistance will be low, and 
this U-bulb will show only a small suction. As it 
becomes foul and clogged, however, the draught will 
cause air to be drawn through the U-bulb, which 
thus gives an indication of the state of the filter. 
In the view of the apparatus, Fig. 3, the main body, of 
course, is the regulator. The smaller vertical cylinder 
attached to it is the filter F (Fig. 2), while the smallest 
cylinder of all is the absorbing chamber C (Fig. 2). The 
latter is furnished with prepared cartridges having a life 
of 1,200 per cent. hours, capable of renewal with scarcely 
any interruption of the apparatus. The apertures are 
made of platinum and gold to avoid corrosion, and as 
will be seen, are protected from clogging by carefully- 
arranged filters of cotton waste and absorbent cotton, 
which can be easily renewed. The apertures them- 
selves are also easily accessible, so that they may be 
attended to should need arise. 

The recorder illustrated in Fig. 4 needs little descrip- 
tion. The tracing point is operated by a bell floating 
in mercury. The disc chart is divided into 24 hours, 
12 of which are edged with black to indicate the six 
on either side of midnight. The whole apparatus is 
supplied by the Uehling Instrument Company, 71, 
Broadway, New York. 





SOLID SOLUTION OF OXYGEN IN IRON.* 
By Dr. J, E. Sreap, F.R.S. 

Wrrn the advent and use of the cupric reagent of 
Rosenhain and Haughton, Stead, Whiteley, Humphrey, 
Le Chatelier, Dupuy and others, the micro and macro 
study of the structures of iron and steel have passed into 





Fig. 1. 
Junetion at a weld in soft steel. 
Etched by a cupric reagent. 
x 50. 


at top, steel 


inclusions. 
acid. 





-—. 


Fic. 4. 


Another section of Fig. 2, etched 

by a cupric reagent showing 
white resist lines between the 
crystals. < 50. 


@ new phase, and evidence is accumulating that many 
solid solutions of iron and every other element are 
nanan to pure iron, sia 
osphorus, nickel; copper, cobalt, tin, antimony, 
silicon, chromium, carbon, &c., when in solid solution 
in iron, are of that character, and when placed in juxta- 
position with pure iron remain white on being feebly 
attacked by a cupric reagent 
A most sensitive t 
that of Le Chatelier an 


* Paper read at the meeting of the Iron and Steel 
Institute on Thursday, May 5. 


of the many now in use is 
Dupuy. This consists of :— 











Fic. 5. 


Horizontal ‘section tof Fig. 4. 
just below scale, cupric etched, 
showing white resist lines round 
the erystals. x 50. x 360 





The most recent and important discovery following 
the use of ts of this type is that made by Le 
Chatelier and itch. It appears to prove (what had 
long been disputed) that iron could and did alloy with 
oxide of iron to form solid solution ; that such allo 
relatively to pure iron resisted the attack of alcoholi 
cupric solutions, copper being deposited on the latter 
more readily than on the former. 

Although not disputing the findings of these in- 
vestigators, the author had repeatedly failed to reproduce 
their results by burning pure electro-iron on a esia- 
lined base in oxygen in such a way that buttons of fused 
iron were obtained covered by thick layers of cinder. 
That the buttons were highly charged with free oxide 
was evident when examined under the microscope, 
for it appeared in the form of minute black globules. 

On polishing and staining with all available cupric 
reagents the ~— always deposited evenly over the 
surface, and on Sem into the specimens strips of 
the original electro-iron an — and copper staining 
the two surfaces again the copper deposited equally on 
each. It is evident, therefore, that oxide may, and may 
not, under very slightly varying unknown conditions, 
remain in solid solution in iron. The following data 
afford what appears to be evid of conditions favour- 
able to the retention of oxide in solid solution. 

The author long ago noticed that strips of electro-iron, 
after heating to 1,000 deg, C. im air and removing the 
scale, were sheathed with a film of finely crystalline iron 
covering an interior mass consisting of large crystals. 
On grinding off the fine-grained film so as to expose the 
coarser-grained material below and using this as an 
element of a voltaic cell, the second element being another 
piece of the strip from which the film had not been 
removed, and dilute HC! being the electrolyte, the needle 
of a galvanometer was strongly deflected in the direction 
which proved that the outer film was electro-positive 
to the metal below—in other words, that the film was 
the less readily attacked by the reagent. On applying 
@ cupric reagent to the surface of a« similar strip partly 
denuded of the film, copper was deposited less rapidly 
on the film than on the portion from the external 
skin 


These observations naturally led to the hypothesis 
that when iron is oxidised in air so as to produee an 
oxide scale, a minute quantity of oxygen passed coin- 
cidently into the iron, forming a solid solution. 








Fic. 2. 


Oxidised steel plate showing scale 
low, with inter- 
granular oxides and globular 
Etched by dilute 
Vertical section. 


Fie. 3. 


Same as Fig. 2—Horizontal sec- 
tion, The continuous black line 
is a fracture showing inter- 
granular brittleness, xX 50. 

x 50. 





Fic. 6. 


Part of Fig. 5 after long etching 
and repolishing, showing junc- 
tions of crystals in slight;relief. 


The experiments were repeated on several”specimens 
of commercial soft steel, and in all cases an external 
film of metal resistant to cupric reagent attack, was 
formed. 

Previously the author had found that gases, &o., 
passed with greater facility into iron along the inter- 
crystalline junctions of the crystals. For instance, 


.from polished i which had been heated in air so | appear 
os $0’ tobak tat ‘atbavens scale, on removing the scale when 


cold the WV ge comer of the crystals were found to be 
channelled, showing that oxygen had been the more 
active at the boundaries of the crystals. 

ing on this distinctive property of the inter- 





i @ cupric t to a cross-section 
through a weld of soft steel, a white resist line appeared 
at the junction of the two surfaces—an observation 
frequently confirmed. This Mr. Cathcart attributed to 
segregation of some of the phosphides when at welding 
temperature, but it may be due to more than one cause 
(Fig. 1). 

ay example of extreme brittleness in a steel, due to 
many years’ heating in an oxidising atmosphere, has 
recently been supplied to the author by oe ae 
Harrison. It was taken from the lower portion of the 
steel casing of a heating stove at the Lackenby [Ironworks 
and waa thickly coated on each side with an adherent 
iron scale. On examination it was found to be brittle, 
due to feeble coherence between the crystals near the 
surface. On applying transverse shock, fracture com- 
menced as intercrystalline and continued below the 
surface through the crystals. On making a .section 
through both scale and steel, the reason for the way 
in which the fractures started was at once revealed, for 
veins of oxide of iron completely separated the crystals 
on the surface layers, as is shown in Fig. 2. “For a 
distance of about 4 mm. from the surface below the cinder 
there was a multitude of separate minute globular 
inclusions varying in diameter, 

On sectioning horizontally thro 
polishing, the oxide could be con- 
tinuously round the crystals (Fig. 3). On bending the 
section so as to put the polished surface in stress, fracture 
travelled seend and never through the crystals. The 
dark continuous line in Fig. 3 represents the fracture, 

On etching a polished section with a cupric reagent 
a layer or film of iron just below the cinder resisted the 
attack, and where there were oxide veins running down- 
wards into the metal the iron adjoining the visible veins 
also resisted the attack, but what is even more remarkable 
is that below and beyond the ends of the visible veins 
of inte ine oxide of iron, the junctions remained 
white, resisting the reagent (Figs. 4 and 5). 

Assuming the hypothesis to correct that ious 
to the actual formation or separation of free oxide there 
is formed a solid solution of oxygen in the iron, we are 
forced to conclude that oxy, has travelled between the 
grains producing first solid solutions at the junctions, 
and that in course of time as more oxygen penetrated 
these became supersaturated, and free oxide then pre- 
cipitated and appeared as detached globules and later 
as continuous layers. On examining the surfaces of the 
fractures that passed between the grains many of them 
were found to be covered by fine dark ts evidently 
eqgrresponding with the globules of oxide of iron apparent 
in the polished section. 

In order to determine whether the globular inclusions 
in the body of the crystals were oxide of iron, a polished 
section was heated in hydrogen at 1,200 . C. 
The result indicated that although they appeared to have 
been reduced in size they still remained. 

The free oxide of iron veins were reduced, and there 
were no longer resisting areas along their borders, 
suggesting that the original white parts were due to 
oxygen in solid solution. 

e analysis of the sound portion of the steel sheet 
was as follows :— 


that on spplying 


h this la and 


Per Cent. 
Carbon 0-025 
Manganese 0-539 
Silicon trace 
Sulphur ... 0-040 
Phosphorus 0-007 


The remarkable feature in this analysis is the very 
low amount of phowpherer- The question at once 
resented itself as to whether it was not originally much 
igher but had diffused to the outside and me 
oxidised. If that were the case the phosphorus would 
be concentrated in the scale. This scale was therefore 
very carefully analysed, but there was no such con- 
centration. The globular inclusions in the body of the 
crystals were subjected to careful examination. It was 
noticed on the surface, after careful polishing, they had 
the same dove-grey colour as larger inclusions of man- 
ese sulphide originally present and were quite different 
rom the irori oxide globules between the grains. Direct 
sulphur prints obtained by pressing the polished surface 
upon an acidulated sensitised dry plate or bromide 
paper indicated that they contained sulphide, but what 
appeared to be iron oxide also gave sulphur stains. 
Judging, however, from the colour it was concluded that 
the minute dove-grey globules consisted mainly of 
manganese sulphide although possibly associated with 
FeO and MnO. The stains given by oxide veins and 
globules led to the determination of sulphur in the thick 
exterior scale, and 0-8 per cent, of ur was actually 
found, It was a surprise to find so much, and it is 
evident that it must originally have been present in the 
blast-furnace gas. st. 

How did the sulphur penetrate into the inside of the 
crystals of iron, and what must have occurred for it 
eventually to ary omg and segregate pa the man- 

ese 7 on e facts, at t only con, ure 
"> ibl eo definit Sendlastons await ferther 





research. 

Sum .—Although much more research is necessary 
before "definite pomsey is Foes can be formed, the results 
to indicate that :—(1) When. ign, 39 peptes in 
air or oxidising gases, apparent surface 
absorb oxygen which passes into solid solution, (2) Wh 
supersaturated the oxide falls out of solution, forming 





* See ENGINEERING, vol, xcix, page 640, 
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separate globules of free oxide. These globules then 
become larger and larger as oxidation proceeds, eventually 
joining together to form continuous layers, (3) Oxidising 
gases find the most facile ag he ee a tg 
the crystals. The grad changes from solid solution 
to, Seep aniie pan, te, sienely ‘segnes, Gong fhe eatieed 
junctions. (4) Sulphur, possibly as sulphurous acid 
(80), in the gases .eepeaetes into the body of the 
cry 






















































once be detected by the brighter and smoother aeerrenee 
of the skin where a heavy concentration of the phos- 
phorus had occurred. With a little practice, however, 
this ie: was largely overcome a uniform surface 
obtained. Strips cut from different of the piece 
were then found to have pel myth same phos- 
phorus content. The appearance of a cross-section of a 
phosphorised piece, at this stage, is seen in Fig. 3; the 
was 











































A second pile was made of strips from these two samples 
and welded in hydrogen as before. The phosphorised 
layers in the etched section were again clearly revealed 
by the reagents ; the use ks pen ge Nee maar SH nitro- 
in the heat treatment le no apparent difference. 
uently, it seems reasonable to conclude further 

that cupric reagents will detect an uneven distribu- 





; t tion of amounts of phosphorus in iron entirely free 
producing sulphide of and possibly | sp 2 tched with reagent (4) and the degree of | from dissolved oxide. 

protoxide of manganese, which appear in globular form, | penetration of the peangnares is plainly shown. 2. In this experiment a pile was made goateining i 

In conclusion, the author to acknowledge the} The next step was to bring about an even distribution | three strips of the origi untreated iron and two o 


assistance of Mr. J. H. Harrison, Mr. Nicholson, manager 
of the Lackenby Ironworks, Mr, J, H. Whiteley, Dr. F. 
Baker, and Mr, T. F. Russell, in checking the micro- 
scopical observations, and that of his own assistants 
for their help, 


of the phosphorus across the piece, It was again rolled 
up and placed at the bottom of the silica tube. The tube 
was and filled, this time with dry nitrogen, 
in the manner previously described. The end was then 
i in a small horizontal Méker furnace and main- 
tained at a temperature of at least 1,300 deg. C. for two 
hours, during which period the pressure of nitrogen in the 
tube was kept a little above that of the atmosphere. 
On removal of the specimen after this treatment, the 


sample No. 5, alternately ; above these were 
placed five strips of former material only. The pile 
was welded in dry hydrogen, as in the previous experi- 
ment. Very strong contrasts were here obtained 
when the cupric reagents were applied to the i 

section—in fact, the two phosphorised layers readily 
be detected with ordinary alcoholic solution of picric 
acid. On the other hand, the five layers of original 
material could not be distinguished by any of the 





OCUPRIC ETCHING EFFECTS PRODUCED BY 
PHOSPHORUS AND OXYGEN IN IRON.* 


surfaces were still bright and untarnished. When etched| methods of etching, and this part of the pile now 

By J. H. Warreter (Stockton-on-Tees). , | cross sections were examined the effect seen in Fig. 3| appeared to be one homogeneous piece of metal, Fig. 8 

Tue present investigation had two main objects in} could no longer be observed; the distribution of the| shows this area after ing with reagent (4); on the 
view: (1) to determine whether or not the cupric] phosphorus now appeared to be. uniform in samples 


ho } left, one of the phosphori layers is seen, but in the 
containing up to 0-10 per cent., but above this amount a@/ large area on the right no indication of any of the weld 
somewhat longer heating was usually required before} junctions can be observed, As far as could be judged 
the etching reagents failed to reveal any unevenness. |from microscopic evidence, a perfect weld had been 
_For the purpose of the present investigation, four | obtained by welding in an atmosphere of dry hydrogen. 
ieces of electrolytic iron were phosphorised to | This subject will be again ref to in the next section, 
erent degrees in the above manner ; the amount of | when dealing with the efiect of the presence of oxygen in 
ager then present in each is shown in the table| welding. A section of the wel pile was heated in 
low. A piece of the material (sample No. 1) was also| vacuo at 1,050 deg. C. for one hour. This was done 
Table showing the Percentage of Phosphorus in the simply with the object of noting the manner in which the 
Prepared Samples. phosphorus diffused. The result is seen in Fig. 4; a 


reagents will detect small variations of the peepee 
content only, synthetically produced in samples of 
electrolytic iron; (2) to endeavour to produce in iron 
sam) variations of the oxygen content only, which 
could be detected by the cupric reagents. The method 

is, in part, an adaptation of one devised by Dr. 
Stead ; it consists, in the former case, of phosphorising 
thin strips of the metal in hydrogen and then welding 
together a pile, consisting of alternate strips of phos- 
phorised and non-phosphorised material, to form a 
composite piece in which the phosphorus content alone 





m i considerable amount of diffusion had » a8 is 

varied, 90 that the effect of known variations could be ep S. :  Pae e indicated by the narrowness of the dark band ‘of the 

ascertained. A similar method has ge ar: loy ~ ° 0-023 original unp horised iron, which, before this treat- 

& our to an uneven tribution o 3 0-045 een was of the — thickness as the phosphorised 

Lae . Moreover, hosphorus is not advancing 
Reagents used.—T out the present work 4 0-070 ars > rea rote - =. 

‘ip Taue’ fekaeata ‘named. below howe pm glicns 5 0-130 uniformly, the manner of its diffusion being reminiscent 


of a similar effect obtained by Dr. Stead in one of his 
experiments. 
3. With a view to obtaining some idea of the least 


(1) Rosenhain and Haughton’s reagent; (2) Stead’s 
reagent; (3) Chatelier and Dupuy’s reagent; (4) 
Whiteley’s reagent, 

These all contain a small amount of copper, but other- 
wise differ very considerably in composition. Notwith- 
standing such differences, it may at once be said that these 
rengenas have all been found to behave similarly when 
app to the specimens described below; the same 
areas in each specimen resisted the attack. The effect 
produced by one reagent could thus be confirmed by the 
others, and, in the preparation of the photo-micrographs, 
that reagent was used which gave the most suitable 
contrast. 

Method of Phosphorisation.—The electrolytic iron used 
in the following experiments was in the form of a sheet 
#y inch thick. It contained 0-005 per cent. of phos- 
phorus, and in other respects its purity was quite up to 
the usual standard for this material. To prepare a 
phosphorised sample, a piece 1-5 inches square was first 
cleaned in dilute hydrochloric acid, and then, after bein 
carefully washed and dried, was rolled up loosely unti 
it would readily down a tube of inch internal 
diameter. The roll was made loosely so that the gases, 
= hosphorisation, could easily reach all parts of 
the ace. 

A piece of red phosphorus, weighing slightly more than 
the faa 2h piraadl to give the desired percentage in the 
sample, was placed at the bottom of a clean dry tube of 
transparent silica 11 inches long and the above internal 
diameter. The roll of iron was next inserted about one- 
half way down the tube, which was held horizontally. 
A cork containing a short delivery tube and an exit tube 
was then tightly fitted in, the delivery tube connected 
with a hy . supply and See —_ tube with an 
air pump and pressure gauge. drogen required 
was prepared in a Kipp’s ep egpen by dissol He pure 
zine in hydrochloric acid, and the gas was purified and 
dried by ing it through a U-tube, one limb of which 
was filled with strongly ignited lime and the other with 
phosphorus pentoxide. small bulb containing ignited 
asbestos was placed between the U-tube and silica tube 
to prevent any phosphorus pentoxide being carried by the 
hy: into latter. 

The U-tube and silica tube were now exhausted, and 
when the rubber connections had been found to be air- 
tight, hydrogen was allowed to enter slowly. After this 

ion had been repeated three times the rate of flow 
of the hydrogen was increased, the air pump was dis- 
connected, and an Arnold’s bulb, holding a little strong 
sulphuric acid, was quickly attached to the exit tube, a 
rapid flow of hydrogen being maintained until it was 
certain that all the air had been swept out of the inlet 
tube of the bulb. The flow of gas was then slackened to 
a rate of about two bubbles per second, and, after a fow 
minutes, the end of the silica tube was inserted in a small 
horizontal electric furnace which had previously been 
heated to about 1,000 deg. C, As soon as the phosphorus 
had vaporised the flow of h was stopped by 
closing a tube on the Arnold’s bulb heh a — 
stopper. ilica tube was immeiiately ti! to allow 
the roll of iron to slide to the bottom, and was again 
placed in the furnace. The vaporised phosphorus quickly 


subjected to precisely the same treatment, but without 
the addition of any phosphorus, and these five pieces 
> weenie Faber a samples in which only the phos- | difference between the phosphorus contents of two adja- 
x ° Bogda cent parts which the cupric reagents would detect, a pile 
Experiments on the Uneven Distribution of Phosphorus. | was prepared condainen of a strip of each of the four 
—l. Two strips (} inch by } inch) of sample No. 4 and/ phosphorised samples and five strips of the original 
three of sample No. 1 were placed one above the other, | material arranged alternately, and in order of the phos- 
so that the small pile thus formed consisted of alternate phorus percentages. The pile was fixed inside a small 
layers of the two samples. The pile was tightly bound | .yjinder, made by drilling a hole, 1 inch deep and } inch 
at both ends with a piece of very thin iron wire, and the | diameter, in a short piece of the steel bar. The cylinder 
strips were then welded together in an atmosphere of | was tightly closed by driving into it a plug of the same 
dry hydrogen by the following method: A steel tube, | steel, and was then placed in the furnace at a temperature 
10 inches long and § inch internal diameter, closed at one | of 1,300 deg. C. or thereabouts. A small quantity of air, 
end, was made by boring a j-inch round containing | which would measure about 3-0 cubic eentimetres, was, 
carbon, 0-03; silicon, trace; phosphorus, 0-006 ;| of course, enclosed ; but, as the temperature rose, the 
sulphur, 0-015; manganese, 0-31 per cent. (All the| greater part of the oxygen present would quickly unite 
steel cylinders used in the present investigation were| with the exposed surfaces of the pile and : 80 
made of this material.) The tube was fitted with a cork | that the pieces themselves would ccaania or aeebod 
containing & 3 delivery tube and short exit tube, and | in nearly pure nitrogen, In 3 minutes the cylinder had 
the inside wall of the closed end was thoroughly cleaned | attai the furnace temperature; it was then with- 
at a bright red heat by passing @ slow current of dry | drawn, placed on the anvil, and hammered down to a 
hydrogen through the tube for about 20 minutes. on|bar } in. thick. The appearance of a section, after 
cold again, the tube was held horizontally and the pile etching with reagent (1), is seen in Fig. 6; the band on 
was carefully placed at the closed end. In order to fix| which the least amount of copper has been deposited 
the in position, the ends of the two wires used for|is that of sample No. 5, containing 0-13 cent. of 
bi were made to serve as weak springs, and were| phosphorus. As the phosphorus content of the alternate 
cut down until the pile could be pushed along the tube | strips decreases the contrasts become weaker, but even 
with the application of o little pressure. The cork, now | where the phosphorus difference is only 0-018 per cent. 
containing a short delivery tube, was again inserted, and | i¢ is still one revealed by the reagent. In order to 
when connections had been made with the hydrogen | test the effect of a difference of 0-02 per cent. in material 
supply and pump, the tube was filled with dry h: containing a higher average phosphorus content, another 
in the manner previously described. The pump was then | similar experiment was —e ~ in which alternate strips 
disconnected, an Arnold’s bulb attached as before, and | of samples Nos. 2 and 3 were welded together. Fig. 2 
ae the ey h Re mes ycoraates Ba Weulae removal shows the result obtained by the application of reagent (3) 
of all air. The end containing the pile was then pi i to the polished section. ere, also, the contrast is quite 


: , . satisfactory. The above experiments thus ord 
in the horizontal Méker furnace, which had previously | evidence ‘that differences of ‘ee than 0-02 per cent. 


between the peverheres contents of two adjacent parts 
can readily detected by the ~— reagents, This 
conclusion has since been confirmed in several experi- 
ments, but whether an equally small variation is revealed 
where the average phosphorus content is much higher, 
has not yet been ascertained. 

Eauperiments on the Uneven Distribution of Oxygen.— 
The experimental results obtained in the preceding 
section prove that heterogeneity in iron, as revealed 
by the cupric reagents, may be produced by an uneven 
the distribution of very small amounts of phosphords only. 


i 


tightly cli and the hydrogen tus removed, 
The tube, thus filled with hydrogen apn coal was then 
withdrawn, care being taken to the pile in a hori- 
zontal ition, and the heated was quickly ham- 


. by 
while of the phosphorus remained uniform, 

4. Several strips of the electrolytic sheet were put 
into a small steel cylinder and closely packed with finely- 
powdered oxide of iron. This oxide contained 26-0 per 
cent. of ferric oxide, and was prepared by oxidising a 
b ngpe~ A of the electrolytic iron in an electric muffle. 

he cylinder was tightly plugged = then placed at the 
. Ha 


obtained with this specimen when reagent (2) was used. 
The several —— the pile had apparently welded 
together perfectly, for reagent (4) showed that crystalli- 
sation had taken across the welds at all parts. 
Since the two samples of which the pile was made had 
received the same treatment in every respect, except 
that 0-065 per cent. of phosphorus had been added to 


bottom of a strong silica tu exhausted the 
tube, the end was inserted in a horizontal Méker furnace 


d v one and not to the other, the experiment afforded clear deg or 2 hours. On opening th t was 

senses Went ooh to diffuse inwards, the iron being | j . the ~ aio ree ‘a —* cout that the oxide hed boon in's fiuid ‘or partly usd 
. presence of small amounts o osphorus, in iti : F : . 

thus “ case. » with Undler boniilons sofia lution, wt ly distrit Pin of condition, for it had fused into one solid mass. An 


which precluded sennentinniiins with any o analysis now showed it to contain only 8 per cent. of 
After the had 


otherwise high degree of purity. It seemed desirable | ferrin oxide. The reaction 
been heated for about 30 minutes | however, to confirm this J awe first removing any gore seers Fe = 3Fe0 
the tube was withdrawn the furnace and allowed to small uantity of oxygen which it be present in the Fe,03 + = 3 
pan dae kone eel eee comiaee unten original electrolytic iron. "A. piece of the material was, ol sonsoaprentty jenen. plese, ist, Rod, mat prasondes 
Yr jum 
distribution of the vl fea ad oes therefore, again to the same extent as|to completion. Yet it is very probable that riun 


Dad SOUR Setemare Genes os © SUNOS St ss — 
ments practically same percentage ferric oxi 
remained, al the initial gram was varied 
.| considerably and also the period of heating. 





before (0-04 per sent, and was then heated, togthor 


* Abstract of a paper read at the meeting of the Iron | h 
and Steel Institute on Friday, May 6. 
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The oxide adhering to the strips was now 
Seutmunet os dalcamiranas content of the again 
estimated. It was still found 


carefully 
iron 
to be 0-005 per cent. 
no alteration having occurred. 


Sections of the material 


under the microscope, were seen to contain ite a 
number of acd oxide particles which in all 
probability have the same jon as the exterior 


oxide and contain, therefore, 8 per cent. of ferric oxide. 
Whether these particles had worked their way into the 
iron at the high temperature used, or had separated from 
solid solution as the metal cooled, has not been ascer- 
tained. eine an of ne by inclusions, however, it 
was impossible to determine analysii 
oxide which was now dissolved in the iron. It was 
nevertheless of interest to see how this presumably 


Fis. 1. 


Weld, P. 0-005 and 0-07 per 
cent., Stead’s reagent. x 65. 





Fics 3. 
Electrolytic iron sheet, casehardened with phos- 


phorus, Whiteley’s reagent. 





Weld, P. 0-023 and 0-045 per 
cent., Chatelier and Depuy’s 
reagent. 


removed, The speed of deoxidation was found 
diminish as the tem: was lowered and at 900 
deg. C. it was extremely slow. Armco iron thus appéared 
to be very suitable for the purpose of the present in- 
vi jon, and use has been made of it in the followi 

ent, in which strips of the reduced and ori 
oxidised metal have been welded er, 

To remove the o from the iron, a strip about 
4in.1 and ,;}, in. thick, containing 0-016 per cent. 
of phosphorus, was loosely rolled up and placed at the 
bottom of a tube made from the same piece of iron as 
the strip itself. A tube of the same material was used 
so as to avoid any serious alteration in the phosphorus 
content of the strip during the time it was to be soaked 
in hydrogen. In order to prevent the strip and tube 


Fie. 2, Fic. 6, 


x 60. , reagent. x 70. 


x 60. 


tojata 





Weld, alternate strips of oxi- 
dised and pure iron, Stead’s 





ture not exceeding 900 deg. C., about 10 
minutes being required to heat the tube. This tem - 
ture was becuase, in the chdee'tiins of heehtay piven: 
no appreciable reduction of the oxide particles in 
strips of ori material would then take place, and 
because it is below the melting-point of 

eutectic which is present in the iron. When etched with 
picric acid, the alternate layers of the original and reduced 
strips were readily distinguished in the section by the 
presence of oxide particles in the one and not in the other, 
as illustrated in Fig. 9. Application of the cupri 
gen again failed to produce any effect comparable 
with that given by even small ations of the phos- 
phorus content. Fig. 10 shows the appearance of the 
section after etching with reagent (2); the three darker 


Fic, 7. 


= 


Same as No. 6, showing one 
weld only, Whiteley’s rea- 
gent. yi 


x 400 





Fic. 8. 


Weld, one strip, P. 0-13 and rest P. 0-005 per cent., 


ley’s reagent, x 55. 





Fia. 4. Fia. 5, Fie. 9. Fie. 10. 
Weld, P. 0-005 and 0°13 per Weld, P. 0-005, 0-023, 0-045, Weld, alternate strips of Same as No. 9, Stead’s rea- 
cent., after 1 hour at 1050 0°07, 0°13 per cent., Rosen- original and reduced Armco gent. xX 70. 
hain’s reagent. x 60 iron, X 130. 


deg. C, Rosenhain’s reagent. 
x 


oxidised iron would behave towards the cupric reagents 
when welded with the original material. A pile con- 
sisting of several alternate layers of the two was therefore 

and welded together inside a small tightly- 
plugged steel cylinder, as in experiment (3). Fig. 6 
shows the appearance of a section of the weld when etched 
with reagent (2); thin white resist-lines (a term suggested 
to the author by Dr. Stead) appear at the weld junctions 
only. Except for these, the reagent had attacked 
parts equally, and no effect comparable even with that 
given by the variation of phosphorus in experi- 
ment (3) has been obtained. 

(5) The author had iously shown that Armco iron 
contains a considerable quantity of iron oxide dis- 
seminated throughout the metal in a fine globular form. 
These particles have most probably been precipitated 
from solution in the iron as the metal cooled from the 
molten condition ; in any case, their presence justifies 
the conclusion that the iron itself is saturated with 
oxygen. that i 
material 








welding together, the tube was held horizontally, and, 
before the roll was placed in it, a little powdered calcined 
magnesia was scattered over the bottom. The tube was 
fitted with a cork through which passed a long delivery 
tube of fused silica and short exit tube; connections 
were then made with the hydrogen supply and Arnold's 
bulb as in the previous iments. A current of dry 
h was next h for an hour or so 





all | until it was certain that all air had been displaced. 


The end of the tube was then inserted in the Méker 
furnace and the strip heated in a very slow current of 


hy at a temperature between 1,300 deg. and 
1,400 .C., for 24 hours. Excessive scaling of the tube 
was prevented by casing it in a sheath of nickel, 


The strip, on removal, was perfectly clean and, when 
sections were examined under the microscope, no oxide 
particles could be seen. Since 1 hour’s heating at the 
above are had previously been found sufficient 
to remove all visible oxide, there can be little doubt 
that, in the present case, the strip had been i 


to the fullest extent ble in 
Alternate la: of the deoxidised and material 
were now into a pile, which was then fixed in a 


thin-walled tube of steel and welded in dry hydrogen 





bands, on which most copper has been deposited, are 
the original material, so that here the deoxidised material 
is actually the more resistant of the two. The striking 
feature, however, is the presence of the white resist-lines 
at the welded junctions, as in the previous experiment. 
Moreover, these invariably occurred at the of 
the original material, and were not t in de- 
oxidised layers. tia was —— in a second similar 
experiment in ich-a pile was prepared containing 
three alternate layers of the two materials and then 
six layers Resist-lines were 
again found at the margins of the material, 

welded pile 


but were not t in ee ee 

which ounigned extirely of the deoxidised layers, 
of these resist-lines was revealed by all 
. A typical instance of the effect given b 
reagent (4) is seen in Fig. 1, which is a photomicrograp’ 
of one of the welds of oxidised and unoxidised Seponali ic 


faces, 


@ perfect bidiogensity 


of 
as is shown in Fig. 8, which illustrates the 
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effect obtained in experiment (3), where strips of un- 
ic iron only were welded together in 
ig. 8 no indication of any resist-lines 
The inference to be drawn from these 
observations is plainly that the resist-lines are due, in 
presence of oxygen in the iron, for |i 
there is every reason to believe that, if o: 
y eliminated, these resist-lines will not 
t, apart from this effect, the ygen 
uneven distribution has not been found to yield, with the 
cupric reagents, effects similar to those given by even the 
smallest variation of phosphorus. 


oxidised electrol 


of the steam piping supplyi 
the steam piping sho be made as flexible as 
possible to prevent excessive stresses in the steam 


It is very important, therefore, thet the turbine discs 


Summary.—tIn conclusion, it may be remarked that 


ry Some difficulties have been 
the investigation here recorded must be regarded as 


ienced from the 
weak support provi 


in such a way, that synchronous 


vibration due to smal! iodic disturbing forees of any 
kind Saat sens tee ty in this 
ion if the discs are running at comparatively 


The method of 
roducing heterogeneity of structure which 
is one that appears capable of extension 


low peripheral 
, the two results which have perip: speeds 


, but, if the mean peripheral speed 


ceeds 650 ft. per second, the discs have to be made 
much heavier than would be necessaryfrom the con- 


directions, 
so far been obtained are as follows 
1. Differences in the phosphorus 
0-02 per cent. in adjacent parts of otherwise pure iron | of 
by means of the cupric reagents ; 
as the difference is increased, at any rate up to 0-15 per 
cent., the contrast becomes more and more pronounced, 
2 


\ oxygen was 
formed only at the weld juncti 


r vacuum, the bearing suppo: 
y, thus throwing the rotor out 


of Diaphragms.—The deflection of dia-} i 
e due to two different causes :— 
be due to the difference in 


“content of less than 


t, white resist-lines were 
ons, but these resist-lines 


A turbine disc is liable ¢ to vibrate in various ways. 
The ration may be umbrella-shape type, or it 
may be of the segmental type with two or more nodal 

i rs. The former vibration is likely to be set up 
by some axial disturbance of the shaft such as may 


bs 


were not formed when unoxidised iron was welded in dry 


ydrogen, 
The author has much pleasure in acknowledging his 
indebtedness to Dr. Stead, 


by means of his own reagent, the etching results d 


445 


who has kindl 
ihed, and. 


FF 


of the thrust bearing or 


inaccuracy 
flexible coupling. The latter type of vibration may be 
caused by the uneven distribution of the admission of 


i 


ional a yd which the 


the steam over the 
ly responded by causing 





iph of the turbine wheel, 


such as may occur wi ial admission, or even with 
inaccuracies in stationary blades such as 
usually exist near the horizontal joint of the a. 
In such a case the nodal diameters rotate at the same 
as the disc, but in a direction opposed to the 
tion of rotation of the disc. They are therefore 
Stationary in space, and the disc assumes a deformed 


SOME RECENT DEVELOPMENTS IN LARGE 
STEAM. TURBINE PRACTICE.*t+ 
* By K. Baumann. 
(Concluded from page 600.) 


- valve. The rubbing between phragm 
-| P agh a was 80 oy that it caused the welding 
of ti iaphragm to the disc. The di hragm 
quently started revolving with the noben watt the two 
halves were thrown off, bursting the turbine casing. 

For a given thickness and pressure difference the 
deflection of a plate diaphragm varies as the fourth 
If the diameter is increased 


Oreration EXPERIENCE witH LARGE TURBINES. shape stationary in space 


power of the diameter. 


There is evidence, however, 


that dangerous vibrations also occur in cases where the 
diameters donot rotate relatively to the disc, 
or at a speed lower than the running speed. Such 


Wrrn all new developments which necessitate the 
crossing of the border line of past experience, a certain 
amount of difficulty must be e 
with large turbines the trend 


it is usual to increase the steam velocity .in 
The pressure difference will accordingly 
the square of the diameter, so that the deflection of the 


i 


ted. In connection 
lopment towards 


may be set tn ae | @ slight vibration of the 


diaphragm for a given thickness will increase as the 


resulting from @ 
sixth power of the di a) 





larger capacities at a given speed Spee ag in the intain the deflection 


ly balanced rotor. 


various types of vibrations may exist at the 
same time, and the frequency depends not only on the 
shape of the disc and the physical properties of the 
hragm | material, but also on the internal forging stresses and 


case of single-flow turbines, an increase in 
speed of the last wheels with a consequent increase in | ; 
The difficulties which have been e: 

however, were generally not directly due to this in 
in stresses, but to the inereased ten 


re be necessary to 
ickness of the diaphragm as the square 





d of two portions, viz., the the distribution of 


uure in the disc. These 


ly complicate the problem of predeter- 
tural freq’ of vibration by calculation, 
and a good deal’ of research work will be necessary to 
situation.* In these circumstances the 


and the remainder of the diaphragm, is the 
resultant of the deflection of each portion. It is very 
difficult to determine this resultant deflection by means 
of calculation, especially as the diap 
two halves. It is essential, therefore, that the dia- 
phragms should be tested for deflection before they are 


parts to vibrate. These difficulties have become of the 
greatest importance owing to the great losses which 
have been incurred as a result of the various accidents 
which have taken place. It is the author's considered 
opinion that turbine development has arrived 


prefer to keep well within safe 


limits, for the present at any rate, rather than try to 
find out by trial and error the exact thickness and 
shape af disc which will just be strong enough to avoid 
r, particularly as these experiments can only be 
carried out satisfactorily on the complete machine under 
actual working conditions. 
There have been some difficulties with 5,000-kw. 
turbines of an old t made by the author’s firm, 
of the disc where partial admission 
nozzle cut-out governing was used 
py - I ree 23). In order to increase wo the 
ity of turbines running at 3,000 r.p.m. mean 
last | blade speed was increased to 710 ft. per second for all 
dises. Whilst the discs were quite enough, as 
far as centrifugal stresses were co under the 
vibrations set up in the first disc, fatigue fracture 
in this disc on some of the turbines. The 
i = a ee nel overcome by the 
use of a much stiffer disc in the same ing, cient 
es disc 


in the history of the steam turbine, 
he difficulties experienced, together 
with a full and frank discussion between turbine users 
and manufacturers, of the means whereby these diffi- 
culties may be overcome, will be in the interest of all, | oy) 
and will facilitate further turbine development generally. 
hich have been experienced 
, and a summary is given 


actually used in the turbine, so as to ascertain whether 
or not the deflection is well within the limits given by 
the clearance between the diap 
It is clear, héwever, that there are considerable diffi- 
ties with diaphragms having large diameters and 
long blades, due to excessive deflection, and past 
experience has shown that the diaphragms which have 
been used were in many cases much too weak. 
usually fits into @ groove in the 

with a given radial clearance 
load, or when the turbine is running non-condensing 
the temperature of the steam flowi the 
rows of blades is considerably higher than when the 
turbine is running under load. If the load is 
the last ‘dia ca om 

iap! will heat up 
than the ae eoeive exhaust 
phragms will consequently expand at a ter rate 
than the casing and, if the clearances are net sufficien t, 
distort in an axial direction under 


The principal difficulties w 
below in 


Turbine Rotor and Stator.—Con- 
have been experienced due to 
ere > the rotor and stator causing excessive 
rubbing consequent heating up of rotor and stator 
paris. Unless these large turbines are carefully warmed 
up so as to ensure a uniform temperature all round 
the cylinder and rotor, distortion is likely to cause 
i turbine blades and the rotor or 


changes Ee ee, 
rubbing between the “an : The die. 


the hragm g' space being available to accommodate 
main glands and shaft in the iaphragms required rigidity. 
turbines. If the place in the rotor, due a sad poy: 


of the 


As the increased ity can be 
obtained more safely, and with ‘eailiiega sarerial, by 
the use of the multi-exhaust design, the manufacture 
of this turbine with high er speeds was aban- 


by the casing in a radial direction. 

This will cause rubbing between diaphragm and rotor, 
disastrous consequences unless the turbine is 

immediately shut down. 

It is obvious that the difficulties in this connection 


to a distortion of the 
as far as the shaft is concerned, 
tortion. and increased ru 4 
shut down at once this rubbing will usually result in 


the rubbing will be local 


doned some time before the 


difficulty became acute. 


The General Electric Company: of America have 

ienced considerable difficulties in connection with 
the last discs on some of their large turbines (see Items 3 
7, 10 of Table XXIII). The mean blade speed of these 
dises is. 787 ft. per second, the tip speeds being nearly 
1,000 ft. per second. This speed cannot be reduced 
without a corresponding decrease in exhaust capacity 
and, therefore, in the economical rating of the turbine. 
As the blade is of considerable length and weight, an 
increase in the thickness of the disc in the outer portion 
only, as has been proposed, will cause increased stresses 
at the a whave the Aspen conditions are consisambly 
complica jue to existence of the keyway. e 
r provision, of balancing holes closer to the hub 
wheel does not, in the author’s opinion, improve 
the stress conditions. It is difficult to see how the 
difficulties can. be overcome without considerably 
i the disc near the hub, involving an 
length of the machine or a decrease in 
the number of stages, resulting in a decrease in the 
efficiency of the machine. On the other hand, if it 
was found necessary to cut down the diameter of the 
ore stages. Ta) caesar eting.. saves be sotnees 

h 


a bent shaft or rotor. The uniform heating up of large 
low-speed turbines is much more difficult than that of 
small high-speed turbines, and greater attention will 
have to be given to the method of starting 

turbines than it is customary to apply to the starti 


are more acute with diaphragms having large diameters 
blades than with se of moderate 
ades of moderate length. : 

ais 4 : yan of Turbine Discs.—The 
} ‘sh turbi - : 

of smaller sets. To facilitate uniform heating up, the : hie gre Gines mag ER. AaP hs TSE 


rotor should, during the warming-up operation, be kept 
turning round at a low speed, say, 10 per cent. of the 


She, eeenen com J minimised considerabl 
arranging the parts likely to rub independent o 
shaft itself, so that the heat will take some time before 
reaching the shaft and, when it does so, will be more 
uniformly distributed all round the shaft. 
fitting on the shaft are beneficial, but to be effective 

or the,sleeve should be of 
distribte the heat uniformly 


Another solution has been introduced by 


(a) Excessive stresses due to centrifugal forces. 
(6) Vibration of turbine discs. 
(c) Excessive stresses due to uneven distribution of 


Faulty material. 
ign and manufacture. 


a should be 
such thickness that it wi 
all round the shaft. 


In many cases the cracking of t 
in increased vibration of the machine, and it has been 


; patara Se, ripe " 
n case of rubbing, the heat will be generated on the 
i surface 


tips of the strips, and as the leaving area. 


is course has actually 


in o— pr the frames. 
Owing to the of satisfactory proposals to over- 
come the difficulties which have been experienced, due 


strips is relatively large, 
unding 








* Paper read bef: 
Engineers, April 7, 1 
+ Erratum: In Table i 
last. issue, line 4, in columns 23, 24 and 25,| to 
for “1083°9" read “1226-1,” for 
“14718-2," for 26-30" read “(23°24,”—Avuruor. 





treatise which is available on this 
of Professor Stodola, “ Uber die 
von Dampfturbinen Laufraedern,” pub- 


251, 271, and 329. 
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disectly ox indireatly to the use ol high part heral speeds, | primarily, due to faulty material; that is to say, if|a desirable precaution where vibration under working 
the tendency towards the emplo ab of euch high | vibration hed. nob exisied, ‘the fault id the inaisetal |cdnditions doce not exist, it is evident that. dhe dist 
peripheral ~ el has toouived es a definite check, and a| would not have resulted in the fracture of the disc,| may easily pass an over-speed ‘test of short duration, 
more conservative policy at the present.time is more | It.is proved, however, that in some instances the faulty | even if it is faulty ; moreover, it is Yt ee a that 
likely to produce satisfactory results. material did accelerate the fracture, as discs, the design | the test itself may cause further loca’ ening which 


TABLE XXIII.—TURBINE TROUBLES. 
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3139 Et 2 Date Date 
Item Reference and Customer and 3 S- A. a Started of Extent of Damage. Case of Accident and Special Remedy. 
No. Date. Power Station. B |s3 4S = Up. Accident, Features. 
3 a2 Ze 
1 Electric | Jan.,1919 | Commonwealth W.E./| 10/1 | 30,000 | 1,200 |Sept., 1917|/Sept., 1917) Labyrinth on low- “Tei pip of cylinder caused by | Flexible pi 
Journal, : er ay North- . nny | rigid peopern, two sur- tween p= Hs 
page 34 est, Chicago face which were installed. 
rigidly be bolted t to the turbine. 
Expansion of = nat org 
was thus preven 
2 Power 12/2/18 American Gas and G.E, 9/1 30,000 | 1,800 _ Oct., 1917 | Gland seizing. 11 blades fall- | May have been caused by gland 
26/2/18 Electric Co.,Wind- ing off last wheel. , but it is possible that 
sor Power Station cover broken. Shrouding o blade vibration was the primary 
one side of last 10 rows. cause. During vibration tips of 
blades were rubbing against 
3 Author —_ New Bedford Gas | G.E.| — 15,000 | 1,800 _ 6/2/18 | Wrecked through bursting of | Fracture starting at the edge of a 
and Edison Lt.Co. last: dise balancing hole 
a Power 19/3/19 Boston Elevated | G.E.| 8/1 | 35,000 | 1,500 — 14/2/18 | No. 18 diaphragm deflected | Diaphragms made in _ cast-iron | Machine replaced and 
Elec. 4/3/16 Railway causing rubbing against disc. | were too weak. Sudden over- | started in spring of 
Review 12/4/18 Diap! 1 Se Se. load, the ee by- ee sasuu 
ca ve | pass valve, i 
until the two ives were Uae coud encealive detection 
off, of diaphragms 
7 and tur- 
5 Electric | Jan.,1919| Brunot’s Island | W.E./| 11/1 | 40,000 |H.P. | Dec.,1917| 18/2/18 | Main bebe at coupling end | Apparently due to interruption of 
Journal, Station, Duquesne 1,800 of turbine oil service to this bearing 
page 35 Light Co. L.P. Surtind'e Rather 4 
1,200 biade rubs throughout the 
6 Author -—- Manchester Corp., | M.-V.| 7/2 6,250 | 3,000} 16/12/15 8/4/18 Wrecked through bursting of | Possibility of vibration on four | Disc was stiffened to 
Stuart - street, first disc nodal diameters, causing fracture | avoid critical vibra- 
Manchester to start from local weakness in | tion and special care 
disc | taken to ensure uni- 
in duplicate machine | form material, 
in the station was 
satisfactorily for 4 years. 
Accident occurred on a replace 
disc which had been running for 
ee. to i aedin 
from keyway after 2} 
7 Elec. 4/10/18 Commonwealth G.E. | 15/1 || 35,000 | 1,500 | Dec.,1917| 31/7/18 | 19th wheel burst, wrecking | Crack from balance hole of disc | Machine was com- 
Review Edison; North - com} machine. Previous | close to rim. Factor of safety pletely replaced. 
West, Chicago trouble due to vibration and | referred to ultimate strength said discs but 
shrouding coming off to be 4. Balance holes were gen tie 
roughly machined and had sharp . Smoother bal- 
corners ance holes and cor- 
ners well rounded off 
8 Electric | Jan.,1919 | Interboro’ Rapid W.E. | 13/1 60,000 | 1,500} 18/4/18 Aug., 1918) Some intermittent vibration | Caused by lack of sufficient clear Ch 
Journal, T. Co. (New York) on first. low-pressure machine | ance on one of the spindle —_ rings 
page 36 . ps my any - of spin: 
. —— n temperature 
eccur 
9 Elec. 20/10/18 | Union Gas and | G.E. -- 25,000 | 1,800 |July, 1918} 4/9/18 | 20 blades broken clean and | Rubbing of disc against diaphragm | Turbine was run with- 
Review Electric Co., Cin- pr Sh 7 ong jeer mm > Speen So be San out last row of 
cinnati ap y fracture hragm Sorting ; 
ee ae blades fracture on blades 
burned and crushed in the vibration of the 
k disc and blades as the primary 
, cause 
10 Power, 3/12/18 New Orleans Rail- | G.E.| — 15,000 | 1,800 | 26/5/18 26/9/18 Failure of last wheel causing | Crack between two balance holes. 
page 816 way and Light wrecking of low-pressure Peripheral speed about 700 ft. 
Co. cylinder per aD - of turbine 
comparatively © ! 
ll Author —- Borough of Walla- ‘| M.V. — 3,000 | 3,000 | 11/1/18 |Nov., 1918] Distortion of last diaphragm | Sudden change in temperature of | Outside clearance of 
sey causing «he diaphragm as a result of changing | dia; 
diaphragm and d over from condensing to non-| to care of the 
condensing Jere ie ot the 
12 Power, 3/12/18 Detroit Edison Co., | G.E. | 12/1 45,000 | 1,200 1918 26/11/18 Serious vibration by | Vibration of 34-in. blades on 21st were removed 
pages 17/12/18 Connors Creek 4 broken buckets, wheel (last) aS frac- and turbine was run 
16, 884 Station on governor set out of ture near of without last row 
service. A 100 con- until 1920, when set 
denser tubes were cut, caus- was reconstructed 
and new blades, 28- 
bine shaft was bent in. long fitted. 
13 Electric | Jan.,1919| Interboro’ Rapid | W.E.; 4/1 | 30,000 |H.P. | Dec.,1914 — Labyrinth Ss on high- | Excessive lost motion in the thrust 
Journal, T. Co. (New York) 1,500 failed 3 | bearing and heavy distortional 
page 34 L.P. imes, requiring renewal of | stresses caused by rigid bracing 
14 Times Feb., 1920 | Cit f Regina G.E. | 15/2 5,000 3,000 Jul 8/1/20 Complete wreck through snap texbie a ine ot Dises replaced b 
ii ‘eb., y o . .E. /2 , J 'y, 1919 f 1) 1 one vy 
Eng. Canada bursting of No. 3 disc velocity wheel of 35-5 in. mean ones on 
Supple- ; diameter and 4 Rateau wheels | similar machines. 
ment > ms 51 in. mean 
veloped from balance hole in 3rd 
wheel, causing fracture 
15 | Detroit |Sept., 1920) Detroit EdisonCo., | G.E.| 1/1 | 20,000} 1,200} 1916 15/7/20 | Severe vibration. All blades | Wheels were made of cast steel, | Cast-steel discs, re- 
Edison Connors Creek stripped off 7th wheel,| and cracks have developed in| placed by forged 
Synehro- Station damaging . Ex-| other discs of similar machines steel discs. 
scope radial 
crack in 5th wheel 
16 Detroit |Sept., 1920) Detroit Edison Co., | G.E. | 12/1 | 45,000 | 1,200 1918 16/7/20 | Cracked high-pressure cylinder | Portion of high-pressure cylinder | Turbine reconstructed 
Edison Connors Creek was made in semi-steel owing to | with cast-steel end 
Synchro- Station war conditions. High tempera- 
17 ‘Author South Metropolitan | M.-V 5,000 | 3,000 | 30/6/20 29/0/20 | Wrecked through bursting of | Possibilit: of Sianetion ca @ cotal Disc stiffened to 
— 0 Vv.) — J F y on was 
first disc diameters causing fracture to avoid eritioal vibre. 
material Duplicate disc > 
was 
running in a duplicate turbine in 
the same station for 3 years 
In connection with some turbine accidents which | of which is identical to that of those which have given | would not be detected, and which would accelerate the 
have occurred, it has been suggested at various times| trouble, have been running for a considerably longer | failure of the disc when subject to vibration under 
that the difficulties were primarily due to faulty | time under the same conditions without distress. normal running conditions, 
material. There is no doubt that material deteriorated Penne ene Geen seein ae See Be fo Soocerene eemeees te Fee, SS ae 
considerably during the war, and additional precautions | at speeds considerably higher than the normal would | should be such as to preclude their vibration. 
have become necessary in exantining the material ; but g° a a towards preventing failure of turbine | indication of correct rigidity can be obtained wy y sup- 
the conclusion now is that the difficulties were not | discs, ile testing the discs in such a way may be| porting one end of the stationary rotor on a part of 
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various speeds 
for which 


relating 
possible vibration, If any parts of the stationary 
rotor vibrate in hronism with the running machine, 
there is a possibility of similar vibration occurring when 
the rotor is run. It is true that the natural frequencies 
of the parts are increased when running, but, due to 
uneven distribution of temperature possible in turbine 
discs, the natural frequency of vibration may also be 
lowered. és 
led b 


eae [aes 


In spite of this 


inch to over 120 Ib. 
i relatively little 
themselves. 


inch. 
t, been 
there are some cakes Whack: dine 46 toe tathare of the 
i i and ran out. For 
ial that the lubricating 


t is 


system be made specially safe, and it is desirable to have 
a reliable stand-b: y, 


which will start automatically 
the main oil supply. This is 
ice 


practice. 
Sight ins or sight feeds for the oil supplied to 
poe are also most desirable. Electrical alarms 





In impulse turbines the disc is heated or 
the steam leaking past the diaphragm glands, and it 
is thus kept at a fairly uniform temperature except 
for the lag occurring in the heating of the more massive 
hub as compared with the time required to heat the 
relatively thinner rim. This lag may be considerable 
with large discs, but will be much smaller with discs 
at the exhaust end such as are shown in Figs. 13 and 
14. This point is of considerable importance for the 
low-pressure discs, where the temperature 
c occur, because at very light loads the steam 
at the exhaust end may become superheated owing to 
the win losses due to the long low-pressure blades, 
and also ause when changing over to atmosphere 
the temperature may suddenly be raised from 100 deg. F. 
to considerably over 200 a A 

In some types of reaction turbines discs are used 
for the low-pressure end. ‘The spaces between such discs 
are filled with stagnant steam, and it is evident that 
when changes of load occur the diff bet the 
temperatures at the rim and the hub will be considerably 
larger than in the case of impulse turbines. The 
due to warping or vibration of the discs is thereby in- 
creased unless the spaces between the discs are venti 
by steam at ————, the same temperature as the 
steam flowing through the blades. 

(4) Breaking of Moving Blades.—This may be due to 
four causes :— 

(a) High stresses due to centrifugal forces and bending 
stresses due to the action of the steam. 

(6) Vibration. 

‘) Faulty material. 

(ad) Faulty design and manufacture. 
There have been difficulties due to blades being 





stressed too highly, and in this connection the blades | $°°4 


which are fixed to the turbine discs by means of a T-root 
have been particularly vulnerable, owing to the very 
high local stresses caused by the sharp corners which are 
associated with this type of fastening. There have 
also been difficulties due to faulty material, design and 
manufacture ; but the principal difficulties here are 
again due to the possibility of vibration. This vibration 
may be set up by synchronous vibration of the turbine 
disc, or by excessive vibration of the machine due to 
unsatisfactory dynamic balance of the rotor, or to 
unsatisfactory working of the thrust bearing or coupling, 
or finally it may be due to a synchronous vibration 
of the Biades ree oe” cure of the eos 
on its, cause. cause originates from 
ee vibration of the blade, it mig to 
ter the shape of the blade in such a way that its 
periodicity of vibration will be altered, or to obtain a 
igid blade element by staying intermediate points 
of the blade. The lashing or bracing strips used in 
eonnection with light reaction blades are well known. 
With larger and heavier blades, such as are used on 
units of large capacity, these precautions are not 
entirely satisfactory, since more robust designs are 
necessary. 

(5) Corrosion and Erosion of Turbine Blades.—Iin all 
large turbines the last rows of blades are made of steel 
containing more or less nickel, generally not more than 
5Spercent. Ifthe feed water is kept reasonably free from 
corrosive matter, and icularly free from CO2 and 
oxygen, and, if the turbine is kept free from moisture 
when ing, corrosion can be sages eliminated. 
To t the absorption of CO: and oxygen it is 
desirable that the feed water should not be exposed 
to atmosphere at any part of its cycle. To ensure the 
turbine be in dry condition when standing, the air 
pump sho be kept running for some time after 
shutting down, and steam space between the closed 
stop valve and the closed emergency or governor valves 
should be open to atmosphere to lead away any steam 
which may leak past the stop valve. 

It has been found beneficial to inject a small quantity 
of kerosene into the steam entering the turbine. This 
kerosene forms a coating on the turbine blades which 
affords protection against corrosion. 

Brosion occurs where the steam contains a considerable 
amount of condensed water. It can be diminished 
considerably by draining the water from every stage 
in such a manner that the water does not come into 
contact with the moving blades. The annular slot in 
the casing, such as is used for bleeding the turbine for 
feed-water heating (see Figs. 13 and 14), is beneficial in 
this ‘ 
It is also essential to prevent the accumulation of 
water in pockets and bends in the steam piping, valves 
and turbine casing. Steam spaces which are liable to 
be under vacuum at light loads should be drained into 
the condenser, or preferably into a heater working under 
vacuum. The use of automatic steam traps, whilst 
satisfactory when draining steam which is always at a 
pressure above atmosphere, has not proved entirely 
satisfactory when draining steam spaces after the 
teed valves, mainly because their operation cannot 

observed. 


(6) Lubrication and Bearings,—During the period under 
review, have increased from 60 ft. per 
second to over 120 ft. per second, and, at the same time, 
bearing pressures have increased from 60 Ib. per square 








talled for giving warning of excessive 
bearing or bearing oil temperatures. It is also desirable 
to have an indicating alarm device for giving warning 
of wear of the thrust bearing which is now usually 
made on the Michell a 

The temperature of the oil should not exceed 160 deg. 
F. in any part of the system. 

Water-cooled bearings have been used extensively by 
some manufacturers, but. considerable trouble has 
experienced due to water There is no neces- 
sity for water cooling, and this additional compli- 
cation should be abolished even with large high-speed 


It is essential that the oil be kept in perfect operati 
condition ; this can readily be done by the partial 
filtration system in which a small quantity of oil is 
drained from the system and ed through a filter, 
from which it will be returned to the operating tank 
either direct or via a storage tank. Provision should 
be made for effectively draining water which may 
accumulate in the main oil tank. 


danger B34 Governing.—In large turbines it is desirable to pro- 


three types of valves—a stop valve, a separate emer- 
aoe vere. and the governor valves. The stop valve 
should be of the standard type which is installed 
with the main steam piping. The emergency valve should 
be connected to the emergency governor, but so arranged 
that it can be hand-o to act as a stop valve in 
case of emergency. The governor valves are operated 
from the governor by means of an oil relay; the oil 
— to the relay being preferably under the control 
of ti governor so that the governor valves 
will close w the emergency governor acts. 
To ensure that the emergency governor is kept in 
condition, it should be tested whenever the turbine 
is shut down, by actually ing the turbine to the 
over-speed required to trip the governor. 

(8) Steam Leakage-—Steam leakage from the main 
turbine glands is a considerable nuisance for several 
reasons. steam is liable to find its way into the 
pedestals where it condenses, heating up the oil and mix- 

with it. Heat and water are very detrimental to the 
lubricating ities of oil, and their access to oil should 


at Pasadena, California, May 18-22, 1920 (Report yof 
Committee on Prime Movers, page 5 of advance copy, 


but | published by National Electric Light Association). 


“Srartine or LARGE TURBINES.” 


““Qne of the most yp tg points in connection 
with the jon of ge turbines of 20,000-kw. 
capacity over is the necessity for extreme care in 
the starting and loading of units, especially when the 
machine has been idle for a period long enough to lower 
materially the temperature at which the various parts 
are normally operated. With the introduction of steam 
to a cold unit there is at once set up a difference in 
temperature between the various elements, which, unless 
a careful procedure is followed, may result in unequal 
expansions, affecting the shafts, blading, diaphragms, 
packing or casing joints. In some cases on record, 
sudden and unequal expansion has caused deformation 
which has resulted in permanent distortions to casings 
and bearings, materially affecting the subsequent 
operation of the machine. 

“A survey of the operating methods in use in a 
number of companies indicates that there is considerable 
variance in the practice which is followed in startin, 

turbines. The time required to heat up a col 

unit to the point where full load can be carried will, 
naturally, vary with the type, size, and class of turbine. 
No hard and fast rule of procedure can be definitely 
laid down, hee oe that in all cases no large unit can 
be safely | which has not been given sufficient 
time to allow all parts of the unit to reach evenly and 
gradually the individual normal operating temperatures 
corresponding to load conditions. 

“Data secured from rating companies show that 
the procedure generally followed consists in establishing 
@ partial vacuum of from 15 to 20 in. prior to starting 
= the unit, and maintaining this during the period 
of warming up. 

“In warmi up the turbine and bringing it to 
speed, the first operation of introducing steam should 
admit a sufficient velume to start the rotor turning 
immediately. St dmi should then be so 
regulated that the unit will continue turning at a speed 
not exceeding 10 per cent. of the normal operating 
speed until the warming-up process is completed. 
Additional steam should then be admitted gradually 
to the turbine in order to bring it up to full . 

““While the time taken for this operation varies 
among different operating companies, the safe minimum 
time allowed, based on best operating experience, is 
given as 20 minutes for units of 20,000-kw. capacity, 
and 30 minutes for units of 30,000-kw. mo ne 

e observed for 


. oe to the unit, the 
safe operation by a number of operating companies is 
to i 








be provers by all means. In the Metropolitan- Vickers 
turbine the possibility of steam | is entirel 
eliminated by the use of water-sealed glands on both 
the high and low-pressure end of the shaft. 

Steam leakage into the engine room is very unde- 
sirable, as the steam condenses in the building, causing 
excessive corrosion and dirt. ; 

It is interesting to note that in view of the difficulties 
experienced in the United States, the General Electric 
Company have now adopted a water-sealed gland for 
the low-pressure end, thus ially adopting the 
standard —— of the Westinghouse Electric u- 
facturing Company, Limited. 

Steam leakage from the joints of the turbine should 
also be eliminated by using joints of simple shape. 
In view of the increased tendency towards high 


and temperatures, this point deserves special é 


attention. 

(9) Operation.—The experiences outlined above in con- 
nection with large turbines emphasise the necessity of 
exercising greater care in their operation than it has been 
customary to devote in the case of smaller machines. 
The success of large turbines depends to such a great 
extent on their proper treatment during operation that 
it may not be out of place to enumerate here the 

rineipal points upon which great attention should be 
towed : 

(a) Starting up.—The principal object in starting up 
must be to obtain temperature conditions as close as 
possible to those existing when the turbine is runnin 
under load, i.e., the high-pressure end must be hea 
up whilst the exhaust end should be a as cool as 
possible during the starting-up ion. The warming- 
up of the ust end should not be started until a 
considerable vacuum has been obtained—say, 20 in. 
(Hg). Warming-up will be carried out to some extent 
by steam-sealing the glands, which should be designed 
in such a way that the quantity of steam necessary 
fot sealing purposes should not be large, even when 
the glands are designed for water-sealing. When a 
vacuum of 25 in. has been reached, the turbine should 
be started by passing a puff of steam through the 
governor valve. The turbine should be kept running 
at about 10 per cent. of the normal for about 
15 minutes, after which the speed may increased to 
full speed at the rate of not more than 10 per cent. of 
the full-load speed in one minute. When the turbine 
is brought to full , the low-pressure end will be 
hotter than when the turbine is running under load 
and in order to effect a gradual stabilisation in tempera- 
ture, the load on the turbine should be increased slowly 
at the rate of not more than 10 per cent. of full load in one 
mThe culars appl large 1,500 

above particulars y to ,500-r.p.m. 
turbines. For 3,000-r.p.m. machines, the time allowed 
for warming up can be considerably reduced. It may 
be of interest to tisua.fiee south af tequisies made 
by the Prime Movers Committee of the National Electric 
Light Association as reported at the 43rd Convention 


the load on the unit at a rate not exceeding 
1,000 kw. per minute for units of the above size.. While 
there is considerable variation from the procedure 
noted above, this is due in many cases to certain local 
requirements, or to jal plant conditions which 
govern each particular case. It will be noted, therefore, 
that in following the above practice, the minimum 
time for heating up and loading large units will vary 
from 40 minutes for a 20,000-kw. turbine to 60 minutes 
for a 30,000-kw. unit, or a rate of 2 minutes for each 
1,000-kw. turbine capacity. 

“* These do not refer to machines which have 


not been idle long enough to cool off — in 
which case hector tangas of time can be echen, jepending 
on the individual circumstances,” 

(b) Vibration when Starting.—If vibration occurs 
uring starting up, reduce the at once until 
Nowe ya di « = keep running at the reduced 
speed for some time, after which the speed may again 
be increased. 

(c) Vibration when Running.—Keen the turbine and 
the generator in good running balance; if vibration 
increases for no apparent reason, shut the turbine down 
and examine the rotors. 

(d) Lubrication.— the lubricating system in 
perfect running condition; see that the stand-by oil 
_— is always in starting condition, if necessary, by 

ping it running at low speed at all times. 

(e) Test the emergency governor and valves before 
shutting down. 

(f) Keep all drains in good working order. 

The thanks of the author are due to Messrs. C. A. 
Parsons and Co,, Limited, for preparing Fig. 7 and for 
checking the particulars referring to their turbines in 
Tables [ and II: to Messrs. The Metropolitan-Vickers 
Electrical Company, Limited, for permission to publish 
the drawings showing their recent practice in turbine 
construction and also numerous tables and diagrams 

by members of the staff under the author’s 
supervision ; to Messrs. Brown Boveri and Co., Ltd., 
for iculars of their high-speed turbines given in 
Table II; to Messrs. The Westinghouse Electric and 
Manufacturing Company, Limited, for checking the 
particulars referring to their turbines and alternators 
in Table I; to Messrs. Edward Arnold, publishers. 
for the loan of the block for Fig. 11; to Mr. N. 
Chilton for the information given in Table IX: 
to Mr. Eric M. Bergstrom for particulars of water 
turbines given in Table XVIII ; to Mr. T. Y. Sherwell 
for similar particulars of water pumps given in Table 
XVIII ; to Mr. A. Eagle for the calculation of heat drops 
and heat contents given in Table XII; to Mr. B. H. 
Hodkinson for the calculation of reheat factors shown 
in Fig. 16; to Mr. H. L. Guy and Mr, J. D. Walker 
for many valuable suggestions and help rendered during 
the final revision of the text ; and to Mr. J. R. Finnie- 
come, who has assisted the author in the completion 
and checking of most of the tables, and in the calculations 





and preparation of the various diagrams. 
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at two or more points by a single clam device acting , A toothed mitre wheel 1, secured on a revolubly-mounted davit 2 
“ ENGINEERING” ILLUSTRATED PATENT | upon the circumference ot the disc. The bets plate hes ons above the bost deck, meshes with a second toothed mitre wheel 
RECORD or more fixed having or each ha’ an undercut face against | wherein is cast an internally toothed wheel 5; this 
: ak lis me Ate ——— aah Py athe integral 
SELECTED ABSTRACTS RECENT PUBLISHED a a A ona . an 
SPECIFICATIONS UNDER A Regn ce tae ait tak or ine BF Glin o movable log ghich ean be brought inte coutect | & double or compound externally toothed wheel 7,8, ons portion T 
one a mova! can a or com: one 
The in the is Sts Ce Leven’ cleo of tho dite 9 by menue dln bal 3 eae Eisportee"meaes'srenrceliy wih stra 8; 
number of views given Specification Drawings is stated | passes through a hole in a boss plate with meshes eccentrically with internal 
in each case; where none is mentioned the Specification is not | 5 nut 9 located in a recess in the plate 4. 10 are projecting Tugs wheel 5 cast inside the secondly-mentioned mitre wheel 4, and the 
one the N te Se ee eet portion 7 meshes eccentrically with an internally-toothed 
Tan ee - abroad, ames, £c.,| rest, ( ) wheel © Raving © gacter number of teeth hea 7, but 
communicators — the hee, Sal ty Lay yr pyh- 5 parent F 
“Branch . mae Buildings, Chancery-lane, W.C., at MINING, METALLURGY, AND METAL WORKING. which carries the mechanism lam the resistance of toothed wheel 9 
pomagee Daya ent acceptance ‘omplete py “Me ° « (2 Figs.) | @uses mitre wheel rotate thus yy an | 
Tis pottdalan ta in each case, y- Hag Fo, the of thee June 24, 1919.—The invention relates to a furnace ot the type patient hades Cheer. yy 
Patent has been sealed, when the word “ Sealed” is "| having @ recuperator system for heating the air for combustion | ** ™ounted upon the eccen and ls adjacent to 
Any person may, at time within two months from date of | by the waste gases. e invention comprises a furnace of the 
‘ts laiipeetionneet « of a Complete Specification, | t referred to in which up-shafts are located along one side of 
give notice at the nad Ohhes of i! to the grant of a working chamber and receive the heating media from a com- 
Patent on any of the grounds a BR oe Acts. mon longitudinal flue. mg od ped me eye | communicates with 
one green gas flue s!, from w 


these up-shafts being | aan mails of ie tn -< Ts 
u ing loca‘ on one side o rnace. 
GAS ENGINES, PRODUCERS, HOLDERS, &c. recuperator is situated below the working chamber d of the fur- 
153,653. W. G. Wilson, Farningham, and The Wessex | 4°. air being admitted to the recuperator flues ¢ which com- 
gineering Company, Limited, London. Sleeve Valves. 
(2 Figs.) August 6, 1919.—The invention relates to sleeve 
valves of internal-combustion engines in which the valve rods F =? | 





are reciprocated in a guide hole and pins G project from the 
valve through longitudinal slots E in the cylinder wall and 
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e the valve. A is the cylinder wall and C is the sleeve A 
valve. According to this invention, the guide hole for each 
valve rod F is constituted by the space remaining when a. filling 
piece J is thrust into a circular hole of such dimensions that the 
valve rod F with pin G can be ther entered within it when 
the filling piece is absent. (Sealed. 

hay pe ——y ak gg, By 

upwardl: a common longitudinal flue u. From jue ua 

HYDRAULIC MACHINERY. series of ports ¢ extend to the up-shafte el. These ports are 


by dampers w 

153,642. H. J. Deane, London. Hydraulic Accumu- regulable 

lator. (2 Figs.) August 6, 1919.—The invention relates to along the other side of the furnace, 
hydraulic accumulators. The ram-loaded accumulator shown 

serosa ane. ee a gO 
of the ram is for a Ww may have pe 
of a cavity, or present a ‘on to receive a corresponding ~ recuperator. At one extremity this A. gas flue 7 





. of ween 
* . Motor Vehicles. (3 Figs.) mber 19, | these elements. According to the invention, there is ided 

1919.—The invention relates to the rear springing chassis | a prime mover of relatively high rotational velocity 

of motor vehicles in which a transverse laminated spring is rotation of which is constant, a mechanical reducing gear of 

employed. The invention comprises the connection to the chassis : 

member, of a cross-bar or - —yt which is mounted on helical 


by — 
rom axle casing cap. Bottom brackets 1 of square ye 
section are formed with screwed shanks at one end to 
e the lower of two apertures in the cap 3 of the axle casing, e 
which apertures are us' occupied by the bolts for fastening the 
torque tie bars or rear radius rods 4, the brackets 1 heing Lit 8 
bearing member D on the underside of the crosshead E. The secured by nuts on the ends of the shanks situated within the hvbs sans) 
crosshead is revolvable upon the cylinder ram or on the accumu- 6 after the torque tie-bars or radius rods 4 have been connected 
lator cylinder. The revolving crosshead E carrying the usual | to the said shanks. Angle brackets 7 are eet on the 
weights F is fitted with a ring G, to move along non- lower brackets 1, the said angle brackets having base parts 
restraining guides H or the like, which will allow of the turning 
and vertioal movement of the crosshead. (Sealed.) 


154,740. W. Shepherd, Market Bosworth, and G. H. 
Gibbs, Leicester oa 
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ergo capable of reversing ditestion. A shape Oursiee"A, comm 

ca rev . » 
ine hee qin mover S disectty-coupiel to 0 teemstoamee B 
which es a ce reduction in rotational speed. The 









MACHINE AND OTHER TOOLS, SHAFTING, &c. 

154,805. W. B. Burgess, Brentwood, C. E. Burgess, 
Brentwood, J. E. ge, Brentwood, and C. N. bee, 
Brentwood. Clamping Tool Holder. (3 Figs.) Decem- 




















rings 9 to be adj . 
epeings 9 are slightly in tension, and 
transverse spring is and so 
ings under compression. 





NAUTICAL APPLIANCES. 
Heap, Liverpool. Ships’ Davits. (3 Figs. 
a felted *0 Pot -2 











the range of travel. 
ber 19, 1919.—According to this invention, a vice or tool-holder | or lower one end of @ boat, the construction and arrangement of | by means of piles 2, 3, fitted one Se of the vessel, and 
WUOTIEES UE, OP SAtEnOD We, SEbetir pinto taving o Sovenee parts being such that both davit and fall drum may be inde- the dredging gear is mounted on a 4 ca) of partial 
ressed with a vertical angle 


edge, and adapted to be p contact a base plate | pendently actuated as desired by means of a handle. | rotation around axis through a 
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5 & rigid suction frame sustained by the turntable 4 and | surplus’supply from a pump valve can also be ; and runs on two 16, which are fixed on spindles 17 
extending through the turntable, said frame ee by hand and bya to the invention, | through and in the frame 10. The are. le 
around a horizontal axis 6, there bei to said olen ben ee ee ae fongutudinally by means of the Sue. wheel nuts 172 screwed on 
rigid frame 5 a suction pipe 7; to the free end of w is applied | without intervention of an or trol to end of the threaded 18 of the lower edge which is 
a cutter 8. The turntable 4 is fitted with wheels running pa a An ee, ee eh ee oe 6 supported from the frame of the machine by a standard bracket 19. 
on a circular track and receives its ial rotary movement | piston in a cylinder open to the pressure. The Thus by screwing the rod 18 inwards or outwards, the adjustable 
from a ‘motor-driven winch acting through a rope wrapped | emergency valve is formed as a balanced double beat valve 1 stationary stops 12 can be lowered or raised as desired. To ‘use 
around re 12 — haha vr a to the depen tho valve soning Sand viet oi aoe ee the cutters one ejector mechanism for cutting the 
lowe suction frame on ax! according valve casing with a lever arm 4 located externally | ejecting bolts passed through slots 21 crosshead 2, and 
of cut red.  (Sealed.) Se eens ¢ Sue Spomtinely etunscin’ to 0 piston © towable Has os a ne - 
amtnneit mensions a py me be yy 
lo system or source of su upper 
atone « BOILERS, EVAPORA Pe end has,an overflow connection 9. Normally eee oe 
155. . LL. C, Harvey, Malden. Fi Powdered 
Fuel. (1: Fig.) | September 24, 1919.—The inven relates to 
apparatus for f powdered coal to furnaces of the type 
comprising an ad cone mounted upon a spindle and 
co-operating with a seating in the bott a@ powdered fuel 
supply bin, to the admission of fuel to a supply duct, 
the said cone Ss 
a 
3 
40 
‘ i 2 








on 
extends into the conical bottom of the powdered 
bin @ and is furnished near its extremity with a series of bi: 
to prevent any clogging or br over of powdered fuel 
and to assist fuel to pass freely over the inclined surfaces 
in the bottden of the bin towards the contrel Cone 4. j is the sleeve 
is rotatably mounted in a bracket and through which 
the shaft f . m is the bevel wheel which is carried by the 
sleeve j, m is the bevel wheel which gears with the wheel m, o 
the shaft upon which the wheel n is ke and p shows the 
worm gear by means of which the shaft is driven. 
spindle, the inner end of which is inserted in the low end f1 of 
shaft f in which it is secured by the set screw f2. +r is the 
nut with which the screw spindle , 8 is the bracket which 
carries the nut,r and ¢ is a handwheel upon the end of the screw 
spindle by means of which it can be turned so as to effect the 
Toa the shaft f, and so the position of the cone 
ad. (Sealed. 


155,388. E. Green and Son, Limited, Wakefield, and 
G. E. Tansley, Wakefield. Fuel Economisers. (3 Figs.) 
September 24, 1919.—The invention relates to that class of fuel 
economiser for steam boilers in which the tubes are arranged 
horizontally and built up in sections consists in re La 

ri- 


the supply Pipe b. 


the tubes of fuel economisers in sections and arranged 
pro a frame work ha’ 
each section of a ey - A 


ledges for supporting 
ramework A of iron 
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H. Isherwood, Bolton. T Rollers of 
(4 Figs.) September 19, 1919.—The inven- 
tion rei to improvements in the we’ top rollers of 
Sicnfdeca'Upct trie gue cio tetas 
on a we! a we ring on 
a weight w re, the hook of which is suspended on the spindle at 
® point between the bosses referred to. The invention consists 
In arranging on the spindle between the bosses a loose bush 
having a deep peripheral groove, each flange of such bush fitting 


=— 














bosses is mounted freely on the spindle so that it will remain 
stationary a bush c. This bush is provided with flanged ends d 
square with the axes of the bosses and a central portion e¢ of 
truncated conical form, the @ fitting freely within the 
correspondingly shaped recesses f formed in the inner ends of the 

*s b. The central portion e of the bush is grooved to semi- 
circular form, the curve dying out flush with the ends of the 
flanges d. The hole h through the bush fits freely on the spindle a 
of the roller, so allowing the. bosses and their spindle to rotate 
freely whilst the bush remains stationary. Holes ¢ in the neck 
of the bush allow lubricant — to the @. The weight 
hook is suspended from the of the ( Sealed.) 
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in a recess in the adjacent end of each boss. This formation 
serves to centre the we hook correctly on the spindle, and, 
prevents any accumulation of fluff and waste. a indicates the 
central spindle and 6 the bosses fixed thereon. the 





.| screwed through the collared nuts 22 fixed on the cross-plates 8, 


and then the oper wheel nuts 23 are screwed in position on to 
the ends of the bolts 20, the ordinary cutters are placed in 
ition and d to the crosshead 2, and are lowered into 
cutting position with the inside ejecting plates resting on the 
cutting web. When in this position, the lower end of the nut 22 
should rest on the crosshead 2, and then by means of this nut the 
inside ejecting plate should be raised about a quarter of an inch 
os Se the cutting web and locked in this ! gg; ~ by means 
of the lock nuts 23 on the top of the nuts 22. (Sealed.) 
155,320. Joseph Baker and Sons, Limited, London, and 
Ww. E. London. Machine for Cocoa 


Cake. (3 Figs.) July 28, 1919.—The invention relates to 
machines for b: 





Sa tng Paes bt ee hn ay aad 
ween rollers unt ly 
there-between, and this is effected by giving to one of the rollers 
of the upper pair an oval section. A, Al are castings con- 
nected rto form aframe for the bearings of 
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Assistant EXAMINER IN THE Patent Or¥ice.—The 
open competitive examination of July, 1921, will begin 
Fuly 2, 1921 ror! wed in the printed po Bs he 

uly 12, as sta in 
will last until Securdey, Jul , 1921. An 
who has attained the age of 30 on July 26, 1921, and has 
not attained the of 25 on July 12, 1921, will be 





regarded as eligible in respect of age to compete on this 
occasion. 
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THE DALMARNOCK POWER STATION. 


As an example of the latest British practice 
in large electric power station design and con- 
struction the new electric generating station which 
has been built by the Glasgow Corporation is of very 
general interest. The station is situated near the 
eastern boundary of the city, on the north bank 


Fig.i3. SECTION AT 4 4. Pig.1) 












































Some idea of the magnitude of the Dalmarnock 
station will be given by reference to the facts that 
the total plant capacity, covering all stations, of 
the Manchester Corporation Electricity Department 
is somewhere about the same figure and that the 
capacity of the Carville station of the Newcastle- 
upon-Tyne Electric Supply Company is 62,000 kw. 

As the purpose of this article is to give an account 








with the supply of power to the tramways, which in 
Glasgow are run from independent tramway stations. 
Despite continuous growth in station capacity 
the general load has for many years taxed the 
generating capacity very closely and the building 
of the Dalmarnock Station was projected as long 
ago as 1910. The erection of the buildings was 
commenced in 1914, and under normal circum- 
















; 4 
BarsWa 200g. /riBarstilg bp Fig.4. BEAM.K. | 
tea ao" wre gibt 1S. SECTION AT 5.5. (Fig) 
- 1A.45'61g 
aap Bik a. Bars 20:01g 6 
e | Wears ¥'a. 310g | 2 
| 
| ert Bars tid. 12:0%g ¥d. Béla 
' aie 8 
¢ ® 
= N wt.Bars ~ 
, 4 cd. 20:3 lg. 2p. 3 
| 
4 Bars 6:09. Sp. 
\pott Barska sbilgsp/\ | 2 Bars ¥a. 1'61g | 60% 
ct2 pe .% Wd. 16'lg 
| we ta 
ity rn \ ; i>. eens z 
(6834.0 ea x x = ‘a > - rr kd. 3. : 
Dist Bars 84 56% 5: Yate ne Oly 2Bars % d. 15:0'Ug. i  aate 251g. 2 Clamps % 4.86 tg. +5 
0 
Se 20". 0° ~~ 99! g* —___ = stances the first half should have been completed 
: TO 2 — 1 og and in operation about the year 1916. The in- 
“- ; 1 cidence of the war, however, seriously delayed 
| ~ 6-8-6 Ij | fj matters and the station was formally opened only 
i i in last September, when the first set was in opera- 
tion. 
% This effect of the war was not only to delay the 
co @ 2 a completion of the station, but also, as will readily 
_ Fig 17 Fig. #. be understood, to seriously increase the cost of 
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of the River Clyde and close to the Dalmarnock 
Bridge, from which it receives its name. As is 
usual in large undertakings of this class, the station 
has been designed to lend itself readily to con- 
struction in two stages, and although the ultimate 
electrical load which it will carry is 200,000 kw., 
the present building and plant in operation, or in 
process of being installed, will deal with only half 
this load. The figure of 100,000 kw. represents, 
however, an output which comparatively few years 
ago would have appeared an almost impossible one. 





in some detail of the important engineering features 
of the Dalmarnock Station we will not attempt to 
enter into any historical account of the growth 
of the electric supply business in Glasgow. It is 
sufficient to say here that the business has been 
conducted with such success since the Corporation 
took it over in 1892 that the total station capacity 
has grown from 300 kw. to some 70,000 kw. This 
latter figure does not include the Dalmarnock plant, 





and incidentally it may be mentioned that it does 


/not include generating plant used in connection 





building and equipping it. The initial estimate 
for the cost of the station worked out at about 101. 
per kilowatt of plant installed, while the figure 
actually reached approaches 201. per kilowatt. 
It is estimated that the first section of the works 


| when completed will have cost 1,964,618/. Inci- 


dentally it may be mentioned that the war had a 
direct effect on an important engineering feature 
of the station. It was originally intended that the 
main buildings should be steel-framed structures, 
but owing to the shortage of steel in the country 
during the war this type of construction was vetoed 
by the Ministry of Munitions, and a ferro-concrete 
construction was substituted. The ultimate effect 
has been the erection of buildings of great interest 
and considerable novelty. The Dalmarnock site 
was purchased in 1912 on the advice of Mr. W. W. 
Lackie, at that time the engineer of the Electricity 
Department, and the designs for the station were 
got out by him. A large part of the work of con- 
struction was carried out under his auspices, and 
on his appointment as an Electricity Commissioner 
the task was carried on by his assistant, Mr. R. B. 
Mitchell, who was then appointed engineer and 
manager of the department. In virtue of his earlier 
office, under Mr. Lackie, Mr, Mitchell has been 
connected with the design and construction of the 
station throughout, and an authoritative and 
detailed account of its features and equipment was 
given by Mr. Mitchell in a paper read before the 
Institution of Engineers and Shipbuilders of Scot- 
land in Glasgow, on March 29 last. We have drawn 
freely from the data contained in this paper in the 
preparation of the present description. We are glad 
to acknowledge our indebtedness to Mr. Mitchell 
in this matter, and take this opportunity of thank- 
ing him for other facilities placed in our way in 
connection with our task and also for making 
arrangements for us to visit the station. 

The original site purchased for the erection of the 
Dalmarnock Station had an area of 13} acres, but 
in 1916 an additional area of 33 acres was purchased. 
This new area is mostly low-lying, and it is intended 
that it shall serve in the first instance as an ash tip. 
Later it is considered possible that it may serve as 
site for an’ electrochemical or other works requiring 
large supplies of electricity. The area covered by the 
station proper is shown in Fig. I on Plate XXXIV. 
As will be seen, the site is bounded on one side— 
the south-east—by the River Clyde. Other sides 
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are bounded by public roads, except the north-west, 
which is formed by the’Caledonian Railway. A 
glance at the plan will show that from the point 
of view of its boundaries, the site is a very suitable 
one for a large power station, the railway allowing 
convenient siding accommodation to be easily 
connected, the river providing condensing water 
and the roads allowing ready carrying away of the 
distribution cables to the area served. There is 
no wharf and all coal arrives by rail. 

The main buildings, as we have already indicated, 
are built in reinforced concrete. This type of con- 
struction has, however, been carried further and has 





been applied in the retaining wall of the coal store, 
the girders carrying the transporter, the condensing 
water intake and outlet, &c. The relation which 
these various items bear to the general lay-out will 
be seen from Fig. 1. The coal store lies to the west 


of the station and is bounded by the ferro-concrete 
retaining wall. This wall is 25 ft. high, but on the 
river side the foot path is 10 ft. below yard level, 
so that the exposed outer face of the wall on that 
side of the yard is 35 ft. The store will hold 75,000 
tons of coal and is fed from the railway sidings on 
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the north-west side. The wagons tip into either of 
two 10-ton hoppers, which can be seen in the lower 
part of Fig. 1. Electrically operated rams actuate 
the tipping cradles. A truck being tipped is shown 
in Fig. 32 on page 650. Below the hoppers there is 
a breaker floor on which a coal breaker is placed. 
Large coal can consequently be dealt with if 
necessary. From the hoppers the coal can be 
transported either to the overhead service bunkers 
of the boiler-house or to the coal store. It 
is taken from the hopper by a bucket conveyor 
which, for delivery *‘o the store, supplies a 
conveyor at right angles, which runs parallel 
with the coal store wall, next to the sidings, for a 
length of 480 ft. This conveyor can discharge at 
any point in its length on to a conveyor mounted 
on a transporter which works over the coal store. 
Two diagrams of this transporter are given in Figs. 
4and 5, on Plate XXXIV. This transporter is 190 ft. 
from centre to centre of rails and, as shown in 
Figs. 4 and 5, is overhung 35 ft. to serve as far as 
possible the triangular portion of the store next 
the river, which can be seen in Fig. 1. Coal can be 
tipped into the store from the transporter conveyor 
at intervals in its length. 

For delivery to the boiler-house the coal lifted 
from the hoppers by the elevating conveyor is 
discharged on to duplicate tray conveyors, which 
carry it across the end of the boiler-house near the 
roof level. This conveyor in turn delivers to further 
tray conveyors running across each boiler-house 
above the service bunkers. The transfer point is 
shown in Fig. 35 on page 650. The coal can be tipped 
automatically into these service bunkers at any 





point. These service bunkers can be seen in the 
sections of the boiler-house given in Figs. 6 and 
7 of Plate XXV. The conveyors are carried in 
the space above the service bunkers shown in 
Fig. 22. They are indicated in the complete cross- 
section of the station given in Fig. 22 on this 
page, and one is shown in Fig. 36 on page 650. 
Coal is reclaimed from the coal-store for 
transport to the boiler-house by means of a Priest- 
man grab suspended from a crab running on the 
transporter. This grab discharges into a travelling 
hopper which runs on the transporter above the 
lower strand of the conveyor. This conveyor 
transports the coal to the conveyor running down 
the side of the coal store and by reversing the 
direction of the latter the coal is carried to the 
service bunkers by the plant already described. 
An auxiliary bunker is fitted at the south end of 
the conveyor, which runs down the side of the coal 
store and by means of it wagons can be loaded, 
so enabling the coal store to supply if necessary the 
other stations, which are operated by the electricity 
department. The various conveyors run at a speed 
of 45 ft. per minute, and the capacity of the plant 
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is 100 tons of coal an hour. About 80 per cent. of 
the possible 75,000 tons of storage coal can be 
handled by the fixed plant. This coal-handling 
plant was supplied by Messrs. Babcock and Wilcox, 
Limited, of Renfrew and of Oriel House, Farring- 
don street, London, E.C. 4. 

We have dealt with the coal-handling plant at 
this stage as it has considerable relation to the 
general lay-out of the site, as shown in Fig. 1. 
Before proceeding, however, more in detail with 
a description of the boiler installation, it will 
be advisable to refer rather more fully to the 
constructional features of the building, retaining 
wall and other main structures. The matter of 
foundations is an important one in this connec- 
tion, and it may be said that the land on which 
the works have been carried out was at one time 
part of the bed of the River Clyde. The upper 
strata was found to be of a quite satisfactory nature 
to carry foundations, but with the deep digging 
which was necessary for the water culverts mud and 
muddy clay was encountered 30 ft. down. Pots 
of very soft mud were of frequent occurrence, 
although none were disclosed by the bore holes. 
A number of sheet piles, 25 ft. long, used in con- 
nection with the work dropped out of lock and were 
lost in the mud. As in many cases it was felt that 
the stratum was too soft to give lateral support 
to piles carrying the foundations concrete rafting 
was employed and proved very satisfactory. The 
boiler houses and switch house are founded on the 
upper firm crust and are also set on concrete rafts. 
The deep excavation with the concrete raft arrange- 
ment to which we have referred concerns the turbine 
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| 5 ft. of coal heaped above the coping level. 





house mainly. In this connection advantage was 
taken of the circulating water inlet and outlet 
culverts to increase the area of the foundations 
for the turbine house columns. The reinforced 
concrete water pump chambers on the river side 
of the house give further spread and stability. 
The reinforced concrete work was carried out to 
the designs of the Considére Construction Company, 
Limited, of 5, Victoria-street, Westminster, and as 
we have said involved a number of detail problems 
which make the whole an extremely interesting 
example of this form of construction. The cross- 
section through the boiler-house given in Fig. 10, 
on Plate XXXVI, illustrates very clearly the details 
of the form of reinforcement used. The octagonal 
columns carrying the economiser floor are of 
considerable interest. These carry a very heavy 
load and are reinforced by vertical bars and the 
Considére system of spiral reinforcement. A cross- 
section of one of the columns is given in Fig. 12, 
while their position in reference to the building 
generally will be seen in Figs. 6 to 9, on Plate XX XV, 
and in Fig. 22, on page 636. The side walls of the 
bunkers above these columns are reinforced to 
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sustain the side thrust of the coal and at the same 
time to act as longitudinal girders joining the 
columns, thus enabling the latter to be set at wide 
intervals in spite of the load on the economiser 
floor. It is not necessary that we should attempt 
to refer to all the details of reinforcement shown in 
Fig. 10 as the arrangement of bars adopted is well 
shown. It will be noted that the reinforced concrete 
construction has been employed even for the roof. 

Some details of the ferro concrete construction 
used in connection with the retaining wall and 
transporter gantries are given in Figs. 13 to 19, on 
page 635. Figs. 13 to 19 refer to the gantry, a plan 
of part of which is shown in Fig. 16. The position 
of this structure in relation to the coal store generally 
is shown in Fig. 1. The arrangement, as will be seen, 
consists of a series of pillars tapering in end view, 
and held together at the bottom by panelling 11 ft. 
high. This panelling is all below yard level and 
forms a stiffening and foundation for the pillars. 
Details of the reinforcement of this part of the work 
are shown in Figs. 13 to 15. The upper member, 
on which the transporter travels, is 4 ft. deep and 
forms a continuous girder of the section shown 
in Figs. 17 and 18. Two cross-sectional views of 
the retaining wall are given in Figs. 20 and 21, 
the latter showing a point near where the wall 
forks to form the gantry. As already stated the 
coping of this wall is 25 ft. above yard level and 
35 ft. above footpath level. The wall has been 
designed to support not only the 25 ft. of coal and 
the 10 ft. of earth which it will carry on its inner 
side when the store is full, but also an —-"_ 
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from the top branch pipe into the bottom branch 
pipe of the second group, finally leaving the top 
branch pipe for the boilers. 

The designs of the economiser pressure parts 
embody many features recently introduced to 
withstand the higher boiler pressures now being 
met with. The principal departure in design is 
in connection with the socket joint of the sections. 
Hitherto these joints have relied on friction between 
the tube and header for resisting internal pressure, 
- and although this method has worked well the 
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the accessibility of the economiser for cleaning or 
repairs. The new type of lid is illustrated in 
Fig. 31, on this page. 

The induced draught fans are situated beside the 
economisers on the top floor of the boiler-house. 
There is one fan for each pair of boilers. They 
are of the “ Siroceo”’ type, 90 in. in diameter and 
are direct-driven at 245-175 r.p.m., by slip-ring 
motors. A forced draught fan is fitted for each 
boiler. They also are of the “Sirocco” type, 45-in. 
in diameter, and directly driven by 45 brake horse- 





Scraper GEAR FOR ECONOMISERS. 



































\ ~~] y a 
































holding power has been augmented by the adoption 
of Messrs. Green’s Patent “ Ringstay ” joint. This 
is illustrated in Fig. 30. It consists of an external 
ring-plate and a split ring which are passed over 
the tube end and held in contact with the shoulder 
of the tube by the ring-plafe, which is secured by 
four set screws. Direct pull tests have demon- 
strated that such joints are capable of sustaining a 
load of 20 tons, irrespective of friction. The Dalmar- 
nock economisers are arranged 10 tubes wide and 
contain four “‘ Ringstay”’ joints top and bottom 
in each section, so that they are capable of resisting 
an internal pressure of 1,100 lb. per square inch 
over and above the friction joint. The top headers 
are cylindrical and of the extended type in order 
to give access to the whole of the tubes without 
removing the top branch pipe. A patent method 
of fitting the lids has been introduced which while 
improving the efficiency of the joint does not impair 


























power slip-ring motors at 350 r.p.m. They can 
maintain a pressure equivalent to 2 in. of water 
gauge at the outlet. They are installed on the 
basement floor underneath the boilers. They feed 
into the stoker air chambers through a reinforced 
concrete duct under each row of four boilers. The 
duct is divided into four sections by means of 
dampers, and one fan is connected to each section. 
Under normal conditions the dampers are closed. 
The fans are of such a capacity that if one has to 
shut down for any reason, the remaining three fans 
connected to the duct (the section dampers being 
opened) will be capable of maintaining in the stoker 
air chambers sufficient pressure to steam the boilers 
at their normal rated capacity. 

There is a chimney for each pair of boilers. They 
are of steel lined with concrete, 1} in. thick, rein- 
forced with ‘“Hyrib.” The chimneys are 80 ft. 


high from the economiser floor, and are 9 ft. 6 in. 


internal diameter. Dust catchers are fitted at the 
base of the chimneys of No. 2 boiler house. There 
are two pump rooms to each boiler-house. Each 
contains two pumps of 20,000 gallons per™ hour 
capacity, one being steam and the other electrically 
driven. The steam pumps are of the Weir centri- 
fugal type direct-driven by steam turbines, while 
the electrically-driven pumps are by Messrs. Holden 
and Brooke and of the seven-stage centrifugal type. 
They are direct driven at 450 r.p.m. by 125 brake 
|horse-power motors. One pump is capable of 
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| supplying four boilers at normal output. The steam 
| pumps exhaust into the hot-wells and are used when 
| the hot-well temperature for any reason falls below 
| the rated figure of 150 deg. F. The feed range is 
| of wrought-iron, 3 in. in diameter. The pipes are 
| arranged so that each side of the boiler-house is 
served by duplicate mains, and cross-connections are 
provided so that the pumps in each boiler-house can 
pump into any one of the pipe lines. The ash 
hoppers are of reinforced conciete lined with fire- 
brick. The ashes at present are discharged from 
the hoppers into 5-ton electric wagons and removed 
to the tip. Ultimately pneumatic ash plant is to 
be supplied by Messrs. Babcock and Wilcox. 

The steam piping arrangement is simple and 
compact. Generally the steam from four boilers is 
delivered through two 12-in. pipes to a receiver 
situated in the basement close to the turbine house 
wall. This receiver is connected through 16-in. 
pipes to one of the turbines. The receivers are inter- 
connected through two 12-in. pipes. Two hot-well 
tanks, are provided for each boiler-house. They 
are 28 ft. by 10 ft. by 9 ft. Each tank is divided 
by a central vertical diaphragm and the pipes are 
arranged so that the feed pumps may draw from 
one-half of a tank while the other half is under 
repair or being cleaned. The blow-off pipes dis- 
charge into the circulating water outlet culvert. 
Water from the Clyde is used for boiler make-up. 
Analysis showed that the water, while averaging 
about 12 deg. of permanent hardness, was otherwise 
quite suitable for the purpose. Softening and 
purifying plant of 5,000 gallons per hour capacity 
has been supplied by the Paterson Engineering 
Company. The lime-soda process is used, and 
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very satisfactory results are being obtained. A 
separate supply from the town mains is led to the 
feed tanks for use when necessary. 


(To be continued.) 





THE PROPORTIONS OF CRANKSHAFTS 
OF PETROL MOTORS. 

One of the great features of the modern petrol 
motor as*applied to the ordinary car is the very 
great increase in the size of the crankshaft. To a 
certain extent the same tendency is shown in petrol 
motors for’other purposes such as lorries, but the 
increase in"size is here not nearly so great as in the 
case of cars. The essential reason for this is that 
the car engine is run at a very high speed in order 
to get the greatest power out of a purely arbitrary 
rating which is used for taxation and competition 
purposes while the lorry is taxed by weight carried 
and therefore the engines are run slower. Still 
even in these types crankshafts have increased 
considerably in size. 

Crankshaft sizes are determined by two require- 
ments. In the first place it is obviously necessary 
that the shaft should be strong enough not to either 
bend or break. In the case of the ordinary pleasure 
car, however, shafts are usually made heavier than 
necessary for this simply in order that they may be 
stiff enough for the engine to run smoothly. The 
stresses on shafts are mainly of two kinds. There 
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are the bending stresses due to the explosion 
pressures and the inertia forces of the reciprocating 
parts and there are also torsional stresses. In an 
engine with four or more cylinders these latter appear 
to be the most important. Part of the torsional 
stresses are, of course, due to the explosion force 
which drives the engine. There are, however, 
another set of torsional stresses which are probably 
far more important and these are the torsional 
stresses due to the inertia of the pistons. As the 
petrol engine only has one working stroke out of 
every four there are three strokes on which the 
pistons have to be moved by the crankshaft and 
flywheel, and at high speeds the stresses due to this 
are very high and alternate very rapidly. In the 
case of a long shaft with many cranks this sets up 
torsional vibration, which makes a very unpleasant 
running engine. Hence the shaft must not only 
be strong enough not to bend or break but also stiff 
enough for the engine not to vibrate. 

In order that a crankshaft should not spring 
however, it is necessary not only that the diameter 
should be great enough in the journals and pins 
but also that the webs should be as stiff as the shaft, 
and if we look at the proportions of the crank in 
many of the engines now on the market it appears 
that the webs are not nearly stiff enough for the 
diameter of the shaft. 

Fig. 1 shows the profile of the crank of a well- 
known car in which the crank-pin diameter is about 
0-57 of the diameter of the cylinder. The width of 
the webs is 1-5 times the diameter of the crank-pin, 
which is about as wide as it is convenient to make 
them. In this case the thickness of the webs is only 
0-34 of the diameter of the shaft. In consequence 
the stress on the crank web due to a simple bending 
moment is over three times the stress on the crank- 
pin, while the distortion under a given bending 
moment is about 10 times that of the pin. This 
may not be so serious a matter as appears at first 
sight, for the bending moment on the web may be 








considerably less than that at the centre of the pin, 
but even in this direction the web appears to be 
much wanting in rigidity. 

When we come to consider the torsional stresses, 
however, the case is a great deal worse. The stresses 
on the web due to torsional load are about three 
times the stress on the pin and the distortion due 
to a given torsional load about six times. This 
engine has the bearings arranged in a somewhat 
unusual way, for there is no bearing between No. 3 
and 4 cranks, but there are five crank webs between 
the flywheel and the front crank and the whole 
of the torque has to pass through these when the 
flywheel is either moving the piston or the latter 
driving the flywheel. 

Fig. 2 shows another shaft, there being in this case 
five bearings. Here, again, the weak point is 
that the webs are very weak in torsion and that 
there are a great many of them between the flywheel 
and forward cylinder. In this case the resistance 
of the web to distortion due to torsion is only one- 
thirteenth of that of the crank-pin. As there are 
seven webs between the flywheel and the forward 
cylinder this fact must weaken the shaft in torsion 
very greatly. 

Another instance of the weakness of crank webs 
is shown in Fig. 3, though in this case the webs are 
far thicker in proportion to the diameter of the shaft 
than in the former examples. The shaft here has, 


however, only two bearings, namely, one at each 


Y 





end. In this case, when one of the middle cylinders 
fires there is a heavy downward pressure as shown 
by the arrow and the bending moment on the web 
at A is practically as great as in the middle of the 
crank-pin. Hence the web should have the same 
resistance to bending that the crank-pin has. This 
is not the case, for the stress on the web is about 
25 per cent. greater than that on the pin. Further 
the resistance to distortion in the web is less than 
half that of the pin. In resistance to torsion again 
the web has only about two-thirds the strength of 
the pin. 

A further source of weakness in crank webs is 
that in many cases they are not machined all over 
but are stamped and, in order to make them come 
out of the dies easily, and also in order to save 
machining the corners of the webs, are very much 
tapered and rounded. Fig. 4 shows the elevation 
of a crank of this type and Fig. 5 a section of the 
web toa largerscale. In each case dotted lines show 
the web of a crank machined all over giving the same 
bearing length. It will be seen that the tapering 
of the web in order to get good clearances for manu- 
facture weaken it very much indeed. One make of 
vehicle largely used in the Army had a crankshaft 
with webs something like this and although the 
shaft was of quite large diameter it was very liable 
to spring. 

This matter of the design of crank webs is of 
considerable importance in petrol motors. In the 
older classes of engineering where there has been a 
great deal of experience and engines have to run 
for long periods without repair, it has been found 
best to make the webs of good thickness even if 
this entails some slight sacrifice of bearing length, 
as it is found that large bearing area is of no avail 
if the shaft springs so that the pressure is not 
properly distributed over the surface. The same 
probably applies to motor-car engines, and a con- 
siderable proportion of them would run better if 
the webs were made thicker even if the shafts were 





slightly reduced in size. With good design there 
is no difficulty in arranging for suitable webs and 
at the same time for bearings of good length. 

Naturally this matter is most important in those 
engines which do not have a bearing between each 
crank and the next, and this is especially so in the 
case of four-cylinder engines with only a bearing 
at each end of the shaft. In such shafts the webs 
between those cylinders having no bearing between 
them should be as stiff as the shaft both in torsion 
and bending. This means that if the width of the 
web is 1-5 times the diameter of the shatt its 
thickness must be about three-quarters of that 
diameter and it is comparatively rarely that it is 
made as thick as this. 

If more attention were paid to the proper pro- 
portion of the webs it is probable that some of the 
present enormous shafts might be reduced in size 
considerably and yet their stiffness improved and 
probably the running of the engine also. There 
are some distinct disadvantages in very large shafts. 
In the first place they are, of course, heavy and 
entail heavy bearings. The weight of the crank. 
pin and big-end are also very distinct objections, for 
the wear on the bearings is very largely due to the 
centrifugal force of these parts, and the heavier they 
are the greater the bearing pressures and therefore 
the wear. Large diameter shafts also entail high 
rubbing speeds. 

It is no doubt largely from these reasons that 
certain engines with quite moderate-sized shafts 
run excellently, and have done so for many years, 
while others often with bigger shafts give a good 
deal of trouble. 





A NEW HYDRAULIC PARADOX. 

EXPERIENCE with Venturi meters has brought 
to light certain very curious anomalies, which seem 
to throw doubt upon the intrinsic reliability of 
methods in very general use for measuring the static 
head of a moving fluid. In fact there is evidence 
which tends to show that these methods may be 
affected by systematic errors which fortunately, 
however, cancel out in most cases of practical 
importance. Generally what is measured is a differ- 
ence of heads, and if the conditions are identical 
at the two points of measurement the systematic 
error is the same at both and is eliminated when 
the gauge readings are subtracted one from the 
other. In the case of the Venturi meter the con- 
ditions are not identical at the points to which the 
gauges are connected. As is well known, this 
meter is essentially a convergent-divergent nozzle. 
In the absence of friction the velocity of flow through 
the throat could be calculated accurately from 
Bernouilli’s principle, according to which the sum 
of the static and velocity heads is constant. Thus if 
v, and H, be the velocity and head at the meter 
inlet, and v, and H, the corresponding values at 
the throat, then (assuming the axis of the meter 
to be horizontal) we should have : 





20? + Hy =: A ol 4. Hy, 
29 29 
or 
v2 Uo? —H 
— = = H; — ‘ - 
29 2g Mo 


Now v) bears a constant ratio to v,, depending 
upon the relative diameters at the inlet and throat. 
If, as is common, the throat diameter is one-third 
the inlet diameter then », is nine times v,, and on 
substituting in equation (1) we get 

v2 SS ue ey 
™ ( a) Se FP 
So that in the absence of friction we should have 


81 
vy? = — .2¢.(H; — 
1 =) g 1 — Ho) 
or 


1 =1:006.a/' 29 (Hy — Ho) 

Actually, however, there are frictional losses, 
and it is necessary to replace the constant 1-006 
by an experimental coefficient. So that in prac- 
tice we may write 

n= C a/ 29 Oh; = Ha) 
Now assuming the heads are accurately deter- 


mined it is obvious that C must be less than 1-006 
or there is a violation of the principal of the conser- 
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vation of energy. Nevertheless, it has been found 
that in careful experiments at low velocities values 
of C much higher than this have been recorded, and 
the question arises as to how this anomaly is to be 
explained. Let us take a particular case of which 
the data have been furnished to the writer by Dr. 
W. J. Walker, of University College, Dundee. 

The head at the meter inlet in this experiment 
was 27-6 in. of water and at the throat — 2°30 in. of 
mercury, whilst the flow in 3 minutes was 69-5 Ib. 
The diameter of the waterway at the inlet was 
} in., and at the throat } in. From these figures 
we find that the coefficient is 1-023 in place of a 
theoretical maximum of 1-906, so that obviously 
something is wrong. In short there must be an 
error of almost 3} per cent. in the measurement of 
the difference of head, which is much more than 
the probable experimental error. It must, however, 
be pointed out that anomalies of this kind are not 
necessarily associated with the Venturi meter, since 
by suitably designing the waterway it can, we are 
informed, be entirely eliminated. Nevertheless flows 
in excess of the theoretical maximum have been 
repeatedly recorded by careful observers, working 
under laboratory conditions ; but have so far not 
been satisfactorily accounted for. Several instances 
of these excessive flows are recorded in a paper 
«<On the measurement of Water by asmall Venturi 
Meter,” read before the Canadian Society of Civil 
Engineers in 1902 by Prof. E. G. Coker, F.R.S., 
and Mr. T. P. Strickland. 

A partial explanation could be found were the 
flow viscous at the inlet and turbulent at the 
throat, since in the one case the curve representing 
the distribution of the velocity over the cross- 
section is a parabola, whilst in the other it is flat- 
topped, so the mean velocity is one-half the maxi- 
mum in the one case and 90 per cent. or more of the 
maximum in the other. Hence with the same 
mean velocity the total kinetic energy of the fluid 
is greater with viscous than with turbulent flow. 
Only a fraction of the discrepancy could, however, 
be thus accounted for; and as it turns out in the 
particular case under discussion the flow at the 
inlet is still turbulent. From the data given the 
velocity here is 61-56 cm. per second ; the diameter 
here is 1-904 cm., and the kinematic viscosity of the 


water is about 0-0114 C.G.S. units. Hence 25 = 


10,000 (nearly), which is considerably above the limit 
at which the flow in smooth pipes ceases to be 
turbulent. 

We must, therefore, go further afield for an 
explanation of the anomaly, and this explanation 
must be consistent with the fact that the makers 
of the Venturi meter find that they can eliminate 
the error by suitably designing the water way. In 
such cases light is often to be found by a con- 
sideration of the character of the mechanism at 
work. 

In the turbulent flow of @ fluid, the turbulence 
is confined to a core between which and the wall of 
the pipe is a very thin layer of fluid in viscous flow ; 
but we shall neglect this viscous film entirely in 
what follows, and consider the motion as wholly 
turbulent. In that case the particles of water have 
not merely an axial velocity but also a radial one. 
If a Pitot tube could be directed exactly along the 
path of such a particle, it would destroy its 
momentum and record accurately the total energy 
of the particular line of flow momentarily obtaining. 
In actual practice, however, the orifices which are 
connected to the gauge are pierced in the walls of 
the tube. Asa particle crosses the tube it is brought 
to rest at the wall. The destruction of its momentum 
here produces a pressure corresponding to the kinetic 
energy represented by its radial velocity, and if the 
matter ended there th» gauge would record 
accurately the difference between the total energy 
of the fluid and that due to its axial velocity. 
In actual fact, however, the icle does not 
remain in contact with the wall of the tube, but 
acquires a new radial velocity equal and opposite 
to that which it had before. The new radial 
momentum thus generated must be balanced by a 
pressure on the walls of the tube, and the pressure 
there is accordingly greater then the true static 
head, if we understand by this the difference between 
the total head of the fluid and the head corresponding 
to its axial velocity. 





If this view be correct, in the case of a unifo 
pipe, no error will arise in determining differences Of 
head, but when a pipe is of varying section, there 
would seem no justification for assuming that the 
head responsible for the reversal of the radial velocity 
of the water particles will be the same at all sections. 
Indeed, it is more likely to be approximately 
proportional to the square of the velocity of flow, 
though probably not independent of the absolute 
magnitude of the pipe dimensions or of the viscosity 
of the fluid. If the augmentation of head is greater, 
the greater the axial velocity, the anomalies observed 
with some Venturi meters seem to be fully accounted 
for. They should disappear in tests in which the 
flow is viscous throughout, or, say, when the total 
difference of head, in the meter of which the 
dimensions are stated above, is } in. of water or less. 
Probably before this low rate of flow was reached, 
repeat observations would cease to be consistent 
with each other, as the change from turbulent to 
viscous flow is a somewhat erratic phenomenon ; 
and consistency would only reappear when the 
transition stage was completely passed through. 
It would be well to test this, for the implications of 
the theory above put forward are somewhat far- 
reaching, as it would imply that many observations 
made on the pressure distribution in steam nozzles 
are vitiated by a systematic error. It must, how- 
ever, be borne in mind that the anomaly has so 
far been observed only under special conditions, 
and so far as it goes this fact constitutes evidence 
that in general the error due to the reversal of 
the radial momentum is small. In the actual 
use of Venturi meters the matter has of course 
merely a theoretical importance, as the coefficients 
are determined by actual calibration. Moreover, 
as already stated, the makers find that they can 
eliminate the anomaly and construct Venturi meters, 
which are not only free from it, but have a practi- 
cally constant coefficient at all rates of discharge. 
The theory of the phenomenon, above given, in no 
way conflicts with this result. If the surface of the 
waterway be convex to the axis of flow, centrifugal 
forces are developed tending to reduce the pressure 
on the walls. The value of this “negative” 
pressure will vary as the square of the velocity of the 
fluid, and inversely as the radius of curvature of the 
convexity. Since the excess of pressure due to 
the reversal of the radial momentum of fluid in 
turbulent flow is probably also nearly proportional 
to the square of the velocity, the one effect will 
cancel the other if the convexity of the wall is 
suitably chosen, and the compensation will hold at 
least approximately at all rates of flow. 

In the foregoing it has been assumed for the 
sake of simplicity that the mean radial velocity, 
when the flow is turbulent, is directly proportional 
to the axial velocity. This is probably not exact. 
From the theory of dimensions it would seem that 
the relation between v, the mean radial velocity 
and vg the mean axial velocity should be capable of 
expression in the following form : 


where d represents the pipe diameter and y the 

kinematic viscosity. There appears to be some 

reason for believing that the function ¢ is nearly 

constant at high velocities, and approximates to 

Sm) 
v 


at low velocities where n is a small 


negative fraction. 





MECHANICAL REDUCTION GEARS ON 
WARSHIPS AND MERCHANT SHIPS. 
By Joun H. MacaLprine. 

(Concluded from page 611). 

Commander Tostevin writes (Vol. CIX, page 478: 
T.LN.A. Vol. LXII, page 134) of the disadvantages 
of the floating frame shown by experience over a 
number of years but, unfortunately, does not state 
what he has in mind or I would gladly have dis- 
cussed them. I know of none. On the contrary the 
floating frame has performed far beyond my most 
sanguine expectations, allowing the safe use of much 
higher power constants than I anticipated. It annuls 
completely delicacy of alignment--that great bugbear 
of rigid gears—and was devised because this great 
difficulty was clearly foreseen. It is more firmly 
fixed in the favor of the Westinghouse engineers 
than ever; and the responsible authorities in the 


Navies of the United States and Japan, who also 
have first hand experience, do not seem to share the 
opinion expressed by Commander Tostevin. It will, 
probably before this is printed, be in 36 United States 
destroyers and is now in 30 of these which have per- 
formed perfectly; and one of these, the Satterlee, 
holds the officie] speed record in its class, 38-25 knots, 
with a tooth pressure of 1,175 Ib. per inch on a pinion 
pitch diameter of 10-227 in.—a much higher pressure 
than for the Hood whether compared by the “ D rule”’ 
or “D J/Tule,* and every allowance made for a 
rather short tooth face (26 in., as the gears had to be 
shortened). The tooth pressure of the Hood seems to be 
considered high (Vol. CIX, page 599). The Japanese 
have, built and building, a large horsepower of gears of 
various sizes, from comparatively small to great 
in one gear. That the floating frame functions as 
intended is proved by the slight pitting which fre- 
quently occurs in both land and marine gears. This, 
which no doubt shows local excessive pressure, is, in 
these gears, nearly always distributed all along the 
tooth face ;* and wear, where it has taken place 
measurably, is also evenly distributed. 

There have been some troubles, especially in the 
hurry of the war orders. Of these Commander Tostevin 
seems to have heard some report, but, had he known the 
details, he would have recognised that in no single 
instance were they attributable to the floating frame. 
For instance— 

(1) For reasons which seemed sufficient to some of 
the Westinghouse engineers, a long addendum tooth 
was adopted in the pinion. This was done by making 
one less tooth in the pinion than would have given 
the usual addenda. Consequently, the arc of contact 
was displaced ; the earlier part of the arc of contact, as 
usually designed, was cut off and the latter part 
extended. When the teeth are approaching the line 
of centres the interstices are diminishing and the oil 





* Several fanciful theories have been put forward 
regarding the cause of pitting. It seems to me to be 
quite sufficiently accounted for by the slight imperfec- 
tions of machining which undoubtedly occur, probably 
combined with lack of perfect homogeneity in the steel 
and somewhat loose structure in places. It is greatest 
at the pitch line as the teeth are stiffest when the pitch lines 
are in contact (see Vol. CLX, page 599 and also the figures 
given at the beginning of this discussion). The fact that 
the pitting stops soon puts aside the theory that invokes 
the presence of water in the oil—still more that which 
imagines explosions of entrained air and the oil! Failure 
of the oil film due to the pure rolling at the pitch line 
does not seem a very likely contributing cause as pitting 
sometimes occurs far from the pitch line ; also I have 
a record before me of a 4}-in. pinion at 150 r.p.m. 
carrying a load of 1,400 lb. per inch of tooth face. When 
examined after six months the teeth were in perfect 
condition. If the oil film did not fail in this slow running 
pinion it is not likely it does so under much lighter load 
and higher speed. 

It has been noticed by the Westinghouse engineers 
that the pitting is frequently greater on the gear than 
on the pinion. They believe this to be due to a slight 
flow of the metal, The sliding on the pinion when 
driving is from the pitch line in both directions—toward 
the tooth base and the point—hence the fin which is so 
often found at the outer edge of the pinion tooth. 
But on the driven gear tooth the sliding is toward 
the pitch line from both directions and flow will 
build up a slight ridge. ‘This of itself is probably 
not enough to explain greater pitting on the gear as the 
surface pressures always remain equal at all points of 
contact ; though, as we pass inward, the intensity of 
compression will fall more slowly in the ridged tooth. 
But the flow probably loosens the structure of the more 
or less crystaline metal and makes flaking of the built-up 
ridge easier. Also, it may be that the larger mass of 
the rim has not been so thoroughly worked and con- 
sequently has a looser structure than the pinion. 

t should be noted that another, and I believe the 
principal, cause of the ridge is the zero sliding at the 
pitch line. The sliding at all other parts of the tooth 
face gives the abrasion shown by polishing. This 
abrasion will combine with increased elasticity to lighten 
the contact pressure taken by the sliding parts of the 
tooth surfaces. Where a ridge appears on the pinion, 
which, I think, is sometimes the case, it must be due 
to this cause. However produced, a ridge will accentuate 
the effect of elasticity in causing greater pitting at the 
pitch line. 

In the 6,000-h.p. experimental gear, pitting appeared 
early in the trials and caused some anxiety. I had lead 
strips hammered into some of the teeth, the whole 
length of the helix. which gave a clear record of the 
pitting, and then directed that a narrow strip in the 
ae of the pitch line be scraped. So far as 
could be judged this completely stopped the action but 
the trials were not continued long enough to make 


sure. 

In the first (and I think second) gear which went out, 
a strip at the pitch line was planed by a small tool made 
specially for the purpose. This gear after running 
almost night and day for over eight years broke a small 
portion of a tooth in the pinion which was, quite un- 


necessarily, replaced by a new pinion. The teeth other- 
wise were in perfect condition without a trace of pitting. 
I. may also mention that the teeth of gears supplied 





to the San Diego Railway Company about ten years 6g” 
were found recently to be in excellent condition. 
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squirted in very thoroughly lubricates the surfaces. 
But there is very little s for oil to pass the line 
of centres and after this line is passed the interstices 
are increasing. The combined effect of the limited 
oil supply, the pockets more than sufficient to contain 
it, and the high centrifugal force, is that the teeth are 
worse and worse lubricated as the end of the aro of 
contact is approached. Consequently, teeth so de- 
signed very readily cut. In SS. Agawam, the first 
of the war orders to go out, the teeth cut on several 
trial trips, after which a careful investigation was made, 
by trials of gears in the shops, before the cause was 
definitely found. Also, an examination of previous 
records showed that all the gears which had cut, unless 
where it was known that lubrication had failed, had 
the long addendum pinion tooth. In all cases where 
cutting had occurred due to failure of lubrication, the 
teeth smoothed and polished again when supply of 
oil was re-established. These investigations led to the 
remaking of a very large number of pinions with an 
extra tooth at large cost of both money and time and, 
naturally, great annoyance. When these pinions were 
installed this difficulty vanished. 

(2) When the first of 34 destroyers, United States 
Clemson, was tried the gears were found to be exces- 
sively noisy; so much so that the Navy Department 
refused to accept the ship till they were made quiet. 
This led to a second tedious and costly investigation 
in the shops before the cause was definitely found. 
The application of the remedy, which in no detail 
altered the floating-frame design, has resulted in 
the Clemson and all her sister ships having gone through 
their trials in an eminently satisfactory manner and the 
gears have been quiet. As noted above, one of them 
holds the official speed record in her class. From 
(Vol. CIX, page 477) it appears that the foregoing 
difficulty also was experienced in Britain. 

(3) Also as in Britain, there have been some cases 
of teeth breaking. Always, where examined it was 
found to be due to defective material. In no case had 
the design to be changed. For instance, during her 
return from France on her maiden voyage some teeth 
broke out of the starboard high-speed pinion of the 
Sudbury and she had to proceed to port using the low 
pressure turbine only. Examination showed defective 
material, These pinions are similar, as to material 
and design, to 25 other pinions now in successful 
operation.* 

It may be interesting to note that in floating-frame 
gears it has not been found necessary to use nickel-steel 
in the pinions as is specified by the Admiralty (Vol. 
CIX, page 480; T.I.N.A., Vol. LXII, page 139), nor 
need the dangers of more complex alloys be incurred 
(Vol. CIX, page 479; T.LN.A., Vol. LXII, page 136) 
The fact that good carbon steel answers all purposes, 
notwithstanding high power constants, is a further 
indication that all stresses are well distributed. 

(4) There have been some failures of lubrication and 
there always will be. Against serious accident due 
to. this the floating frame is in some instances a great 
protection. Thus, in one of the destroyers a bearing 
of the main gear burned out and the bearing went 


down 2 in. This had no effect on the teeth as the 
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floating frame, elastically mounted, allowed the pinion 
to accommodate itself to the changed position of the 
gear axis. In a rigid gear point contact would have been 
produced. 

(5) About 1912 there was installed at the works of the 
British Westinghouse Company (now the Metropolitan- 
Vickers Electrical Company, Limited), Trafford Park, 
Manchester, England, a floating-frame gear. It un- 
fortunately was of a type in which the pinion bearings 
are supported on hydraulic pistons—-a type to which 
I all along objected as it is complex, delicate, and 
costly. It has been abandoned years ago and the 
original I beam construction reverted to. However, 
many of these gears acted perfectly, among others 
these of the Neptune, which gave the high power con- 
stant of 5-22. But the Manchester gear seemed to get 
completely out of adjustment and was exceedingly 
unsatisfactory. Mr. K. Baumann, Chief Mechanical 
Engineer of these works, assured me this gear had only 
brought a bad reputation in Britain, which I can well 
understand. The Metropolitan-Vickers Company have 
now installed a floating-frame gear of the I beam type, 
pre has none of the delicacy or complexity of the 
other, 

Before leaving Commander Tostevin's paper I wish 
to express my appreciation of its terse and clear state- 
ment of valuable facts and experience. Though I have 
endeavoured to show that some of these, on closer 
scrutiny, demonstrate the weaknesses of the rigid gear 
construction, that does not detract from the fact of 
its being a worthy contribution to the subject of which 
it treats. 





. —— a = = eo troubles experienced with marine 
urbines an ing-frame gears, see “ in 
Marine Turbine Pro ion,”’ by Mr. Francis Holghineon 
(T.8.M.E. Vol. XXVI, page 65, et seq.). 





The facts stated in Encrnzertnc of May 7, 1920, 
page 599, of difficulties in Britain with second reduction 
pinions have deeply interested me. That difficulties 
with the second-reduction pinions of floating-frame 
gears have very seldom occurred—nearly all tooth 
breakages, as I am assured by the Westinghouse 
engineers, being confined to the first-reduction pinions 
—seems to add a material fact which justifies a redis- 
cussion of the situation. 

That many gears will not stand at sea nearly the 
load they would on land seems to be a common 
observation. According to Mr. W. R. L. Emmet 
(Vol. CIX, page 599) the safe load at sea in some 
of his gears was less than one-quarter of that on 
land. Again in Shipping (New York) for Decem- 
ber 31, 1919, page 37, Mr. Hadley F. Brown 
very pertinently remarks, “The high speed turbine 
itself gives very little trouble aboard ship. This, how- 
ever, is not the case with the reduction gears, which 
are usually of the double reduction type with a ratio 
of approximately 40 to 1. It follows that they must 
be large and more or less complicated, that they will 
require perfect alignment at all times (which is difficult 
aboard ship owing to the change in the vessel’s base 
line from light to loaded draft, also the strain to the 
vessel from rolling and pitching in heavy weather), 
otherwise the gearing teeth would quickly wear out. 
After the foregoing difficulties have apparently been 
overcome, it is often found that the gearing teeth 
commence to deteriorate in a very short time in the 
form of pitting, which continues until the teeth give 
way from this cause. . . . 

* One owner reports that when the vessel was light 
or in a partly loaded condition, the gears apparently 
functioned perfectly with very little noise, but when 
fully loaded the noise increased, and the pinions wore 
out in less than one voyage. 

“Some steamship companies that have equipped 
their vessels with this installation find that they ae 
to renew the gears from every four to six months, and 
have decided to replace them with reciprocating engines, 
while in other instances vessels with practically the 
same installation have been in continuous service on 
short runs for over six years, and at the last examination 
the gears showed no appreciable wear.” 

Mr. Brown has here forcibly described as coming 
within his experience much that was clearly foreseen 
before the floating frame was devised to remove these 
very difficulties. We have seen that the adoption of the 
empirical “‘ /D rule” was probably forced by the 
abnormal rise of elasticity of the larger gear casings. 


But in a double reduction gear which has, as is usual, Cc 


both gears in one casing, the fore and aft length is 
very considerably longer than for a casing which would 
hold the second reduction gear alone ; for in the former 
the second reduction helices have to be parted suffi- 
ciently to accommodate the first reduction gears. It is 
also much broader: and, where there are two high- 
speed and two low-speed pinions, as is most common, 
it is very much broader. Hence, if I am correct as 
to the reason for the “ JD rule,” such a double 
reduction gear should require a lower power constant 
than a single reduction gear with the same diameters 
and length of helices as in the second reduction. 

I think it is evident that the strain to which such a 
casing offers the least resistance is racking in which 
two diagonally opposite corners are supported and the 
other two pulled down. If anyone will take a fairly 
stiff piece of cardboard or a flexible book and submit 
it to such a strain he will easily convince himself that 
no other strain will so readily produce misalignment of 
the second reduction gear and pinion. And, also, that 
the alignment of the first reduction gear and pinion 
will not be so much disturbed, partly due to the centre 
distances of the first reduction being smaller than that 
of the second ; partly because this reduction lies near 
the stiff longitudinal wall ; and, thirdly, as the average 
moment racking this part of the casing is smaller than 
the average moment affecting the parts nearer the 
longitudinal centre line. This last reason applies with 
especial force to those double reduction gears which 
have two high-speed and two low-speed pinions, 
referred to above. Hence the second reduction gears 
should be most liable to damage and, as the pinion 
teeth are most frequently engaged, they should suffer 
most. 

On the other hand, if the gear can be made nearly 
independent of such slight racking of the casing the 
results should be reversed: for a flaw in the material 
large enough to produce fracture in the small teeth of 
the high-speed pinion would be, relatively to the 
coarser pitch of the low-speed pinion, so much less 
important that frequently it would cause no damage. 
Hence, if I am right in claiming that the floating frame 
gives such immunity, the high-speed pinions should 
have more cases of broken teeth, which, I am informed, 
is the case. 

It should not be necessary to lower the power con- 
stant of the second pinions and Fig. 2, page 611, shows 
that in these much higher tooth pressures and power 


than in the single-reduction gears of British , 
These power constants cover a range up to 3-45 ( - 
out overload). Few have had serious trouble and the 
large proportion had none whatever, although many of 
the ships have sailed between one and two h 
thousand miles. Practically all of them show some 
pitting on the tooth surfaces but this, apparently, has 
no effect on the operation of the unit. tooth 
surfaces are in good condition and in the few cases 
where any wear has occurred it has been due to bad 
oil or a dirty oiling system. On removal of these 
conditions wear stopped and the teeth repolished. In 
contrast with this the wear in rigid gears seems to be 
serious and progressive (Vol. CIX, page 599). 

Mr. Brown, in the foregoing quotation, writes of the 
difficulties of attaining perfect alignment being appa- 
renily overcome; but the double checking of align- 
ment, in shop and ship, specified by the Admiralty 
should make everyone doubt if, in many cases, this 
is not more apparent than real. The statement he put 
in parentheses could well have been capitalised. e 
checking of alignment, on account of the great rigidity 
of the teeth, by direct measurement, is so delicate as 
to be practically impossible. Then, comparing different 
ships, there are variations in the rigidity of the gear 
casing, in the security of the bolting to the keelson 
in the rigidity of the keelsons and hull, in the weather 
conditions to which the ship is subjected, and in the 
intelligent care of the engineers. No wonder there are 
anomalous cases; so that, from no obvious difference, 
some gears last well while others have short lives. 

The slight and repeated racking of the bedplate of 
rigid gears by cauking intense pressure first at one part 
of the teeth and then another would fully account for 
the excessive wear (Vol. CIX, page 599) experienced, 
and against this the plastic flow of the metal (Vol. CIX, 
page 600), which probably occurs to a slight extent, 
is no protection. I agree with the opinion of the 
writer of the article of May 7 (Vol. CLIX, page 599) 
that the policy of decreasing the tooth load is not well 
based. As this would make the casing still larger and 
more elastic, unless cast much thicker, the racking 
would increase and, partly at least, decrease the 
expected advantage. 

I think it will be conceded, on reflection, that the 
explanation I have put forward is not only consistent 
in all respects, but that it fully accounts for all the 
outstanding facts. 

Let us test the accuracy of what I have stated by 
applying it to the case of the De Laval gear (Vol. 
IX, page 600) that shows a wide discrepancy from 
ordinary practice which the writer thought requires 
accounting for. I have previously treated practicall 
this same case in my Glasgow paper (T.LE. & 8., Vol. 
LXI, page 325, footnote), the figures from which I will 
use :— 


constants are used in floating-frame ish ware 


This De Laval gear has a long slender pinion between 
two gear wheels. In the case I treated the pinion is 
2-542 in. pitch diameter, or 0-038 in. larger than cited 
(Vol. CIX, page 600), and each hélix is 9-5 in. long. There 
is no centre bearing, so that the bearings are about 
20 in. apart, or nearly 8 diameters. It meshes with a 
gear wheel on each side of 29-684 in. diameter. Thus, 
instead of the usual redundancy of a rigid gear—the 
pinion meshing with one gear and also constrained by 
the casing—we have that redundancy practically 
doubled. We have a large ratio of reduction—-11 -677— 
the double gear making the casing very broad and the 
long pinion making it long; and, hence, relatively to 
the double reductions under consideration, we have a 
very elastic gear case. Again, the pinion is so long and 
slender that the torsional error will be important. 
Lastly, unless exactly equal power is transmitted 
through each gear wheel, which can by no means be 
assured, the pinion is subjected to cross-bending which 
it is in no way calculated to withstand. The power 
constant might be expected to be very high as both 
sides of the pinion are driving, but it is only 1-738 and 
the tooth pressure per inch is 37 Ib,* 

This result cannot be ascribed (as in Vol. CIX, 
page 600), to variations of torque and high angular 
momentum of the turbine wheel in the large classes 
of cases where the gears drive duplicate generators, 
centrifugal pumps, and centrifugal fans. I think, 
instead of being a puzzle, the very low tooth pressurc 
used here was to be expected and fully sustains my 
position. 

The proposals made in the May 7 article to meet — 
the difficulties experienced in the pinions of double 
reduction gears, by fitting a flywheel aft of the second 
reduction gear and reducing the moment of inertia of 
the turbine rotor, are suggested the existence of 
“ overrunning” and hammering of the teeth (Vol. CTX, 
pages 599 and 600). But the evidence which one would 
expect if ‘‘ overrunning,”’ and, consequently, hammering 


* I think the writer in Enorvezrme has omitted to 
take account of both sides of the pinion dri and 








' actual value. 


consequently has stated the tooth pressure at ite 
4 If so, the discrepancy is more striking. 
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were present is nowhere given. They hene be gree 

ied b t noise and peening of the teeth, but 
veither ieguautipasd. They both occurred on a small 
gear constructed on a wrong principle which I saw 
tried in which a powerful short period vibration was 
sure to be set up. The teeth showed severe battering 
and the noise was so intolerable that only a short run 
was made. We would also expect breakage of the 
teeth to result from hammering, but it is stated 
(Vol. CIX, page 599), that ‘‘ breakages have been 
astonishingly few.”’ The damage complained of is, 
(a) excessive wear (Vol. CIX, page 599), which is 
much more likely to result from misalignment pro- 
ducing excessive pressure, and (6) pitting (Vol. CIX, 
page 599), which can hardly be ascri to hammering 
as a principal cause, since the pitting usually stops 
while the hammering would occur at intervals during 
the life of the gear. 

Further, the conditions which would produce serious 
hammering will rarely be present. Even where there 
is synchronous torsional aio actual separation of 
the teeth cannot occur unless the vibration is intense, 
as there is the driving torque of the turbine which will 
always produce an enormous acceleration when all load 
is removed and will keep the contacts closed. I could 
not imagine an engineer continuing to run at a speed 
which would give such intense vibration, as he would 
naturally fear the ruin of his installation, and as a 
slight imerease or decrease of speed would avoid 
synchronism and quiet the hammering. Also, if the 
vibration is powerful enough this exact synchronous 
speed will be unstable as it would lead, through the 
increased churning of the water by the propeller, to 
a decrease of efficiency and would require a greater 
torque than would correspond to this speed were no 
vibration present. Hence the power would have to 
be abnormally increased to attain the synchronous 
speed and, should this speed be passed in the least 
the improving propeller efficiency would cause the 

to rise toward its normal value for the torque 
being applied.* 

But synchronous torsional vibration of smaller 
amount than would separate the teeth and cause ham- 
mering could still seriously raise the maximum tooth 
pressure. This would have little effect with the low 
designed pressures used in the rigid gears under dis- 
cussion if there were not misalignment causing a 
bad distribution of tooth pressure such as is shown 
in Fig. 1. I have been informed that the effect of such 
vibration has been observed in the markings on the 
teeth of the low s gear, these appearing as zones 
of wear distributed round the circumference. 1 would 
expect, though I do not think I was so informed, that 
the number of these zones would be equal to the number 
of propeller blades.t So far as I know no one has 
observed such markings on a floating-frame gear 
aithough the designed tooth pressures are usually much 


higher. 

Gt there is no close approach to synchronous vibration, 
as there would rarely be if the machinery is near the 
middle of the ship, nating long shafting, the varia- 
tion of torque can arise only from the action of the 
waves varying the resistance to the pregerre. This is 
obviously the case in Fig. | (page 599). The ship seems 
to have in a confused sea, from the intermittence 
of the pitching; and the waves, having a period of 
from 7 to 8 seconds, were from 250 to 330 ft. long. 
This is “a fairly rough sea” (Vol. CIX, page 599), 
as described, but not extremely so. These conditions 
would not give rise to hammering as the accelerations 





* This occurred on United States torpedo-boat 
destroyer Hopkins, the trials of which I conducted. 
The engines were reciprocating and had been designed 
so that there was a large second period variation of the 
torque ; that is, the torque passed through two very 
pronounced maxima and minima each revolution. There 
wae great vibration of the hull which I did not at first 
recognise as induced by torsional vibration of the after 
engine shafting. The forward engine had worked 
roughly from about 250 to 270 r.p.m., but the after 
engine, with full boiler pressure of 270 Ib. per square inch 
and throttle wide open could not be forced above about 
300 r.p.m. I found, on calculation, that the natural 
— of torsional vibration for the forward engine 

ting was 540 per minute and that for the after engine 
618, giving critical r.p.m. of the engines as 270 and 309 
respectively. On sulkiee cha to smooth the torque 
curve as much as Nicable “the engines ran ane 
through the critical » with little vibration. So 
great was the change that the after engine of the sister 
ship Hull ran 318 r.p.m. with en initial pressure of only 
130 Ib. per square inch in its high pressure card. I found 
an almost parallel case in United States o-boat 


y ap 
remedy, For a much fuller account of the foregoing 
h 


and the remarkable fall of propeller efficiency whic 
found, see Encrveertne (Vol. LXXV., page 302 et seq., 
or J.A.8.N.E., Vol. XV, page 747 et seq.). 
+ Since writing the foregoing, a British friend has 
informed me ing a tanker with the machinery aft 
propeller. Zones of wear appeared 
gear wheel, these being 90 deg. apart, thus con- 
firming the expectation formed. 





corresponding to these long periods, even though the 
amplitudes were considerable, would be small and the 
acceleration due to the unresisted turbine torque would 
keep the tooth contacts closed. 

Again, the largest variations of propeller torque from 
pitching would occur only under two conditions: 
(1) When the sea was very rough and the propeller 
blades rising much above the surface. An intelligent 
engineer would then be running at much reduced power 
and average tooth pressures would be very low. Or 
(2) when the vessel is light and the sea moderately 
rough, so that the propeller is sometimes submerged and 
then lifted nearly clear of the water. In this light 
condition also not nearly full power would be used and 
tooth pressures would be in little danger of rising to 
dangerous values. This is probably the case in Fig. 1 
(page 599) as the ship is stated to have been in ballast, 
in which case it would not be near full displacement. 
In both these cases the straining of the ship would be 
the serious danger, as it would keep the alignment 
of the rigid gear disturbed. And I am confident that 
if damage occurs under these circumstances it should 
be ascribed to this cause. 

If my arguments are correct, the introduction of a 
flywheel just aft of the gear is not advantageous. It is 
certainly not advisable with a floating-frame gear, as 
the evils it is proposed to cure do not exist. But if 
a flywheel is fitted it will produce two effects which in 
some cases will he important and detrimental :— 

(a) In almost all cases the effect will be to change the 
position of the nodal plane and the natural period of 
torsional vibration of the shafting—usually to lengthen 
that period. Hence, if applied blindly it is as likely to 
bring about a condition of synchronism as to avoid it. 

(6) The inertia of this large mass just aft of the gear 
casing may readily increase the straining and consequent 
misalignment of the gear, especially in a rough sea. 

Finally, decrease of moment of inertia of the turbine 
rotor would certainly decrease shock. But, as Mr. K. 
Baumann, of the Metropolitan-Vickers Electrical Co., 
remarked when we were discussing this article in 
ENGINEERING, the most effective way of doing this is 
to drive the pinion through an elastic shaft as is done 
in all floating-frame gears. The shock due to the 
inertia of the turbine rotor is thus annulled and we 
have, further, the very great advantage of almost 
entirely separating the alignment of the turbine from 
that of the gearing. 





FUEL PROBLEM IN RELATION TO 
ENGINEERING VIEWPOINT.* 
By A. L. NEetson.t 
Ir is believed that never before in the history of the 
Society of Automotive Engineers has a single problem 
been so universally studied as the fuel problem which 
is confronting us to-day. It also is believed that never 


t by sheer usage, rather than by its specific merit. 
he American engineer is too ingenious, too susceptible 
to practical new viewpoints to follow an old beaten path 
in only one direction, unless it follows from being off- 
guard and letting it become a habit. In the solution of 
the fuel problem we undoubtedly will have to 
some of our old habits, replacing them by studiously 
worked-out viewpoints. The illustrations given will 
clarify what is meant and will, together with the tests, 
serve to give a quantitative analysis of the merits of the 
results o ined by the changes in viewpoint. The 
further object of this paper is to seek the correlation of 
the experience of the entire engineering fraternity, to 
obtain their comments and seek their suggestions. It is 
hoped that the discussion following the reading of this 
paper will bring out much man Pe information and 
materially expand our viewpoint of the fuel problem. 

Recognition of Co-operation and Assistance.—The 
eventual solution of the fuel problem will likely be the 
correlation of the proper solution of the almost in- 
numerable details. We cannot, therefore, help but 

pplaud the ful efforts of men whose work has 
earned our highest esteem, nor can we help but applaud 
those that are succeeding to a lesser degree. That this 
paper might be of interest to as large a number as possible 
a preliminary paper was submitted to representative 
engineers asking for suggestions, criticism and any com- 
ments which would help make the final paper a co- 
operative one. The generous response was very helpful 
indeed. The sincerest thanks and the assurance that 
the help is highly appreciated are extended. Many of the 
suggestions offered are indeed worthy of separate papers 
and, therefore, it is impossible to incorporate them in 
this, As a case in point, the importance of turbulence 
will not be mentioned, but it is hoped that the discussion 
following the reading of this paper will cover the matter 
as fully as possible. 

As a matter of an expression of gratitude to those 
whose _ has been most liberal the following names are 
mentioned. I am particularly indebted to C. 8. Craw- 
ford, Harold Nutt, J. G. Vincent, H. L. Horning, H. M. 
Crane, C. F. Kettering, C. F. Johnson, E. A. De Waters, 
C. R. Richards, C. P. Grimes, Thomas Midgley, Junr., 
Frank Johnson and others; also to the members of the 
engineering department of the Premier Motor Corpora- 
tion for their assistance in the preparation of the paper. 

Some remarks will be made later which it is hoped 
will not be misconstrued. They refer to faults in regard 
to which the most exacting engineers cannot be justly 
accused and will not apply to them. However, if we are 
to be frank with ourselves, the remarks will apply to all 
of us to at least a small degree without being looked upon 
as non-constructive criticism. However well the specialist 
may know his particular subject, if he is presented 
with an entirely different viewpoint of some specific 
problem, the aspect of the problem may be entirely 
changed. This may lead to an easier solution than that 
obtained without the change in viewpoint. We are all 
familiar with the cleverness with which the scientists 
have worked into the very heart of natural sciences. 

For instance, in mathematics, there are clever tricks 
making ible the easy solution of certain types. of 
differential equation. These are nothing more or less 
than simple inventions that would have hindered the 
progress of mathematics had they not been discovered. 
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* The weight of 1 gallon of gasoline is taken as 96-8 oz. 


before have we had a problem which includes such a 
wide scope of work. The solution calls for the service 
of every class of engineer, inventor and scientist. It is 
most gratifying to realise the large t of ingenious 
research that is giving us day by day a broader view of 
the problem. When we have worked out the proper 
viewpoint and thoroughly understand our problem, the 
eventual solution should follow with relative ease. It is 
on this ground that particular emphasis is laid on the 
engineering viewpoint for, obviously, this will have a 
large bearing on keeping our efforts going in the right 





This paper does not attempt to give highly scientific 
information, the correlation a the last word in test data 
or claim the solution of even the merest detail of the 
fuel problem ; its real object is to appeal for a broader 
viewpoint and give a few illustrations and tests which 
show that the solution of a problem may lie in an entirely 
different method from that which often becomes stereo- 





* Paper read before the Society of Automotive 
i , at the annual meeting, New York, January 
12 and 13. 
+ M.8.A.E.—Chief engineer, Premier Motor Corpora- 
tion, Indianapolis. 
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It is thought that discoveries of analogous schemes will 
have a large bearing on the eventual solution of the fuel 
problem. When we compare the present stage of our 
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problem with the highly developed stage of the natural 
sciences, it is thought that all of us will willingly open 
our minds fully to the possibilities of changes in view- 
point. 

Let us consider how we often discuss some of our 
probl ffecting the fuel situation, without the 
important specific correlation of engine and chassis data. 
We know off-hand the —- engine characteristics at 
full, three-quarter, one- and one-quarter load. We 
know the power, friction losses, economy and the like. 
This is all very"proper and applies very well to what 
the engine can do, but how about the more important 

uestions of engine characteristics while working at loads 

t it is called upon to do in the car? How much 
pecific information can we give off-hand on these more 
important engine characteristics so vital to the solution 
of the fuel problem ? 

We know the general bearing in a vague way that the 
chassis weight, rear axle gear ratios, engine size, piston 
compression ratios and similar factors have on the fuel 
economy. The more complicated cases of rapidly- 
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ig.2. COMPARISON OF GENERAL BRAKE 
N EFFECTIVE PRESSURE CURVES. 
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RPM. - Hundreds. 


changing driving conditions are little understood in a 

ific way. Are we not even weak on the conditions 
obtaining at constant-speed driving, apparently for no 
other reason than our habit of neglecting to investigate 
this important matter ? This investigation can be made 
readily after determining the power required to drive 
the car at constant speeds. 

Engine Power required to Drive the Car at Constant 
Speed -In relation to car speed, Fig. 1 shows the engine 
brake greg miso required to drive one of our American 
cars of the large-car class. The figure also shows the 
brake horse-power available and the percentage of the 
available power used at each speed. Table I gives the 
data relative to car weight, tyres and course. It also 
gives the brake horse-power required for car speeds from 
10 m.p.h. to 60 m.p.h., together with the engine speed 
and mt) ue for rear axle gear ratios of 4-5 to f 3-5 tol 
and 2-5 to 1. The constants given in the last two 
columns are used when Nigger: Napm autd tests on the dyna- 
mometer to compute the gasoline consumption in terms 
pa Ps sa per brake horse-power per hour and miles per 
gallon 


onnte, method of Rpecyeees | these data is to drive ar ed 
1 & given course at constant car speeds correspondi 

with a fixed carburettor throttle setting, then pyre 
the engine from the car to the dynamometer stand to 
determine the power at those settings and the engine 


corresponding to the car . It is necessary 
duplicate very accurately the fixed throttle settings 


when the engine is put on the dynamometer ; therefore, 








&@ micrometer odjoating screw was attached to the 
carburettor throttle-shaft mechanism, always using full 
turns only and then measuring from the locking nut to 
@ fixed line on the screw as a means of recording the 
setting. The speed of the car was obtained by timing 
with a stop-watch on a }-mile measured course, driving 
in both directions for each setting to eliminate the 
wind resistance by taking the average . The 
engine speed is obtained by noting the roll of the rear 
tyres per turn and with the car speed and rear axle gear 
ratio, the number of revolutions per minute is calculated. 

The average result of the dynamometer tests is 
plotted and the results of the smooth curve drawn 
through these points are given in Table I. Several 
important details, such as cooling water temperatures, oil 
tem tures, air pressure under the engine hood, and 
the like, need not be given here. However, it is suggested 
for accurate work that, in addition to the use of fixed 
throttle sottings, manometer readings be taken of the 


pression ratio and at the same time we delay the inlet- 
valve timing. Experiments show that 
mean effective pressure similar to curve 
the curve coming at a higher speed than that 
the conventional timing. The pressures at 
speeds on ems — yay desired result 
come t ocking, whi pressures at the higher 
speeds are materially increased. ce 
The exact timing to use depends on the valve sizes, 
intake passages, carburettor c teristics and similar 
factors. The results obtained are more far-reaching 





than merely keeping the pressures within a range to 
eliminate the knocking at the lower speeds, and i 
ing the power at higher speeds. most désirable 


results are obtained under car-driving conditions. The 
small charge of mixture required is taken into the 
pane and compressed to a smaller volume than in 
the case of the lower compression, while the charge is 
purer, due to the better scavenging of the higher com- 





intake-manifold depression together with the air tempera- 
ture. The method of keeping the water circulatio 


Fig.3. A CONSTANT-CLEARANCE ALUMINIUM 
PISTION. 
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Fig.4.. ANOTHER TYPE OF CONSTANT-CLEARANCE 
PISTON HAS A STEEL STRUT CAST 
WITH THE SLIPPER PORTION. 


Vdd 
Y, 7 
G5 











OOO 





the same on the dynamometer as in the car will be given 
in describing the equipment used in the engine tests 
to follow. Metersing again to Fig. 1, note that the 
usual engine characteristics of even one-quarter load 
do not apply below 40 m.p.h. At average driving speed 
the engine is only working at 16 per cent. to 19 per cent. 
of full load. 

By means of the data given in Table I, which states 
the standardised power requirements of this particular 
model of car, we can analyse readily the engine charac- 
teristics by running tests on the dynamometer, It is 
obvious to expect that poor economy is caused by mis- 
application of the engine rather than r engine 
economy. The analysis should give us relative values on 
which to consider the feasibility of using ae 
rear axles, more s in the transmission, or perhaps 
an entirely new and better way will be devised eventually 
to keep the load factor of the engine high to obtain 
better economy. Tests will be given further on giving 
quantitative analysis of the conditions existing. 

The conditions revealed by the correlation of engine 
and car characteristics are so bad that both the public 
and ineers need a decided change in viewpoint; the 
public in what they demand and the engineer in what 
to furnish and in what to educate the public to expect. 
Some illustrations will be given next to demonstrate 
results following from a change in engi ing viewpoint. 

Higher Piston Compression Ratios.—As an illustration 
of re-modelling our viewpoint, let us consider the effect 
of using higher piston compression ratios. We all know 
that the compression ratios, as used in aviation engines, 
give us much higher fuel economy than those used 
ordinarily in automobile engines. Then why not use 
high compression ratios for automobile engines? We 
are told that higher com: ions make the engine knock 
badly. Experience tells us that the simplest way 

ly accepted for getting rid of the knocki 
to lower the compression ratio. The point is, 
we accept this way as final? Why not try to accomplish 
the same result some other way and at the same time 
maintain the higher economy ? 





We all know that an engine at full load may knock | hi 


badly at 500 r.p.m., and that perhaps it will not knock 
at all at 1,200 r.p.m. If we study the curve of brake 
mean effective pressure, we will find that, at 500 r.p.m., 
the brake mean effective is greater than at 
1,200 r.p.m. Fig. 2, curve B, illustrates this. By lower- 
ing the compression to eliminate the knock, we obtein 
curve A. Suppose we go back to the higher piston com- 








2 pistons. The comparative tests given further 
5 to 1 and 4-25 to 1 compression pistons at full 


Fig.5. A VARIABLE-CLEARANCE ALUMINIUM 
PISTON IN WHICH THE CYLINDER CLEARANCE 
INCREASES AS THE PISTON BECOMES HEATED. 
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CROSS-SECTION OF INTAKE-PIPE FUEL 
VAPORIZER USED IN THE TESTS. 


Fig.6. 

















load show increases of 13 per cent. to 24 per cent. in the 
brake thermal efficiencies at 700 r.p.m. and 2,100 r.p.m. 
respectively ; while at these same speeds and at loads 
required by the car the increases are 22 per cent. and 
41 per cent. respectively. These results are ta- 
tive of only the first attempt, yet they are quite i - 
able gains in economy and are due solely to the ¢ 

in viewpoint on compression ratios. 

Constant Clearance Aluminium Piston.—Su we 
consider the aluminium piston, which is almost universally 
used in aviation engines. The high thermal conductivity 
of aluminium allows the heat to flow from the pistons 
more freely than from any other metal commonly used, 
contributing highly to the best known results obtained 
from high-speed internal-combustion — Wh 
are the aluminium pistons for automobiles, thoug 
largely used, condemned by some of our leading 
of national reputation? They know the sterling 

ualities of the aluminium aviation pistons that make 
the high power and economy of aviation engines 
possible, yet for their automobile engines they use 
cast-iron which perhaps could not possibly be used 
in the aviation engines with the compression ratios. 
They tell us the trouble is that the aluminium pistons 

d so much when heated that they require excessive 

cylinder clearance and that this allows them to slap 
at the lower speeds, or, if fitted closer, to stick at the 
i . As an alternative they select cast-iron 
pistons with lower compression and lower economy 
and ter torsional sae date of 7a onalty, Ad 
the vier reciprocating parts and occasi: 
the der blocks. Some aad in foo the tiguid 
the hotter cast-iron piston to vaporise 
fuel that comes in coast with The head of the : 

The specific heat of aluminium is greater than that of 
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iron, but the density of iron compared with that of 
aluminium gives us a heat capacity per unit volume of 
aluminium as being 68 per cent. of iron. This is 32 
per cent. in favour of the iron. However, the con- 
ductivity of aluminium is 2-85 times that of iron. From 
these figures it will be seen that even if the iron piston 
was 1} times as hot as the aluminium piston, the heat 
flow to the liquid fuel in contact with the aluminium 
piston-head would be about 30 per cent. greater, and for 
same temperatures the heat flow would be about 94 per 
cent. in favour of the aluminium. Since the aluminium 
piston-head usually is made thicker than that of cast-iron, 
the amount of heat available would be approximately the 
same in both cases. From the foregoing it appears that 
the two pistons are on a par, except that heat flow is 
greatly in favour of the aluminium piston. The thing 
that seems to keep these engineers from changing their 
viewpoint is that it has become a habit to think that 
aluminium pistons must expand. Why not design an 
aluminium piston that cannot expand as far as cylinder 
clearance is concerned? This viewpoint changed the 
complexion of the whole problem and led to the develop- 
ment of aluminium automobile piston design that gives 
results thought to be in advance of the combined meri ts 
of the aviation piston and the cast-iron piston. 


Fig. 7. 
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This piston is illustrated in Fig. 3. In this design the 
adjustable steel strut controls the cylinder clearance in 
the direction which prevents piston slap. It will be noted 
that the aluminium has nothing to do with the cylinder 
clearance. The strut is subject to almost the same tem- 
perature range as the cylinder; hence, the clearance 
remains constant through the range from a stone-cold to 
a steaming-hot engine. This type of piston proved very 
successful from the outset, It is the only type of piston, 
re; less of material or design, that we have not been 
able to make stick under abnormal conditions. It has 
absolutely no slapping tendencies even for a stone-cold 
engine. Maximum = can be maintained on the speed- 
way indefinitely without causing the pistons to stick. 
For a more severe test the pistons were run at full load 
for 30 minutes at 3,000 revolutions per minute, with 
the radiator cooling water shut off so that the engine 
steamed continuously during the run. This run was 
made at the end of a full day .f high-speed testing with 
no provision for cooling the oil. Thecylinder clearances 
of the pistons were less than those ofjjany cast-iron 

istons that we know are used in quantity production. 

wo of the pistons had cylinder clearances of 0-0015 in., 
based on the diameter. The other four pistons had 
clearances from 0 -0020 in. to 0-0025 in. 

In spite of all the abuse we have been able to impose 
on this type of piston, the pene have always come out 
of the tests entirely free from any scoring marks and 
show a decided general tendency to polish up smoother, 
than the conventional aluminium piston. This un- 
doubtedly follows from the maintenance of the proper 
clearance at all times, thus avoiding excessive bearing 
loading. Another striking characteristic of the pistons 
is their th of operation, showing that even when 
the slap in the conventional piston is inot audible there 
is a rumbling sound which becomes noticeable when 
compared with the operation of the constant-clearance 











iston. This difference is very marked at both high and 
ow speeds. When the pistons are used with the con- 
ventional timing, the knock at full load and low speeds is 
very materially subdued compared to the conventional 
type of piston. This clearly shows that cylinder piston 
clearance has much to do with the degree of audibility 
of the knock. 

Fig. 4 illustrates a design which has the strut cast 
integrally with the “ slipper” portion of the piston, the 
latter being well insulated from the heat of the piston- 
head by being separated from it. The side-thrust of the 
piston-pin being carried by the cantilever action at section 
AA. An alternative of this design is a steel strut cast 
in place or fastened in some suitable manner. 

Fig. 5 illustrates an aluminium piston that contracts 
when heated, so far as cylinder clearance is concerned. 
The steel struts in this case are shown cast in place. The 
reason the cylinder clearance increases with the heat on 
the piston is that the ends of the steel struts attached 
to the piston-ring groove portion of the piston head are 
carried outward, drawing the “ slipper ” portion inward 
since they are attached to the opposite ends of the struts. 
A large variety of designs can be made embodying the 
strut idea to accomplish variations of cylinder clearance, 
adjustment and the like, as may be desired for particular 


Fig 8. DETAILS OF THE INLET AND EXHAUST CAMS. 
chaust Cam Leads the Inlet by 118 
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Fig.9. FLYWHEEL TIMING DIAGRAM FOR CHECK- 
ING ASSEMBLY OF CAMSHAFT IN ENGINE. 
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cases. It is hoped that these piston illustrations will fix 
the idea firmly that, so far as cylinder clearance is con- 
cerned, we have nothing to fear from the highly expan- 
sive aluminium as a piston material. As for the practical 
merits of the constant-clearance type of piston, they must 
be tried to be appreciated, because the results they give 
are so far in advance of one’s highest expectations. The 
results are indeed a striking illustration of what can be 
accomplished by a mere change in viewpoint. 

Fuel Vaporiser.—Consider the general appearance on 
exhaust-heated intake manifolds. It is generally agreed 
that the results are fairly good, at the expense of a loss of 
maximum power due to unduly heating the air. On 
heating the fuel by “ hot-spots,” the air is also heated. 
The experience has been so general that it has practically 
fixed in our minds as an irrevocable fact that using 
exhaust heat necessarily must unduly heat the air. To 
show that this is not the fact, first let some suppositions 
be given which can be agreed to readily. 

Suppose we run all the hot exhaust gases through a 
jacketed intake pipe, say, some 10 in. long, to get ample 
surface for the “hot-spot”; that is, ample surface to 
transmit the exhaust heat required to vaporise the fuel, 
which, it has been observed, goes to the walls of the 
intake pipe or points of lowest air velocity. Such an 
intake pipe works well but it also heats the air along 
this surface, which is of low velocity, coming into con- 
tact with the large highly-heated surface with the result 
that the maximum power cannot be obtained. At 
this point, suppose the old viewpoint of necessarily 
heating the air be discarded. Let us corrugate the 
intake-pipe surface so that the air passage is, say, 2} in. 
long, without reducing the area of the inner or outer 
surface. As a practical means, materially increase the 
inside diameter of the intakeJpipe at this point and cast 








circular ribs on both the inner and outside surfaces. To 
make this clear, Fig. 6 shows a cross-section of such 
an intake pipe designed for the 295-2 cub. in. six-cylinder 
engine used in the tests to follow. Note the relatively 
small amount of surface exposed to the exterior of the 
heating chamber, which is an important item for starti 
out with a cold engine, and the efficient —— o 
the pipe at low car The heated portion of ‘the 
pipe is set at an angle above the carburettor so as to 
take advantage of the inertia of the fuel globules that 
may be thrown directly into the large highly-heated 
surface. This also puts a bend into the pipe to bring the 
flow of liquid following the wall to the inner or smaller 
radius of the bend. Gravity helps to get a flow of the 
liquid over the heated surface. It cannot get out again 
into the air stream before being highly vapourised. 

The liquid fuel, while in the air stream, seeks the 
walls of the pipe, as before mentioned. The highly 
heated corrugated surface effectively traps the’ fuel and 
quickly vaporises and “ superheats ’’ the vapour. Tests 
indicate that the air is very slightly heated while the 
fuel is highly vaporised. Kerosene is vaporised as 
readily as gasoline, even at speeds as low as 200 r.p.m. 
with wide open throttle. The reason the air is slightly 
heated follows from the fact that only a very small 
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portion of the air comes in contact with the edges of the 
ribs at the inner diameter. The actual length of the 
exhaust-heated intake pipe is only § in. so far as the 
air is concerned. Tests have been run, abnormally heat- 
ing the intake pipe, with only a loss of 1-2 per cent. of 
the power at 1,200 r.p.m. and 2 per cent. loss of power 
at 2,400 r.p.m., compared with the best results that could 
be obtained from the most favourable degree of heat and 
unheated plain manifolds. The design as shown does 
not strictly confine the heat to the ribbed portion for 
practical reasons. If the heated portion were isolated, 
undoubtedly better results could obtained as far as 
maximum power is concerned when using an excessive 
amount of t. 

The operation of the intake pipe in connection with 
the remainder of the intake passages to the cylinders 
has some peculiar characteristics that are very important. 
Off-hand it would appear as though the deep ribbing 
would offer a severe obstruction to the fuel passing 
to the cylinders. Let us compare what happens with 
that of the ordinary manifold where the fuel as a rule 
travels very much slower than the air stream flowing 
along the manifold walls. A considerable time interval 
obtains between the time the fuel leaves the carburettor 
nozzle and its reaching the cylinder. In the case of the 
intake pipe, Fig. 6, and the remaining to the 
cylinder, the heavier parts of the fuel are momentarily 
arrested, but they are highly vaporised quickly and pass 
to the cylinder at the same as the air stream. 
Since a highly-heated surface can be used without heating 
the air, the vapour becomes ‘heated to a point high 
enough so that it does not condense while in the air 
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stream. Of course, the vapour going into the air stream 
receives a high velocity on the outset, and the time in- 
terval for it to condense is small. Practical driving 
tests with and without accelerating devices verify the 
above explanation. 

Most convincing observations are made when applying 
2-in. carburettors to the engine, both on the dyna- 
mometer and on the road. For speeds below 800 r.p.m. 
with open throttle, the unheated plain intake pipe could 
not be used at all. Even at higher speeds the economy 
was poor although the power was good, showing poor 
distribution. With the new design intake pipe the engine 
could be run to as low as 200 r.p.m. with wide-open 
throttle. However, this does not apply to 2-in. plain- 


Fig. 12. DIAGRAM OF THE INTAKE-MANIFOLD 
PASSAGES 
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Fig.13.CROSS SECTION OF THE CARBURETOR 
9 USED IN THE TESTS 
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tube carburettors that we have tried without making 
structural modifications in the design. 

In connection with the exhaust heating of the special 
intake pipe, it made it possible to equip the engine with 
a 2-in. carburettor. he car accelerates well in cold 
weather, without pulling the choker, by the time it can 
be driven out of a cold garage on to the street. A valve, 
manually operated, forces all the exhaust heat through 
the intake. This is used until the engine heats to the 
normal operating temperature, or it can be left on con- 
tinuously without causing any harm except a slight 
restricted exhaust passage for high speed in this particular 
experimental design. The good acceleration while 
cold indicates the “ superheating ” of the fuel ; in other 
words, it does not condense materially before reaching 
the cylinders, even when the engine is cold. With the 
larger carburettor and its corresponding higher power at 
both low and high speeds, there also obtains a smooth- 
ness that never was obtained with smaller carburettors. 
The degree of flexibility, smoothness, economy and 
power are far in advance of the best previous results, 
Che engine shows ere torque, right down to the point 
of stalling. It is believed that even these preliminary 
investigations show that the conventional hot-spot 
method can be far surpassed, and that the fuel can be 
heated without unduly heating the air. The results 
ae are directly responsible to the change in view- 
point. 

We will next consider tests showing the application 
of the correlation of car and engine characteristics using 
4-25 to 1 and 5 to 1 compression pistons in the same 
engine. First a brief description of the basic principles 
of the hey ws and testing apparatus will be given. 

Basic Principles of the Engine.—It will be of interest 
to emphasise some of the high lights of the engineerin, 
principles of the engine and give data that may be hel ful 
to those that might wish to go further into details. ft is 
a valve-in-head, six-cylinder, 3j-in. by 5}4-in. engine, 
of 295-2 cub. in. displacement. e cylinder block and 
upper crank-case is a one-piece casting of aluminium 
alloy, with inserted cylinder sleeves of cast-iron machined 
all over. The cylinder head is of cast-iron and detach- 
able. Fig. 7 shows a cross-section of the engine which 
gives a fairly good idea of the detailed construction. 
"he crankshaft is of the three-bearing type and of 
liberal dimensions, The hollow crank-pins are 2} in. 
in diameter and 1} in. long. The shaft is drilled for oil 
passage at 25 lb. per 
and connecting rod o 

Attention is called to the unique cylinder-sleeve con- 
struction with particular reference to the application of 
the packing at the bottom of the sleeve. sleeve at 
the bottom diameter has a snug slip fit in the aluminium 
case. . The sleeve, however, has been shown to have a 
very slight axial movement here. This follows from the 
fact that the aluminium case is not subject to as high a 


square inch pressure to all the main 








temperature range as the cast-iron sleeve, the higher 
coefficient of expansion of the aluminium being offset by 
the greater temperature range of the sleeve. The 
pressure on the combination cork and hydroil packing is 
in an axial direction only ; that is, there are no radial 
components of pressure from the reactions of the packing 
to throw the sleeve out of round. This is the charac- 
teristic difference from other types of sleeve construction 
and is the basic principle making the installation of a 
sleeve construction successful. 

Fig. 8 gives the details of the inlet and exhaust cams, 
both cams being identical. Fig. 9 gives the flywheel 
timing diagram for a valve stem end clearance of 0 -0212 





in. ; however, the operating valve stem clearance is 0-015 
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in. to 0-017 in. This is a special type of cam having 
@ zero opening and closing valve ve pelty regardless of 
engine speed. A detailed description and mathematical 
analysis of this type of cam will be found in the 1917 
8. A. E. Transactions, Part I, pages 328 to 337. Fig. 10, 
on page 644, gives the valve mechanism characteristic 
curves for an engi of 3,000 r.p.m. Attention is 
called to the design to obtain a high acceleration away 
from the cam a low acceleration toward the cam ; 
that is, the acceleration that must be produced by the 
valve spring to keep the roller following the round peak 
of the cam, the 0-484 R shown in Fig. 8, on page 644, 
The equivalent weight of all the accelerated parts con- 
side placed at the valve is 0-7635 lb. The valve- 
spring pressure required at 3,000 r.p.m. is 59-8 lb. per 
square inch. ; at 3,200 oe it is 68 lb. per square inch ; 
at 3,400 r.p.m. it is 76-8 lb. per square inch. Great care 
is taken to have the master cam ground to a true radius at 
the of the cam. If the cam generated has any bumps 





on the peak radius, it is impossible to obtain high-speed 








operation for two reasons. The irregularities set up 
synchronous vibrations in the valve springs and the 
accelerations are immensely increased, ie. the springs 
too weak. For instance, if the 0 -484-in. peak radius has 
waves on it of #-in. radius, the acceleration is increased 
116 per cent. These points are mentioned because 
they are absolutely vital to the successful application 
of the valve mechanism of the roller type to a valve-in- 
head engine operated at high \. 

Fig. 11 gives the inlet-valve timing overlap. This 
diagram shows that although the inlet valve is held open 
fairly late, the valve of another cylinder is close to its 
ae lift, preventing a blow-back into the car- 

urettor. 



































Fig JS. DIAGRAM OF THE ENGINE COOLING-WATER 
5 CIRCULATION AND THE RADIATOR COOLING 
< ro 
= 
7 HES 
rob) 
| Fig. 12 shows a diagram of the intake-manifold 
passages. These are cast within theYcylinder head, 


making them of the shortest possible design. The 
engine cylinders fire in the order of Nos, 1, 5, 3, 6, 2 
and 4; therefore, the flow of gas is continuous in both 
directions from the centre. Phe average gas velocity 
at 3,000 r.p.m. at A is 181 ft. per second; at B it is 
175 ft. per second; just above the valve it is 192 ft, 
per second, and at full lift of the valve it is 247 ft. per 
second. The throat diameter of the valve is 1} in. ; 
the outside diameter is 1§ in. ; the valve lift is 0-445 in. 
The area at B, Fig. 12, is 1-75 sq. in. and at A it is 


3-39sq.in. The tulip-shaped inlet valve is used to lessen 
the resistance and keep the velocity of the as high 
as possible on entering the cylinder as an aid to turbu- 


lence. 

The intake pipe has already been described as shown 
in Fig. 6, on page 643. 

Fig. 7, on page 644, shows the passage of the exhaust 
gas pipe between the two centre cylinders and the gas 
outlet pipe as used in the tests was fitted with a valve 
at the end of the pipe which was left wide open for 
all the runs. The engine is equipped with a Delco 
generator and single breaker-point type of ignition, with 
automatic and manual spark vance. A Willard 
battery was charged during the tests and also was used 
for starting. The spark plug installation is shown in 
Fig. 7. Champion—Toledo No. A 63 metric two-piece 
plugs were uw for all the runs. The perfect operation 
of these plugs had much to do with the ease with which the 
tests were run. Only six plugs were used and at the end 
of the runs they were in perfect condition. This is saying 
a great deal for the spark plugs, considering the high 
compression pistons, power output and speed of this 
engine. 

Fig. 13 shows the 2-in, Johnson, model B carburettor 

. The air valve spring and strangle tube were first 
worked out by the low-compression piston tests. The 
same parts worked out nicely in connection with the 
5 to 1 compression pistons, with only a slight change of 
adjustment on the air-valve spring. Otherwise, in each 
set of tests, all adjustments were Font constant for both 
partial and full-throttle loads. 

Fig. 14 shows the knurled thumbscrew and locknut 
used to adjust the throttle opening required for the 

artial load tests corresponding to the car requirements. 
The spring shown kept the slack out of the throttle shaft. 
With the Sprague clectttoa dynamometer and the fine 
throttle adjustment, the proper load and speed were 
obtained readily. % 

The section at A A, in Fig. 15, shows the equal distri- 
bution of the cooling water to the cylinder sleeves. 
The water goes from the pump to the tube inside the 
cylinder block. Two holes for each sleeve give a uniform 
distribution of the water. This — all the sleeves at 
the same temperature, an important feature for equal gas 
distribution and smooth running, The engine cooling 
water circulates through a standard radiator as used 
on the car. The radiator is cooled by circulating water 
from an outside source around the outside of the radiator ; 
that is, the cooling medium is water in place of air 
as used in the car. However, the engine water, having 
the same resistance as in the car, must have the same 
temperature drop, for the quantity circulated is the 
same in each case. The temperature of the engine 
water is controlled very easily by this apparatus, and 
is an exact duplicate of car conditions. The temperature 
of the engine water outlet was kept at 150 deg. F. for 
all the tests. 

Fig. 16, on this page, shows a photograph of the con- 
necting rod, inlet valve, exhaust valve, piston pin and the 
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KROMHOUT MOTOR FOR .THE AUXILIARY SAILING SHIP “NEPPO.” 


CONSTRUCTED AT THE KROMHOUT WORKS, AMSTERDAM. 
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pistons. The connecting rod length is 11 in., the weight 
complete with bearings is 46-35 oz. and the centre of 
— is 2-60 in. from the centre of the crank-pin end. 
wo pistons are shown at the upper of the photo- 
graph. The one to the left is the 4-25 to 1 compression 
piston ; the one to the right is the 5 to 1 compression 
stant-clearance type of piston. The view at the 
bottom shows the latter piston from a different angle. 
A eset of 4-25 to 1 compression pistons of the constant- 
clearance type was not available for the com tive 
pom A meg tt 2 ype mene tga re in each 
case and the 4-25 to 1 compression pistons were relieved 

















: : : : Fig. 4. 

at the side in an endeavour to give the pistons approxi- 

mately the same ing area as the other pistons. ¥ 
The cylinder clearance given to the low-compression | 18-65 oz.; and that of the piston pin, 5°60 oz. The New Enorvger Apmirat.—The voluntary retirement 
pistons was 0-005 in. to 0-006 in. and that of the high- mole of the complete engine without the clutch is | of Rear-Admiral Sir Henry Humphreys 
com: ion pistons 0 -0015 in. to 0-0025in. The weight | 660 


b. The weight of the complete power plant, engine, | K.C.M.G., C.B., is announced. The vacancy on the 
of t' }-in. aaron cinge 1-82 oz. ; that of the | clutch and transmission is 780 Ib. list of Rear-Admirals has been filled by the 
4°25 to | piston, 13-52 oz.; that of the 5 to | piston, (To be continued.) promotion of Engineer-Captain E. W. Liversidge. 
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OIL ENGINE FOR THE SHIP “NEPPO.” 


CONSTRUCTED AT THE 


KROMHOUT WORKS, AMSTERDAM. 
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We illustrate on the preceding, present and next 
pages, the motor-ship Neppo, recently built to the highest 
class of the Bureau Veritas by Messrs. Van der Kuy 
and Van der Ree, Rotterdam, for Messrs. Van Oppen 
and Co,, Limited, London, to the specification and under 
the supervision of Messrs. Flannery and Gregson, 
Limited, Rotterdam, London and Liverpool. The ship 
belongs to a class which is increasing in favour, being 
convenient in size and combining the advantages of 
sail propulsion with auxiliary machinery for calm 
weather. This latter is rendered economical by the 
use of the internal-combustion engine, which has the 
great advantage that the engine room staff is small 
and inexpensive and there is no need, as with the 
steam engine, to keep boilers alight and involve fuel 
consumption and other stand-by charges. 

The Neppo is propelled by a 4 M. 4 type Kromhout 
engine, developing 180 brake horse power (220 i.h.p.) 
at about 300 revolutions. The engine, illustrated on 
the opposite and on this page, has four cylinders, 
the bore and stroke being respectively 13% in. 
and 134 in. Its weight complete, with its reverse gear 
and all working parts, but excluding shafting, stern 
tube, propeller, fuel tanks and accessory fittings, 
is 193 ewt. The engine operates on the two-cycle 
system, there is therefore an impulse per revolution 
in each cylinder, the order of firing being so arranged 
that with the cranks at 90 deg., there is a continuous 
turning movement on the crankshaft, this tending 
towards steady running and the elimination of vibra- 
tion. The air for scavenging is compressed in the 
crank case, it being drawn in on the up stroke of the 








niston through spring-loaded leather diaphragm valves 
fitted with ‘gauze strainers to prevent any foreign 
matter entering with the air. On the down stroke, 
the exhaust port opens, first allowing the products of 
combustion to pass out into the water-cooled silencer ; 
directly after the outflow of burnt gases commences, 
the air inlet port opens and the scavenging air deflected 
by a specially-shaped piston head clears the cylinder, 
there remaining only fresh air for the next explosion, 
The scavenging air in its upward flow from the crank- 
case to the cylinder passes round the small end of the 
connecting rod, thus cooling the gudgeon pin and 
gudgeon pin bearing. There are four fuel feed pumps, 
one for each cylinder. The cylinder head, or com- 
bustion chamber of each cylinder is entirely water- 
jacketted, except for the top plate, but even under 
full load there is no red heat apparent. Water injec- 
tion is entirely eliminated. 

The engine is started by means of the patent Krom- 
hout rapid heater; this enables starting up from all 
cold in 5 minutes to 6 minutes, This heater lights 
up like a gas jet without any pre-heating. When the 
top plate of each cylinder is sufficiently heated, com- 
pressed air is admitted to the forward cylinder, and 
at the same time an injection of fuel is given by hand, 
this starting the engine running. The rapid heaters 
are then put out and are not further needed, the engine 
retaining the necessary heat both for vaporisation and 
ignition under all conditions of load. The compressed 
air above referred to, for giving to the engine the first 
turning movement, does not entail the use of an air 
compressor. The hand-starting air valve is shown 





(Fig. 1) mounted on the cylinder No. 1, there being 
on the cylinder No. 2 an additional valve. When the 
engine is running, this valve is opened until the by- 
products of combustion passing through it fills bottles, 
provided for the purpose, to a pressure of 180 lb., when 
the valve is closed and the pressure stored up for 
future starts. This pressure is also used for blowing 
the whistle. Reversing the propeller is done by means 
of the Kromhout standard reverse gear, a large 
hand wheel mounted on the after cylinder operati 
the reverse gear and clutch combined. The han 
wheel is also connected to the governor, so that both 
the propeller and the engine are controlled by it; 
in the stop or neutral position, with the clutch out, the 
governor reduces the revolutions to the lowest mini- 
mum. On the hand wheel being turned in either 
direction, the speed of the engine is slightly increased 
before the load comes on, but as soon as the load 
is on, unless the hand wheel is again moved, the engine 
continues to run dead slow. The thrust block is of the 
ball-bearing self-centring type. Water circulation in 
the cylinder jackets is effected by means of a plunger 
pump driven off an eccentric on the crankshaft; the 
eccentric also drives a duplicate pump for bilge injection 
purposes. Lubrication is by means of pump feed 
lubricators, the pumps having no valves or springs. 
They provide oil to three points of each cylinder, from 
which the gudgeon pin also obtains its lubrication ; 
they also deliver oil to banjo rings, from which each 
crank-pin bearing is lubricated centrifugal force. 
The main i and thrust block bearings are 
wick-fed. A vent is provided in each crank-pin and 
any excess lubricating oil is blown out by the scavenging 
air, and can be recovered and used again after suitable 
straining. Figs. 1 to 3 show section elevation, plan 
and cross-section of the engine, which is further illus- 
trated in the two views, Figs. 4 and 5, while Fig. 6 
shows the position of the machinery in the ship. The 
machinery, it may be added, was constructed at the 
Kromhout Works, Amsterdam, the London resen- 
tatives of which are Messrs. Perman and Co., 82-83, 
Fenchurch 8t., E.C. 3. 

The Neppo, of which illustrations are given on the 
next page, is 114 ft. in length, 20 ft. in breadth and 10 ft. 
3 in. moulded depth, She has fore and after peaks 
holding about 17 tons of water ballast; one large 
hold served by two motor winches capable of lifting 
5 tins and having an unusually high hatch coaming, 
there being also capacity for dry cargo under the 
forecastle deck. The windlass is driven by the forward 
motor winch, the aft motor winch being connected 
with a pump for dealing with the ballast, bilges, fire- 
hose, &c. The ship is provided with two masts and 
a large sail area. She is illustrated in the longitudinal 
section, Fig. 8, and in the deck plans, Figs. 6, 7 and 9, 
which show the various compartments and the accom- 
modation for the officers and crew. The Neppo carries 
two lifehoats, and is in all respects equipped to the 
Board of Trade requirements and to those of the 
Dutch Government and the Dutch Stevedores’ Law. 





THE CERAMIC SOCIETY : REFRACTORY 
MATERIALS SECTION. 

Tue Refractory Materials Section of the Ceramic 
Society, which has hitherto held its meetings in Great 
Britain, and which latterly had to abandon one or two 
meetings owing to industrial troubles, made a new 
departure by holding its latest meeting at Paris, on 
May 14, in conjunction with the French Ceramic Society. 
Lieutenant-Colonel C, W. Thomas, of Stourbridge, was 
elected President of the Society for the current year. 
A paper by Dr. J. W. Mellor, relating to the measurement 
of plasticity, was communicated. here were four other 
paper. all of which were printed beforehand, three 
ing taken as read in order to save time. 


Resistance Tests ON RerracTrory PRopUCTS UNDER 
Loap at Dirrerent TEMPERATURES. 

This was the title of a paper by Captain V. Bodin. 
The disparity between the softening and fusion tempera- 
tures varies within very wide limits, being very con- 
siderable in the case of bauxite, more so for magnesia, 
but much less so for silica products. 

Gary, at Gross-Lichterfeld, found the average crushing 
strength of certain refractory bricks to be as follows :— 


Ordinary 
Tempera- 1,000 
ture. Deg. C. 
Kg./Cm. Kg./Cm. 
Rhenish commercial brick 169 218 
Brick P.W. 10 148 163 


He concluded there was no danger of collapse when 
resistance at 1,000 deg. C. was greater than that at 
ordinary temperature. 

During the war, Mellor in England, and Le Chatelier 
in France, investigated the subject. The author 
followed on similar lines, and some results were published, 
including curves showing the crushing strength in 
kg./em.® for each product as a function of the tempera- 
ture, from room temperature to 1,500 deg.C. [Trans. 
Cer. Soc., 17, 259, 1918, and Chimie et Industrie, Decerm- 
ber, 1918, and La Ceramique, April, 1919.) 

The pressure was produced by a Frémont machine 
for testing metals,: fitted with a specially-constructed 
large reversing frame, so that a special spiral flame furnace 
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could be placed between the two plates. 
fired with gas and compressed air. The Frémont 
machine was also fitted with a recording apparatus, 
and the curves obtained enabled the crushing load to be 
determined. 

The following results were obtained :— 


The furnace was 


Ord 
Temp. 
(20 800 1,000 1,300 = 1,500 
Deg. C) Deg. C. Deg. C. Deg. C. Deg. C. 

Clay A - 196 125 105 740 40 
Clay C L 920 555 575 360 65 
Clay P ... «. 1110 485 1,755 115 20 
Bauxite... - 395 270 715 55 20 
Corundum 790 530 615 310 30 
Carborundum ... 415 425 585 150 70 
Silica brick A ... 277 — — —- 116 
Silica brick B ... 276 - 27 
Silica brick C ... 244 _ — . 53 
Silica brick D ... 171 -- -- — 1 
Silica brick 8 ... 180 90 80 60 40 
Silica brick V ... 240 25 185 160 100 
Fused quartz ... 2,550 1,040 780 = 1, 670 100 
Impure zirconia 395 275 345 90 10 

M esite bricks 
(Euboa) ooy.,. ee 265 230 110 5 

M esite bricks 
‘Btyria) --» 450 295 190 155 30 
Chromite bricks 450 450 425 215 75 


The following deductions are drawn from the curves : 
(1) The majority of refractory products, particularly 
all those com essentially of silica and alumina 
or silica only, tend to show diminished resistance to load 
on ae the minimum being generally at a tempera. 
ture round about 800 deg. C. 

(2) On further heating, the same products exhibit a 
rapidly in ing resistance, with a maximum usually 
at about 1,000 deg. C. For certain clays this maximum 
may reach four times the minimum, or even higher. 

(3) With a still further rise in temperature, a pro- 
gressive decline in resistance, tending towards zero at 
about 1,600 deg. C., is observed with all refractory 
products, 

(4) In general all refractory products tend to become 
plastic or semi-plastic beyond a temperature bordering 
on about 1,200 deg. C.; they subside after the manner 
of lead or brass samples, no further abrupt rupture 
taking place. 

The existence of the minimum is of great practical 
importance, as the whole of the refractory masonry 
of a furnace passes through the critical range of tempera- 
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ture (corresponding to the minimum resistance) both 
during heating and cooling. Trouble may then be 
ex 
un 


rienced, the cause of which has hitherto been 
own. If Gary had worked at 700 deg. and 800 
deg. C., as well as at 1,000 deg. C., he would have found 


| lower crushing strength than at ordinary temperatures. 


Hitherto it has been found impossible to vary the 


| fusing temperature of a refractory brick by modifying 


the size of grog, compactness, &c., but it may probably 
be found possible to affect the minimum resistance by 
this means, and thus improve the’quality of the brick. 

The author's tests on bauxite—fired at 1,300 deg. and 
1,500 deg. C., respectively—seem to indicate that the 
refractory properties of bauxite are improved by firing 
at a higher temperature, as Le Chatelier found to be 
the case with clay. 

The existence of the maximum has not’ the same 
practical importance as in the case of the minimum, but 
if refractory materials could be chosen so that their 
working temperatures were exactly those of their 
maximum resistances (which are not the same for all 
products), the working conditions would be very favour- 
able to durability. 

The temperatures at which the substances became 
plastic or semi-plastic were as follows :— 


Deg. C. 
Clay A ... 1,300 
Clay C L 1,200 
Clay P 1,100 
Carborundum 1,400 
Bauxite ... 1,100 
Silica bricks 1,400 
Fused quartz 1,400 
Magnesia 1,000 


Dinas Bricks or Constant VOLUME. 
By O. Resurrar. 

This is a preliminary note. The disintegrating 
expansion of silica bricks results from the transformation 
of the quartz into tridymite, cristobalite, or fused silica, 
all of which have a much smaller specific gravity than 
quartz. When almost complete transformation has 
taken place during the initial firing of the bricks, no 
further ex ion occurs after prolonged use of the 
bricks in the furnace. In order to get quartzite bricks 
of constant volume, it was pro’ to prolong the 
mint of the bricks until the quartz was almost com- 
pletely transformed into tridymite. This was found 
to be impracticable, as several weeks firing at 1,400 
deg. C. would not ensure the change, even if the great 
It has also 
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been found very difficult to distinguish a quartzite 


which would give bricks of constant volume from such 
as would not do so. 

The transformation of quartz into tridymite appears 
to be due to its solution in a glassy flux, from which 
the tridymite crystallises out. In all silica bricks, 
a small quantity of calcium silicate is formed during 
the firing, and this serves as a binder for the silica grains, 
but the quantity formed is so small that in itself it is 
insufficient to greatly facilitate the conversion of quartz 
into tridymite, and those quartzites which give products 
of constant volume must contain some other substance 
which along with the calcium silicate forms the flux by 
whose aid the change is produced. 

As it has long been eset that certain very stable 
non-volatile inorganic acids—as boric, phosphoric, 
tungstic, and molybdie acids—form molecular com- 
binations with silic acid which will dissolve silica and 
facilitate its crystallisation, the first methodical step 
would be to ascertain whether quartzites which give 
bricks of constant volume (and which are generally 
secondary quartzites with a high content of ingredient 
other than silica) contained considerable quantities of 
the substances mentioned. Lagonegro quartzite, which 
was found by several Italian ironworks to give bricks 
of constant volume, was found by the author to leave 
a sulphate residue of 5-5 per cent. This quartzite has 
a specific gravity of 2-65, and after calcining for 8 hours 
at about 1,300 deg. to 1,350 deg. C. its specific gravity 
becomes 2-25. On analysis, the quartzite was found to 
contain 0-31 per cent. phosphoric anhydride, with some 
ferric oxide, and smaller quantities of other substances. 
After washing with concentrated nitric acid to remove the 
phosphoric acid, the ified rock was found to retain a 
Fo gravity of 2-6 after 8 hours’ burning at 1,300 

eg. to 1,350 deg. C. The author also took some very 
pure primary quartzite, which left only 0-62 per cent. of 
sulphite residue, and which had a specific gravity of 
2-60 (unchanged after heating for 8 hours at 1,300 deg. 
to 1,350 deg. C.), and added 3 per cent. of an alkali 
glass of specific gravity 2-61 and containing 16 per 
cent. phosphorus pentoxide (= 0-45 per cent. of the whole 
quartzite), and the mixture was then heated for 8 hours 
at 1,300 deg. to 1,350 deg. C. The expen had a ific 
gravity of 2-27 to 2-30, and under the microscope showed 
only a few small birefrigent grains, the appearance being 
thus like the fired megro quartzite. : f 

In view of the wide distribution of phosphoric acid 
in rocks, the author feels justified in ing that 

uartzites, which give bricks of constant volume owe 
their special properties to the presence of small quantities 





of phosphoric acid in them. Under these conditions it 
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was found that mainly tridymite was formed, and even 
after heating for 24/hours at 1,300 deg. to 1,350 deg. C., 
the tridymite stracture a; uniform ~anhd the 
—_— gravity was 2-22 to 2-27. A fuller account of 
the research work is promised in subsequent com- 
munications. 


(To be continued.) 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.— ite the baneful effects of the 
coal strike, a firmer ap) to be developing 
in the engineering trades. One of the principal reasons 
assigned is that the appreciation of Continental ex 
coincident with the further fall in prices of basic materials 


manufactured locally, is placing manufacturers in a more | p 


favourable position as forward quotations. 
While the cancellation of existing contracts has not 
been arrested, more business is comi to hand for 
delivery over the next six to twelve mont Makers of 
mining machinery, textile machinety, agricultural tools 
and railway materials have in hand a substantial volume 
of work. Added to this, South Yorkshire has secured 
an iable share of Government contracts. These 
are principally for twist drills, blooms, sheets, cast-iron 
pipes, ae es, railway carriages and springs, cast 
steel, plo and boiler tubes. A fair proportion of 
this work is intended for shipment to India. Inquiries 
are also in circulation for a substantial tonnage of wagon 
and engine tyres for Australia. Sheffield ration 
is in the market to cover its commitments under a 0001. 
scheme of refuse disposal. Provisional contracts for 
the supply of constructional steel work, water-tube 
boilers, mechanical stokers, and semi-finished iron and 
steel, of the gross value of 125,000/., have already been 
placed. The scheme is estimated to effect an annual 
saving of 70,0001, T stocks of steel at works 
have m greatly red » particularly in the case of 
the lighter industries manufacturing finished products, 
merchants still have on hand considerable tonnages 
purchased at high prices. These they are seeking to 
unload at uneconomic figures, with the result that buyers 
find themselves with a choice of rates showing wide 
variations. Newly-manufactured materials are being 
offered at considerable reductions. Following the drop 
of 21, 10s. per ton in bar iron, basic billets have declined 
2l. per ton. Current quotations are 14/. for hard basic, 
and 120, 108, for soft basic, The market for ferro alloys 
has not been as flat for several years. 


South Yorkshire Coal Trade.—There is a great scarcity 
of domestic supplies following the interference of the 
miners in outcrop operations, Evidence of a convincing 
nature has adduced to show that a big proportion 
of the outcrop ton: has been utilised for commercial 
purposes. To this the miners have taken the strongest 
poe objection with the result that many of the most 

ucrative workings have temporarily been abandoned. 
All the heavy manufacturing sections have exhausted 
reserves. The lighter trades can carry on only as long 
as corporation supplies are maintained. Railways are 
exercising the strictest economies to preserve stocks. 
The colliery position — less satisfactory each week. 
If pumping and ventilating operations are to be main- 
tained much longer, the better situated pits will have to 
go to the assistance of others whose supplies are quickly 
expiring. Nominal quotations are wucknnghd. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRouGH, Wednesday. 
The Cleveland Iron Trade.—Production of pig-iron 
has shrunk to almost nothing. Makers’ stocks of the 
lower qualities of Cleveland are heavy and are offered 
freely and with next to no success at producers’ fixed 
minima, but the superior grades are exceedingly scarce, 
with the result that the trifling quantities needed com- 
mand comparatively high figures. There is now no 


foreign trade in Cleveland pig-iron. For home consump- 
tion, No. Vis 1408. ; No. 3 BACB. 135s. ; No. 4 foundry, 
1298,; No, 4 forge, 117s. 6d.; mottled, 117s. 6d. ; and 
white, 115s. 


Hematite.—In the East Coast hematite department 
complaint is heard by home customers at being charged 
more than foreign bu There seems no likelihood, 
however, of ‘prices being revised until the trouble with 
the coal miners comes to an end. Meanwhile makers 
continue to adhere to their -on minima quotations 
for home consumption of 162s. 6d. for No. 1 and 160s. 
for mixed Nos., but with a free hand for foreign business 
they are ready to sell for abroad at 10s. below these 
figures, 

Foreign Ore.—There is nothing at all doing in forei 
ore. Consumers have large stocks, and substantial 
contracts made, and uently refuse to sot a 
negotiations at mports are still com 
roneaal Boh caso GHak Gel’ Gediones exe Wey Gie 
inclined to accept delivery. . 

Coke.—Sales of coke are very-few and small, and 
values cannot be fixed, 


Manufactured Iron and Steel.—Stocks of finished 
iron and steel are being drawn upon to some extent, 
but they are still ample to meet any likely needs. The 
following are among the principal market quotations :— 
Common iron bars, 191. ; iron rivets, 26/.; packing iron 
(parallel), 122.; packing tapered), 18/,; steel 
angles,’ joists and sections, 171. 10s.; steel ship, bridge 
and tank plates, 19/.; steel boiler plates, 25/.; steel 
billets, 147. 10s. to 15I, ; fish plates, 20/.; and corrugated 
galvanised sheets, 227. 10s. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 
_ The State of Trade.—The position of the various 
industries throughout the country is, on the whole, worse 
than it was a week ago, and many establishments which 
were able to go slowly have now almost completely 
closed down. The difficulty in securing fuel of an 
description is now greater than ever, and it is well-nig 
impossible for any more to be obtained. Hopes of a 
settlement being arrived at between the miners and the 
coal owners are again high, but until the “ pool” claim 
is departed from finally there will be little chance of 
any agreement. The owners are very emphatic on 
that point, and it is stated that they will not enter into 
any negotiations unless the men’s leaders abandon the 
idea of a “pool.” The latter, on the other hand, are 
to consider any alternative solution to their 
demand, but so far no scheme has been put forward. 
The general opinion here is that even although a con- 
ference takes place this week it may be three or four 
weeks yet before coal will be available. All industries 
are now extremely hampered for want of fuel, and very 
few works are going for more than an odd day or two 
at a time, while the majority are closed down altogether. 
i ing establishments, where not already stopped, 
are mean, > O very well indeed on a reduced week 
but some difficulty is experienced in shortage of certain 
iron and steel sections and other materials. The 
engineering trades on the whole is fairly well booked up 
with orders, and if the present crisis were only over the 
Pee are quite quod. The ry an are very quiet, 
ut with a shorter working week the majority are still 
moving—but on reduced numbers, ° 


Scottish Steel and Iron Trades.—The steel and iron 
industries of Scotland, like all other trades, are feeling the 
pinch of the t trouble over the miners’ conditions 
of service. works were carried on as long as supplies 
of fuel would last, but now there is no manufacturing 
at all and idleness prevails. The demand, of course, 
is off, and little in the way of inquiry is reported. There 
are small stocks of home material available, and there 
are also lots to be had of the foreign-made article, but 
nobody seems to want either the one or the other and 
business is at a standstill, or as near it as it ever has 
been. Prices are nominal meantime, but when business 
is resumed easier quotations are very probable. 


Scottish Pig-Iron Trade.—There is practically nothing 
doing in the way of business in the Scottish pig-iron 
trade, but a certain amount of covering future require- 
ments has taken place recently. Stocks on hand are not 
too plentiful and producers have earmarked lots for their 
regular customers who will be taking in supplies as usual 
when business permits. Foundry iron is rather scarce 
now. Prices have a firmer tendency. 


Glasgow Dockers’ Strike.—The dock workers of Glasgow 
who are now on strike have decided, at a meeting held 
in the city this morning, to return to work on certain 
conditions, The meeting was held in private and lasted 
only a short time—about 1 hour. The terms on which 
they will resume work are: Complete reinstatement of 
the men on strike ; no victimisation; and that all non- 
union men be cleared out of the docks. These conditions 
are being forwarded to the Glasgow Shipowners’ ‘Associa- 
tion, and will have to be considered by them before 
anything will be done in the way of the return of the 
dockers. One thing is certain, that the two thousand 
odd non-union workers at the docks cannot be 
adrift at a moment’s notice just because the dockers 
want to go back to work. The other troubles at the 
harbour at present include the strikes of seamen and 
firemen, and the cooks and stewards, as well as the 
difficulty in getting the railwaymen to handle foreign 
coal or coal unloaded by non-union labour. 





Tue Iron anp Steet Instrrvte.—This Institute 
announces that the autumn meeting will take place in 
France. from September 5 to 10. The opening meeting 
will be held in the Hall of the Comité des Forges, 7, Rue 
de Madrid, Paris, on the morning of Monday, Septem- 
ber 5, and in the same place on Tuesday, Septem 6, 

will be read and discussed, ternative visits 
ve been for the following days to Lorraine 
and Luxemburg, Creusot and Normandy. 

Tue tate Mr. Epwin WituiamM DE Ruserr.—We 
regret to have to record the death which occurred on 
the 20th inst., at his residence, “ Croutelle,” Stocksfield, 
Northumberland, of Mr. Edwin William de Rusett, the 
well-known-naval architect. Mr. de Rusett was born at 
Park-road, t’s Park, London, in 1842. He was 
educated at Harlow (Essex), Boulogne, Greenwich, and 
at the City of London College. ly in life, Mr. de 
Rusett found great attraction in engineering ship- 
building, and took a course of training both at Messrs. 
Samuda’s yard and at the Thames Ironworks, London. 
He then served as a draughtsman with the Peninsular 
and Oriental Steam Navigation Company, and in 1869 
was inted a naval constructor to the said company. 
In 1883 he was given the position of head of the naval 
and departments of the same ey om and 
desi the of that company’s fleet down 
to the year 1890. In the latter he accepted an 
invitation made to him by Mr, G. B. Hunter, and went 
to the Tyne to take up the position of naval architect 
and chief of the technical departments of Messrs. C. 8. 
Swan and Hunter, now Swan, Hunter and Wigham 
Richardson, Limited. Mr. de Rusett designed a | 
list of this firm’s ships, among which may be mention 
the Mauretania. He became an Associate of the Insti- 
tution of Civil Engineers in 1868, and a member in 1893 ; 
in 1876 he became a member of the Institution of Naval 
Architects. 





NOTICES OF MEETINGS. 


Royat Socrety or Arrs.—Monday, May 30, at 8 p.m., 
“Industrial Disease and Immunity,” by Sir Kenneth 
Goadby, K.B.E., M.R.C.S., L.R.C.P., Medical Referee for 
Industrial Poisons, County of London. The Right Hon. 
John R, Clynes, D.C.L., J.P., M.P., President of the 
National Union of General Workers, will preside, 


Tue [ttumMinaTINe ENGINEERING SooreTy.—Tuesday, 
«Se at 8.15 p.m., at the —_ 
(John-street, Adelphi, London), 

“The Use of Artificial Light as an Aid to Various Games 
and Sports,” will be opened by Mr, J. 8, Dow. 


Tue InstrruTion or Ramway S1enat Enoiveers.— 
Wednesday, June 1, at 3 p.m., at the Midland Grand 
Hotel, St. Pancras, when will be a resumed dis- 
cussion on the Reports of the Sub-Committees on 
“Track Circuit Nomenclature” and “Track Circuit 
Record Forms,”’ 


Tue Royat Instrrvtion or Great Barratn.—Friday, 
June 3, at 9 p.m., Friday evening discourse by Mr. 
Leonard Huxley, LL.D., Editor of the Cornhill Magazine. 


The subject is ‘Chronicles of the Cornhill.” Afternoon 
Lectures at 3 p.m.: Tuesday, May 31, Sir James Fraser, 
D.C.L., LL.D., F.R.8S., M.R.I., on “1, Roman Life 


(Time of Pliny the Younger)”; Thursday, June 2, 
Sir Alexander C. zie, Mus.Doc., D.C.L., LL.D., 
M.R.I., on ‘ Beethoven” (with musical illustrations) 
(Lecture I); Saturday, June 4, Mr. Robert 8. Rait, 
C0.B.E., LL.D., on “1, Scotland and France.” 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Though the news that 600 miners 
in Shropshire had returned to work was welcomed re 
commercial men in South Wales, it was not expec 
that a breakaway would follow in the district. The 
announcement that the policy of the Admiralty was 
to build ships to burn oil-fuel and that in a short time 
the British fleet would consist of only oil-burning vessels 
was regarded as significant. It was felt that the decision 
of the authorities had doubtless been hastened by the 
constant labour troubles which have prevailed in the 
coal trade during the past few years. To South Wales 
the decision of the Admiralty means a direct coal trade 
loss of between 1,500,000 tons and 2,000,000 tons a vear. 
Meanwhile there is no change in the position. me 
couple of hundred vessels of all sizes are laying in the 
various docks idle, owing to lack of coal cargoes, while 
many are prevented from sailing in consequence of the 
refusal of the authorities to grant permits or bunkers 
because of the desire to conserve the small quantity 
available for home consumption. Even when work in 
the coalfield is resumed it is estimated that it will be many 
weeks before full outputs will be secured as there is no 
doubt that a lot of repair work will be necessary before 
a complete restart will be possible. 


The Iron and Steel Trades,—The deputy-chairman of 
Messrs. Richard Thomas and Co., Limited, one of the 


largest tin- manufacturers in South Wales, says that 
we are daily losing yet another of our industries— 
the tin-plate industry—owing to the cost of pro- 
duction. Before the war a Canctrodeve of sheet tin 


would pack roughly 400 lb. of jam, salmon or fruit, and 
such packing could be bought before the war for 12s, 6d., 
but now the cost of production alone was 30¢,.’ Again, 
before the war the cost of fuel for 5 tg pee 
into sheet bars was 6s. 9d. per ton, but to-day,.it was 
240. 9d. It was the increase in the price of that 
was nsible for the tin-plate industry steadily ing 
from this country. Meanwhile there has been a few 
inquiries from the Continent for Welsh tin-plates, and 
though consumers’ and sellers’ ideas of values are wide, 
there is a disposition to cover requirements. For prompt 
business 26s. to 27s. is asked. Galvanised sheets range 
from 221. to 22/. 10s. for 24-gauge corrugateds, in bundles 
and plates from 23/. to 231. 10s. Sheet and tin bars are 
round 11/, 10s,, with business quiet. 


Shipowners and Railway Bill._—The Cardiff and Bristol 
Channel Shipowners’ Association at a meeting to-day 
discussed the new Railway Bill, It was pointed out that 
if the Bill was passed, the coasting trade would lose the 
advantage which it at present . The present 
law did not allow a rate once cut to be raised except by 
slow degrees. This consideration must necessarily 
weigh heavily in the minds of the railway companies 
before they agreed to a cut directed against the coasting 
trade. Under the provisions of the new Bill, however, 
a railway company would be able to introduce a cut and, 
as soon as it had achieved its object of eliminatin 
competition, the charge might be raised at the will o 
the railway company. For this reason it was decided to 
oppose the sub-section containing this provision, 





Mepicat. Doctors 1x Inpustry.—A conference of 
medical doctors en; in industry is 
the Industrial Welfare Society, 51, Palace-street, 
estminster, 8.W. 1, to take place on June 2, at 10.30 
a.m, and 2.30 p.m. Papers on medical service and 
on health problems in industry will be read and discussed. 





Tue InstrrvTiox or Mriinc Enoineers,—The 
seventy-fifth eral meeting of the members of this 
Institution will be held on Thursday, June 9, at 11 a.m., 
in the Rooms of the Geological — Burlington 
House, Piccadilly, W. 1, when papers will be read and 
discussed, A visit to the National Physical Laboratory 
will take place on Friday, June 10. 
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THE DALMARNOCK POWER STATION OF THE GLASGOW CORPORATION. 


(For Description, see Page 6365.) 





Fic. 32. Coat Wagon Tip. ‘NG. 33. " Fic. 34. Bomerr Fronts. 








Fic. 35. TRANSFER FROM Cross ConvEYOR TO Tray CONVEYOR. Fig. 36. CoNvEYOoR OVER SERVICE BUNKERS. 





Fie. 37. No. 1 Bomwzr Hovsz. Fic. 38. Economiser aND INDUCED Dravucut Fan. 
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CONSIDERE FERRO-CONCRETE CONSTRUCTION AT THE | 
DALMARNOCK POWER STATION, GLASGOW. | 
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THE CORROSION OF STEAM BOILERS. 


As soon as steam turbines took their place as 
the standard and indeed the only practicable type 
of prime mover for large powers, engineers hoped 
that the greater part of their boiler troubles would 
be over. The availability of the condensed steam, 
with its freedom from all scale-forming salts or 
traces of oil, for boiler-feeding purposes, opened 
up prospects of a new era in the boiler room. The 
trouble and expense of cleaning boilers and 
operating water softeners were to be abolished while 
the evaporative efficiency of the plant was to be 
maintainable always at its highest value. By care in 
operation the water losses could be kept down to 
a very small percentage of the total feed, and as 
the necessary “‘ make-up water” could be obtained 
by distillation nothing but absolutely pure and soft 
water would ever be used in the boilers. 

The advantages of operating a plant in this 
manner appeared at first sight to be very great 
indeed, and it was in fact regarded by many as the 
ideal to be aimed at in every station. Experience, 
however, showed that a very soft feed water in- 
volved troubles of its own. This was, in fact, 
not a new discovery, for engineers had known for 
years that it was unsafe to carry softening too far. 
softening processes still leave soluble 
salts of various kinds in the water, and it did not 
seem unreasonable to imagine that some of these, 
under the influence of high temperature and pressure 
nion| might be responsible for the corrosion of boilers 
which sometimes occurred with over-softened 
water. Naturally soft water was also recognised 
as liable to cause corrosion, but here again it seemed 
possible that the effect was due to some 
quite different from the mere absence of hardness. 
The question, however, never came into special 
prominence, partly because naturally soft water is 
not available to any great extent in this country 
for boiler feeding purposes, and partly because 
over-softening is not a common fault of water- 
treating apparatus. With all the knowledge of 
what might happen to his boilers if fed with water 
either naturally too soft or rendered so by artificial 
means, an engineer would not necessarily anticipate 
danger from the use of pure distilled water. The 
fact remains, however, that such water does give 
trouble, at times of a very serious nature, and it is 
becoming every day of more importance to central 
station engineers to find out why distilled water 
attacks steel, or rather how to prevent it doing so. 

The opinion most commonly held as to the cause 
of the corrosion experienced when the boiler is fed 
with practically pure distilled water, is that it is due 
to oxygen or carbonic acid gas dissolved in the 
water. A hard water, containing an equal amount 
of gas, may be used with impunity, so far as corrosion 

is concerned, because the plates and tubes become 
pul same almost at once by a coating of adherent 
scale, Distilled water produces no scale and the 





| with great suspicion. 





metal] is therefore left exposed to any deleterious 
action which the gases may exert. If corrosion is 
really due to dissolved oxygen or carbonic acid, 
it is obviously wise to avoid, as much as possible, 


| the exposure of the condensate to the atmosphere 
| and especially to prevent all unnecessary agitation 


of the water in the presence of air. Hence closed 
condensate systems are advocated, while wet air 
pumps and even notch recorders are looked upon 
But if we take it for 
granted, as we think we may, that however great 


‘I the precautions, the entire freedom of the con- 


densate from harmful gases can never be relied on, 
the logical action is to eliminate these gases before 
the water is returned to the boiler. Heating will do 
something to drive off dissolved gases, and the 
addition of caustic lime will destroy the carbonic 
acid, but several years ago a method of treating 


"| the water occurred to engineers which avoided the 


controversy as to what gas, if any, was really 
responsible for corrosion. The direct simplicity 
of the method was very attractive, It consisted 
merely in bringing the feed water into intimate 
contact with an extensive surface of unprotected 
iron, the idea being that the water should be allowed 
to satisfy its craving for iron by attacking metal 
specially provided for the purpose. Thus it was 
hoped to render feed water harmless to ‘boilers, 
whatever its previous avidity for iron may have been 
due to, leaving chemists to solve the latter problem 
at their leisure. 

There can be no doubt that the principle of 
neutralising the corrosive action of water in this 
way is sound, even if it does not supply a remedy 
for all cases of corrosion. The engineer of one of the 
large London power stations some years ago tried 
the experiment of filling his hot well with 
of old boiler tubes. They were strongly attacked by 
the water, which was found to contain far less 
dissolved oxygen after passing over them than did 
the air pump discharge. In course of time, however, 
the action practically ceased on account of the 
protective coati: rust which was formed on 
the tubes. The idea is the same as that underlying 
the apparatus invented by Mr. Kestner which was 
described on March 4th at a joint meeting of the 
Institution of Mechanical Engineers and the 
Society of Chemical Industry. Mr. Kestner, how- 
ever, secured continuous operation by reversing the 
direction of flow of the feed water, and put the 
scheme on a much more practical basis. That 
mg effects are likely to result from providing iron 

r the water to attack before entering the boiler 
seems probable from the experience of another 
large power station. In this case some of ‘the 
boilers were fitted with cast-iron economisers and 
the rest with steel ones. The feed water supplied 
to the respective sets of boilers was identical in 
composition and temperature. Corrosion took 
place in the boilers with the cast-iron economisers, 
but not in the others, the steel economisers them- 
selves being attacked. The only conclusion which 
could be drawn was that the steel economisers 
protected the boilers connected with them at their 
own expense, while the cast-iron economisers, being 

lly unaffected by the corrosive influences 
in the water allowed the latter to enter the boilers 
in a dangerous condition. 

As a matter of fact when steel economisers are 
used, it is usual to find corrosion in them rather 
than in the boilers, which tends to confirm the view 
that the corrosive capacity of feed water is limited, 
and may be eliminated by giving the water some- 
thing to attack. It may be mentioned that 
corrosion troubles were practically stopped in a 
certain steel economiser by filling it up with a 
mixture of lime and pon Be of soda, removing 
the safety valves, and subjecting the mixture 
to a protracted boiling at atmospheric pressure. 
The tubes had previously been very thoroughly 
cleaned, and whether the treatment accomplished 
its object by forming a protecting skin of scale, or 
whether it had some more obscure effect on the metal 
is not clear. Unfortunately we have no information 
as to whether the trouble was transferred to the 
boiler or not. 

One of the mysteries about corrosion due to feed 
water is the fact that the attacks are often of such 
a fickle nature. Sometimes one boiler out of a 
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group will suffer severely, the remainder being 
hardly affected, or not at all, although so far as 
can be seen the conditions are identical. Again 
the main feed line along the boiler fronts will show 
no signs of corrosion, while considerable trouble 
may be experienced with the smaller vertical 
connections of the boiler drums, These facts point 
to the probability that something in the composition 
of the steel must be a determining factor. One 
sometimes hears the statement that corrosion was 
almost unknown in the days before steel replaced 
iron in boiler construction. This may be true, but 
pressures and temperatures were much lower 
in those days and the absence of a certain amount 
of protecting scale was rarer. At any rate it seems 
certain that our modern corrosion troubles would 
not be removed, even if it were possible to go 
back to iron boilers. Engineers have to thank 
Mr. H. P. Gaze, of the Central Electric Supply 
Company, for a most instructive experiment on this 
point. In order to find out what truth there might 
be. in the alleged superiority of iron over steel. 
Mr. Gaze obtained some tubes manufactured from 
the very purest charcoal iron and fitted them to an 
economiser in place of a corresponding number of the 
existing steel tubes. Both iron and steel tubes 
were worked under absolutely identical conditions. 
It, was found that the ordinary commercial steel 
tubes supplied by the economiser makers suffered 
distinctly less from corrosion than the iron tubes. 
This seems effectively to dispose of the contention 
that corrosion is due to some property of steel by 
which it differs from pure iron. 

Contemplation of the appearance of a corroded 
tube or boiler plate makes it difficult to believe 
that any general process is at work. If a sheet 
of iron rusts in the ordinary way corrosion takes 
place fairly uniformly over the whole surface, but 
in the case of boilers the attack is usually confined to 
‘isolated spots where the metal is deeply eaten into. 
The name given to this form of corrosion, namely, 
pitting, indicates the nature of the damage, and the 
persistence with which the action continues within 
the limits of each pit, until in the case of tubes, the 
metal is actually perforated, is quite different from 
the general rusting of iron when exposed to oxygen 
or carbonic acid in the presence of moisture, Pitting 
van be accounted for, or rather it would seem to be 
made possible, by the presence of magnesium 
chloride, or of certain other salts in the feed water. 
The magnesium chloride coming into contact with 
hot iron is decomposed into magnesium oxide and 
hydrochloric acid, The latter attacks the iron, 


forming ferrous chloride, which in its turn attacks the 


magnesium oxide, and produces oxide of iron and 
magnesium chloride. Thus the magnesium chloride, 
which is the original cause of the trouble, is con- 


tinually being reformed at the point where it attacks 
the plate and it is not to be wondered at if the action 


is therefore extremely local. 


We have, however, been confining ourselves 
to the corrosion which takes place in the absence 
of any dissolved salts in the feed water, and 
which, therefore, must be due either to the water 
itself, or to oxygen or carbonic acid dissolved 
Oxygen would appear to be removable 
by some such process as that advocated by Mr. 
Kestner,, and carbonic acid can be eliminated by 
rendering the water alkaline by means-of caustic 
There is, however, more than a possibility 
that pitting is not entirely due to chemical causes, 
A 
want of perfect homogeneity in the steel would tend 
to cause electrical currents to circulate between 
different points, the currents, passing, through the 
body of the metal and returning through the water. 
Wherever such currents Jeft the metal they would 
carry iron into solution, and so eat away the surface. 
The suspension of a zine plate in the boiler might 
not suppress these parasitic currents, as it could 
do nothing to alter the fact of a relative difference 


in it. 


lime, 


but it is rather of an electrolytic nature. 


of potential between two points on the boiler shell 


It is significant, in this connection, that there are 
many engineers who contend that zinc plates 
produce no useful effects. Until we can get metal 
which is chemically homogeneous, or can devise 


some effective method of protecting the surface 


or possibly rendering it “‘ passive,” corrosion can 


the impurities in the-feed water. These, in modern 
plants, consist of, little more than dissolved gages, 
which fortunately can be eliminated or neutralised 
without very great difficulty, when once the danger of 
their presence is properly appreciated. 





PETROL ENGINE EFFICIENCY. 
Tue whole subject of the efficiency of petrol 
engines was brought during the war into great pro- 
minence on account of the application to fighting 
aeroplanes, in great numbers and high powers, of 
this type of prime mover. This led investigators 
thoroughly to review the thermodynamic conditions 
which govern performance in the hope of finding 
some modifications of the cycle which would provide 
higher powers and greater economy. © There ‘are 
only two obvious ways of ‘increasing the power 
output of a reciprocating engine, namely, either by 
increasing the mean effective pressure on the 
piston, or by an augmentation of the piston speed. 
So far as piston speeds are concerned, the limit 
is reached when the inertia forces of the recipro- 
cating masses stress, to within a reasonable percent- 
age of their elastic limits, the best high-tensile steels 
available for such parts as the connecting rods and 
the bottom end bolts. Reduction in the weight 
of reciprocating masses, the use of aluminium 
pistons, &c., have increased this limit, and possibly 
higher speeds can still be successfully sustained, 
although the margin for improvement in this 
particular direction cannot but be extremely small. 
As regards increasing the m.e.p., the safe limit 
is reached when the heat flow attains to a figure 
above which troubles are encountered. Recently 
we dealt very fully with this question in connection 
with large marine Diesel engines in our article on 
“Tendencies in Marine Oil Engine Practice” 
(page 427 ante), and it is interesting to find this 
point again so fully emphasised, where the 
smaller petrol type of engine is concerned, in the 
paper on “Some Experiments on Supercharging 
in a High-Speed Engine,” read by Mr. Harry 
Ricardo, B.A., at the Institution of Automobile 
Engineers on the 12th inst. It is well known that 
if, with a petrol engine, the mixture strength be 
reduced, the thermal efficiency more nearly 
approaches that of the standard air cycle. As the 
mixture strength is decreased the maximum 
temperature is reduced. In ordinary practice, 
the weakening of the mixture of petrol and 
air below a figure of from 85 to 90 British 
thermal units per cubic foot, is not possible. 
Mr. Ricardo again enunciates his theory of strati- 
fication of the combustible charge, and discusses 
means whereby the mixture in the way of the 
sparking plug is made of sufficient strength ‘to 
ensure ignition and support combustion, which 
will heat up and cause expansion on cooling 
of the remaining air entrapped in the cylinder. 
In a series of tests which were carried out 
during 1913-14 there was used a highly efficient 
single-cylinder vertical engine. The power out- 
put of the engine was controlled entirely by the 


suction valve, so that, at all times and under all 


strength of 85 Brivish thermal units per cubic foot, 


ordinarily consistent. 


cent. of the theoretical. The gai 
working with such rare stratified 


> 


a consumption of fuel 





only be prevented by paying careful attention to 


quantity of fuel separately admitted through the 


conditions, the full air charge was taken into the 
cylinder, and it was found possible to reduce the 
mean mixture strength from the normal mixture 


down to 10 British thermal units with perfectly 
regular running. It was found further that the 
engine could be started at all times, even on the 
coldest day, on the first pull over, and that when 
running light with an indicated m.e.p. of only about 
14 Ib. per square inch, the exhaust was almost 
inaudible, the speed of the engine remaining abso- 
lutely uniform, and the indicator diagrams extra- 
On opening the needle valve 
and increasing the fuel, the engine would imme- 
diately accelerate even from the lowest speed of 
120 r.p.m. The results of efficiency obtained 
approximate very nearly to the theoretical limiting 
efficiency, and at a mixture strength of 10 British 
thermal units per cubic foot were almost 80 per 
in efficiency by 
charges, enables 
per indicated horse-power 
per hour of approximately 0-37 Ib. to be maintained, 


from’ ‘20 \i.hapy up | to) 60 -i-hp,, ‘rising; to 0745 at 
120 i.h.p., thus proving conclusively the correctness 
of the basis of the theory. 
The. second part of the research work described 
fully in this paper concerns the retention of the idea 
of stratification to reduce the temperatures of the 
cycle, together with supercharging to bring up the 
horse-power output, and a special engine was 
constructed for this purpose, containing the well- 
known Ricardo supercharging piston. The cycle 
of operations was as follows: During the suction 
stroke the piston drew from the carburettor a charge 
of petrol vapour and ait of a normal proportion. 
Towards the end of the stroke the ports round 
the lower end of the cylinder were uncovered and 
a charge of air, compressed in the crosshead chamber 
to a pressure of about 12 Ib. per square inch, entered 
the cylinder. Simultaneously with the opening of 
these supercharging ports, the main inlet valve in 
the cylinder head was closed. This supplementary 
air for supercharging from the crosshead chamber 
raised the pressure of the cylinder contents to about 
5 Ib. per square inch above atmospheric pressure, 
and assisted at the same time towards stratification 
by forming a layer above the piston, The actual 
indicator diagram of this part of the cycle closely 
approximates to the theoretical aimed at. In this 
way at the end of the suction stroke the contents 
of the cylinder consisted of about! 70 per cent. of 
combustible mixture of normal strength  (viz., 
about. 95. British thermal units per cubic foot) 
and about 30 per cent. of air, the normal mixture 
being concentrated in the neighbourhood of the 
sparking plug. The mean mixture density of the 
whole of the cylinder content was therefore about 
66. British thermal units per cubic foot. On the 
exhaust stroke supercharging similarly took place, 
since the underside of the piston operated as a 
two-cycle air pump, and the second supply of 
cool air, entering through these ports, assisted in 
lowering all the temperatures of the cycle. 
Careful. analysis of the various losses was made 
by motoring round the petrol engine. The total 
frictional losses, including windage, were equivalent 
to a mean pressure) of (11-5 lb. per square inch 
on the main piston when running supercharging. 
The fluid pumpitig Josses in the cylinder were 3-5 
Ib. square inch., and those in the crosshead 
chamber 4:5 lb. The object of these tests was to 
obtain high outputs with low temperatures and 
with maximum economy, which at that time was 
the blem confronting designers of motors for 
aeroplanes. Quite early in these trials it was 
found that the liability to detonate was the 
limiting ‘factor. Very little was then known on 
this subject. 
Reference at this stage may be made to the paper 
by Mr. H. T. Tizard read before the North-East 
Coast Institution of Engineers and Shipbuilders, 
on the 11th inst.,.on “‘ The Causes of Detonation 
in Internal-Combustion Engines.” It is now 
generally known that the cause of this phenomenon, 
sometimes called ‘‘ knocking,” ‘‘ pinking” | or 
“detonation,” in an internal-combustion engine 
is not in any ‘way mechanical in nature. The 
influences of the shape of the combustion head and 
of the nature of the fuel are alone sufficient to 
dispose of this idea. It can’perhaps be said with 
safety that detonation oceurs when the rate of rise 
of pressure in the cylinder exceeds a certain unknown 
limiting amount. Mr, Tizard gives a considerable 
amount of information in regard to the importance 
of the nature of the fuel on the tendency to detonate, 
it being well-known that liquid hydro-carbons of 
the paraffin series such as heptane, for instance, 
show the greatest tendency in this direction. 
Maximum flame temperature also has an important 
bearing on the subject perhaps only secondary to 
the nature and quality of the fuel employed. How- 
ever, the figures given in this interesting technical 
research, indicate that in the high compression 
engine, the compression temperature approaches 
very nearly to the ignition temperature before the 
spark passes, and it is worth recalling in confirmation, 
that -when high compression aero ines are 
switched off, it often occurs that they continue to 
run a considerable time by pre-igniting the charge. 
Mr. Ricardo, with his engine, carried out a number 
of alterations'to overcome detonation :—the fitting 
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of intercoolers between the supercharging chamber 
under the main piston and the ports in the main 
cylinder walls, altering the timing of the cylinder 
head exhaust valve, and using the Ricardo masked 
valve for the inlet of the mixture. The result of 
these modifications, as debated, is interesting. 
The final solution by which the best results were 
achieved, shows that the stratification of the charge 
of mixture and air, instead of being carried out by 
means of air from the supercharging chamber, is 
very much more efficient when cooled exhaust 
gases are used for this purpose, detonation also 
being eliminated by this means up to the highest 
power achieved. It was therefore arranged that 
exhaust gases should be used for the supercharge. 
The top of the piston was made concave further to 
encourage the supercharging air or gas to form a 
layer above the main piston. Detonation was 
checked even at compressions of 5-1 to 1 and up to 
6 to 1, at which latter figure, however, so much gas 
had to be added to the supercharge, that the maxi- 
mum power output was decreased. During normal 
running at 2,000 r.p.m., the maximum brake horse- 
power was 20-6, with 99 Ib. per square inch brake 
mean effective pressure. The fuel consumed per 
brake horse-power hour was 0-535 Ib. and the indi- 
cator thermal efficiency was 30-9 per cent. By super- 
charging the brake horse-power was raised to 29-6, 
and the maximum brake mean effective pressure to 
141 Ib. per square inch, while the fuel consumption 
was reduced to 0-47 lb. and the indicator thermal 
efficiency was increased to 33-7 per cent. Whilst 
these figures are in no way remarkable, as admitted 
by the author, in the light of present-day knowledge 
of the subject, it must be remembered that the 
engine upon which this work was carried out, is 
by no means a new one, having been designed seven 
years ago, and that the combustion head with 
valves in a side pocket is not the form to give either 
the best power or the highest economy. There is 
no doubt, however, that the improvement made 
and the figures given indicate that this line of 
research, if further pursued, should result in extra- 
ordinarily high efficiencies. It is hoped that further 
researches, which are understood to be under way, 
will in due course bear the fruit which they promise. 
The subject is one of particular interest where 
aeroplane engines are concerned, since this method 
of stratification and supercharging tends very 
successfully to correct the reductions in power to 
which normal petrol engines are subject at very high 
altitudes. 





OIL FUEL IN THE NAVY. 

As engineers in general, and marine engineers in 
particular, are quite familiar with the advantages 
of oil fuel for the propulsion of warships, and the 
remainder of the community has lately been most 
forcibly reminded of some of the drawbacks of coal, 
little serious opposition to the Admiralty’s decision 
to build only oil-burning ships in future was to be 
expected. The matter was discussed on Tuesday 
last when the House went into Committee of Supply 
on the Navy Estimates, in connection with the 
vote of 5,836,600/. for works, buildings and repairs 
at home and abroad. A considerable proportion 
of the proposed expenditure under this heading is 
to be incurred in the construction of tanks at various 
naval centres in this country to provide storage 
for a reserve of oil fuel for our warships. Such a 
provision is obviously essential for the future 
efficiency of the Navy, and though it involves 
considerable expenditure at a time of serious 
financial stringency, we are of the opinion that 
the expenditure is fully justified. The sum allo- 
cated in the present Estimates for oil storage at 
home amounts to 957,6001., of which 388,000I. 
will be spent on the new depot at Plymouth. The 
total estimate for the construction of this depot 
18 1,400,000/., and 265,000/. has already been spent 
on it, leaving 747,000/.to be voted in future estimates. 

Additional oil storage accommodation is being 
provided on the Clyde in the Glasgow district, and 
& sum of 291,000/. will be spent on this work during 
the year, while 2,430/. is required for the oil fuel 
installation and pipe line now approaching com- 
pletion in the same district. In the Rosyth district 
it is proposed to provide oil storage at Grangemouth 


on which 80,000. will be spent in the current 
financial year, while a further sum of 10,6701. is 
allocated to the work in hand at Port Edgar. 
For similar work in progress at Portland, a sum of 
145,5001. is required, and at Pembroke it is ‘pro- 
posed to commence work which will involve a total 
expenditure of 480,000/.; of the latter sum only 
40,000. is voted for the current year. With regard 
to the proposed expenditure on oil storage facilities 
abroad, the Civil Lord, Mr. Eyres-Monsell, was 
careful to explain that the provision made was 
intended to meet the peace requirements of our 
ships on the ordinary ocean routes; strategic 
requirements, he stated, would probably be dis- 
cussed at the forthcoming Imperial Conference. 
The oil-fuel depot now under construction at Malta 
will have cost 308,000/. before completion, while 
the cost of similar work at Gibraltar, including the 
construction of a pipe line, will be 311,8001. Work 
at both these depots is in hand, but is not very 
advanced in either case; the expenditure during 
the current financial year is estimated at 77,600l. 
and 76,200/., respectively. Storage accommoda- 
tion at Hong Kong and Port Said will be finished 
during the year by the expenditure of 65,0000. 
and 43,650/., respectively, while that at Jamaica will 
be nearly completed by a further expenditure of 
21,340. 

Of the new work decided on, the most important 
is that at Singapore, the total cost of which will 
be 250,000/., but only 50,0001. of this is to be 
spent dyring the current year. A similar sum is 
required this year for work to be commenced at 
Rangoon, the total cost of which is estimated at 
150,0007. Storage facilities are also to be provided 
at the Cape of Good Hope, thé Falkland Islands, 
and Sierra Leone. The total cost of the first- 
mentioned proposal will be 90,000/. and 42,000/. 
of this will be spent during the year. The total 
costs of the other two depots mentioned will be 
75,0001. and 65,000/., respectively, and 10,000I. 
will be spent on each of them this year. Overseas 
oil-storage accommodation thus accounts for a total 
sum of 445,890/. in the current Estimates. 

The only important point raised in the debate on 
the Estimates was the question of adequate defence 
of the depots against hostile action, and this, we 
think, may safely be left in the hands of the naval 
authorities. The vote, which was to, 
also includes the expenditure of about 100,000/. on 
what may be regarded as welfare work, its object 
being to improve the arrangements for the comfort 
and well-being of naval ratings in dockyards. 





NOTES. 
Tue Women’s ENGINEERING SOCIETY. 

THE second annual general meeting of the Women’s 
Engineering Society was held last Friday, at 
46, Dover-street, W., under the presidency of Lady 
Parsons. The most interesting announcement made 
was that the works of Atalanta, Limited, at Lough- 
borough, which is run wholly by women, from the 
management downwards, was actually engaged on 
commercial work. At present no doubt the under- 
taking is small, but very large establishments 
have developed in the past from quite trivial 
beginnings, and it is to be hoped that history may 
repeat itself here. The women start with the 
advantage that there are as yet no unwritten rules 
restricting output or discouraging the earning of 
large wages. As regards those engaged in adminis- 
trative duties, we note that women are admissible 
as members of the Institution of Mechanical 
Engineers, but are quite properly required to give 
the same proofs of professional capacity as are the 
male members. Their difficulty in securing admis- 
sion will lie mainly in a failure to acquire the 
requisite practical experience. Without this a man 
or woman may be quite a useful computer, but is 
pretty certain to be a very indifferent engineer. 
As matters stand, women have made a fair com- 
mencement and their future standing in the pro- 
fession will depend on their being able to discover 
amongst themselves individuals endowed with a 
capacity for creative thought combined with the 
strength of character needed to overcome the 
difficulties and discouragements which assail every 





pioneer. Hitherto, in most departments of intel- 


lectual effort women have been more successful as 
disciples than as leaders. Like Madame de Stael 
they are commonly better at reflecting the phases 
of thought around them, than in producing really 
original work. If they are to attain to any really 
high position in the engineering ession this 
precedent must be broken, and they have yet to 
show that they are capable of doing so. 


Tue Disposat or AmeErIcAN ARMy Roap 
MATERIAL. 


At the termination of the war the American Army 
had an enormous amount of road construction 
material and machinery in France, and an interesting 
means of utilising this was devised for the benefit 
of the several States of the Federation. There was 
a good deal of working and counterworking 
apparently, one department being anxious to dispose 
of the plant en bloc to France, or to avoid reshipment 
of it to America by selling to private concerns. 
This, however, was counte’ and orders were given 
for such plant as could be utilised in the road- 
building programme now being carried out by the 
several States in America, to be returned to that 
country to be made over to the State highway 
officials. It was recognised that if sufficient plant 
could be secured, employment might be given on 
construction work to a large number of returned 
soldiers, and the scheme has been apparently 
successfully carried through. A list of required 
plant was called for by the Government, and Congress 
ordered that the supplies, if available, should be made 
over from the War Department to the Secretary of 
Agriculture for return to America “to be used 
on roads constructed in whole or in part by Federal 
Aid.” The list of plant included caterpillar 
tractors, transits and levels, concrete mixers, 
wagons, rails, steam shovels, hoisting engines, 
boilers, drills, &c,, and recently it was reported 
in a paper read by Colonel J. B. McCord, of the 
United States Bureau of Public Roads, before the 
Engineers’ Club of Philadelphia, that over 
120,000,000 dols. worth of plant had been trans- 
ferred to the highway authorities, and it was 
expected that considerably more would be available 
ultimately.. The transfer has been much appre- 
ciated by the highway officials, and has been mainly 
responsible for the large amount of highway work 
commenced during the past year to the great benefit 
of the whole country. 


Damace CLAUSES IN ENGINEERING CONTRACTS. 


An engineering case of some interest was decided 
by the Court of Appeal, on May 10, in an action 
at the instance of Messrs. Keeling and Walker, 
Limited, Chemical Manufacturers, Stoke-on-Trent, 
plaintiffs, against the Sturtevant Engineering Com - 
pany, Limited, of Queen Victoria-street, London, 
defendants. The defendants had contracted to 
supply and erect on the plaintiffs’ premises an 
oxide-recovery plant which was to be capable of 
collecting 250 Ib. of fume or dust per hour. There 
was also a subsequent contract by which the 
defendants undertook to supply and erect certain 
cooling plant which was necessary for the process. 
The total price was 2,7251. The plant was started 
to work in January, 1919, but difficulties were 
experienced and it was alleged that it did not give 
the required output of 250 Ib. per hour. A month 
was spent in the making of various adjustments 
to the plant in order to get it to work successfully, 
but while the sellers were confident of achieving 
success the buyers decided to reject the recovery or 
suction plant and called upon the defendants to 
remove it, which was done. The buyers claimed 
damages from the defendants, but the defendants 
relied on certain clauses printed at the foot of their 
tender, one of which was as follows: “ As to any 
claim for want of conformity to contract, we are 
either to make the goods come up to contract or 
(at our option) to take them back, and no claim for 
damages is to arise.” The plaintiffs issued a writ 
for 8,5251. damages, and the case was heard before 
an official referee, who decided in favour of the 
defendants. On appeal the Divisional Court took. 
the same view, but as it appeared that the matter 
of the cooling plant had not been fully investigated 
before the official referee, they referred that a 

en 





of the case back to him. The plaintiffs 
appealed to the Court of Appeal. They endeavoured 
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to get over the clause referred to by contending 
that it related merely to the sale of goods, whereas 
the contract, in their view, was for work and labour, 

that the plant had been built into the 
plaintiffs’ premises in such a way as to become part 
of the freehold, and was to give a certain output, 
viz., 250 Ib. per hour or 2 tons per day. The case 
has not been officially reported, but we understand 
that. the court pointed out that the contract 
specified various articles, such as a fan, automatic 
suction filters, collecting hoppers, driving gear and 
other apparatus, which were to be supplied by the 
defendants, and held that the contract was clearly 
one for the sale of goods; that the defendants, 
under pressure from the plaintiffs, had exercised 
their option to take back the suction plant, and that 
they were protected from the claim for damages by 
the clause to which we have referred. The court 
accordingly dismissed the appeal with the costs 
of the whole proceedings to the defendants. The 
defendants alleged that the plaintiffs had altered 
the cooling plant and were therefore not entitled to 
reject it, and the Court of Appeal agreed with the 
Divisional Court that as this part of the case had 
not been cleared up before the official referee, it 
would require to go back to him on this point unless 
the parties were able to come to some agreement 
in regard to it. 


LITERATURE. 


> 
Mind and Work. The Psychological Factors in In- 
dustry and Commerce. By Cuartzs 8. Myers, F.R.S., 
Director of the Psychological Laboratory, Cambridge 
University, Illustrated. London : University of London 
Press, Limited, [Price 6s. net.] 
PsycHo.ocy as a beneficial factor in industry is 
on its trial. The advocates of the methods and 
machinery of applied psychology claim that it is 
the one efficient instrument in determining, both 
the cause of individual failure and in indicating 
the means by which one may most easily attain 
to that degree of development of which he is 
innately capable. The attitude of the public is 
critical and reserved, willing to be instructed but 
mistrustful of its practical utility. Its methods 
are at present empirical and the degree of success 
in its applications must remain uncertain till the 
results have been submitted to more varied tests and 
the chances of error, or of coincidence, eliminated. 
The example of Taylor suggests the necessity for 
caution. It is not so long since that his schemes 
were hailed with satisfaction and regarded as 
promising, now he is decried as an “ efficiency 
expert ’’ and his methods discredited as “ psycho- 
logically unwarrantable and vicious procedure.” 
Taylor’s aim was simple and intelligible. He had 
in view the single issue of increasing output while 

iminishi useless exertion, and, consequently, 
fatigue. His success, ju by his intention was 
undeniable, though psychology, as at present under- 
stood, played a very small part in his scheme. He 
is admitted to be a most brilliant worker according 
to his lights in the administrative, technical and 
mechanical details of industrial management, and 
his success is grudgingly allowed, but it is asserted 
“ that his tactless methods helped to put back the 
clock of progress of motion study a great many 
years.” It is not impossible but that the present 
methods of inquiry may become as obsolete and 
meet with as severe a condemnation as those of 
Taylor. 

But the author with whom we are now dealing 
has no doubt of the success of the measures des- 
cribed or of the adequacy of his apparatus. He has 
enjoyed wide experience and his,hopefulness is most 
encouraging. We read with pleasure, if not with 
entire conviction, his eager assurance of the 
potency of psychology to advance the interests of 
commerce and industry in the future, or at least 
to provide more efficient aid than can be expected 
from physiology, mechanical devices, or social and 
economic science. The main object of this short 
treatise is to show the value of the psychological 
factor, and what it has already effected in movement 
study, fatigue study, selection study, incentives 
study, and in allaying the causes of dissatisfaction 





between capital and labour. 


the dissection of the movements of the body while 
performing certain operations has indicated a waste- 
fulness of energy, and that the substitution of other 
and fewer movements has been attended by a con- 
siderable increase of output, in some cases amounting 
to 200 per cent. But here it would seem that 
mechanical rather than psychological principles have 
brought about this satisfactory result. It is, 
however, by no means clear that the ultimate gain 
will be as great as the figures collected from the 
examination of a few sample instances would 
indicate. Indeed there is some evidence that the 
workpeople dislike the methods of inquiry and refuse 
to bring the improved methods into general practice. 
The case of the bricklayer is as decisive as it is 
instructive. His trade has been quoted as one in 
which waste of effort could be much reduced, and 
the output increased 190 per cent. with possibly 
less muscular exertion Adopting Professor Myers’ 
figures, it appears that in 1885 the number of bricks 
laid per day in plain walling was 1,200 to 1,500. 
In 1912, the number had fallen to 500 or 600 per 
day, and in 1920 to 300 or less. This reduction 
in quantity, says the author, “is largely due to the 
unsatisfactory conditions of employment.” We do 
not understand what is meant here by the “ condi- 
tions of employment.” It can scarcely mean the 
conditions under which the men worked, for they 
were practically the same as in the earlier days, and 
in any case it is hard to believe that the working 
conditions were made so onerous that as much time 
was required to set one brick as would have sufficed 
for four or five at the formerepoch, If the “ condi- 
tions of employment” refer to the remuneration 
paid to the workman, again there is a difficulty, for 
the wages are higher than in 1885, and the payment 
per unit of work far higher. 

It has been freely stated, though the statement 
may require verification, that lessened output is due 
to the mischievous action of trades unionism, which 
of set purpose forbids workmen to produce more 
than a limited amount of work, much below his 
possible. If this be the policy of the trade unions, 
the introduction of ‘‘ scientific method,” however 
cautiously and tactfully recommended, will have 
no effect. The conditions of labour may be made 
easier, but the community at large will be none 
the better. Ignorance and suspicion, jealousy and 
tradition, will rob the best-devised schemes of 
success. In the chapter devoted to the considera- 
tion of restriction of output the author is anxious to 
show, that the action of the employer, consciously 
or unconsciously exercised, is responsible for 
diminished production and excuses the employee 
on the ground that his conduct is actuated by the 
fear that the scale of piece rate, or task rate payment, 
will be reduced in the inverse ratio to increased 
output. The morality or honesty of this course 
depends upon the nature of the contract between 
employer and workman. For example, if the latter 
undertakes to lay 300 bricks per day, and the 
employer covenants, expressed or implied, to pay a 
definite price for that amount of work, he may 
very well decline to do more than fulfil his contract, 
though he completes his task in an hour. But if 
the agreement implies that the employee use his 
utmost endeavour for a certain number of hours, 
he is not warranted in withholding his labour at 
the bidding of a trade union or for any similar 
cause. The author, arguing in favour of the work- 
man, is anxious to show that deliberate restriction 
of output is practised in non-union shops as fre- 
quently as among union men, and concludes that 
the habit is not the peculiar product of trades 
unionism. This is, of course, obviously true, so 
far as the individual is concerned, for a general 
and inherent dislike to work is a common infirmity, 
the more marked the more monotonous the employ- 
ment, but the adoption of the weapon of restricted 


output, as a set policy, requires a common action | 


and consent. The author does not clear the trades 
union of employing an unworthy means for a selfish 
end. The trade unions, he admits, need to recognise 
“that higher functions devolve on them besides 
looking after the more material interests of their 
members.’’ The instance quoted as proof or in- 
dications that the trade unions are animated by a 
higher purpose are not very convincing. 





Professor Myers is, of course, able to show that 


Professor Myers is on safer ground, it may be 





submitted, when he urges the more general employ- 
ment of machinery and. labour-saving devices as a 
means for ameliorating the conditions of labour. 
He points out that in the leading trades, there are 
approximately 4 British to 5 American wage earners. 
But the total production is not as 4:5 but as 
1; 2°64, This result he traces to the wider use of 
machinery. The horse-powers employed here and 
in America are as 1:3 and the value of output 
per wage-earner as 1:2-1. These figures are very 
significant and, correctly understood, should prove 
an incentive to the adoption of further economic 
methods, if workman and employer were agreed 
on the duty of increasing output. One class is not 
willing to enlarge the capital invested, the other 
is opposed to every measure likely to add to the 
opulence of the capitalist, whose share in the profits 
is regarded as utterly disproportionate to the 
pittance awarded to the exertions of the worker. 
Unfortunately, too, the workman is obsessed by 
the conviction that the larger use of machinery 
spells unemployment for the operative. It is a 
short-sighted view, containing a fallacy that has been 
frequently exposed, but against the spectre of un- 
employment it is useless to argue. To ward off this 
threatened calamity, the workman will employ 
every artifice that his experience can suggest or his 
necessities force him to put into execution. The 
policy may injure others, but at the moment it 
seems effective. When liquid fuel was substituted 
for coal in some steamers, and under the easier 
conditions a smaller number of “ firemen” would 
be required, the trades union insisted that the same 
number of workmen should be engaged. Here the 
employment of improved machinery has to contend 
against a serious handicap. It may also be remem- 
bered that evidence was tendered to a recent Com- 
mission, appointed to inquire into the production 
of coal mines, to show that men had refused to use 
coal-cutting machines supplied by the management. 
Other instances could be easily quoted illustrating 
the same disposition and displaying an obstinacy 
or a mentality with which psychology, as generally 
understood, is powerless to effect any wholesome 
change. The author’s chapters on “Systems of 
Payment ” and “ Industrial Unrest ” are marked by 
great moderation, and exhibit much sympathy 
towards a suffering class, but it is not easy to say 
much that is new or helpful. We have inherited 
a system that was always inefficient and partial, but 
rendered worse by being forced to adapt itself to 
conditions it was not designed to meet. The remedy 
will probably be found in altered social and econo- 
mical considerations, and a very wide meaning must 
be given to “ psychological factor,” if the phrase 
is to include the spread of that greater charity in 
thought and action, which seeks to benefit the 
oppressed and to diminish the hardships of all 
sorts and conditions of men. 





NOTES ON NEW BOOKS. 

THE preparation of a manual of information on 
shipping, which must have been an exceptionally 
difficult and thankless task during the course of the 
war, is by no means simple now that the restrictions and 
regulations imposed by the censorship have been 
relaxed. Changes in matters affecting shipping 
interests are made almost daily and to keep track 
of all these must involve considerable labour. This 
has, however, been done in the ‘“ Shipping World 
Year Book,” the thirty-fifth edition of which has 
recently been published. and the necessary revision 
work has been carried out in a more thorough manner 
than has been possible since 1914. The customs 
tariffs of all nations of the world, which occupy about 
half of the book, have, in most cases, been revised to 
December last, and as the general disorganisation of 
international trading during the past year has necessi- 
tated numerous changes in customs duties, the work 
in this section must have been exceptionally heavy. 
Many alterations and additions have also been made to 
the directory of ports and harbours of the British 
Isles, the Dominions and foreign countries, particulars 
of about 80 new ports having been included in the 
present edition for the first time. The particulars 
given include port dues and other quayside charges, 
detailed information as to dock and harbour facilities, 
and other useful data, which have been revised from 
official sources wherever possible. The remainder of 
the work is occupied with useful information of 4 

character, and this also has been brought quite 





up to date. The year, book, which is edited by 
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Mr. J. T. Findlay, is published at The Shipping World 
offices, Effingham House, Arundel-street, Strand, 
London, W.C. 2, and its price is 218. net. 





The engineer consulting a dictionary of applied 
chemistry is entitled to complain when he does not find 
explained terms like aliphatic acids (fatty acids) and 
butadiene (one of the intermediate products of the 
artificial rubber manufactures) and when no mention 
is made of “‘ absorption ’’ and when referred to colloids 
as to“ adsorption.” He might also reasonably expect 
that the preface to a “ revised and enlarged” edition, 
would state when the last previous edition 
published. The preface to the first volume of 
“ Dictionary of Applied Chemistry,” edited by Sir 
Edward Thorpe, C.B., F.R.S. (Longmans, Green 
and Co., 60s. net) does not give this informa- 
tion. The first edition of this work came out in 1890, 
the second in 1912; the complete new dictionary will 
probably consist of seven volumes. The first volume 
before us deals with the words Aal to Calcium in 752 
pages; the 758 pages of Volume I of the second 
edition went to Che. The list of contributors is sub- 
stantially the same as before, the late Dr. O. H. Witt 
being the only non-British author; his article on 
‘“* Azines *’ has been supplemented by Dr. F. A. Mason. 
Mistakes have been corrected, constants have been re- 
vised and many additions have been made in many 
parts. Théoretical chemistry remains excluded as 
before; one looks in vain, therefore, for definitions of 
atomic volume and atomic number. terms are, 
of course, not matters of “ applied” — But 
‘* power alcohol” might have been defined, and the refer- 
ences to synthetic ammonia been brought up-to-date. 
Literature references might very well give the date, 
and not only the volume number of the book referred 
to, as is frequently done. It is rather invidious, we 
admit, to criticise a work of several volumes of which 
only one volume has appeared so far. But apart from 
such small shortcomings as we have mentioned, we 
have pleasure in saying that the Dictionary in its new 
edition fully sustains its former high standard. 





Tue writer on lifting and hoisting machinery is less 
troubled than ‘the compilers of other technical mono- 
graphies by the difficulties of dealing with advances 
made during the war periqd. In the field mentioned 
there has not been much notable recent progress, we 
believe, though various devices have been improved 
and have found wider application. Hence we need not 
look for many recent references in a book like the 
“ Kranbau, Berechnung und Konstruktion von Kranen 
aller Art,” by R. Dub, professor of engineering at the 
German Technical High School of Briinn, formerly 
the principal city of the Austrian province of Moravia, 
now in Czecho-Slovakia (A. Ziemsen, Wittenberg, 
price £2 bound). The price is high, even for a large 
volume of 458 pages with 558 diagrams, printed on 
good paper. But conditions over there are exceptional, 
and the book is certainly well and lucidly written. The 
title ‘‘ Crane Construction, Calculation and Construc- 
tion of Cranes of all Types,” is peculiar. The volume 
is really a monograph on hoisting and lifting machinery, 
based upon Professor Dub’s lectures, but largely 
extended and well stocked, particularly as to con- 
structive details, which are supplemented by literature 
references. Professor Dub writes like a man of 
experience, who does not hesitate to point out the 
strong and weak points of the constructions he 
describes. The absence of an alphabetical index is all 
the more regrettable, as Professor Dub, like everybody, 
has his own ideas about grouping. A detailed table 
of contents may suffice for the student attending the 
professor's lectures, but will not satisfy the occasional 
enquirer. As regards power the treatment is practically 
limited to electric motors and their regulation. 





Our readers are aware from recently published 
articles in our columns that there has been considerable 
activity during the war in the hydro-metallurgy of 
zinc. Electrolytic wet processes are in operation in 
Europe, America and Australia; whether we ought to 
say,‘ are again under trial,” remains to be seen. In his 
Electrolytic Deposition and Hydrometallurgy of Zinc,” 
Oliver C. Ralston, of the Hooker Electrochemical 
Company, Niagara Falls, N.Y. (The McGraw-Hill 
Book Company, New York and London, 18s. net), 
enumerates 31 electrolytic zinc plants, of which only five 
are of pre-war date. The list is not, we think, com- 
plete. When Mr. Ralston ascribes a non-electrolytic 
bisulphite process to the British Metals Extraction 
Company at Liansamlet, he is misinformed. We are 
also under the impression that the Mt. Read plant 
of the Tasmanian Metals Extraction Company is not 
abandoned as he states. But readers will be more 
interested in what he says about American prac- 
tice at Great Falls, Montana, on the Judge Plant of 
Park City, Utah, at Trail in British Columbia, and in 
other works, and about the need of purification before 


melting of electrolytic zinc. 


abnormal times are not propitious to innovations. 
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particularly with the roasting of zinc blende and 
the leaching, purification and electrolysis of the 
te solution, with chlorination processes and the 
electrolysis of zinc chloride, and with the refining and 
The electrolytic refinery of 
the Electrolytic Zinc Company, near Baltimore, which 
bought prime western zinc and cast it into anodes, 
was in successful operation during the whole war, we 
see, but was shut down in 1919 as no longer remunera- 
tive. Other works are said to be doing well; but 
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THE RESTORATION OF WORN MACHINE 
PARTS. 


Our attention has recently been directed to a very 
interesting and useful process for restoring worn 
machine and engine parts to their original dimensions, 
which has now been employed for upwards of a year. 
In this process, which is due to Mr. R. J. Fletcher, 
and is + = the “ Fescol” process, the worn part 
is built u lepositing on it a coating of nickel 
of suitable and is afterwards or 

roper size. e 

is the treatment employed to 
render the depasit so strongly adherent to the original 
metal that it is practically impossible to remove it by 
“i. kshafts, spindles, axles, piston 
as cran " , axles, 8 
objects, which have been reduced in 

oval’ by Log can be made 
by depositing the nickel where 
ee en we the 
deposit is not oe. being protected as will be 
explained later. Motor-car engine cylinders which 
have been scored by the gudgeon pin, and lathe leading 
sets ah ly — _ — 
exam: ected by the 
Seneliiead endl temeiterah the oo of replacement. 

rs coon Pevpertios, its 
Brinell hardness number, as determined by tests at 
» being about 360 


necessary a 
from the surface of a oot 
on which it had been deposi 
were also obtained from a test at the National Physical 
Laboratory, indicate that the adhesion amounted to 
17-6 tons per square inch of adh surface. 

In working the process, the ie to be treated is 
first placed in an alkaline electrolytic bath, in which 
all traces of grease are removed, and, after rinsing 
and drying, it is —— bodily into a bath of molten 
wax. The wax, which i cools when the article 
is lifted out of the bath, then removed from 
those parts on which the deposit? is required and left 
adhering to the other parts. The article is next placed 
for a few minutes in an acid electrolytic bath which 
removes any metallic oxides from the exposed surfaces, 
renders them chemically clean, and also b them 
to a suitable molecular state to receive and retain 
the deposit. This acid bath is an essential of the 

rocess, and is that to which the ex i adherence 
is due. The nickel d iting bath, to which the 
article is then transfe , is of the usual composition, 
and is worked at a temperature of about 85 deg. F. 
The current ree hem about 15 amperes per square 
foot, and, at this density, nickel is deposited at the rate 
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improved by raising the temperature of 
also by agitating the objects while the deposition is 

roceeding. In any case it is, we believe, much faster 
than that at which iron can be deposited electro- 


The Aeposited nickel cannot, of course, be rendered 
glass hard, so that the process is not suitable for 
restoring the working surfaces of worn cams and 
teeth. Neither can it be used for repairing crac 
or broken castings, but for the class of work indicated 
above, of which innumerable exam occur in 
practically all branches of engineering, it would a 
to be extremely useful, An important advantage of the 
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Tue Brrrish CHAMBER OF COMMERCE IN BELGIUM. 
The eleventh annual report for the year 1920 of this 
Chamber of Commerce has just been issued. 
a total membership on December 31 of 279, as 
with 206 in 1919 and 165 in 1910. The 
to the very great 








to Mine Service. 
revised and enlarged. 
Sons, Inc.; London : 





electrolysis. He deals in the 201 pages of his volume 


(Price 25s. net.] 


and Use of Compressed Air, with Special Reference 
By Rozsert Peete. Fourth edition, 
New York: John Wiley and 
Chapman and Hall, Limited. 


report 

activity —- by the officlals of 
the Chamber in the furthering of business and cordial 
relations between the two countries. Among the 
interesting iculars which it contains may be men- 
tioned the summary of notes British 
Commonwealth Union Commission in Belgium on trade 
and labour conditions in that country. 
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Messrs, Vickrers-Petters, Limirep, of Ipswich, 
who have taken a creditable part in the developmert 
of the modern oil engine, particularly of the two-stroke 
type, have recently put on the market a new design 
which eliminates some of the objections which have 
been raised against two-stroke engines in general. 
Such engines with their great mechanical simplicity, 
absence of all valves and valve gear, and their ability 
to use crude or even tar-oil as fuel, have won for 
themselves an assured position both for land and 
marine work. But they suffered from the drawback 
that they could be started only after a preliminary 
heating of the hot-bulb in each cylinder head by means 
of an external blow-lamp, while if they were run at low 
load for even a very short time the bulb was liable 
to cool off to such an extent that it would fail to fire 
the charge, with the consequent stoppage of the engine. 
Both of these defects have been overcome in the new 
Vickers- Petters two-stroke engine and a furtherimprove- 
ment in the method of lubrication is said to enable 
the quantity of lubricating oil to be reduced to nearly 
one-half of that usually required, 

The general appearance of the new engine which is 
to be exhibited by the makers at the Bath and West 
and Southern Counties Agricultural Society’s Show 
on May 31 is illustrated in Figs. 1 and 2 above. 
To enable it to be started from cold, an electric 
device is used, which consists essentially in a high 
resistance wire inserted in the line of action of the 
fuel spray, and raised to incandescence by means of 
an, electric current. The heating element is arranged 
so as to be easily withdrawn as soon as the engine 
starts running, and it is thus not subjected longer than 
necessary to the temperatur) of the combustion 
chamber. The apparatus has now been under trial 
for twelve months, during which time it has proved 
durable and reliable, and in Captain Sankey’s report 
on the engine which we publish below, its behaviour 
is favourably commented on. The starter is heated 
by a current from a 4-volt or a 6-volt battery, kept 
charged by @ small dynamo driven from the engine. 
Figs. 3and 4 show the equipment in diagrammatic form. 
A smal! switchboard is provided on which is an auto- 
matic battery cut-out to open the circuit when the 


engine stops or when the battery is fully charged. 

n the Vickers-Petters engine water injection is 
dispensed with entirely on all loads. The fuel pump 
is operated by a double eccentric, the effective throw 
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on. At the same time the moment of injection is 
retarded so that pre-ignition is prevented. The way 
in which the difficulty, present in all ordinary hot-bulb 
engines, of maintaining the necessary heat for ignition 
at times of low load will be understood from Fig. 5. 
The fuel pump is operated from the eccentric by means 
of a rocking lever. A hand lever, interposed between 
the rocking lever and the pump plunger, limits the 
downward motion of the latter, as the hand lever rests 
upon an adjustable stop near the handle portion. 
This lever also serves to operate the pump by hand 
at starting. It will be seen that the rocking lever 
has a short arm on the side of the fulcrum opposite to 
the pump. This short arm makes contact with an 
adjustable screw on the hand -lever once in every 
revolution of the eccentric, and gives the fuel pump 
plunger a slight stroke midway between the times 
of the main strokes. Thus a supplementary injection 
of fuel takes place when the piston is nearly at the 
bottom of its stroke, and the combustion of this causes 
sufficient heat to maintain the temperature of the 
hot-bulb and to render certain the ignition of the main 
charge. 

The Vickers-Petters lubrication system is shown in 
Fig. 6. A single sight-feed lubricator is used instead 
of the usual four-feed apparatus for oiling the piston, 
cylinder and connecting rod ends. A small pump 
of the simplest possible nature delivers oil through a 
ball valve and down into the sight-feed cup. Thence 
it flows through a strainer to the underside of the main 
lubricating pump, which is of large capacity and takes 
in @ considerable amount of air as well as the oil. 
The presence of air causes the oil to issue from the 
nozzle in the form of a fine spray, and the discharge is 
so timed as to take place when the hollow gudgeon pin 
is on the dead centre and opposite the nozzle, as shown 
in Fig.6. From the gudgeon pin, the oil is led through 
holes and grooves to the parts to be lubricated. It 
will be noticed that the main lubricating pump has no 
valves. The delivery side is quite open and after the 
discharge of the spray, air returns freely through the 
nozzle. 

Further particulars of the engine are given in the re- 
port of Captain Sankey, which we reproduce in the next 
column, from which it will be seen that at the most 
economical load the engine consumed 0-55 Ib. of 
oil per pur hour, the efficiency, calculated on the 
lower calorific value of the fuel being just. over 25 per 





of which is increased by the governor as the load comes 


cent, 


















Report of Trial by Capt. H. Riall Sankey to Messrs. 
Vickers-Petiers, Limited, Ipswich. 

At your request I attended at your Ipswich 
works on March 24, to examine and report upon 
the new features of design embodied in your size 
V.P.H. crude oil engine, and to make trials of its fuel 
and lubricating oi] consumption under varying con- 
ditions of load. 

Description of Engine.—This is a single-cylinder 
vertical engine of the two-stroke, hot-bulb type, 
giving a working load brake horse-power of 22}, at a 
speed of 375 r.p.m, and an overload for at least 2 hours 
of 26-5 brake horse-power. The principal new features 
may be summarised as follows :—- 

1. The patent electric starter connected to a small 
battery enables starting from cold to be performed 
in a few seconds without the use of a starting lamp or 
any form of external heating. This apparatus worked 
admirably during the trials ; it is quite simple and does 
not appear liable to get out of order. 

2. The secondary fuel feed used for light loads 
only (below half load) injects a small quantity of oil 
well in advance of the normal injection, the early 
ignition of which ensures the ignition of the main 
supply. The secondary injection enables this engine 
to run satisfactorily for long periods at light load. 
This was tested by running the engine at no load for 
53 minutes, starting from cold, then for ] hour 5 minutes 
at quarter load, and finally at no load for } hour 
at the end of the trial and immediately after over- 
load. 

3. Improved Scavenging.—The clearance in the crank 
chamber is reduced so as to obtain a higher pressure 
than usual, namely, about 5-5 lb. per square inch, 
which improves the scavenging. The leakage of air 
past the crankshaft is prevented by means of a leather 
packing so arranged that the main bearings can be 
withdrawn and the packing inspected without lifting 
the top of the engine. 

4. Cost of Manufacture—By careful design the 
weight of the various parts of the engine has been kept 
low, the machining is simple and its amount is com- 
paratively small. The cost of manufacture should, 
therefore, be low. The shape of the engine has been 
studied as regards appearance. 

5. The Weight of the Complete Engine with all its 
accessories is 33 cwt. Reckoned on the rated load 
this works out at 164 lb. per brake horse-power. 

6. Lubrication.—The cylinder, the gudgeon pin and 
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the connecting rod big end are lubricated by a special 
singlé-feed lubricator (provisionally protected). Tq 
ensure the proper distribution of the oil, it is injected 
into the hollow gudgeon pin in the form of spray 
produced by. air being pumped in together with the 
oil. It is, thence, distributed by holes and grooves to 
the parts requiring lubrication. The good distribution 
thus obtained permits a considerably reduced con: 
sumption of oil.- The lubricating oil used was measured 
and amounted to 0-137 pints per hour. _ 

Method of Test.—The load was applied to the engine 
and was measured by a Prony brake of the rope type 
with water-cooled rim. The brake weights were 
calibrated before the trial. The fuel oil and the 


lubricating oil were measured by weighing the oil | ' 


required to bring the oil surface in the supply tank 
back to a. mark (pin point) over a measured period of 
time, The rate of flow of the cooling water was 
measured together with the inlet and outlet tempera: 
tures. ._The revolutions per minute, were obtained by 
means of a speed counter. | Indicator diagrams were 
taken from the cylinder and the crank chamber. } 

Log of the T’est.—The switch of the electric starter 
was closed at 9.6} a.m. The engine started ‘in 
13 seconds and was running at full speed 12 seconds 
after; altogether 25 seconds from switching on) 
The current was kept. on. the starter for 2 minutes 
and the starting valve was put out of use in 8 minutes, 
The engine then ran until 10.0. at no load, when quarter 
load was applied and maintained for ] hour 5 minutes, 
after which the engine worked at half load for 57 
minutes and at three-quarter load for 45 minutes. The 
full-load trial ‘began at: 12.53-and lasted 1 hour 42 
minutes. Immediately afterwards the overload trial 
began, namely, at 2.38 ‘o'clock, but the engine had 
twice to be stopped for a few minutes because the 
sprayer was choked with grit, The overload. was 
removed at 4.50, so that,’ with the exception of a few 
minutes, the engine ran_an overload for 2 hours 
12 minutes. The engine then, ran for half hour at no 
load and was shut down at 5.22,p.m. The total length 
of run was 8 hours 15 mifiutes. ‘The consumption. of 
fuel ‘oil was -measured at each’ load from which the 
following results’ were obtained :—- 




















é Total Oi! | Pints pr 
Load..| R.P.M; | B.H.P.} per Hour.| B.H.P.- == 
’ Pints. , Hour, 
0 ~ 402 0-00 5:57 — Secondary 
injection. 
i 391 5-78 5-97 1-03 Secondary 
injection. 
+ 383 | 11-54 7-34 0-64 Secondary 
‘ injection. 
%- | 6: 877. | 16:67 9-56 0:57 None, 
Full 374. | 22-74 11:15. 0-49 None. 
Tonk: 385 | 26-14 14-40 0-55 None. 








ifie value o' 


Lower f oil 18,233 B.Th.U. per Ib. ;. specific 
cada aoe At 60,,deg, F. (as tested) by Ri Har 








Fig.4. FOR1&2 CYLINDERS. 





FOR 4 CYLINDERS. 





FOR 6 CYLINDERS 
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Brake Effective Mean Presswre.—The brake effective 


mean pressure is good for an engine of this type, 
namely, 37-4 1b. per square inch at 22-74 brake horse- 
wer, and 42-5 lb. per square inch at 26-5 brake 
orse-power, due to the improved scavenging system. 
Complete. Combustion.—Frequent observations were 


made of the exhaust. At no load there was a very 








|| design, especially in regard to starting 
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smoke. At¥the heavier loads there was practically 
nothing visible. 
Running of Engine.—The running of the engine, 
especially with regard to silencer, was quite satis- 
factory at all loads. 
Governing.—-During the trial the engine ran steadily 
without any sign of hunting. Changes of load were 
quickly taken up. On throwing off all the load from 
overload (26-5 brake horse-power) to no load the speed 
rose from 385 to 402 without oscillation and the total 
variation was 4-2 per cent. 
Conclusion.—As a result of the trials I am satisfied 
that the engine embodies substantial improvements in 
from cold, 
economy of fuel and lubricating oil, flexibility under 
varying load conditions and simplicity of working 
parts, It is also to be noted that water injection is 
not used. 

Yours faithfully, 

(Signed) H. Rratt Sankey, Captain. 





INDUSTRIAL NOTES. 


British manufacturers, says the London Iron and 
Steel Exchange, Limited, have almost ceased to count 
as factors in the market owing to the effects of the 
coal strike. There is still a certain tonnage of orders 
going to Belgian and French works; but the greater 
part is for small lots and pocenge delivery. Con- 
sumers are buying only for their immediate require- 
ments, and as the paralysis caused by the strike spreads, 
these needs diminish. In a few upecialties American 
competition has reappeared, and the re-arr ent 
of the tax on imported German material has brought 
a few tentative offers from German works into. the 
market. In some quarters it is expected that some- 
thing like a trade boom will follow the settlement of 
the coal strike, but more conservative estimates place 
September as the earliest date at which a real revival 
in business can take place. . 


The monthly trade, report for April of the United 
Patternmakers’ Association, just received, contains 
remarks from the general secretary, among which 
occurs the following: “. . . e Government 
borrowed from the employer and upper class 
6,500,000,0001., upon which the workmen have to 
find the interest, over 300,000,0001. every year, To 
do this we, as workmen - must produce the 
maximum, output with the more or less inefficient 





‘slight’ smoke, at quarter load there was still a little 


plant’ and machinery provided by the employers from 
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past exploitation, and this is to go on for an indefinite 
riod.’ 


In the first place, we believe that many trade unions 
subscribed to the War Loans and are now receivi 
interest on their investments. This interest has to be 
provided for by the whole community, and the real 
pillars of the State in this connection are not so much 
the manual workers, but those in receipt of a monthly 
a or salary. With reference to “ inefficient plant 

machinery,” it may well occur that some firms have 
a better plant than others; this is simply the penalty 
of So long as there are differences there 
exists some standard to work to; in other words, 
when what we may term a “ flat” is reached, 
there is no eminence to which one can aspire. The 
drawback in all government and municipal services 
is that there is no room for genius, and the improve- 
ments which originate with those services are in- 
variably of a humdrum character; any real improve- 
ment they would make would be effected by copying 
the methods ori with individual firms working 
pes yer The millenium will certainly be 
reached when trade unions threaten to strike unless 
the employers provide efficient plant; hitherto the 
whole trade union influence has been exerted in quite 
the reverse direction, there being no instances on record 
of trade unions having ever struck work against an 
employer who failed to supply a good plant, whilst 
there are many instances where they have keenly 
resented the introduction by progressive firms of better 
machinery and improved methods. 


An interesting publication giving the standard 
times, rates of wages and hours of labour in various 
occupations and industries throughout the United 
Kingdom, at December 31, 1920, has recently been 
issued at the price of 2s, 6d, net by the Intelligence 
and Statistics rtment of the Ministry of Labour. 
contains 290 pages of detailed information carefully 
indexed, 


In view of the continuance of the coal stoppage 
the Board for Mining Examinations, with the approval 
of the ree i for Mines, has made an Order post- 
poning the half-yearly examinations for the issue of 
certificates of competency to mine managers and mine 
surveyors which were to have been held this weck. 
The Order provides that the examinations may be 
held upon a later date, to be fixed by the Board for 
ining Examinations. An announcement as to the 
revised dates will be made as soon as possible. 

In reply to a question in Parliament, last Tuesday, 
Sir M. Barlow, Parliamentary Secretary to the Ministry 
of Labour, said that the unemployed on the 13th inst., 
numbered 1,366,764 men, 471,790 women, 81,486 boys 
and 69,078 girls. The numbers claiming unemploy- 
ment benefit and out.of-work donation for short time 
were; men 523,346, women 500,884, boys 39,476 and 
girls 68,564. The approximate amounts paid during 
the week ended May 13 were, in unemployment benefit 
1,800,000/., in out-of-work donation 14,7001. 

On the same day, Mr. Chamberlain stated that the 
Government had never lost sight of the industrial 
situation created by the coal strike, or been out of 
touch with it for a moment during the recess. At any 
moment when they saw a prospect of reaching a 
permanent settlement they would bring the parties 
together. Mr. Chamberlain also requested that a 
question by Viscount Curzon addressed to the Prime 
Minister, for a statement on the industrial situation, 
be postponed until Thursday (yesterday). In the 
meantime, volunteers are still keeping the pumps 
hig be many collieries, since the Miners’ Federation 
is still holding out the pumpmen. In districts where 
pumping has ceased, this is due to intimidation of the 
volunteers. The men of the Madeley Wood Collieries 
(Shropshire), to the number of 600, decided to return 
to work last Tuesday after a meeting with the owners. 
There are to be three shifts. The men will work on the 
old terms pending the decision of the coal strike. 
Tt is reported that the owners had threatened to close 
the mines definitely unless the miners returned to work 
immediately. 

Last Wednesday the Prime Minister issued in- 
vitations for a conference which is taking place to-day 
at the Board of Trade between the executive of the 
Mining Association, the Miners’ Federation, and the 
Government. 


The National Chamber of Trade resolved at a con- 
ference held at Cheltenham, last Tuesday, that the 
attention of Government be drawn to the efficacy of 
the Canadian Industrial Disputes (Investigation) Act 
urging that a similar Act be in this country for 
the protection of trade and commerce against the 


mitted to inquiry before a Board formed of one repre- 
sentative of the emplo fone of the enaployees, and 
a third appointed Poth’ rides, or, fai 3 that, by 
the Minister of Labour. He added that before the 
Peesing of the Act, the strikes and lock-outs occurring 
annually in Canada numbered between 300 and 400. 
After the Act had been working for a few years the 
number decreased to two figures. 


At a meeting of the Royal Society of Arts, held on 
Wednesday last, Sir Robert Hadfield occupying the 
chair, Dr. C. M. Wilson read a paper dealing with 
“Some Effects of the War on Industrial Unrest,” in 
which he said it would be idle to contend that the 
growth of industrial unrest had sprung solely, or even 
mainly, out of war conditions and experience, but it 
was certain that’no survey of the question was complete 
without a review of those factors which were loosely 

uped tr under the term war-weariness. 

many p' 
in which the workers were advancing their own 
particular solutions was almost entirely a by-product 
of the four years of war. To unravel the knot into 
which Cay and Labour had become entangled it was 
perhaps as important to approach that mood with 
as and understanding as it was to apprehend 
the actual.points at issue. Dr. Wilson further said it 
was important to remember that in handling men who 
saw active service they were dealing with men who 
were not normal. The men had suffered from the 
ordeal of modern war. There was no rest period 
in war, and this had led to strain, which was still in 
oo Then, secondly, the men underwent a 
change as part of a defensive mechanism to meet the 
environment of the trenches; this tended to apath 
and indolence, and might have something to do wit 
diminished production. There was at the present day, 
Dr, Wilson added, no danger of the material factors 
being overlooked, but there was a danger that the 
moral factors would be minimised. The basis of 
contentment was not economic but moral. The captains 
of industry were to the men only leaders in name ; 
the men needed a personal leadership based on the 
qualities they had learned to recognise as the essential 
ones during the war. 





“ WIRELESS TELEGRAPHY.” 
To tae Eprror or ENGINEERING. 

Sin,—With reference to the review of my ‘‘ Wireless 
Telegraphy ” in your issue of May 6, 1921, may I take the 
opportunity of briefly commen upon your reviewer's 
remarks, as follows: Re i omission of mathe- 
matical physicists in my list of notable advances I would 

int out that I mention Maxwell, Kelvin, Overbeck, 

ien and Fitzgerald, and, as your reviewer apparently 
appreciated, had perforce to- limit the number of 
early workers since three pages were already so occupied, 
Old controversies were introduced in the historical 

rtion since the fundamental requirement of any history 
is that it should express fact rather than laudato ry 
remarks. My data are based on the Engli 
Electrician editorial comments of the past twenty years, 
and are, I trust, fairly accurate. 

The main object of this letter is, however, concerned 
with your reviewers’ remarks as to a “dirty sparking 
surface '’ which is a subject of practical interest. As 
mentioned in my book, another English author states 
that for good quenching, spark-gap surfaces should 
be highly polished, but this is diametrically opposed 
to the practical experience of those concerned in working 
quenched gaps for many years. This is surely a 
sufficiently valid reason. 

Finally, I would take the opportunity of pointing 
out that, in practical wireless, C.W. work is only a 
part of the whole. If therefore, in a general book on 
wireless, with the limitations of my second title, 
I devote the two | chapters to C.W. and valve 
work and also deal wi pyrene in other chapters, as 
well as giving five pages of references to original papers, 
it can tear be said that I treat C.W. work in a step- 
motherly manner. 

Yours faithfully, 
BERNARD LEGGETT. 


80, Sh t, Manor Park, E. 12, 





May 14, 1921. 

(By the courtesy of the Editor I have been permitted 
to see Mr, t’s letter, but I have nothing to with- 
draw or modify. On the two points on which he thinks 
he has been treated unjustly I may remark first that he 
is not writing a history of the or fiscal ts of 
telegraph communication but of its scientific develop- 
ment, and I repeat that the reference to old controversies 
is neither judicious nor ores. I did not question the 
accuracy of the data but policy of introducing the 
subject, With to the second point I can assure 
Mr. that use of a “‘dirty sparking surface ” 
is not viewed with such universal favour as he i i 


considerable harm caused by strikes. Mr. Llewellyn the 


Francis stated that the Canadian Act had met with 
complete success ; it provided that before any lock-out 
or strike could take place, the dispute had to be sub- 





8 were older than the war, the mood] ali d 





that since he himself has fallen into the error of mis- 
representation, he may exercise more charity towards 
those who have to‘apprehend him correctly.— 
Tue WRITER OF THE Review? 





“ROTOR BALANCING.” 
To THe Epriror or ENGINEERING. 

_Srm,—I have been much interested in the descriptions 
given in your paper of the various balancing machines 
and algo in the correspondence resulting therefrom, but 
owing to my being so far away I was hoping that some 
other dent would take up this matter of balanc- 
ms the point of view of dynamical as against statical 

ing, but as it would ap that this aspect of the 
matter was being lost sight of in the no doubt interesting 

ion as to the relative merits of the two machines 
advocated by Messrs, Martin and Cox respectively, 
I feel I must offer a few remarks observing that it would 
seem that these two —— are only capable of deter- 
mining the statical un op of any rotor which, with 
due respect to these gentlemen’s opinion, I would 
maintain really begs the whole question of the perfect 
balancing of any rotor. 

I would like to ask Mr. Martin and for that matter also 
Mr. Cox, how they determine the fore and aft positions 
of their balancing weights so that they do not introduce 
@ condition of d i¢ unbalance which previously did 


not exist. 

Both the vy described by Messrs. Martin 
em Cox are no doubt a ~_ ‘TY compared with the 

lancing on knife edges, but I do not propose to enter 
into the minutiw of the relative merits of the two 
appliances advocated these gentlemen, as these do 
not concern the object of this letter, but I would like 
briefly to comment on some of the statements made, 
especially those made by Mr. Martin in his letter in your 
issue of December 31 last. Mr, Martin appears to pin 
his faith on statical balancing; as his appliance 
can only indicate any condition of statical unbalance 
how does he propose to counterbalance any condition 
of pure dynamical unbalance that may exist? Mr. 
Martin states that by any rotary methods it is not 
possible to determine the exact plane at which the 
unbalance is operating and that his appliance only can 
do so. I am afraid I must entirely disagree with those 
statements, as a careful study of m referred to 
by Mr. Martin will show, as also will it show that it is 
not the statical balance alone that counts nor that the 
quality of the dynamical balance depends upon the 
statical. 

. Fane A no a that . a class of rotor described 

. Martin that very little dynamical unbalance is 
likely to exist, but let him try and balance, say, a pro- 
peller, and he will surely soon find himself in difficulties. 
I cannot see that it is so expensive, certainly not 
dangerous, to rotate a rotor in the way described in my 
paper in order properly to balance it, (vide alsojyour issue 
of December 3, page 737.) Iam sure Mr. Martin will 
see, if he reads my paper* more carefully, that it is not 
the “‘stiction”’ which is measured but the “ centrifugal 
pressures,” and that it is these quantities which deter- 
mine the t for the terbalance weights, correct- 
ing both statical and dynamical unbalance in the one 
and same operation. 

Finally, I would like to ask Mr. Martin (vide his letter 
in your issue of February 18, page 195) to explain what 
he means by stating that existing dyatiaieel balancing 
methods do not compensate for internal stresses, but 
that his method does. In view of my remarks above, 
how can he claim that his purely statical method of 
balancing gives perfect dynamical balancing ; needless 
to say, I find these statements, to say nothing else, more 
than difficult to credit, there are other statements about 
which I should like to comment, but for fear of making 
this letter any longer I refrain. 

I am, Sir, yours vora 
J. J. Kuve-Saurer, R.C.N.C., M.I.N.A. 
H.M. Dockyard, Hong Kong, April 14, 1921. 








THe Surveyors’ InstrTuTION.—The annual genera! 
meeting of the Institution to receive the of the 
Council and the announcement of the result of the 
election of officers for the ensuing year, will be held 
in the Lecture Hall on Monday next, the 30th inst., at 
5 p.m. The arrangements of the country meeting, 
which will be held at Norwich on July 7, have now 
practically been completed by the local committee. 

IGN COMPETITION.-— 

Publics publishes an article, 

ian Railway ment 

has examined the question of the participation of German 
firms in public tenders. That t considers 
that no general rule can be laid down on the principle 
of permitti competition, but that certain 


forei 
restrictions Be imposed favouri Belgian in- 
dustry. Where Belgium is not noesepenly Leena 
on foreign supplies it is proposed to give preference to 
tenders pote unconditional prices e Belgian francs. 
It is also pro to exclude foreign firms from con- 
ti for public works of national importance from the 
i view of defence. It is further stated that the 
ment considered that in present circumstances 
German and other foreign firms shall not be excluded in 
from Belgian tenders, but that a considerable 
right of preference o to be accorded to an 
firms in view of the di trade situation in Belgium. 


*The paper here referred to was read before the 
Institution of Naval Architects in March, 1920, and was 





hope | published in Encrveerme of-April 9, 1920, page 491. 
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THE DESIGN AND CONSTRUCTION OF 
SCIENTIFIC -INSTRUMENTS.* 


By Rosert 8. Warps, M.I.E.E., F.Inst.P. 


I rest that it is a great h to be ch as the 
President of the ical Society, especially at a period 
so critical to the British optical instrument industry. 
The manner in which the industry met the demand 
thrown upon it during the war is now a matter of history. 
Instruments of the most complicated character were 
made in large numbers and in a manner which before 
the war, or even in the early years of the war, would 
have been considered impossible. Under the inspiring 
influence of Professor Cheshire and the late Mr. le- 
mont, instruments were made by firms which had never 
made such thi before, and firms which were small 
makers before the war became large manufacturers of 
scientific instruments. 

The position is now a serious one. The war increased 
enormously the output in this country, but at the same 
time it increased the productive capacity of our com- 
petitors, so that the industry is now face to face with a 
keener competition than it was before the war. One 
or two British firms have always held their position 
against any competition, their products being almost 
unique both from the scientific and the practical point 
of view. Even these firms will soon have to face a new 
handicap to their sales. At the present time American 
colleges have the privilege of importing scientific instru- 
ments duty free, but in the revised tariff which will 
probably be introduced as soon as the new Government 
comes into power, the duty-free privileges will be with- 
drawn and the American professor will have to pay a 
duty of 40 per cent. on his imported instruments. The 
seriousness of this tax will be realised when the large 
purchasing power of the American colleges is considered. 
America always has liked to buy instruments, 
and has thus been a good field for specialities. It is 
easy, however, to exaggerate the effect of a tax of this 
kind, In the long run the well-designed and well-made 
special instrument will surmount any tariff wall, and it is 
‘ho Sune living inside the wall who suffers by having to 
pay more, or to make shift with a tool that is not so well 
suited to his work. The American professor knows this, 
but believing that it is essential to the welfare of the 
United States that the scientific instrument industry 
should be a strong one, he is prepared to waive his 
privileges and to accept the duty. The competition in 
this country from Euro instruments bids fair to be 
very severe, assisted as it is by the low rate of exchan, 
and the largely increased power of production. The 
result is that the. British optical instrument manu- 
facturers are faced with a position which is so serious 
for the industry that it is almost impossible to exaggerate 
it. Much as I should like to dwell upon a subject so full 
of interest to the members of this Society, and still more 
to be able to suggest some solution of an apparently 
unsolvable problem, I feel that it is a question for the 
politician rather than for the instrument maker. I 
should, however, like to express my firm conviction that 
the well-made British instrument will hold its own when 
more normal conditions of competition prevail. 

The importance of scientific instruments to the com- 
munity is at last being realised. The need for increased 
efficiency in every industrial process is resulting in a 
demand for scientific guidance, and therefore for scientific 
instruments. One factor alone, the costliness of coal, 
demands economy in every detail. Economy or efficiency 
—for the terms are almost synonymous—can be obtained 
only by knowledge of the amount of waste, and this can 
be determined only by measurement, Measurement is 
the function of the scientific instrument, or, using the 
phraseology of the dictionary, “the means by which 
something is effected’’; in many cases the “ some- 
thing ’’ being a great economy. 

Scientific instruments may a divided into two classes : 
(1) A piece of apparatus designed for the purpose of an 
experiment, or, (2) a tool. In nearly every case the 
tool has been developed from the purely scientific 
instrument, In the words of Maxwell,t ‘“ Everything 
which is required in order to make an experiment is 
called apparatus. A piece of apparatus constructed 
specially for the performance of experiments is called 
an instrument.” He then goes on to state that “ the 
fundamental principle is, that the construction of the 
instrument should be adapted to the use that is to be 
made of it, and, in particular, that the parts intended 
to be fixed should not be liable to become displaced ; 
that those which ought to be movable should not stick 
fast ; that parts which have to be observed should not 
be covered up or kept in the dark; and that pieces 
iatended to have a definite form should not be re 
by warping, straining or wearing.” This all entails an 
intimate knowledge of the requirements of the e 
by the instrument maker, and he may well over- 
whelmed with the immensity of the knowledge required 
when he considers the wide range of modern science. 
Not only is knowledge of the sciences required but a 
knowledge of tools, materials, processes, and last, but 
not least, of men. Instrument making, like other 
engineering work can only be carried out successfully 
in well-managed workshops, and this entails knowledge 
not only of the work but of the worker. 

An imstrument is required for a special problem. 
How is it to be made? What is the procedure to be 
adopted ? First of all the designer must understand the 
problem. If he cannot grasp all the theory behind it, 
he should at any rate understand the main principles 
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* Presidential Address to the Optical Society, Feb- 
ruary 10, 1921. 
“Handbook of the Special Loan Collection of 


Scientific Apparatus in 1876.” Introduction by Clerk 
Maxwell. 





and — for the theoretical part on someone better 
quali than himself. Next the following questions 
will arise :— 
(1) What accuracy is required ? 
(2) What sensitivity is wanted ? 
(3) What amount of money may be spent on the 
instrument ? 


Tho three questions are closely interlocked, indeed one 
and two are almost inseparable from three. With 
modern high costs the majority of instruments have to 
be compromises, some accuracy or sensitivity being 
sacrifi to the heavy cost of production, 
Assuming that the questions have been answered the 
— is to design an instrument of a certain accuracy, 
ving @ certain sensitivity for a certain price. The 
quality of giving consistently accurate results is the 
prime characteristic of a good instr t, the y 
requirements being broadly as follows : 
(a) An instrument must have the required accuracy. 
(6) It must have a constant accuracy. 
Pak. Every important source of inaccuracy should be 
wn. 





(d) Any error should, as far as possible, be capable of 
elimination by adjustment. 

(e) This adjustment should be possible without the 
addition of other special apparatus. 

(f) When an error cannot be eli ld be 
as constant as possible. 

(g) When an error cannot be eliminated it should be 
capable of measurement by the instrument itself without 
external apparatus, so that the results may be corrected.* 

Before analysing any particular problem in design it 
may be useful to consider how the measurements are 
made, They are to be made by a human brain, and that 
has no accurate quantitative power. For example, 
it can tell if an object is in front of or behind another, 
but it cannot state accurately the distance separating 
the two. With exercise the senses become extra- 
ordinarily acute, as in the case of*the trained musician, 
but even here accuracy, regarded scientifically, is 
impossible.t The only power that we possess that is 
accurate is that of judging coincidence, or rather non- 
coincidence. In the case of the eye it becomes extremely 
accurate, the judgment of the coincidence of two bodies 
in a telescope, for example, being capable of a high 
degree of precision. The other senses are not capable 
of such high accuracy as the eye, although coincidences 
may be judged by touch and by the ear to a surprising 
degree of accuracy as the limit gauge and the microphone 
detector show. In practice it will be found that the 
majority of accurate measurements depend on the coin- 
cidence of two phenomena observed by the eye. It is 
therefore one of the functions of the instrument-maker 
to — that, whatever may be the quantity to be 
meas’ , the final ement dep on the coin- 
cidence of two phenomena. 

Further consideration will show that it is nearl 
always by balancing two forces, either minchosiedl, 
electrical or magnetic, that the coincidence is obtained, 
that is to say, by a null method. In weighing, an index 
on the balance arm is observed and the weights in the pan 
adjusted until the index a with the centre line of the 
scale thus showing that the weights equal the weight of 
the body that is being weighed. This may be taken 
as @ typical example of the null method. Similarly 
in most electrical measurements the aim of the observer 
is to balance finally a known electrical or mechanical 
force against the unknown one. It is then possible 
by the work of previous observers to interpret the result 
obtained in the units of mass, length or time. The null 
method is not infrequently a slow one and for this 
reason many devices have been introduced to save time, 
such as the spring balance, the vernier, the divided 
scale, the micrometer head, &c. These are finally all 
null methods as the scales, &c., have been calibrated 
against other weights or scales which have involved null 
methods. It will be noticed, however, that all measure- 
ments taken by these aids are dependent on coincidence, 
generally of a pointer or line and the divisions on a scale, 

An instrument is required for the performance of a 
certain experiment. After careful consideration of all 
the various phenomena or chain of phenomena arisin, 
from the experiment, the experimenter decides whic 
he will measure and from which he will deduce the 
information required. He then proceeds to consider 
the design of the instrument bearing in mind the three 
considerations of accuracy, sensitivity and cost. The 
accuracy of any instrument depends upon the accuracy 
of each individual step in its performance. Thought 
must be given as to which errors will be inherent to the 
instrument—such as the errors in the dividing of a divided 
circle—and to those which may be eliminated by suitable 

utions. This entails, therefore, a careful con- 
sideration of the amount of any likely error in the design 
of the instrument. A neglect of this preliminary con- 


ted it h 











*I must at once state my deep indebtedness to Sir 
Horace Darwin and Mr. C. C. Mason who have allowed 
me to use freely the manuscript which they have pre- 
pared on “The Design of Scientific Instruments,’’ for 
the forthcomi “Dictionary of Applied Physics,”’ 
to be published Messrs. Macmillan, I have 
privilege of working with Sir Horace for many years, 
and it is from him, that master of metric design, 
that I have absorbed many of the ideas put forward 
in this paper. 

+ In this connection it is interesting to note that it 
has been found advisable to have no magnification, or 
practically no magnification, at the lowest power of the 


submarine . The trained eye has developed 
a power for judging the distance of objects and forms 
a useful finder, If the objects are magnified, then 
the power 


mar their distance from the submarine is 
largely destroyed. 


had the | disto: 





sideration has caused the waste of a great deal of ; 
Elaborate levels have been used in surveying when the 
greater part of the high accuracy obtainable has been 
sacrificed by the comparative inaccuracy of the surveying 
staves, In many cases instruments depending for their 
accuracy on the horizontality of a certain part have 
failed because the bubble tube provided is not capable 
of the accuracy required. 

Similar consideration of the errors must be made in 
the case of electrical measurements, and frequently it is 
more difficult to do so than in the case of the mechanical 
instruments. The effect of temperature on certain 
resistances, thermal effects, stray magnetic fields, &c., 
must all be considered, If the errors can be approxi- 
ae in wpe Ay wi this -_, yp Ahebag ag wr etd 
roug it wi seen how to apportion 
enavellinte essere so that the total error may be a 
minimum. The time devoted to these preliminary 
considerations is well spent, as nothing will help to 
reduce the cost of manufacture so much as the knowledge 
that it is unnecessary to reduce a certain error below 
a given value because another unavoidable error will have 
@ much ter effect in the final result. Frequently the 
result increasing sensitivity is to reduce } 
and the usefulness of the instrument is t y 
diminished, The sensitivity of an instrument may be 
defined as the power of detecting and measuring small 
changes in the property under investigation, and 
as the power of measuring the changes correctly. An 
instrument is in nearly every case a magnifying device 
and magnification is obtained in a variety of ways, 
oppiesity. ney -— voaeerany » It is, baer 
ore, imperative when cons ne the magnifyi ice 
that is to be employed to see t o, wine-peihieg te 
magnification to its utmost limit, some uncertainty, or 
the risk of an uncertainty, is not being introduced into 
the observation. 

As in nearly all scientific work an intimate know) 
of what has previously been done is a great help in 
advancing a subject, so knowl of what instruments 
have been already made for a ormance of a particular 
type of experiment is of great assistance. A study of 
earlier instruments may frequently warn the constructor 
of difficulties to be avoi and may yield the clue as 
to the best method of attacking the problem. 

The function of almost every instrument is to magnify 
either a mov t or the dist through which some- 
thing has moved, In almost every case the movements 
to be measured are small, and therefore any errors intro- 
duced into the measuring mechanism through strain may 
be great as compared with the movements it is desired 
to measure. Strains may be set up owing to three prime 
causes ; bad design of the moving parts of the instru- 
ment, unsuitability of the materials employed, and bad 
workmanship. The latter two causes are partly included 
in the first as the selection of the materials is clearly 
part of the design, and good design will often minimise 
the effect of bad workmanship. The converse is not 
true—good workmanship can never annul bad design, 
although it may f° a long way towards doing so. I am 
afraid that in the past not nearly sufficient thought 
has been given to the design of instruments, expecially 
in some of those connected with the services, where 
often their development has been more or less haphazard. 

In some cases the rudiments of parts which have dis- 
appeared are still to be found embodied in the castings 
or elsewhere, A striking example of this is a icular 
telemeter, of which a large number was made during the 
war. In the first model of the type a scale drum and 
micrometer screw connected with an elaborate differential 
screw with a feather and keyway, were taken from 
another instrument and incorporated in the design, the 
function of the differential screw being to increase the 
movement of the drum relative to that of the screw, 
and thus to obtain a more open scale. When the 
question of manufacturing these instruments in quantity 
arose, it was seen that by slightly increasing the diameter 
of the drum it was possible to obtain the same openness 
of scale, and at the same time to eliminate the differential 
screw and its attachments. This alteration would have 
improved and simplified the instrument and would have 
materially redu the cost of manufacture. This is a 
question which is closely interlocked with the question 
of making instruments commercially or the manufacture 
of scientific instruments as distinct from ascientific- 
instrument making, and one which I shall hope to diseuss 
in more detail later. ‘ 

Every possible way in which a particle can move ew 
be resolved along t axes at t angles to eac 
other. When, therefore, its motion is unrestricted it is 
said to have three of freedom ; in other words, 
three independent directions of translation dicular 
to each other. In the case of an unconstrained rigid 
body we have six de of freedom, for in addition 
to the three independent translations of the particle, 
the extended body is capable of three independent 
rotations about the mutually perpendicular axes, Hence 
a rigid body is said to have six Semen of freedom, 

Clerk Maxwell defined a rigid y as “one whose 
form does not vary,”’ and continuing, stated that “if 
a solid piece is constrained in more than six ways it will 
be subject to internal stress and will become strained or 
istorted, and this in a manner which, without the most 
exact micrometrical measurements, it would be impossible 
to specify.”’ 

Consider first of all the simplest case, the placing 
of an instrument standing on t legs in a definite 
position on a table. The very act of By wee the instru- 
ment on the table red its degr freedom to three. 
It has lost one translation (the vertical) and two rotations 
as it now can only rotate on a vertical axis, viz., the axis 

dicular to the plane of the table. If then, one 

of the instrument is fixed, the instrument cannot be 
moved in a horizontal plane, and it has lost its two 
remaining translations and has therefore one degree of 
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freedom left, viz., the rotation round the vertical axis 
passing through the leg that is fixed, If a second leg 
is fixed, then the instrument has lost its last degree of 
freedom and is fixed, Lord Kelvin developed the 
method outlined above as a support for instruments, the 
arrangements being generally referred to as the hole, 
slot and plane. One leg of the instrument rests in a 
conical hole and, as explained above, loses all its trans- 
lations. If a second leg rests in a V-slot or groove 
pointing towards the hole the instrument loses two of its 
rotations and, finally, if the third leg rests on a plane 
surface it loses its third rotation, This method does not 
give as much stability as the well-known method of 
forming on the fixed base three V-grooves whose sides 
are inclined 90 deg. to each other, and whose directions 
meet in a point at angles of 120 deg., and for this reason 
the older method is still preferred for itions where 
comparatively heavy instruments are used,* The “ hole, 
slot and plane’’ is, however, employed in many 
mechanisms, and some examples of these will be discussed 
later, 

As a rigid body has six degrees of freedom it is obvious 
that if there is to be a certain relative movement between 
two parts : and this movement corresponds to one degree 
of freedom, there must be a constraint, between the two 
pieces at five points. For example, we may take as a 
geometric slide the case illustrated in Fig. 1. Here two 
V’s are formed on the underside of the upper body A, 
rounded studs 8 being mounted on them, The studs 
rest on the surface of the cylinder C. Each V touches 
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the cylinder in two points, and therefore the only motions 
left to the body are (1) a translation parallel to the axis 
of the cylinder and (2) a rotation about the axis of the 
cylinder, If this rotation is prevented by the point P 
being kept pressing on a plane F parallel to the axis of the 
cylinder, the only motion ssible is a translation 
parallel to the axis. The advantages of this form of 
slide are great, The contact points of the upper piece 
are five fixed points; while the contact points on the 
second describe five parallel straight lines on its surface. 
The correct shape can be given to the first piece cheaply, 
as no accurate machining of large surfaces is uired, 
The second piece must have accuracy of form, but in 
most cases this can be obtained by using an accurate 
machine. For example, in the case illustrated, four of 
the straight lines are the generators of a cylinder and an 
accurate cylinder can be produced on a grinding machine 
at low cost. Where large forces are coming into play it 
will be necessary to increase the area of the surface of 
contact between the two parts. e 

Another great advantage of geometric design is that 
it greatly reduces internal strains in the parts. On 
referring again to our example in Fig. 1, it is obvious that 
the fact that the point P is free to move at right angles 
to the axis of the cylinder must free the slide from 
strain, It is essential to complete the restraints by 
ensuring that the two pieces remain in contact at the 
requisite number of points. This is frequently done 
by gravity, as in Fig. 1, but in a great many instruments 
the forces are small and the constraints are given by 
springs. A great deal of the success of an instrument 
may depend on the form of spring used, and frequently 
sufficient care has not been taken in selecting the best 
type or form of spring for a particular purpose, If the 
two parts are stiff and mgid then one spring may be used, 
but as a rule it is better design to increase the number 
of springs and to reduce the stresses on the parts. For 
accuracy the spring should be under a fairly constant 
tension and this may be obtained by working the spring 
under a big extension as compared with the change in 
extension due to its working range. As the subject is 
of such importance it may be of service to illustrate 
a few examples of the applications of springs, although 


one or4two of them are 
questions of geometrical desi, 


an initial tension and extended a comparatively small 
amount during the relative movement of the two parts 
to which it is attached. The instrument consists of a 
microscope which is to have a horizontal movement. 
The microscope tube is held by a fitting carried on a 
steel tube A sliding in V fittings and by means of the 
helical spring 8 the end of the tube B is kept in contact 
with the point of the micrometer screw M. The readings 
being taken in the scale P and the micrometer head N. 
It will be noticed that the point of the micrometer 
screw is not in immediate contact with the end of the 
tube B. An intermediary, consisting of a steel wire W 
with hardened points bearin 
tube, and the screw point is 
link prevents any want of alignment between the axis 
of the micrometer screw and the tube, introducing a 
strain on the tube or screw. The more usual but less 
satisfactory method is to have the rounded point of the 
screw bearing against a hardened flat steel face on the 
moving part. 
surfaces may be great, the friction between them may 
cause a considerable force acting at right angles to the 
direction of movement. 
force that causes the improvement in the action with the 
pointed wire connecting link. 


to control two movements at right angles to each other. 





not strictly connected with 


Fig. 2 is an illustration of a long spring kept: under 


in conical holes in the 
eld between them, The 


As the forces between these rubbing 
It is the elimination of this 


Fig. 3 is a good example of one spring being used 





assuming the two trunnions are of the same diameter, 
the two parallel planes in each Y must be in the same 
plane to secure proper line contact. 

By metric design it is generally easy to avoid 
backlash between the different parts of an instrument. 
If a cylindrical rod is turning in a cylindrical hole and 
the rod is too small for the hole, there will be shake 
between the rod and the hole. If, however, as in the 
ease of Fig. 2—a case very similar to the theodolite— 
the rod is held down into the Y supports by suitable 
springs (shown in section at T and T}), Pin cor the 
trunnions and the Y-supports may gradually wear with 
use, yet there can never be shake in the movement. 
Maxwell* states that ‘‘ When an instrument is intended 
to stand in a definite position on a fixed base it must 
have six mere so arranged that if one of the bearings 
was removed the direction in which the corresponding 
point of the instrument would be left free to move by 
other bearings must be as nearly as possible normal to the 
tangent plane at the bearing.”’ 

If this principle is observed the pressure and therefore 
the friction at each bearing will be kept at a minimum, 
and the springs required to avoid shake and backlash 
reduced to the minimum strength consistent with the 
work required of them. 

A consideration of some form of geometric mountings 
in general use may perhaps make some of the points 
mentioned clear, and at the same time show the great 
advantages of this form of design. If one piese of 
mechanism is to be moved relatively to another in a 
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The plates A and A; are two plates forming the slits 
of a spectroscope and slide on a ground surface. They 
are pulled by means of the springs S and 8; against the 
slides P and P,, and the end of the micrometer screw M. 
It is obvious that as the screw is raised or lowered so the 
slit will be opened or closed, both jaws of the slit moving 
an equal amount and remaining parallel to each other. 

The application of the C spring shown in Fig. 4 to 
instrument design is due to Sir Horace Darwin. It 
enables a powerful spring to be employed in a confined 
space under constant load and when mounted as shown 
holds the piece A B, which is free to slide in Vs. con- 
tinuously against the end of the screw. If desired a 
longer spring can be introduced by putting in the loop 
shown by the dotted line. This method of holding two 
pieces together is extremely effective when two pieces 
are simply to be held together, no extension of the spring 
being required. The force exerted by the spring may be 
considerable and yet it is always constant. The method 
has the disadvantage that in a case such as that illus- 
trated the spring does not eliminate backlash. 

In instrument work, and especially in electrical instru- 
ments, the spiral spring is of great service. The problem 
of the control spring, as the spiral becomes in the majority 
of moving pointer instruments, is one of the most difficult 
in the manufacture of some electrical instruments. 
The ratio of the length of the spring to its width and 
thickness and also the quality of the material of which 
it is made, are all questions which have to be seriously 
considered when designing a sensitive instrument.* 
It is a subject in which there is room for further research. 

In practice there are several types of design which may 
be called semi-geometric, line bearings being used where 
only a point bearing is required by theory. A line 
bearing will support a much greater pressure than a 
point bearing, although much less than if the bearing 
surface were larger. Surveying and astronomical 
instruments are supported by geometrical bearings 
pease ag of cylindrical trunnions resting on two 
parallel supports. If the instrument is very light 
these supports may be rounded so as to give contacts 
at four points with the two trunnions. In heavier 
instruments each Y-piece will be formed of two planes and 





* Mr. C. V. Boys, in his geometric stands, has made a 
striking use of the three-groove device. 





* See “‘ Industrial Electrical Measuring Instruments,” 
by Kenelm Edgcumbe, second edition, page 30. 
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horizontal plane, and if the part to be moved is light, 
then Fig. 5 shows a very simple arrangement. The 
cylindrical rod C can be ground without difficulty. 
The surface P on which the pin T preventing the rotation 
of the rod slides, can also be und, The four studs on 
which the cylinder rests can be adjusted to ensure that 
the movement of the axis of the cylinder is parallel to 
the plane of the surface P. This can all be done with 
the minimum amount of workmanship. (It is assumed 
that gravity is sufficient to hold the pin T on the ground 
surface; if such is not the case a spring must be 
employed). If the load on the moving part is too great. 
then the studs may be discarded and the load carried 
directly on the Vs. 

The example is of service in emphasising the importance 
of considering alternative ways of carrying out any 
desired movement or construction. In Fig. 1 the 
cylindrical rod is at rest and the carriage moves, in Fig. 5 
the positions are reversed. Each case must be dealt 
with on its merits after a consideration of the weights 
to be moved, distances to be traversed and the amount 
of probable wear. 

In the case of a vertical slide such as a cathetometer, 
the conditions are different and the design of the spring 

uires serious consideration. Fig. 6 is an example of 
the mounting for a telescope to be capable of movement 
on a vertical slide. The telescope, which is not shown 
in the figure, is carried on a tubular carriage on which 
four screws are mounted, the supporting rod R being 
gripped between them by the point P pushed by the 
flat spring F against the rod. The weight of the carriage 
is supported by the screw 8, which is held in place by its 
nut, which is clamped to the rod. Assuming that 
gravity control is sufficient then the only degree of 
freedom left is in the horizontal plane. In the par- 
ticular case under consideration this of 
importance. 


was not 








* Ibid., page 4. 
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The illustration does, however, bring out one of the 
great advantages of geometric design, namely, that the 
point forming one of the supports or controls in the 
- can be adjustable so as to give the relative motion 
of the fixed and movable parts. In this case the point 
of the screw § is adjustable and in a simple manner 
gives the vertical adjustment. 

A more complicated form of slide for a cathetometer 
carriage is shown in Fig. 7. The main casting is 
supported on a steel rod (not shown in the figure) and 
is machined on five of its faces. A carriage C, carrying 
the telescope T, is held against three of the faces at the 
points P, by means of the three springs 8, 8; and 8» (not 
shown). The greater part of the weight of the carriage is 
balanced by a weight not shown in the figure, the 
remainder of the weight being taken by the plunger R. 
The plunger can be raised or lowered by means of the 
screw mounted on the lower carriage, which can be 
clamped in any position by means of the screw G. It 
will be methent that the clamping or unclamping of 
this screw introduces no strain on the telescope carriage 
and that this is free to take up its position without strain. 

A large number of examples might be given, but the 
above may serve to show how much design may simplify 
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construction. The majority of mechanics know from 
a study of satisfactory and unsatisfactory lathe beds 
which designs are geometrically sound. 

A lathe and an instrument, such as those we have been 
discussing, are close akin, except that the forces and 
wear on @ lathe bed are much more severe, and surfaces 
have to be employed instead of point or line contacts.* 

The design of parts that have to rotate relatively 
to each other must follow the same general principles, 
although in some cases they may appear to wander 
a good deal from theory. The one serious drawback to 
strictly geometric design is the fact that there may be— 
for want of a better term—a certain amount of “ floppi- 
ness,” and this cannot be tolerated in many instruments 
—for example, in surveying instruments. 

In the case of small rotational movements geometric 
design is of great value. In the well-known rocking 
microtome the parts on which the section is carried and 
which are moved forward in steps as small as 0-001 mm. 
are blunt knife-edges of cast-iron. 

To show the efficiency of the design it may be men- 
tioned that a microtome has been made from untooled 
castings put together with as little work as possible and it 
has cut sections as satisfactorily as a highly-finished 
instrument. 

It should be mentioned that the screw’ and its attach- 
ments were correctly finished. + 

In the mounting of mirrors it is important to attend 
to the number and position of the bearings, for any 
strain in the mirror spoils its definition, Geometric 
mounting often simplifies the attachment of the mirror 
to @ moving part. Fig. 8 illustrates the mounting of the 
mirror used in an instrument in which it is necessary for 
the mirror to oscillate at a high frequency (3,000 per 
second). The mirror M of stainless steel and 4 mm. in 








diameter is fixed on the mounting N, which is held 
against the screw points P; and P by means of the spring 
T of triangular’section and the knife-edge of the part O. 
This latter ce is attached to the diaphragm of the 
instrument the movement of which it is desired to record. 
The mirror rocks round the points P and P), which bear 
in a hole and slot respectively. 

The Mallock Vibrograph well illustrates how geo- 
metric design can simplify construction and yield results 
which are practically unobtainable in any other way. 
The instrument (Fig. 9) was designed by Mr. A. Mallock 
for recording the vibrations set up in the buildings 
adjoining the Central London Railway.* The brass 
plate A is supported by the spring 8, and its movement 
in eed direction (except in the vertical plane) is con- 
trolled by the finely-pointed rods E, F, G, H, I (shown in 
detail in the small figure). The plate carries a photographic 
objective M which throws the image of a quartz Bore 
on to a photographic film. When vibration is ex- 
perienced the camera, &c., moves, but owing to the 
inertia of the plate and the almost entire absence of 
friction the objective remains stationary and a move- 
ment is recorded on the photographic film. 

A great deal of the success of a measuring instrument 
may depend on the method 
of mounting the screw. It 
is essential that no indeter- 
minate strains should be given 
to the screw or nut. Many 
devices have been designed 
for this purpose, sometimes 
the nut is carried in a rock- 
ing mounting so as to allow 
it to take up its position on 
the screw but not to permit 
any rotation. An excellent 
example of this is shown in 
the feed screw of the rocking 
microtome (see Fig. 10) in 
which the screw 8 works in 
a nut N formed in a rocking 
piece C which rests in two 
Vee grooves in a ring-shaped 
casting. 
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In general practice the connecting link between the 
micrometer screw and the part to be moved is best made 
as a link (see Fig. 2), but there are many modified forms 
of hook-joint that are in general use. 

The making of a satisfactory screw and nut is a diffi- 
cult problem, but the instrument manufacturer now 
knows far more about the subject than he did in 1914, 
The demand for instruments fitted with accurate screws 
entailed the manufacture of accurate screw-cutting 
lathes and a knowledge of screw threads which has quite 
revolutionised the subject. As showing the need of 
information on the subject attention may be drawn to 
the defective design of a nut forming part of a gun clino- 
meter. Many thousands of this clinometer were made 
during the war and the specification for its manufacture 
was extremly severe. The screw which was about 
5 in. long, was threaded throughout its length with a 
double-threaded screw of 0-l-in. pitch, The nut was 
required to pass throughout the whole length of the 
screw without any variation in the fit—an almost 
impossible task. The nut was solid but fitted with three 
= P, pushed against the screw by three springs 8, 
which were supposed to take up any shake (see Fig. 11). 
After a few days use in the field the nut began to feel 
loose on the screw, and it was not long before the plungers 
became useless. The most casual considerations will 
show that the design of this nut was unsound, and yet 
although a geoemtrically designed nut (see Fig. 12) was 
submitted it was impossible to persuade the Services to 
try it. In this design the nut was cut away so that the 
screw would bear on part of the thread at four points, the 
plunger P holding the screws against these points. It is 
no exaggeration to say that if a geometric nut had been 
substituted that each instrument would have cost much 
less and the output greatly increased. In addition a nut 
would have been provided that would have stood much 
wear and have given consistent readings over a long 
period of time. 

Enough consideration has not always been given to 
the scales used in instruments, and it is a point worth 
dwelling on, although as a rule, the modern scale is a 
great improvement on those fitted to old instruments. 

he position of the scale or the reader by means of which 
the scale is read is of importance. If conveniently 


arranged Soret deal of time may be saved in taking a 
time is a weight 





* See also ‘The Mechanical Design of Instruments,” 
Walter Rosenhain. The proceedings of the Optical 
Convention, page 31, 1905. j 

t See “‘ Scientific Instruments, their Design and Use in 
Aeronautics,” Horace Darwin. The first Wilbur Wright 
Memorial Lecture. A tical Journal, July, 1913. 








reading, an consideration when many 
readings have to be taken. it a reading is being taken 
with a microscope it is often more convenient to have a 





”. oe aye of the Committee appointed by the Board 
of Tr to enquire into the vibration produced by the 
working of traffic on the Central London Railway. 
(Memorandum by Mr. A. Mallock. Appendix IX.) 
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short and long lines on a scale is a point 

. As @ general rule it may be stated that if the 
or ten lines have a length of one, then the fives sho 
0-75 and the units 0-5. In many cases it has 
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ee 
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the ice to make the shortest stroke of the same 
length as the between it and the adjoining one, 
é.e., if in a th lite circle the between two small 


divisions is 1/3°, and this is valent to 2 mm., then 
the length of the stroke should be 2 mm. 

It is always advisable to remember that an open scale 
is easier to read than a crowded one. The eye becomes 
remarkably — in subdividing small 
Mr. Trotter* given a good deal of consideration to 
the size of figures on instrument scales, and suggests a 
simple block letter, the total width of which is seven 
ten of the height and the thickness of the strokes 
forming the one-tenth of the height as the most 
satisfactory. me experiments made at the National 
Physical Laboratory have shown that when the figures 
have to be made luminous by means of a radium com- 
pound the proportion of width of line to the height of the 
figure for maximum legibility should be about one to 
eight for letters and figures in which the height exceeds 

mm. Below this limit e that the 

to one-sixth 


5 xperience 
breadth of line may be usefully inc 
of the height of the -t 

In designing an instrument the conditions under which 
ee ee If it is to be 
used in the la tory by a skilled Observer the design 
may be entirely different to that which is if it is 
to used in the workshop by om enshitied okaiver. 
Then, again, if it is to be used out of doors it must be 
impervious to weather conditions and robust. This 
demands different construction to the laboratory instru- 
ment and yet, perhaps, not nearly so different as may 
appear at first sight. The research instrument of to-da 
is the tool of to-morrow. Instrument makers have, 
think, failed in this, that they have not realised suffi- 
ciently quickly the new applications of research to 
industry. The X-ray is discovered, and in a few years 
it is one of the means adopted for testing the flaws in 
materials. The number of such examples is v great. 

What then does the new application of an old instru- 
ment or the use of a new one entail? Firat of all, 
imagination to see that there must be a demand, or that 
a demand will exist in the near future. Assuming this, 
and believing there will be a considerable sale, the most 
efficient and economical methods of making it must be 
considered. One or two of the leading American instru- 
ment firms have organised development departments in 
which the instrument is developed from its laboratory 
form to one suitable for the workshop. The members 
of the development department design it with quantity 
production always in their minds, making a 
dozen instruments which are put out into service with a 
view to attract outside criticism—it being understood 
that the firm which is testing the instrument will have 
the experimental model replaced without extra charge 
by the final model when that has been evolved. After 
the criticisms are received the final model is prepared 
and the development department hands to the works a 
finished instrument for manufacture on a large scale, 
There are not many firms in this country which can afford 
a@ separate development department, and yet the proce- 
dure must be adopted even if the department is not there. 

The difference between scientific instrument making 
and the manufacture of scientific instruments is great. 
The latter means quantity uction and is an engineer- 
ing problem. One of the lessons the war taught is the 
possibilities of cheap production if only the quantity 
to be made is sufficiently great. The test difficulty 
that faces the instrument maker is to know when he is 
justified in commencing to make any particular instru- 
ment in } quantities, Having decided that there is 
the possibility of a fairly large sale then, I believe, it is 
advisable 4 ndle the — — to consider what 
parts may ao or die-cast and to incorporate as 
many standard parts as possible. A reduction in cost 
may frequently be made by replacing brass or bronze by 
cast iron or die-cast aluminium parts. Well made metal 
patterns are essential on account of the time saved in 
es jigs and fixtures. There are now so many new 

nishing processes available that they must be studied 
before a final decision is taken, The lacquer and paint 
spray, the sand blast and the electro-plating plant, all 
form part of the equipment of a modern instrument 
factory, and by enabling the employment of unskilled 
labour help to reduce the cost of manufacture, The 
moulding of ebonite and bakelite is a valuable process, 
and will I am convinced, be used largely in future 
instrument work. 

I commenced my address by referring to the catho- 
licity of knowledge required by the instrument maker. 
Knowl is required not only by the leaders of the 
industry but by all their em The authorities 
at two or three of our universities are widening their 
courses in Optics to try and train the future designer 
“ en of the 1 Engineering 1 

formation o' Optical ineering Department 
at the Imperial College of Science under the direction 


of Professor Cheshire is a step which should do much to 
of tifi 


| 














assist the fact instr ts in this 
country. ' I hope that it may be possible so to incorporate 
*“A Set of Pro Standard Numerals for the 


Scales of Measuring Instruments.” A. P, Trotter. Proc. 
Inst. Elect. Eng., vol. 54, p. 273, 1916, 
+ “An Investigation of Radium Luminous Com- 
und.” ©. C. Paterson, J. W. T. Walsh and W. F. 
Figgins. Proc. Phys. Soc. Lond., vol. 29, p. 232, 1917. 
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Professor Pollard’s lectures on mechanical design in the 
work of the University that they will be 

bearing on scientific instrument design and 

in the broad sense, and not limited in any wa 

i optical instruments. The British Scientific 
Instrument h Ass , under the able direction 
of Sir Herbert Jackson, promises to be a great help 
to the industry. For a young association it has done 
valuable work, and it promises to do much more in the near 
future, If it is true to the aims of its founders it will 
always be a source of inspiration to the industry. 

I —— there is a future for the manufacture of 
scientific instruments in this country. The community 
is inning to iate the help that instruments 
can give it in its industrial life. The growth of science 
and the spread of scientific education will open out 
many new opportunities for the use of instruments. 
The instrument maker must rise to these opportunities. 


arr 








THE STRENGTH OF SUBMARINE VESSELS.* 
By Mr. W. R. G. Watrina, M.B.E., M.A., Member. 
Tue problem of the strength of submarines when sub- 

merged is, for the present at any rate, of historic rather 
than ical importance. But the professional interest 
of the subject is considerable and may afford some 
justification for an ma this oagee. Originally 
planned when the cessation of submarine building seemed 
distant, it ap desirable to trace the broad effect 
of variations both in shape and in disposition of struc- 
ture. Such an investigation throws a much-needed 
light on the relative merits of structural arrangements. 
In order to obtain the quantitative data so indispensable 
in the early stages of a design, a fairly ee analysis 
of elliptical forms has been worked out. The methods 
adopted are in part an application of the principles 
enunciated in Professor Marbec’s elegant contribution 
to the Transactions of 1911, but several of the results 
are believed to be original. 

The problem presents features somewhat unusual in 
naval architecture, in that the system of loads to be 
provided for is definite, and is applied as frequently as 
trial or service conditions require. The divergence in 
these respects from the loadings due to wave action or 
to flooding on the longitudinal or the transverse struc- 
ture of surface vessels need not be enlarged upon. For 
such vessels, however, the stresses set up by a conventional 
wave loading are known with an approach to accuracy 
which submarine strength calculations can scarcely 
equal. In most existing submarines the bulk of the 
material is in compression, and this involves the same 
difficulties, though in an enhanced degree, as arise in 
the theory of struts. Since the hydrostatic pressure on 
every point of a submerged vessel varies as the depth of 
the point from the surface, the pressures on any section 
do not maintain a constant proportionality between 
themselves as the depth increases. For considerable 
depths and small hull diameters this ratio approximates 
to unity, and it is customary to substitute for the real 
pressure a uniform one corresponding to the depth of 
the axis. The validity of this approximation becomes 
worth attention as lower factors of safety and increased 
di ions are pted, Since the external pressures 
act normally on every part of the surface, the material 
es any transverse section must withstand the 
system of forces acting in its own plane and also the 
longitudinal components of all the forces acting between 
one extremity of the vessel and that section. The re- 
action to the longitudinal forces can be supplied only 
by the fore and aft structure of the vessel, commonly 
the plating alone. The compressive stresses that arise, 
though considerable, are of inferior importance compared 
to the transverse stresses, and will not be referred to 
hereafter, save in the Appendix. 

Surface Conditions.—lf we take a circular section 
of uniform ecantling just floating in water (i.¢e., with the 
water surface tangent to the uppermost point) it appears 
at first sight that it would experience a tendency to 
distort, owing to the variation of water pressure hess 
zero at the top to a maximum value at the bottom. It 
will be shown, however, that this is not so, but that the 
bendi vanish at all points of the circum- 








ference. 
Consider in the first place a circular quadrant just 
awash (Fig. 1). The analytical proof that in this case 
the bending t v hes everywhere is given in 
the Appendix, and it is shown that the only resultant 
force at any _— is a tangential thrust or hoop com- 
ression of the value sin ¢.R2%/2. But if this value 
assumed the equilibrium conditions of an element 
are such that the applied forces, when resolved by 
elementary methods, suffice to ¢ the direction of 
the hoop compression C by the subtended le 60 
and to add an increment 5C to this tial force, 
which satisfies the terminal conditions. The thickness 
of the section has been taken as unit length and the 
forces are measured in unit length cube of the liquid. 
Apart from movement of a second order of small 
— the section may be considered as undeformed. 
he reaction at the bottom is horizortal and of magnitude 
R?/2, whilst at the top it vanishes. Now, imagine all 
the applied forces reversed in direction, so that the 
gravity forces act upwards and the hydrostatic forces 
act outwards. Equilibrium will be maintained, but 
the hoop pression b a hoop tension at all 
points. Let this quadrant be now revolved about the 
surface diameter and superposed on the original quadrant 
(Fig. 2). All gravity forces are now acting downwards, 
but negative hydrostatic forces act on the upper quadrant, 
the hoop compression decreasing from an intensity 
—R?/2 to zero as one advances from A to B. A tension 
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at A and an equal com 


ion at C balance the whole 
of the applied forces. 
are treated as 


ided angles measured above 
gative, the expression sin @. R?/2 
continues to represent the hoop thrust everywhere. 
Finally, subject the icircle to a uniform hydro- 
static pressure R. The combined head now vanishes 
at A, increases to R at B, and to 2R at C. In fact, we 
have reproduced the condition of a circular-sectioned 
vessel just immersed. Due to the uniform pressure R 
we have added a hoop compression R2 at all points, 
which, being added to the existing thrusts and tensions, 
produces a thrust R?/2 at A, R? at B, and 3/2. R® at C. 


At any point R? ( 1+ padi 


2 
thrust. 

For any circulsr section just immersed the neglect of 
the variation of pressure from top to bottom is, therefore, 
to double the force at the top and to reduce that at the 
bottom by one-third. The force at the horizontal dia- 
meter is unchanged. Should a depth of axis of several 
diameters be under consideration, the approximation 
becomes very much closer, but since the correct value is 
80 —_ obtained it may be employed in preference. 
The following statement covers the case :— 

(1) The hoop compression at any point in a submerged 








) represents the combined 
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leaving a pure shear as the sole internal reaction at those 
points. The same tendency will be displayed in singly 
symmetrical forms. As an example, take the case of 
an elliptical fore end, major axis vertical and axes ratio 
10 to 5. The table below gives the various stresses 
that exist, and is compiled from the cross curves referred 
to later :— 





Bending 


Tangential, 
Moments. 
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Fig. 4. ELLIPSE 10:7 AXES RATIO, UNIFORM SCANTLING, WITHOUT 
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uniform circular hoop equals the mean of that which 
would exist were the pressure at the point maintained 
uniform over the entire hoop and that due to the mean 
pressure. 

Analysis of the L.ading.—Clearly, had we elected to 
apply some other uniform pressure, say, n R, then 


sin 6 
R2 (» so 
a depth of axisn R. This suggests the most satisfactory 


method of dealing with the general case, since the 
loading on any section of a submarine may always be 


split up into a part varying with the depth and a part 


independent of it. Let the primary (or submergence) 
system of loads and reactions be that caused by a uniform 
pressure equal to that at the centre of the section. Then 
the secondary (or surface) system is formed by the 

ressures due to semi-immersion, acting on the lower 

alf of the section, together with a reversed image of 
the same acting on the upper half; to these must be 
added the weight of structure, &c., and the loads trans- 
mitted from or to neighbouring sections by any longi- 
tudinal members. 

The submergence loads, reactions and stresses form a 
system of which the scale varies with the depth and the 
distribution with the geometrical properties of the 
section. The surface system, on the other hand, is of 
fixed scale and depends on the geometrical properties 
and on the mass disposition. Owing to the nature of 
the loading the surface system gives rise, in bi-symmetrical 


cases, to reactions which are equal and of opposite sign 





at the extremities of a vertical diameter. 
zontal di t the bendi 


6 





) would represent the internal reactions for 


m the hori- 
ts must vanish, 


The bending moments are in units of (unit length) x 
(weight of unit length cube); forces are in terms of 
weight of unit length cube. The major axis is taken as 
10 units length ; the depths;as defined above, are those 
of the centre of below the surface and the weight 
disposition is uniform and equal to the displacement. 
Adding the figures for the surface and any selected 
submergence condition, the actual internal reactions 
become known. It is seen that for any considerable 
depth the submergence system taken aan forms an 
excellent first approximation, especially to the bending 
moments. It is also a legitimate one, since the surface 
system as herein defined gives rise to equal positive and 
negative departures from it. 

Cross curves for all ellipses, placed with major axis 
horizontal or vertical, are given in Figs. 8and 9. A semi- 
graphical method of calculating the surface system was 
utilised for these calculations, and when particular cases 
require this evaluation, it will probably be found accurate 
enough for the purpose and less laborious than a wholly 
analytical method. Further, the disposition of weights, 
which frequently includes ballast water or oil, is not 
invariable, but no possible variations of this nature, 
or even of the structual material, are likely to so affect 
the surface tem as to cause any important effect on 
the combined aqueous at considerable depths. It will be 
assumed when desirable in what follows that the surface 
system has been directly calculated or otherwise dealt 
with, and that with it all questions of disposition of 
weights have been disposed of. 

Limiting Depths for Circular Forms.—If the platin 
forming the actual pressure surface and the locus 0 
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neutral axes of the frame are concentric circles, the 
statement (1) measures the hoop compression for cases 
in which the structural dimensions are finite, provided 
the radius (R) is that of the neutral hoop and the pressure 
intensity assumed to be applied to the surface containing 
the neutral hoop is made equivalent to that acting on 
the actual external plating. For extreme cases in which 
the depth of immersion is small, considerations analogous 
to those for critical distributed loads on long struts apply,* 
but in general it will be sufficient to apply the Eulerian 
formula. Apart, then, from the form-retaining pro- 
perties of any transverse bulkheads, the limiting pressure 
at which collapse may certainly be anticipated is 
3 EI/s R', where E is the virtual Young’s Modulus, 
I the moment of inertia of the frame element, s the frame 
spacing, and R the neutral hoop radius. 

This expression may be deduced from the limit for a 
pivot-ended pillar of length  R/./3 and accords with 
the observed experimental collapse of flue tubes to an 
equi-angular triangular form.¢ It follows that :— 

(2) If the longitudinal element is kept constant, 
— pressures vary inversely as the cube of the 
radii. 

(3) If all linear dimensions are varied in the same 
ratio, the equivalent pressures are identical, and hence 

(4) For equal depths the weight of structure varies as 
the submerged displacement. 

Imperfections of workmanship, lapped seams and the 
secondary bending moments, due to the above assump- 


Fig.5-Bexvinc Moment Cross Curves. Extirtica, NevutraL Hoop 
or UNIFORM ScANTLINXG. 


(67639 Major Axis, 10 Length Units. 

tion of concentricity not being fully realised, tend to 
reduce seriously the limiting value for collapse ; trans- 
verse bulkheads will, of course, have the contrary effect. 
In way of a lapped seam (or of a butted seam if the strap 
relieves the faying edges of pressure), the line of thrust 
does not coincide with the neutral axis of the section. If 
this intercept is z a moment p.R sz must be borne by 
the structure. The compressive stress on the flange 
of the frame remote from the landing is increased and 
the depth at which an assigned stress f will be reached 
is given by p= fA.I/Rs(Azy-+ 1), where A is the 
area and y the furthest fibre distance of the frame 
element. Written in this form the ratio of Azy to I 
measures the importance of the effect of the lap. Should 
the plating be worked as in and out strakes of breadth b 
the effect is greater, but will not exceed the stress arising 
in an eccentrically loaded strut, viz. :— 


pRs Azy b pRa\t 
(1+ Jn 








i> A —j «secant 5 
Different sets of values apply, relating to an in or an 
out strake respectively. For the value of R see the 
paragraph below. 

Non-uniform Circular Sections.—The common case 
of a circular pressure surface combined with framing or 
floors so placed that the neutral hoop is not a con: entric 
— may be dealt with as follows (Letters b, c, d, 

ig. 12) :— 

lace the continuous loading on the pressure surface 
by a number of equal and equally- forces each 
directed towards the centre. Such a system of applied 
forces gives rise to a funicular regular polygon, inscribable 





* Morley and Bisacre, ENGINEERING, Vol. cvi, pages 
99 and 129. 

+ Fairbairn’s Experiments, circa 1860. 

+ Morley, “Theory of Structures,” page 293. 











in a circle. The sides of the funicular represent a series 
of internal reactions which, provided the centre of the 
polygon coincides with the centre of the applied forces, 
would maintain equilibrium. Making the number of 
forces very great, the system of reactions takes the form 
of a circular hoop, with uniform thrust at every point, 
but of unknown radius. This concept is similar to the 
linear arch of a bridge, and may be aptly termed the 
linear hoop. The radius « of the linear hoop is 
determined by stating the condition of no total =n 
of curvature in the entire neutral hoop. Stating the 
moment at each point as equal to the thrust, multiplied 
by distance of line of thrust from neutral hoop, we have 
M = thrust x (r — x), where r is the polar distance of 
the neutral hoop. The curvature is given by ¢ M, € (the 
flexibility) being the inverse of EI, and, 


fe Mds = 0 = Thrust x fe (r—x«) de 


rfeds =ferds 
A = ferds/fede 


The linear hoop is, therefore, the circle concentric with 
the pressure surface and of radius equal to the mean 
distance of the neutral hoop, “‘ weighted,” or given a 
line density varying as the flexibilities. 

The general correctness of this result is also apparent 
if, in the sketch (Fig. 3), hinged joints are supposed to 


and 






Fig. 7.—Pitian on Mixon Axis, OruEeR Conpitioxs (as A Fig.6) 


exist at A and B. A tangential reaction occurs at each 
of the points, and the pressure on ACB is supported by 
a simple uniform thrust at every point. The portion 
ADB carries its loading as a beam with poly-directional 
loading, the supporting points being A and B. The 
tangents at the ends change direction as the load 
is applied, but those at the hoop ends do not. Solidifying 
the joints at A and B, a bending moment must be set 
up at each end of the frame ACB to make the tangents 
above A and B coincide with those below. The upper 
frame is then in the condition of a plain beam, loaded 
at its extremities and supported symmetrically ; that 
is to say, a bending moment of constant value is set 
up over ACB. 

From this analysis one may conclude :-— 

(5) Local variation of the construction of the frame is 
highly undesirable, as it induces bending moment in 
addition to the existing thrust. 

(6) A variation should be as solid as possible (e.g., 
b is preferable to c, Fig. 12). 

(7) The introduction of a knee attachment at the 
departure points has a further detrimental effect on the 
weakest portion. 

Further, the frame proper 1s in the condition of an 
eccentrically loaded strut and the formula already given 
for the effect of in and out plating applies, but with the 


7 rR 
substitution of ——— for 6/2. 
2/3 


Non-uniform Non-circular Sections.—The general 


case 
of non-circular forms may be dealt with by simil 
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of funicular hoops is determined, and the problem con. 
sists in selecting the appropriate funicular to svit the 
known structural formation. The steps in the process 
are as follows :—- 

(a) Find the centroid and principal axis of the 
“ weighted ” neutral hoop (i.e., carrying a line density 
varying as the flexibilities). 

(6) Calculate the centre of zero total deformation, 
viz. :— 


X=fereds/2fewas 


Y=feryds/2fey ds, 


where xz, y and r refer to the co-ordinates and polar 
distances of the elements of length measured from the 
centroid. 
(c) Caleulate the radius K of gyration about (X, Y) of 
the “weighted” hoop. Then the linear hoop lies 
midway between the neutral hoop and its reciprocal 
figure with respect to (X, Y) and K ; this reduces to 
(8) The hoop thrust everywhere equals pr:, where r 
refers to the distance of the point frorh (X, Y), and acts 
normally to the direction of r). 
(9) The bending moment everwhere equals (K2 — r?) 


le 


nw 


" Elliptical ~ Forms.—Most forms in actual use are 
bisymmetrical and the point (X, Y) coincides with _the 


Corves ron Mason Axis VerticaL Lewnorn, 10 Units 


Note —Direct thrug or tension on hoop at ends of major axis ie — 
+ (125 — shear at minor axis) 





Bexpino Moment Caoss 


Note —Direct thrust or tension on hoop at ends of minor axis is — 
+ (126 x axes ratio squared + shear at major axis). 


geometrical centre. In all cases uni-symmetry exists 
and only X or Y has to be found (excepting where a 
pillar is employed). Cross curves for all elliptical forms, 
derived from these results, are given in Figs. 5 to 7, and 
furnish data for the complete evaluation of the stresses 
atall points. In Fig. 4 the actual di for a particular 
case is drawn down. Letter A in Fig. 5 (in the series 
of cross curves) relates to bending moments, and Fig. 6 
to tangential and normal forces acting on the cross- 
sections of a uniform frame. If the scantling of the 
elliptical frame is varied to suit the distribution of 
moment the result (9) above shows that all moments 
will undergo an equal (algebraical) increase. The 
extreme and hypothetical case is when the strength 
modulus is varied at every point as the primary moment ; 
the extreme correction is obtained, therefore, from the 
curve (Letter B) in the lower part of Fig. 5. The direct 
and shear forces are pte sok 
Fig. 7 represents a family of cross curves for the case 
in which a pillar is fitted on the minor axis, deduced on 
similar lines by use of the following artifice :—Considering 
one-half of the ellipse only, replace the pillar by a.side of 
infinite strength. The flexibility becomes zero, and the 
centroid and value of X are calculated on that assumption. 
Certain bending moments arise in the imaginary side, but, 
when the second half is similarly treated rom f laced in 
juxtaposition, these moments mutually cancel, leaving a 
thrust only in the side, which may now be reconverted 
to a pillar. A curve showing these thrusts is included 
(Letter E in lower part of Fig. 7). 
The advantage of applying the foregoing theory where 
licable is that the relative effect of variations in the 





analysis, provided the applied pressures (considered as 


forces transferred to the neutral hoop) preserve uniform 
distribution. (See Appendix for a further consideration 
of this point.) The pressure surface being given, the 
force hoop (the force form) is 


lygon in its —e 


uniquely determined. Equally, the corresponding family 





design can be readily predicted: as compared with 
Dr. Bruhn’s more general method (see Transactions, 
Institution of Navai Architects, 1901 and 1904), based on 
the theory of least work, the processes are visible and 
the actual calculations less intricate and more aceurate. 
The same remark applies to the comparison with 
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Professor Hovgaard’s* analysis based on the principle of 
continuity. 

The following deductions may be drawn for the general 
case :— 

(10) Points of zero bending moment are defined by 
the intersections of the circle of deformation (radius K) 
and the neutral hoop (Fig. 4). 

(11) Maximum moments occur where the normals to 
this cirele and the hoop are co-incident. 

(12) The moment causes flexure inwards where the 
neutral hoop lies within the circle of deformation and 
vice versa ( ig 4). 

(13) For all bi-symmetrical cases any variation of 
scantling causes a movement of the base of the moments, 
parallol to itself, and’ so as to increase the moments in 
the strengthened vicinity (that is, increased strength 
attracts increased stress). 

(14) If part of the structure is of very t rigidity 
compared to the remainder, the precise disposition of 
the neutral axes in that part is of small consequence. 

(15) A local discontinuity (e.g., a lapped seam, butt 
strap of a frame, swelling for a fitting, &c.) scarcely affects 
the general distribution of bending moment. The relation 
of the linear hoop to the neutral axis of the discontinuity 
determines the local value of the moment. 

(16) The circle of deformation forms a first approxi- | 
mation to the linear hoop. 

Typical sections in which some of these effects may be 
traced are given in Letters a to j, Fig. 12. Ambiguity 
exists in such cases as e and f, where a circular pressure 
hull has a light but deep plate connection to an external | 
hull. Were there no riveted connection, this framing 
would serve to prevent deformation (under the critical 
pressure) of the circular hull, in which a simple hoop 
compression would exist. Were the connection perfect, | 
as for an electrically welded job, bending moment would | 
be induced at every point, as determined by the previous | 
results. The extent to which the —aeT open 
pitched riveting effects the same result is doubtful, and 
I believe important builders ignore any value the con- | 
nection may have. 

In conclusion I have to acknowledge my indebtedness 
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to Miss Madeline Whiting who carried out some of the | 
detail calculations for the principal cross curves and to | 
Sir W. G. Armstrong Whitworth and Co. for permission 
to put forward this paper. 


APPENDIX. 
1. Nore ON THE LONGITUDINAL ForcEs. 

In the longitudinal direction every section supports 
the sum of the axial components of the hydrostatic 
pressures up to that section. For the submerged system 
the resultant is pA and acts through the centroid of 
the section. Obviously the transverse framing plays 
no part in resisting these forces. In cylinders devoid 
of transverse framing (e.g. boilers) the longitudinal 
stress is one-half the transverse, but in submarines the 
proportion varies with the proportion of plating to 
framing. It may reach or exceed unity. he centre 
of action is never far removed from the centre of resist- 
ance, and hence no appreciable bending moments arise. 
The shell plating is subjected to comparatively equal 
stresses, acting in orthogonal planes. The interaction 
is obscure, as various aspects of stress-strain theory give 
different results. The effect may be ignored, save that 
in elliptical sections shearing stresses of } (f: + fi) are 
set up in the 45 deg. helices. 

The corresponding surface system for a cylinder is 
interesting. The total forces on the upper and lower 
semicircles are + R5/3. Each acts 3 TRIG from the 
axis and a longitudinal moment 7 R‘/8 arises. The 
moment of inertia of the shell is about 2 7 Rit and a 
stress — R2/16¢ results. This value is in terms of the 
weight of the unit cube of water, and is very small. 


2. Proor or NON-EXISTENCE OF BenpING MoMENT rx | 
A SemicrrcuLarR SHELL Just Buoyant. 





Let Fig. 10 represent the quadrantal section of a right 
circular cylinder, immersed in a liquid with the horizontal 


* See Hov, ‘s “Structural Design of Warships,” 
page 68. It is to be noted that the numerical example 
given a to be in error, as the reactions are assumed 
as equal. 





diameter in the surface, and of unit length perpendicular 
to the paper. Let the weight of the mass forming the 
boundary BOC equal the displacement. Let R be the 
— and let w be the weight of unit length of arc. 
m 
we Rw/2 = w Re/4 and w = R/2. 

The internal moment experienced at any point O is 
the sum of the moments about that point of the forces 
acting on each element of the segment BO. Consider 
an element at P, yet Hy angle 6 @ at the centre. 

Weight acting downwa: is R&¢@.R/2. Pressure 


A >. 2 
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R2 
on Pis + 5 @ — R? sin? ¢ 3 ¢, and the horizontal element 
of the forces on P is R2 sin ¢ cos ¢ 3 9. 
Integrating from B to O— 


Rea 


Vs —— 
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a 

oo ne sin? od 
0 

Zi Re( 


- sina cosa 


2 a 
n= Bf sn2od@ 
0 

24 a sinacosa 
a7 5) 


= RE (cos 2 -\l 


) 


Re 
= 


sin? a. 


Hence # .. _sinte__ 
V_ssina cosa 
tangential at O. The resultant force or hoop com- 


pression at O is — “sin a, and this vanishes at B and 


= tan a, i.e., the resultant is 


2 
becomes . at C. 
---- 42 
3. Notre ON THE PrEsstRE UnrrorMIty REQUIREMENT 
REFERRED TO IN PAPER. 


Unfortunately, the ideal case never arises, except in 
circular forms. Even if the structural member is of 
uniform scantling the axes ratio of the neutral axes 
(a — z:b — z) is not equal to that of the pressure surface 
(a:b). Moreover, in general some floor plate or equiva 
lent is introduced in the locality of a maximum moment. 

Let the arc PS (Fig. 11) represent part of the pressure 
surface, and NA part of the neutral axis. Imagine a 
fictitious pressure surface capable of being introduced 
along NA. Let the normal at C define a frame of refer- 
ence OXY. The force on any element 5s of NA is 
p5s, and when resolved normal to OX and to OY 
furnishes components p.5scos @ andp.éssin@. The 
projections of the element 5 s on these axes are 3 8 cos @ 
and 6ssin 6. Hence the intensity of the resolved forces 
on the reference frame is uniformly p, with a range 


é 


Note :-Shading wlicates continuity of structure. 


normally is (P p) Rig. Moments about O are 2 +f 


(Pq— Ot) and — R8¢@.Pp x Oz. 
The sum of these may be written— 
RPS? (R cos @ — Rosa) —R3g. Rsing. Rsin(a — 9) 
The element of moment is, therefore, 
- { (cos @ — cos a) dg — 2sin g sin (a — o)d¢. 


Writing M for the total moment of all forces above O 
about the point O, 

2M _ 

7 
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a 
(“ios » - cov a) a g _ 
Jo 


‘a 
[isin i (a— o)d@ 
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a 
sin @cos pd 
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a 
— cosa.a —2sina 
0 . 
a 
+2cosa | sint® gd gd 
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. 


a 
= sina — acosa — sin “| 


sin2@.d% +2 cosa 
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a 
=sina — acosa — sina [ - aco2 | 
+0 


a 


@ — sin @cos ‘] 
° > 


+ cos a (a — sin a cos a) 
=sina — sinacos?a + $sina (cos 2a — 1) 
= sina — sina cos? a + 4s8in a (2cos?a — 2) = 0. 


and consequently no bending moment occurs at any 
point of the arc. Also the vertical element of the forces 





defined by the perpendicular tangent to the curve 
The pressure forces actually acting on PS when resolved 
similarly aiso give rise to uniform pressure intensity p 
on the reference frame. The pressure surface assumed is, 
therefore, a matter of importance only inasmuch as the 
ranges on the reference frame are different. Accordingly 
at C the stress difference as between PS or NA being 
the pressure surface is that due to the pressure p acting 
uniformly across CC!. The change in bending moment 


is approximately £. x (CC’P. If a pressure surface 


parallel to the shell but at a mean polar distance equal 
to that of the neutral axis be utilised, the approximation 
is very close. The value of the pressure intensity must 
be adjusted in harmony. An immediate corollary 
applies to the change of stress due to flooding an interna! 
pressure ballast tank. 


4. Notre on THE Cross CURVES. 


These are calculated for a major axis of length 10 units 
and for minor axes of all less amounts. For other 
lengths of axis the bending moments vary as the 
square of the length ratio for the submergence diagrams, 
and as the cube for the surface diagrams. The moments 
are in terms of (unit cube < unit length) when unit 

ressure per unit area or per unit length of girth for the 
longitudinal element is applied. Bending moments 
have been considered positive when they cause inward 
flexure, i.e., when they increase the shell compression 
of an internally-framed vessel. When the major and 
minor axes are nearly equal it is convenient to use the 
following equation :— J 

Bending moment = a (a — b) s p x C, # being the 
frame spacing and C a coefficient. 

Radial position. . Minor axis 
Value of C . oe 0-44 0-37 0-25 0-10 
Radial position. . 50° F 70° 80° Major axis 
Value of C -- 0-06 —0°35 -—0-45 —0-48 

The effect of errors of workmanship in circular-hulled 

boats is ascertainable from this equation. 


0° 20° 


P 40” 
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THE PREVENTION OF SEASON CRACKING 
IN BRASS BY THE REMOVAL OF IN- 
TERNAL STRESS.* 


By H. Moors, O.B.E., B.Sc., hr ty and 8, BeckINsALe, 
LC. 


Communication from the Research Department, 
Woolwich. 


In the work now to be described specimens maintained 
in a state of stress by external constraint were annealed 
at temperatures from 200 . to 325 deg. C., and the 
tensile stress, the amount of which was known before 
treatment, was determined after the treatment had been 
applied. 

The work was confined to 70 : 30 brass substantially 
free from impurities. Strip cold-rolled from the fully 
annealed condition to Brinell hardnesses of 120, 160 
and 200 respectively, without further annealing, were 
used. The strip was well prepared from one ingot made 
from electrolytic copper and zinc, both of high purity, 
and contained 71-2 per cent. of copper. The Brinell 
hardness of each strip used was determined with a ball 
of 1 mm. diameter and a load of 10 kg., by means of the 
machine designed in the Research Department, Wool- 
wich, for the determination of the hardness of thin 
material, and described elsewhere by one of the authors.t 

When a flat strip is bent into the form of an are of 
a circle, of radius relative to the thickness of the strip 
such that the elastic limit is not exceeded, the external 
surface is maintained in a state of uniform tension, 


the intensity of which may be calculated from the well- 
known bending formula 
_ Et 
PS oF 


tensile strength at the outer surface. 
Young’s modulus. 

thickness of strip. 

radius of curvature. 


where p 
E 
t 


inva 


Tr 


E was determined as 7,300 tons per square inch for 
70 : 30 brass cold-rolled to 160 Brinell hardness. That 
the stress does not exceed the elastic limit may be 
established by return of the strip to its original straight 
form on release. 

The condition of such a strip, maintained in the bent 
form by external constraint, is similar to that of an 
internally stressed brass object the external surface of 
which is in tension, and it may be assumed that the 
stresses will be reduced by low-temperature annealin, 
in the same manner as in the case of internally-stresse 
objects. It would appear that the reduction of stress 
by heating is due to slight yielding of the material taking 
phe at the higher temperature. 

When a strip bent in this manner is heated for a suit- 
able time above a certain limiting temperature, allowed 
to cool, and then released, it will remain in the bent form 
or return more or less completely to its original straight 
form according as the initial stress has been entirely 
removed or merely reduced to a smaller or greater extent. 
If the form of the strip on release is an arc of a circle 
having a radius 7}, greater than the radius r of the arc to 
which the strip was originally bent (see Fig. 1), the 
tension p; after treatment and before release may be 
calculated by application of the simple bending formula 


Et/n-r 
a= = ( ) 


ryr 





pi is the remaining stress in the surface after treatment, 
before release. 

The procedure adopted was to maintain in the bent 
form a length of strip, elastically bent to the form of an 
arc of a circle, apply a given heat treatment, release after 
cooling and measure the radius of the arc which the 
strip assumed. The initial stress and remaining stress 
(before release) were determined in the manner indicated 
above. In all cases thea form assumed by the strip on 
release was that of an arc of a circle. 

In order to obtain different initial tensions with a 
constant radius of are three different thicknesses of strip 
(0-02 in., 0-015 in. and 0-01 in.) of each of the three 
different hardnesses (Brinell numbers 120, 160 and 200) 
were employed. It was found by trial that a circle of 
7 in. diameter was the smallest to which the softest brass 
used (120 Brinell number) could be bent when of the 
maximum thickness used (0-02 in.), without approaching 
too closely the elastic limit, beyond which permanent 
deformation would result. 

The lengths of strip were attached at each end to steel 
formers having a diameter of 7 in., by means of small 
blocks having an internal radius of 3-5 in. The strips 
were 6 in. long and 1 in. wide. In order to confirm that 
in no case was permanent deformation produced by the 
initial stress a number of strips of each hardness and 
each thickness were clamped on the formers and main- 
tained at atmospheric temperatures for a length of time 
equal to that of the longest treatments. On release all 
returned to the straight form. 

The heat treatments were carried out in a. bath of 
molten carnauba wax (described in the appendix) the 
temperature of which was maintained by a thermostat 
within + 0-5 deg. C. of the temperature aimed at. The 
protracted annealings (exceeding 24 hours) at 200 deg. 


and at 225 deg. C. were carried out in an air oven 
uniformly heated by means of a jacket of molten carnauba 
wax. In this oven the temperature variations were 





* Abstract of a paper read at a joint meeting of the 
Faraday Society with other Institutions, April 6, 1921. 
tH. Moore, “A Small-Ball Hardness Test 
Machine,” ings of the Institution of Mechani 


Engineers, 1921 (January), page 51. 





somewhat greater than in the bath, but in no case did 
the — rise more than 4 deg. C. above that 
sta 


The results were given in tabular form and typical 
results shown graphically in the paper. The effect of 
similar treatments on the Brinell hardness of identical 
pure 70: 30 brass strip cold-rolled to Brinell hardnesses 
of —— 90, 120, 165 and 200 was also indicated. 
In these tests, also made in the machine referred to above, 
a ball of 2 mm. diameter and a load of 40 kg. were used. 

Mechanism of the Removal of Stress by Low-Temperature 
Annealing.—It has been pointed out above that the 
removal of stress in a specimen or object which remains 
unaltered in form can be brought about only by the 
occurrence of plastic flow. It is perhaps more correct 
to state that when stress is removed in the manner 
under consideration the elastic deformation becomes 
permanent deformation, the extent of the removal of 
stress depending on the extent to which the elastic 
deformation becomes permanent. It follows that stress 
can be-reduced by heat treatment only by a lowering of 
the elastic limit below the initial stress. The lowering 
of the elastic limit may be, and in suitable treatment is, 
only temporary, the elastic limit rising again on cooling 
after heat-treatment; it will be seen indeed that the 
ultimate effect of low-temperature annealing is in many 
cases to raise the elastic limit. 

Accordingly it may be stated that the removal of 
internal stress in 70:30 brass by low-temperature 
annealing depends on the ch in the elastic properties 
which occur at temperatures in the range of about 
200 deg. to 300 deg. C. The authors have carried out 
a number of experiments for the investigation of these 
changes and although the work is incomplete at present 
they consider the results so far obtained to be of sufficient 
interest to justify their inclusion in this paper. The 
experiments have been carried out on specimens cut 
from cold-rolled 70 : 30 brass plate of about 170 Brinell 
hardness and have included :— 

(1) Determinations of load-extension diagrams 
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tensile tests made at 275 deg. and 300 deg. C., in com- 
parison with similar determinations made at 17 deg. C. 

(2) Determinations of the amount of permanent set 
under given loads maintained for given lengths of time 
at a temperature of 275 deg. C. ? 

(3) Determinations of load-extension diagrams in 
tensile tests at 17 deg. C. after treatments at 250 deg., 
275 deg., 300 deg. and 325 deg. C. to determine how far 
the changes observed in (1) were temporary or permanent. 

The wing extensometer reading extensions to 
0-000008 in. on a gauge length of 2 in, was used for tests 
carried out at ordinary pa noeee wy while a specially- 
constructed extensometer described in the appendix 
was used for the high-temperature tests. The electric 
resistance furnace used in (1) and (2) is also described 
in the appendix. All tensile tests at raised temperatures 
and treatments under load were carried out in an Amsler 
5-ton vertical testing machine. 

The actual copper content of the brass used was 
72-6 per cent. he thickness of the plate was 0-75 in. ; 
the test pieces were cut longitudinally, were circular in 
section and were 0-564 in. in diameter throughout the 
acting length. . 

1. In the determination of load extension diagrams 
at high temperatures the test-piece, enclosed in the 
electrically-heated tube furnace, was placed in the 
vertical testing machine, the extensometer was set and 
the temperature, measured by means of a thermocouple 
fixed in contact with the test-piece, was raised to the 
required degree. When steady conditions were indicated 
by steady readings on the extensometer dials, load was 
applied in increments of 1 ton per square inch and 
extensometer i were taken at each increment, 
Each test occupied about 15 minutes from commence- 
ment of loading. After a sufficient number of readings 
indicating a considerable departure from proportionality 
and thus a large permanent set, the extensometer dials 
were removed and the test-piece was broken at the same 
temperature. 

Duplicate tests carried out at each temperature gave 
results ing very closely with the figures in the table. 
It was found that correspondi partures from pro- 
portionality of strain to stress occurred at much lower loads 
at 275 deg. C. than at 17 deg. C. and at lower loads still 
at 300 deg. C. The amount of permanent set, as judged 
from these results, does not, however, to be 
sufficient to account for the extent of reduction of stress 
which occurs at the temperatures tried, in the annealing 
of strips initially stressed by bending. 

2. In the determinations of permanent set under 
loads maintained for given lengths of time at 275 deg. C., 





a gauge length of 4 cm. was marked off by fine crosses 
on test pieces of the same dimensions as used in (1) 
(diameter 0 -564 in. over a length of 2-25 in.). This was 
measured with a measuring microscope reading to 
0-00004 in. The test-piece, enclosed in the furnace, 
was gripped in the testing machine, and was heated to 
275 deg. C. Uniform heating and a steady temperature 
were attained in 30 minutes from commencement of 
heating. The given load was then applied and main- 
tained for the stated time while the tem ture was held 
at 275 deg. C. Each test was carried out on a fresh 
test-piece. Useful indications of the rate and amount 
of extension occurring during the test were given by the 
ene cotbanting dial of the testing machine and by the 
adjustments of the straining screw required to maintain 
a constant load. The treatment of the test-piece to 
which no load was applied was carried out in the testing 
machine in the same way, but with the lower grip dis- 
connected. 

It is evident that in the conditions of these experiments 
extension under a constant load continues for some time 
at temperatures similar to those at which internal stress 
is reduced, and that in a given time of maintenance of 
load permanent extension begins at very small loads and 
increases with increase of load. Indeed a slight increase 
of length occurs on treatment for 30 minutes at 275 
deg. C. with no load on. bw has Ge confirmed by 
repeat experiments. It wo’ appear that the changes 
occurring in hard-rolled 70 : 30 brass when submitted to 
this treatment, changes which include an increase in 
hardness and in range of elasticity, are accompanied 
by a slight alteration in dimensions. This is a matter 
which demands further investigation. 

The gradual flow which takes place under load at the 
temperatures under consitleration explains the gradual 
reduction of stress which is observed when internally or 
similarly stressed specimens are heated at these tempera- 
tures. 

3. It is clear that at temperatures in the ra 
to 300 . C. the elastic limit of brass cold-rolled to 
different degrees of hardness is lowered. To determine 
to what extent elasticity is recovered on cooling, pieces 
were maintained for | hour at 250 deg., 275 deg., 300 deg. 
and 325 deg. C., allowed to cool and machined to the 
form of tensile test-pieces identical with those described 
in the two preceding sections ; load-extension diagrams 
were then taken, the Ewing extensometer being used. 
The results showed that after treatment for times not 
exceeding 1 hour at temperatures below 300 deg. C. the 
range of elasticity in tension is certainly not lower than 
before treatment. Treatment at 250 deg. and at 275 
deg. C. has considerably raised the limit of propor- 
tionality. 

(The Brinell hardness tests were made with a load of 
1,000 kg. and a ball of 10 mm. diameter. A test-piece 
treated at 250 deg. C. was initially somewhat softer than 
the others; for this reason it is considered that the 
apparent slight fall in maximum load after treatment at 
250 deg. C. should be disregarded. ) 

In connection with the work described above in 
Sections 1, 2 and 3 of this portion of the paper, the 
authors are aware that questions arise as to the real 
nature of the elastic properties of cold-worked material, 
the definition of “limit of proportionality,” “ yield- 

oint,” and other terms used, hysteresis in the repeated 
oading of such material, the mechanism of the process 
of “recovery”’ of elasticity brought about by low- 
temperature annealing, and other fundamental problems 
on which present knowledge is incomplete. The authors 
have avoided the consideration of these questions in the 
present paper as being unnecessary in their presentment 
of experimental facts and of a working explanation of 
the reduction of internal stress by slow-temperature 
annealing. 

Summary and Conclusions.—The reduction of stress 
by low-temperature annealing has been studied in 
70:30 brass cold-rolled to 120, 160 and 200 Brinell 
hardness, in elastically bent test-strips of each hardness, 
initially stressed to 11 tons, 17 tons and 22 tons P wi 
square inch maximum tension at the surface. The 
temperatures used were 200 deg., 225 deg., 250 deg., 
275 deg., 300 deg. and 325 deg. C. Thus the effects o 
four variables, temperature, time, hardness and initial 
stress were separately determined. The results may be 
summarised as follows :— 

(1) The rate of reduction if stress is fairly rapid at 
200 deg. C. at first, but becomes very slow when the stress 
has been reduced to one-half to one-third its initial value 
and important stresses remain even after treatment for 
24 hours or longer. 

(2) As the temperature is raised the rate of reduction 
of stress increases but shows the same characteristic of 
slowing down as the stress falls. At 300 deg. C. a very 
much shorter time is required to reduce the stress to a 
given than at 200 deg. C. and the remaining stress 
is much lower after a given time at the higher temperature 
in brass of the same ha . 

(3) The higher the initial stress the higher is the 
remaining stress after a given treatment, in brass of the 
same hardness, although the amount of stress removed is 

ter the higher the initial stress. ; 

(4) The higher the hardness of the brass the lower is 
the remaining stress after a given treatment and for a 
given initial stress. In other words, the harder the brass 
the more rapidly is a given initial stress reduced at a 
given temperature. . 

(5) A large reductica in the t of stress is brought 
about by annealing conditions (temperature and time) 
which raise the herJnees of cold-worked 70: 30 brass, 
but treatments whicn result in some reducti hard 
are necessary to bring about complete removal of stress. 

(6) At temperatures in the range 200 . to 300 
deg. C. slight plastic flow occurs in cold-wor' brass 
at low stresses. The amount of flow is greater as the 
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temperature is higher, the stress greater and the time 
longer for which the stress is maintained. 

(7) The reduction of internal stress by low-temperature 
annealing is dependent on the plastic flow mentioned 
in (6). 

(8) This plastic flow involves a lowering of the elastic 
limit at the temperatures at which it occurs. This 
reduction of elastic limit is, however, not permanent 
provided that the treatment is applied for a time not 
exceeding 1 hour at 275 deg. C. or certain limiting times 
which are much longer at lower temperatures. The 
limit of: proportionality and elastic limit are raised 
considerably by treatments which do not exceed these 
limits of temperature and time. 

The results obtained and summarised above confirm 
and extend the earlier work of the authors given in the 

ings of the Institute of Metals. By a suitable 
low-temperature annealing internal stress in 70 : 30 
brass may be reduced to such an extent as to eliminate 
the risk of season-cracking, without injurious effects on 
the mechanical properites of the brass. By suitable 
choice and reasonably accurate control of the temperature 
and time of the treatment which reduces the stress to a 
safe limit the mechanical properties may indeed be 
improved. 
reliminary experiments carried out by the authors 
on 60:40 and other brasses suggest that this general 
conclusion can probably be extended to all industrial 
brasses. It would therefore appear that season-cracking 
of brass resulting from internal stress is a type of failure 
which should be entirely eliminated by the see 
of a suitable low-temperature annealing to the manu- 
factured article after the final cold-working operations. 


APPENDIX. 
Usep For Low-TEMPERATURE 
ANNEALING. 

This apparatus, which is suitable for treatments at 
temperatures in the range 200 deg. to 325 deg. C., consists 
of an electrically-heated bath containing carnauba wax, 
a thermostatic control and a temperature recorder, 
together with controlling rheostats, ammeter, &c. 

Bath.—This is a lagged sheet steel cylindrical vessel. 
The heati element consists of two square uralite 
frames on which nichrome wire of No. 18 gauge is wound. 
These frames, connected in series, are fixed horizontally 
near the bottom of the tank, and are separated from the 
tank and from each other by suitable insulation. Three 
inches above the frames a perforated sheet steel false 
bottom is fixed. Current is supplied from a 250-volt 
circuit. 

Thermostatic Control.—This is in principle a mercury 
thermometer, having a large steel bulb and a fine steel 
tube lined with a closely fitting silica capillary tube. 
A nickel wire passing into the silica tube is fixed with 
the lower end at any desired height in the tube. Contact 
of the mercury with the wire completes an electrical 
circuit, which by means of a solenoid actuates a mercury 
switch and breaks the heating circuit. When the tem- 
perature falls the solenoid circuit is broken by the 
mercury leaving the wire, and the heating circuit is 
restored. 

Temperature Measurement, d&c.—Standard mercury 
thermometers were used and autographic records were 
taken by means of a Cambridge thermograph. Through- 
out all treatments the molten wax was continuously 
stirred by means of a motor-driven rotating paddle. 

The formers to which the strips were attached for the 
treatments described in the paper were suspended in the 
molten wax. 


1. Wax Barts 


2. EXTENSOMETER FOR Use at Ratsep TEMPERATURES, 

This instrument, constructed in the Research Depart- 
ment, Woolwich, is similar to that described by H. J. 
French (United States Bureau of Standards). The 
extensometer consists of two light steel frames each 
rigidly fastened to a steel yoke by two rods, adjustable 
in length for attachment to test-pieces of different length. 
The yokes are clamped to the specimen by means of four 
hardened high-speed steel screws. 

The flanges on the upper frame carry two Ames dials 
reading to 0-0001 in., the pistons of which make contact 
with two adjustable polished steel platforms carried on 
the lower frame. 

With an extensometer of this type uniform symmetrical 
stretching of the test-piece causes an equal movement of 
each platform from its corresponding dial. If the 
stretching is accompanied by any twisting or bendi 
of the test-piece the dial ings will not be equal, ont 
the reading of one dial may even be negative. Accord- 
ingly the extension is taken as half the algebraic sum 
of the readings of the two dials. It may be noted, how- 
ever, that in the tests which have so far been made 
with this instrument the differences between the readings 
of the two dials have been relatively quite small. As 
may be noted from the readings given in the paper, 
satisfactory agreement between! this extensometer has 
been obtained in tests made on identical test-pieces at 
atmospheric temperature. 


3. FURNACE. 
The test-piece and extensometer yokes occupied the 
central part of the furnace, the ends of which were 


loosely plugged with asbestos wool. The arms of the 
extensometer remained at atmospheric temperature. 





American Society ror Testing Matertats.—This 
Society announces that the twenty-fourth annual 
meeting will take place in Asbury Park, N.J., from 
June 20 to 24. The programme gives the titles of sixty 
reports of committees and titles of papers to be read 
and discussed in ten sessions, 


CATALOGUES. 


Aluminium.—The great variety of uses to which 
aluminium is now applied is illustrated in a small 44-page 
catalogue issued by the British Aluminium Company, 
Limited, 109, Queen Victoria-street, London, E.C. 4. 


Phosphor-Bronze,—Various applications of their metas 
to railway engineering work are described in a special 
catalogue issued by the Phosphor-Bronze Company, 
Limited, Sumner-street, Southwark, London, 8.E. 1. ; 


Carmde Sludge.—The use of carbide sludge in agri- 
culture and in building work is explained in an interesting 
leaflet issued by Messrs. Charles Bingham and Co., 
11, Queen Victoria-street, London, E.C. 4. The leaflet 
is well worthy of attention by large users of acetylene gas. 


Fencing Material.—A net material for fencing jmade 
of British galvanised wire of several layers and in various 
sizes of mesh is described in a catalogue received from 
the Darlington Fencing Company, Limited, 5, Lloyd’s- 
avenue, London, E.C. 1. The material is made up to 
14 ft. in width. 


Small Tools.—A catalogue of milling cutters, twist 
drills, hand and machine reamers, gear cutters, milling 
saws, turning and other single edge tools, taps, dies, 
hammer heads, &c., with full dimensions and prices, 
has been received from the Sheffield Small Tools Com- 
pany, Limited, Chesterfield-road, Sheffield. 


Belting.—A leather belting made up of oak tanned 
leather with chrome tanned leather adhesive strips is 
described in a leaflet catalogue received from Messrs. 
Dieny and Lucas, 329, High Holborn, London, W.C. 1, 
who are sole agents for the French manufacturers. The 
advantages claimed are worthy of attention. 


Turret Lathes.—Messrs. Alfred Herbert, Limited, 
Coventry, send a new edition of their catalogue of turret 
lathes for bar work. The catalogue gives a full descrip- 
tion of special tools and attachments for use with the 
lathes, of which three sizes are listed taking bars up to 
1% in., 2} in, and 3} in. in diameter, respectivelv. 


Saw Blades.—A list of hack saw blades classed as 
hand and light-power, heavy-power, extra wide and 
doubled-edged, comes from Messrs. Thomas Firth & 
Sons, Limited, of Sheffield and 8, The Sanctuary, London, 
5.W. 1. Tables of length, width, number of teeth per 
inch and weight per gross are given for each class. 


Aerial Ropeways.—Complete plant for conveying and 
dumping refuse by overhead ropeways is described and 
illustrated in detail in a 16-page booklet issued by the 
British Ropeway Engineering Company, Limited, 34, 
Fenchurch-street, London, E.C. 3. The illustrations 
include several such installations now in operation. 


Small Electric Plant.—Amongst the several small 
electric lighting plants suitable for country house, and 
similar lighting that produced by Messrs. Boulton and 
Paul, Limited, Norwich, is well worth attention. The 
engine runs on paraffin fuel, and all the details are 
carefully designed to allow efficient operation without 
skilled attention, 


Overhead Runways.—Lifting and transporting goods 
by means of a single girder overhead track with turns 
and branch tracks is well represented in a small catalogue 
received from Messrs. Herbert Morris, Limited, Lough- 
borough. Considerable weights can be lifted by hand- 
operated lifting blocks and easily pushed along for any 
reasonable distance. 


Pressure Recorders.—A list of instruments for giving 
continuous records of pressure, or vacuum, on chart 
papers for 24 hours or 7 days has been received from 
the Cambridge and Paul Instrument Company, Limited, 
45, Grosvenor-place, London, 8.W. 1. These instru- 
ments are made for a large range of pressures, from 
10 Ib. to 500 lb. per square inch. 


Machine Tools.—Messrs. Charles Churchill and Co., 
Limited, 9, Leonard-street, Finsbury, London, E.C, 2, 
send a copy of a new catalogue of about a hundred pages 
closely filled with illustrations and lists of machine tools 
for machine and hand use. This catalogue is re- 
markable for the comprehensive range of its contents, 
and it will be particularly useful for reference. 


Concrete Road Reinforcement.—A system of two-layer 
road reinforcement with diagonal struts between the 
layers is very fully described in a catalogue issued by the 
Walker-Weston Company, Limited, 7, Wormwood-street, 
London, E.C. 2. Thesystem is also applicable to founda- 
tion work and other The catalogue contains 
much general information useful to engineers. 


Sewage Disposal.—A system of sewage purification 
suitable for villages, isolated factories, residences, &c. 
is briefly explained in some circulars issued by the 
con Sewage Disposal Plant Company, 9, Southamp- 
ton-street, Holborn, London, W.C. 1. The system 
employs a combined process of aeration, settling and 
filtering and requires very small mechanical power. 


Steel Plates and Sections.—A booklet of revised tables 
of extras on steel plates and steel sections has been 
issued by the Consett Iron Company, Limited, of Consett, 
County Durham, to supersede previous issues. The use 
of these tables enables the buyer to find the additional 
cost per ton, over the basis price, for special qualities 
and for extra. work such as testing, straightening, 
flattening, painting, &c. 


Current Transformers.—Two catalogues, one dealing 
with small auto transformers and transformers with 
separate primary and secondary windings for single- 
phase and three-phase currents, and the other with large 
single-phase and three-phase transformers, have been 





issued by the General Electric Company, Limited, 








Queen Victoria-street, London, E.C. 4. These catalogues 
contain illustrations, explanatory text and data in clear 
type. 

Boiler Efficiency.—A catalogue issued 
Recorder Company, Limited, 28, D gate, " 
contains an informing discussion of boiler efficiency in 
the form of notes written by Mr. J. E. Lea, B.Sc., who 
strongly favours the making of continuous records of 
coal ued and water evaporated. Mr. Lea contends 
that the continuous automatic measurement of the water 

uumped into the boiler is an essential test of economy 
im coal consumption. 


Gas Producers.—An excellent description of the gas 
producer is given in an illustrated catalogue issued by the 
Wellman-Smith-Owen Engineering Corporation, Limited, 
of Darlaston (King’s House, Kingsway, London, W.C. 2). 
The exceptionally fine illustrations help to make the 
construction clear but the direct and simple style of the 
text will also be appreciated. Both construction and 
operation are dealt with and the writer generally gives 
practical reasons for any special instructions. 


Rotary Converters——An explanatory and fully-illus- 
trated description of their machines for converting 
alternating into direct current, and vice versa, has been 
issued by the British Thomson-Houston Company, 
Limited, Rugby. The details of construction and 
operation given will be extremely useful to engineers, 
especially those in charge of electrical fw supplying 
power for traction, lighting, machine driving, battery 
charging and electro-chemical work. 


Electrical Equipment for Kinematograph Work.—A 
pamphlet containing a lucid description of electrical 
equipment for kinematograph theatres has been issued 
by the Metropolitan Vickers Electrical Company, 
Limited, Trafford Park, Manchester. The various types 
of plant are discussed with the least possible use of 
technical terms, the Home Office regulations are reprinted 
and a list of about 500 theatres equipped by this firm are 
given. The pamphlet should be extremely useful to 
owners and persons in charge of these places of enter- 
tainment. 


by the Lea 
M: haat 





Pneumatic Tools.—A catalogue of pneumatic tools 
received from the Globe Pneumatic Engineering Com- 
pany, Limited, 1, Victoria-street, London, 8.W. 1, 
contuins a very comprehensive range of these appliance 
including hammers, for chipping caulking, riveting, 
sealing, &., and tools for drilling, reaming, tapping, 
wood boring, surface grinding, paint spraying, tube- 
cutting, sand ramming, and many other uses. All are 
clearly illustrated and described in the catalogue which 
is well arranged and provided with an index to facilitate 
reference. 


Mechanical Stoker—A mechanical stoker of the 
self-cleaning underfeed type, which is capable of adjust- 
ment for various kinds of coal is very fully described, 
and its application to water-tube boilers illustrated, 
in a catalogue issued by Erith’s Engineering Company, 
Limited, 83, Kingsway, London, W.C. 2. ‘The furnace 
is inclined and the fuel passes through three definite 
stages of combustion before the ash is finally discharged 
into trucks. A duplex form with stokers on opposite 
sides and a central ash channel is shown for boilers in 
which very rapid steaming is called for. 


Increasing the Economy of Evaporators.—A com- 
pressor of the steam-jet type for use with an evaporator 
on board ship to economise steam when the full rated 
output of the evaporator is not required, is described 
in a catalogue received from the Griscom-Russell Com- 
pany, 90 West-street, New York. The economy is 
effected by compressing and delivering to the evaporator 
coils a portion of the vapour taken from the evaporator, 
this vapour, together with a certain amount of boiler 
steam, being used for operating the evaporator. The 
total steam taken from the boiler is thus reduced. 


Gear-Cutting Machine.—A machine for cutting spiral 
teeth on bevel wheels is very clearly illustrated and 
described in a catalogue issued by Messrs. Smith and 
Coventry, Limited, Manchester. The limits of work 
within the capacity of the machine are 17 in, outside 
diameter of blank, 16 in. pitch diameter, 3 in. widest 
tooth face, and 10 teeth in smallest pinion. The cutting 
action is a planing stroke and the outfit of tools includes 
a jig for correctly setting the cutters in sharpening on 
any grinding machine having a cup wheel. A full range 
of changeable parts is supplied for cutting all usual 
pitches, &c., within the capacity of the machine. 





Exectrric Ramway CONSTRUCTION IN GERMANY.— 
The Allgemeine Elektricitats Gesellschaft is experiencing 
considerable trouble in connection with its “express 
railway.’’ During the war the work on this line was 
reduced by degrees, until it stopped aes at the end 
of 1919, and the contract with the City of Berlin was 
terminated under notice from the company. The city 
brought an action against the company for the purpose 
of compelling it to complete the line, but this action 
was lost, The company, however, has expended some 
57,000,000 marks on the portion of the railway so far 
constructed, and a further sum of 25,000,000 marks is 
needed to open this portion for traffic, whilst the com- 
pletion of the whole line would require about 500,000,000 
marks, The company now wishes to transfer its liabi- 
lities And the work as it now stands to the city, but 
no agreement has been reached so far. A new electric 
railway connecting Cologne, Diisseldorf, Essen and 
Dortmund has been proposed, and is strongly advocated 
as being urgently needed in this populous district. The 
different city authorities are pressing the matter forward, 
and the Rhenish-Westphalian Electricity Works are 
also greatly interested in the undertaking. 
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the packing therein. 
opposite end of the spindle p. Any water that may find its way 


The water impeller r is attached to the 


into the interior of the fan hub & is discharged poe ag 
therefrom through a hole ¢4 Lubrication of the ball bearing 
affected by a lubricator t. (Sea!ed.) 


RAILWAYS AND TRAMWAYS. 


© 157,601. H. E. Gresham, Manchester, and G. Kiernan, 
Manchester. Vacuum Brake A) tus. (2 Figs.) Novem- 
ber 7, 1919.—The invention relates to vacuum brake apparatus 
for railway and like vehicles, and consists of means whereby 
each vacuum brake cylinder and its fittings can be readily tested 
for air leakage. The valve fitting is secured at the end a upon 
ys soggy ft d the ction to the 
er. It comprises a valve ¢ which is normally held 
automatically, either by a spring or by a 

Side adines acted _ by the pressure in train pipe at the 
side nt the ivalve c and cas D pressure at the 
other side, but which can be closed th a lever e. When the 
valve c is closed, the brake cylinder and its fittings are isolated 


(a Mf 
| aa) 








from the train pipe and the locomotive driver can, by watching 
the pres which indicates the degree of vacuum in the train pipe, 
see if such isolation results in an increase in the vacuum in such 
pipe, when he will know that there is an air leakage in the brake 
eaie which has been isolated. As the automatic valve c 
ays opens when the lever ¢ is released and a vacuum is created 
in the train pipe, there is no danger of a brake cylinder being left 
permanently out of service. If the 
particular brake cylinder is leaking to a serious extent, the 
catch-piece f of the fi detocianed with the defective cylinder 
can be turned to the shown in dotted lines in the figure, 
so as to hold the valve ¢ closed and isolate the cylinder until a 
repair is effected. (Sealed.) 
J. Sells 


w. Pontypridd. Tramway and 
Railway Rails. (i Fig.) February 10, 1920.—The invention 
the head, belng the portion pov towent. con teaemoved and 
. ex wear, can be removed an 

renewed without guerting, web of the rail, and in 
tramways without materially disturbing the poving, 

rpose the head or upper portion of the rail separable 
rom the web of the rail, the web, for example, being 
formed with a itudinal groove or with a recess open on one 
side along its upper surface in which a longitudinal rib on the 


Fig. 2.4 
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cylinder 
ise clutch @ 





parts © he 
If the clutch E be disconnected, the propeller will 
cylinders comprised in group A, le the cylinders 
ip B can be utilised to drive the dynamo H when the 
clutch G is engaged. (Seaied.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


155,515. F. H. Sheppee, York, and S. G. Jowitt, York. 
Lu Systems. (1 Fig.) October 2, 1919.—The 
invention relates to lubrication systems of the kind wherein the 
lubrication is effected by means of a rotating member having 
a conical plug or a disc with a recess adapted to convey or deliver 
small quantities of lubricant intermittently from the inlet to the 
outlet of a casing in which the rotating member is 
mounted, the outlet passage being arranged to deliver iubri- 
cant to the bearing surfaces to be lubricated. The invention 
consists in providing the lubricating device with a spring arranged 
to displace lubricant from the lubricant receiving conveying 
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recess every time it moves over the lubricant delivery outlet 
is the lubricant inlet, and g the lubricant delivery outlet. dis 
member to ich rotary motion is imparted by any 
suitable means. c is the lubricant conveying recess adapted to 
convey lubricant received through the inlet f to the outlet g. 
a is the lubricant displacing spring of which one end is fixed in the 
outlet g by the bush g!, the other end of the spring being adapted 
to extend into the recess c when the recess is over the outlet g, 
and thereby displace lubricant from the recess and discharge it 
into the outlet, this lubricant displacing end of the spring bers 
adapted to be forced out of the said recess by the contin 
rotation of the rotary member d. (Sealed.) 


158,186, John I. Thornycroft and Co., Limited, West- 
minster, and W. F. Gibson, Southampton. Semi- 
Valve. (2 Figs.) October 27, 1919.—A semi-rotary valve 
rding to the invention comprises a casing having 0; y- 
arr: inlet and outlet ports, an intermediate cavity and a 
second cavity communicating with the outlet branch and having 
a multiple ported inlet, and an inner hollow movable valve 
member ha inlet and outlet 


ada) to comm 
sodiate cavity in the casing. 


inlet valve comprises 
a casing a having an outlet 


branch b, a steam inlet branch ¢ 





oooa 








vertically above it and an intermediate cavity d. The outlet 
branch 6 communicates with a region e¢ having four ports f of 
relatively narrow width separated by three seating parts g of 
considerably greater width. The inner movable valve member h 
is hollow, has a port Al which, in the mid position of the valve, 
communicates with the steam inlet branch ¢, a port i which in 
the same tion communicates with one end of the cavity d 
in the a, and a partition j combined 
parts & with intermediate outlet ports m, 
stationary seating parts g and ports f, and consti! 

which communicates, in the ition in question, with the opposite 
end of the cavity din the a. In pp frm | 
is provided adapted to be rapidly opened closed by a small 
angular movement of the valve member A, thereby avoiding 
wire drawing. (Sealed.) 











the latter can be or disconnected. The engine is of the hooks 
Diesel or semi- Sept endless erGatens invention 
two . In one of groups A there are four applying compound, such as 
while in other B there are two cylinders. The cylinder on one end of a bod: 
ne te beret. A tee y yt mee te ape r a 
end to the propeller shaft D. At the other end of Cc 1, a second 
of the crankshaft is a clutch E by means of which the c " wheels 1, 2, 
can be coupled to one end of the crankshaft F of the second one another, the wheel 1, which 
rtical and the wheel 2, which 

» preferably, 
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and as shown, driven by belting, and the wheel 2 is driven 
frictionally from the first or by gearing, or the wheel 2 is driven 
by the contact and movement of the body blank 4 in relation 
thereto, and drives the wheel 1 —_T The contacting 
faces of the wheels 1, 2 are inclined, and the inclined face of the 
wheel 1 is, in ion, grooved or r d. The P d 
tank 3 is preferably of L-shape in plan and the wheels 1, 2 are 
carried on a bracket 5, which is adjustable towards and away 
from the horn stop finger block 6 and angle plate 7 at the left 
hand side of the machine. (Sealed.) 


158,295. H. P. Embrey, Stoke-on-Trent, L. Embrey, 
Stoke-on-Trent, H. G. H. Embrey, Stoke-on-Trent. Dough 
Working Machine. (5 Figs.) July 9, 1920.—The invention 
relates to dough-working machines, and more particularly to 
balling machines of the kind embodying a helical fence and a 
drum or cone, arranged one within the other, and adapted for 
relative rotation with Te to each other, so that, in operation, 
pieces of dough inse’ between the fence and the adjacent 
surface of the drum or cone are rolled or worked into balls as they 
travel along the fence. According to the invention, the helical 
fence is provided with a spirally-step kneading surface forming 
with the adjacent surface of the drum a V-shape trough. A 
number of wooden sections 1 are superim don one another 
and secured together. Each section is slightly off-set, relatively 
to the one above it, care being taken to ensure that the accurate 
edges 2 are maintained in the same cylindrical surface. In this 
way a stepped helical surface is formed by the successively off-set 

















spiral edges 3, while a certain cylindrical cavity is formed by the 
accurate edges 2 for the reception of a tube 4, to which the sections 
1 are also secured. The spiral edges 3 are rounded off, and towards 
the outer are so that they merge into one 
another, when superimposed, to form almost a continuous helical 
surface. The tube 4 is provided with a feeding opening 6 at the 
lower end, and the tube with the stepped helical fence or blade 
so formed, and secured to it, is inserted in a drum 7 thereby 
forming a V-shaped trough between the stepped surface and the 
adjacent surface of the drum. The inner end of the tube 4 has 

jal slots for e: ment with keys on a disc 10 secured to a 
a 2 ms Teely t the boss of a bevel wheel 12 
secured to the tom 13 of the drum 7. The shaft 11 carries 
another bevel wheel 14, and is supported in a bearing 15. The 
two bevel wheels 12 and 14 are driven in opposite directions by 
a pinion 16. The drum 7 is supported at the upper end on rollers 
— in a supporting frame 20. (Accepted February 16, 
1921.) 





Retativiry.—A lecture will be given at King’s 
College, London, on Thursday, June 9, at 5.15, p.m., 
by Professor Einstein, on “The Development and 
Present Position of the Theory of Relativity.” The 
chair will be taken by Viscount Haldane. A charge of 
2s, 6d. will be made for admission, and the proceeds will 
be given to the Imperial War Relief Fund. The lecture 
will be delivered in German. Tickets can be obtained 
on application to the Lecture Secretary. 





Puccner Memoria, Prize ror Stupents.—The 
Council of the Royal Aeronautical Society announces 
that through the kindness of a gentleman who desires 
for the moment to remain anonymous, the offer of an 
annual prize to the value of 5/. for the best paper prepared 
by a student member of the Society initiating discussion 
at a students’ meeting during each year. This prize 
will be known as the “Pilcher Memorial Prize for 
Students,” in memory of the late Perey 8. Pilcher who 
was a member of the society for many years, and whose 
gliding experiments did so much to develop the science 
of aeronautics and are recorded in Volume V of the 
“A tical Classics.” The details of the arrange- 
ments for holding special meetings for students are under 
consideration. 
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volume scale. In most cases it is necessary to 
employ subdivisions near the high-compression 
end of the diagram. 

The results obtained from this diagram are shown 
in Table III. Columns 2 and 3 give the pressures 
all round the diagram in Ib. per square inch (abs.). 
Columns 4 and 5 give the corresponding tempera- 
tures commencing with 300 deg. calculated from 
the relation— 





TEMPERATURE - ENTROPY DIAGRAMS 
_ FOR GAS AND OIL ENGINE CYCLES. saben i 
V 


(2) 
By Guy B. Perrer. ~ 


: f . in which T, = 300 deg. C., and V, is given the 

Aurnovan it has been said that entropy is a arbitrary value of 12, the volume eoale being 
purely mathematical function and does not corre-| givided for convenience into 12 equal parts 
spond to any ra, conn pee phy 8 property, | Table I gives the values of the first two ex- 
~ ni a a? in of ‘great practical importance pressions in (2) for temperatures from 200 deg. 

, iy internal-combustion engine cycles. | +, 1 390 deg 

The working conditions of these engines are very ‘ aa 1 
variable, especially in regard to heat waste and the| Table II gives the value of 0-07 loge 5 
process of combustion ; how these and other factors | yalues of V, from 0-1 to 12. 

are influenced by design of the fuel system, the 
valves, the stroke-bore ratio, &c., is often more |, 
readily seen in the T,@ diagram than in the 
ordinary indicator card. : 

The objection to the use of the T, ¢ diagram is 
sometimes raised that the data are too uncertain 
for any reliance to be placed upon the results 
obtained. In particular, little is known about the 
initial temperature of the air at the commencement 
of the compression stroke or of the composition of 
the gases within the cylinder. Furthermore, we 
have to reckon with the,errors of the indicator. 
The mechanical difficulties in the way of getting 
correct indicator cards are so great that a gas or 
oil engine card is regarded with almost as much 
suspicion as the entropy diagram itself. 

These objections largely disappear when com- 
parative results are sought from a number of 
indicator cards’ taken under similar conditions. 
It is then found that certain well-marked features 
are typical of the entropy diagrams of different 
types of engines. For the initial temperature 
before compression some assumption must be made. 
If, for example, this temperature is taken at 300 deg. 
C. (abs.), the results will be serviceable for com- 
parison even though they may possess no claims to 
absolute correctness. 

The neglect of the entropy function in relation 
to internal-combustion engines is attributed in 
part to the tediousness of the conversion from 
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Columns 6 and 7 give the change of entropy obtained 
by subtracting the readings in Table IT correspond- 
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engine cycle, while Fig. 2 shows the same cycle on 
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bulence is a factor which enters largely into the 
process of combustion. While, in cases of detona- 
tion, the speed of propagation is as high as 5,000 
or even 10,000 ft. per second, its value in ordinary 
engine explosions is only a few feet per second. 
The speed falls rapidly with dilution of the mixture 
(by the presence of exhaust gas, for example), 
but increases with compression and with the tem- 
perature. Further, in dealing with the rapidity 
of combustion we have to consider the enormous 
difference which exists physically between an 
explosive mixture of gases and a mixture of air 
with liquid fuel by whatever means the latter 
may be introduced and atomised. 

We may, therefore, 
different types of engines as regards the rapidity 
of the combustion process in a descending scale, 
taking first the case of the gas engine working with 
rich mixtures the T, @ diagram for which has 
already been plotted in Fig. 4. The correspondence 
with ideal lines is very close, but some loss of heat 
to the cylinder walls is noticeable on the expansion 
line. 

It may be a simple matter to express the mole- 
cular changes taking place in a gas engine cylinder 
by means of a chemical equation, but what actually 
happens is quite beyond our comprehension. 

With rich mixtures the explosion is practically 
instantaneous. A spark gives the signal and in 
the same moment that the molecules unclasp 
the atoms are dancing with their new-found partners, 
elbowing their way somehow between the inert 
molecules of nitrogen and CO,, which make up more 
than half the bulk. And the number of molecules 
present is so great that if we could take them out 
in tiny spoonfuls at the rate of a million every 
second the task of emptying even a small cylinder 
of 5-in. stroke and bore would not be completed in a 
thousand million years. 

Fig. 5 is a diagram from a gas engine using 
suction gas in which the dilution of the mixture 
causes some retardation of combustion. The top 
of the expansion curve is accordingly rounded off. 

Fig. 6, from a petro] engine, follows closely the 
ideal figure, but the loss of heat to the cylinder 
walls on expansion is marked. 

Fig. 7 is from a Diesel engine with compressed 
air injection. Some loss of compression is indicated 
in the latter part of the compression stroke, and 
after-burning causes the expansion line to depart 
considerably from the vertical direction, but not so 
much as in the case of solid injection engines. 

That rapid combustion should be possible with 
engines using liquid fuel is astonishing. We 
‘““atomise’’ the fuel, but the smallest of our so- 
called atoms is a cluster a million times thicker 
than a swarm of bees. 

Fig. 8 is taken from a diagram of a high com- 
pression solid injection engine published in the 
makers’ catalogue ; the scale is not given, but the 
compression pressure is assumed to be 450 Ib. per 
square inch, and the maximum explosion pressure 
600 Ib. The difference between these two pressures 
is comparatively small, and it is clear that in order 
to get the work done combustion must be con- 
tinued after explosion. This is also apparent from 
an examination of the T, ¢ diagram, and the engine 
is clearly of the solid injection Diesel type. In a 
gas engine the ratio of explosion pressure to com- 
pression pressure is about 3 to 1. That pro- 
portionately high pressures do not occur in the 
high compression oil engine is due to the timing of 
the injection, but some safeguard would appear to 
be necessary to provide against occasional heavy 
explosions. 

In the two-stroke semi-D esel engine using solid 
injection combustion is correspondingly retarded, 
and this is accentuated by incomplete scavenging 
which gives rise to the presence of a considerable 
amount of exhaust gas in the mixture. Fig. 9 is 
typical of an engine of this class. 

Many other examples could be given of the 
application of temperature-entropy diagrams to 
the problems of the internal-combustion engine. 
The strength of the mixture, the method of ignition, 
the speed, and every variation in design are reflected 
and magnified in such diagrams, and the vagaries 
of their outlines, if properly studied, will throw 
much light upon many debatable points. 
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THE DEVASTATION OF FRANCE. 
(Continued from page 608.) 

Hin a former article we briefly described the 
German destructionof the French northern collieries 
and the work the French engineers have been 
compelled to carry out in order to put the coal 
measures into working order again, a tremendous 
task, as will have been seen. We now proceed to 
describe, briefly also, similar facts and problems 








Fig. 44. Homitcourt Works; 





64 per cent.; the steel production, 63 per cent. ; 
copper, 94 per cent.; lead, 22 per cent.; zinc, 
76-5 per cent.; iron castings, 44 per cent.; rails, 
50 per cent. ; rolled joists, 67 per cent. ; merchant 
bars, 66 per cent.; sheets and plates, 58 per cent. ; 
forgings, 55 per cent. ; steel castings, 50 per cent. ; 
wire rod, 86 per cent.; and machinery at least 25 
per cent. of the total for the whole country. All 
these industries, besides supplying exports in many 
instances, maintained the rest of France regularly 
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Fig. 45. 


concerning the metallurgical establishments in the 
north and north-eastern districts, and may remark 
at the outset that the metallurgy of France appears 
to be the industry which has suffered the most at 
the hands of the enemy. That the action was 
dictated by vindictiveness will appear from a few 
examples we are able to quote. 

Before dealing with these, however, the following 
figures are. interesting to put on record as showing 
the proportion which the output and production of 
the regions to be invaded held in the total output 
and production of France in 1913, the last complete 
year before the war. The iron ore output was 





83 per cent. of the total; the pig iron production 





Homécourt Works; THE Basic-BESSEMER PLANT AFTER THE GERMAN OCCUPATION. 


provided with raw material and with material for 
further transformation or for other industrial 
purposes. This industrial sustenance, if we may be 
allowed to term it so, was lost to France immediately 
upon the invasion of her northern and north-eastern 
regions, and, as the Germans were fully aware, 
this fact alone was likely to lead them to victory in a 
comparatively limited time. The situation for 
France appeared to be desperate ; thanks, however, 
to the immediate steps taken by the French popula- 
tion for making good the loss evidenced by the fore- 
going figures and thereby to keep their armies regu- 
larly supplied with the vast quantities of munitions 
of all kinds required, matters improved, slowly at 
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first owing to the very great odds that had to be 
faced, and more rapidly in following months. The 
fact that the conflict was an engineer's conflict was 
thrust upon France very early in the day. Many 
new works were put down and others extended 
during the early stages of the war; we have 


described several of these in former issues, namely, 
the Steelworks of the Société Normande de Métal- 
and the Breuil 


lurgie*, 








Fic. 50. 


displayed by France and of her latent energy ; 
he soon had direct evidence of both by the gradual 
increase in the number of field and other guns in 
action at the front and by the gradually increasing 
number of shells fired as hostilities continued. In 
regard to the manufacture of the latter, it may be 
here stated that the production of 75-mm. calibre 
shells, finished at steel works and ready for charging 


Steelworks of Messrs. | and priming, which was below 10,000 per day when 
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DENAIN ET ANZIN COMPANY; 


Schneider and Co.+ An illustration of the immense 
effort made by France in this emergency is afforded 
by the following figures. The new installations 
put down or completed following the first Battle 
of the Marne comprise, as stated by the Revue de 
Métallurgie, 12 blast furnaces, 103 open-hearth 
furnaces, 47 converters, 27 electric steel and 
non-ferrous metal furnaces and a large number of 
crucible furnaces, all of which yielded in a com- 
paratively short time an almost unhoped for output. 

The enemy was manifestly aware of the energy 





* See ENGINEERING, vol. cix, pages 180 and 293. 
t See Encineerta, vol. cx, page 631. 








Rurys or Biast-Fornaces Nos. 3 anp 4. 


hostilities broke out, rose to 120,000 per day by the 
summer of 1915, to 225,000 per day by the middle 
of 1916, and to close upon 300,000 per day in the 
spring of 1917. The production of shells of other 
calibres rose in like proportions in the same periods, 
and the construction of the corresponding guns 
regularly kept pace with the increase in shells. 

The demands upon our space preclude us from 
dealing with the German destructions in any detail. 
we can only quote a few typical instances; the 
illustrations we reproduce, taken from a large 
number, speak for themselves and give an idea 
of the enemy’s activity in this respect. 

The works located in the invaded regions and all 











they contained were placed under the jurisdiction 
of a Schutzverwaltung, a ‘‘ Protection Administration 
or Board” ; this was later on replaced by a Rohstoff 
und Maschinenverteilungstelle, or ‘ Distribution 
Office for Raw Material and Machinery,” both 
having their headquarters in Germany, the former 
at Metz. Our readers will remember that several 
bodies having different names had charge of-similar 
work in the case of Belgium.* 

The method of procedure which generally 
obtained was very similar to that followed in the 
instance of the Longwy Steelworks. The director of 
the Longwy Company, Mr. A. Dreux, remained at 
his post, at Mont St. Martin, all through the German 
invasion—as did many other works’ directors. 
Mr. Dreux has given evidence concerning the action 
of the Germans at his establishments, The evidence 
has been published by Mr. L. Baclé, president of the 
Société d’Encouragement pour |’ Industrie Nationale, 
in the proceedings of that Institution, and it gives 
the following information. 

The Germans arrived at Mont-St. Martin on 
August 21, 1914, when they deliberately killed a 
number of the inhabitants and set fire to the town- 
ship. The officers, acting under the authority of 
the Protection Board, then took possession of the 
material in stock and had it loaded and sent to 
Germany at the French company’s expense and by 
the company’s labour. Material owned and manv- 
factured by the company was transferred in the 
same way to Germany down to the summer of 1916. 
During this same period, the company was authorised 
to carry on construction work and to make improve- 
ments to the plant, and, in the belief that his 
establishments would finally be respected, Mr. 
Dreux expended 8,000,000 francs, close upon half 
that amount being for new work. Then Mr. Dreux 
received the visit of a Mr. Meyer, of the Deutsche 
Bank—the head of which bank was Dr. Helfferich— 
who proposed the purchase by Germany of the 
Longwy iron mines and works, Mr. Meyer adding 
that the mines were of greater interest to his country 
than the works, these latter, moreover, would 
disappear, since the German Government had the 
intention of not leaving one single metallurgical 
establishment in proximity to the frontier. The 
German offer was never given effect to, and ulti- 
mately Mr. Dreux received orders from the Pro- 
tection Board to suspend all further operations. 

Then commenced the period of systematic removal 
and destruction of the Longwy plant. The blowing 
engines and converters were broken up; there 
were two 2,500-h.p. engines, the more recent one 
being destroyed first. The Germans from time to 
time notified the company which machine they were 
going to deal with next, adding that they required 
so many men for the work ; the company had thus 
to supply the men for the destruction of its own 
plant, and, under threat of heavy penalties, had to 
pay these same men. It is true the Germans 
promised to reftnd the company the expenditure 
it was incurring. When the amount had reached 
800,000 francs, Mr. Dreux claimed reimbursement, 
and refused in the meantime to make any further 
payment; then the enemy commandeered the 
whole staff and paid them with German-printed 
paper money. After these many months it must 
suddenly have dawned upon the Germans that their 
Protection Board was most unfortunately misnamed 
sich, since a Board which allowed the killing 
of part of the civilian population, or compelled 
civilians to destroy their own plant, could hardly be 
termed a board established for protective purposes. 
It is then that they appear to have formed the 
Distribution Office above referred to. The change 
had another advantage for Germany, since when a 
claim was made to the latter office for payment of 
the sums due by the Protection Board, the office 
replied : ‘“* The Board no longer exists, its obliga- 
tions do not concern us, apply to Metz.” The 
destruction and dismantling of the Longwy steel- 
works’ plant continued, and a large proportion 
of the machinery was sold by the German authorities 
to German ironmasters. Among the other vexa- 
tious actions we shall only mention the following. 
Before the war, the Longwy steel works had ordered 
an engine from the Société Alsacienne, Mulhouse, and 
had paid the first instalment agreed upon. The 





* See EnGIneERING, vol. cxii, page 618. 





672 


ENGINEERING. 


[JUNE 3, 1921. 








Germans went so far as to demand that Longwy 
should pay the balance still due as per the contract 
on this engine, an engine which when completed 
at the Mulhouse works—then in German territory— 
was sold by German command to the Phenix 
Company, Ruhrort. 

The works of the Société de Micheville, at Ville- 
rupt, in the same district and at no great distance 
from Longwy, were also completely pillaged and 
destroyed by the enemy. Like those at Longwy, 
they were away from the front and might have 
remained practically intact as regards machinery. 
Before the war, they consisted of six 250-ton blast 
furnaces, two 180 and two 600-ton mixers, five 
15-ton basic converters, eight rolling mills and 
various shops. At first, the raw material and 
portable machinery alone were removed; but in 
November, 1916, an order from the German head- 
quarters decreed the transfer of the whole plant 
to Germany, with a view “to protect it from 
aeroplane attack.” Curiously enough, at this same 
time the Protection Board had become the Distri- 
bution Office. As was the case at Longwy, German 
ironmasters visited the Villerupt works, made 
their selection, and during 1917 the installations 
were removed to Germany. What remained was 
blown up. The results of German activity are 
shown in Figs. 40 to 43, on Plate XX XVII, which 
illustrate the steelworks gas-driven blowing engine 
before the war; its site at the armistice; the 
850 mm. two-high mill, and also its site at the 
armistice. German labour not being sufficient for 
the work of removal, French civilians and French 
and Italian prisoners were compelled to help. 

The Homécourt works belonging to the Com- 
pagnie des Forges et Aciéries de la Marine et 
d’Homécourt—better known in this country as the 
St. Chamond Company, its former name—being 
located a few hundred yards only away from the 
former German frontier, were occupied by the 
enemy in the night from August 3 to 4, 1914. They 
were at no time near the battle front. What the 
Germans left of the works they evacuated on the 
date of the armistice, November 11, 1918. The 
installation consisted of seven blast furnaces having 
an annual capacity of 420,000 tons, 4 basic con- 
verters, 2 open-hearth furnaces, 7 rolling mills, 
maintenance and other shops, 23 locomotives and 
157 wagons. The iron ore was mined by the 
company from its concession close by ; the Germans 
worked this and were able to win about 3,000,000 
tons of ore, which they distributed to German 
works. The blast turnaces were dismantled, and 
all their iron and steel fixings, together with the 
mechanical appliances were removed, Of the 29 
Cowper stoves, four were completely taken down 
and the blast valves were removed from the 
others. All the blast-furnace machinery and acces- 
sory plant was either carried away or destroyed ; 
the same applies to the steel works’ side, The 
result of the German occupation is shown in 
Figs. 44 and 45, on page 670. Of these views, 
Fig 44 illustrates the remains of the plate mill: 
the Germans had no time to destroy it completely, 
but they took away the 2,500 h.p. electric motor. 
The other view, (Fig. 45), is taken in the Basic- 
Bessemer steelworks at the armistice ; the cast-iron 
columns supporting the converters were dynamited. 

Another works located in close proximity to the 
former German frontier is that at Joeuf, belonging 
to Messrs. de Wendel and Co. This comprised the 
iron mine of Grand Fond, having two shafts, the 
daily output of which, early in 1914, was 2,800 tons 
ofore. The Germans worked this mine down to the 
armistice. The damage to the mine—as is the 
case in regard to other :nines in the district 
—quite apart from the iren ore removed, pro- 
ceeds from the wrong method adopted by the 
Germans, a method which they followed with a 
view to obtain a maximum output, no heed being 
given to future operations. Besides this, a large 
portion of the mine rolling-stock was stolen and 
the plant was not maintained in proper working 
order. The works comprised also in 1914, eight 
blast furnaces having a daily production of 1,250 
tons, six basic converters, four rolling mills and 
one gas-driven power station, This plant was not 
worked by the Germans during tbeir stay ; they took 
it down, commencing with the rolling mills and 





following up with the steel works, the blast furnace 
fittings and the power station. A large portion was 
destroyed and the remainder was removed to Ger- 
many, together with all the stores, raw material, pro- 
ducts in course of manufacture and all spare parts. 
Immediately the Germans left, Messrs, de Wendel 
started to put their establishment into working 
order again; they repaired the two blast furnaces 
which had suffered least, and took in hand the 
putting down of a new steel works plant. A part 
of their cogging mill was undamaged and was in 





view. Messrs. de Wendel have since continued the 
restoration of their plant, with the result that at 
the present time, apart from the blast furnaces 
above referred to, the steel works containing six 
converters is in wurking order, as also is the 
cogging mill-and the wire-rod mill. The other 
mills will only be ready in twelve to eighteen 
months. Matters are greatly delayed by the 
economica! situation now ruling. 

Among the companies having works in close 
proximity to the former German frontier may also 
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Pont \ Movsson Company, Ausovut Works; Sire or THysseN Exvrectrric MACHINERY. 





Fig. 52. Pont A Movsson Company, Avsovut Works; Ruins or Spare Part Srores. 


Lorraine ; the other mills could not be repaired 
and re-installed, and it was decided to build new 
ones, The two blast furnaces referred to were 
put in blast on June 11, 1919; of the others two are 
ready for starting and four may be ready shortly. 
The steel works were re-equipped and ready to start 
on October 1, 1919, with four converters ; the two 
otherjconverters were ready in July, 1920. The 
views, Figs. 46 to 49 on Plate XXXVIII, give an 
idea of the Basic-Bessemer plant and cogging 
mill as the Germans left them, and as Messrs. 
de Wendel were able to reconstruct them in a 
comparatively short time after the armistice ; 
whilst Fig. 50, on page 671, shows the destroyed 
rail mill engine, the monkey used for this purpose 
being marked with a cross to the right of the 





be mentioned the Société des Hauts Fourneaux et 
Fonderies de Pont-ai-Mousson. This company 
owned three establishments; blast furnaces and 
foundries at Pont-i-Mousson having an annual 
production of 200,000 tons of castings, mostly pipes 
and fittings ; mines and blast furnaces at Auboué, 
the production of which was 200,000 tons of pig-iron 
per year; and foundries at Foug. The Auboué 
establishment was invaded by the enemy on 
August 3, 1914, and remained in his occupation 
until the armistice; it was hence, like the other 
works, a victim of German acts, as evidenced by 
Fig. 51, on the present page, which shows the site 
formerly occupied by the Thyssen electric machi- 
nery. Fig. 52, also annexed, illustrates the spare 
parts stores, the latter destroyed by gunfire. 
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The Société des Forges de la Providence owned 
two main establishments in France, one at Haut- 
mont, comprising open-hearth steel works and two 
rolling mill shops for sheets, plates and sections, 
and one at Rehon containing three blast furnaces, 
a basic steel works and two modern rolling mills 
driven by reversible electric motors. Both estab- 
lishments were pillaged and then completely 
destroyed, there being no military necessity for this 
wanton action on the part of the enemy. From 
1914 to February, 1917, the establishments were at 





belonging to the Arbel Company, a firm which started 
about twenty-five years ago, and owned a steel 
works having an annual capacity of 92,000 tons, 
forges, rolling mills, a unique flanging shop contain- 
ing a 1,200-ton flanging press, 22 m. (over 72 ft.) 
in length, for the manufacture of motor car, lorry and 
wagon chassis, and a shop for the construction of 
large capacity steel wagons. These French works 
were active competitors of similar works in Germany, 
and in 1914, shortly before the war, they had 
succeeded in obtaining the order for 100 oil-tank 











Fig. 58. 


the mercy of the Protection Board. Then the 
Distribution Office stepped in, together with a 
contractor from Aix-la-Chapelle, named Joseph 
Hollander ; they first removed the portable and 
stationary machinery for re-erection in Germany and 
then destroyed what they were compelled to leave. 
An idea of the extent of the German activity in this 
particular instance can be gathered from the views, 
Figs. 53 to 56, on Plate XXXIX, showing the 
950 mm. rolling mill before the war, its site after 
the German occupation; a view of the 450-ton 
mixer of the Basic-Bessemer plant, and the site 
formerly covered by that plant. 

Coming closer to the front, but still at a distance 
from it of about 18 miles, we may now conveniently 
deal, very briefly also, with the Forges de Douai, 
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wagons for Roumania. This fact the Germans 
could not overlook, and Mr. Charlier, partner in the 
firm of Van der Zyppen and Charlier, together with 
his relative, Captain Boecking, who had charge of 
the destructions at Douai and district, said to the 
engineer of the Arbel Company: “ This press which 
has enabled you to secure the Roumanian order, 
we are going to remove, to carry out the order in 
your stead.” On the following day the dismantling 
of the press was commenced by Russian labour, 
and it was sent to Germany. Besides this, the 
works owned numerous other presses, including 
a 3,000-ton forging press, smithies, fitting and 
erecting shops, all of which were pillaged and 
destroyed. All the drawings which German 
specialists deemed interesting were taken away by 





them, the remainder were burnt. The views, Figs. 
57 and 58, on this page, show the power station 
as it was in 1914 and at the time of the armistice. 

The Société des Forges et Aciéries du Nord et 
de l"Est owned three important metallurgical works 
in and near Valenciennes. The older one had 
converter and open-hearth steel works, and a 
puddling shop supplied with pig-iron from the 
company’s blast furnaces at Nancy; it contained 
also rolling mills, axle and tyre works, a power 
station, engineering and maintenance shops. Its 
production was 110,000 tons of finished material. 
A newer plant connected with the preceding one 
comprised three blast furnaces, a steel works, rolling 
mills, and a gas and steam-driven power station ; 
its production was 225,000 tons of pig-iron and 
185,000 tons of finished material. The third works, 
also in the vicinity, had a production of 24,000 tons 
of small rolled sections. In these, as in the other 
works, the Germans behaved atrociously. They 
occupied them on August 25, 1914, they first 
removed the stores and finished products, then the 
spare rolls and the ingot moulds. They then took 
down, commencing in 1916, the Ilgner engine sets, 
the cogging mill plant and, later, the buildings 
themselves, the overhead travelling cranes, power 
station, &c., all foundation bolts that remained 
being broken or bent. In 1918, the total ruin 
of the works was consummated by the destruction of 
the blast furnaces, Cowper stoves and other 
apparatus, by explosive charges and the oxy- 
acetylene flame. The views, Figs. 59 and 60, on 
Plate XL, illustrate the engine room as it stood 
as late as November, 1916 (the engines in the 
back-ground being the blast furnace blowing 
engines), and the same engine room as the Germans 
left it. The view, Fig. 61, on Plate XL, shows a 
part of the foundations which formerly carried the 
heavy rolling mills; whilst Fig. 62 on the came 
Plate illustrates the cogging mil] stolen from the 
Nord et Est Co., and re-erected by the Germans at 
Steinfort (Luxemburg). A part of the stolen plant 
shown in this view came from the Espérance Co., 
Louvroil. 

A complete illustrated account of the systematic 
destruction by the enemy of the French metal- 
lurgical establishments alone would require more 
than one of our issues, and we shall conclude our 
cursory description with a very brief reference to 
the way in which the Denain and Anzin works 
were dealt with. These were founded in the 
thirties of last century and had been remodelled 
shortly before the war. They comprised six blast 
furnaces, large converter and open-hearth steel 
works, cogging and numerous other mills for 
sections, sheets and plates. A large new plate mill 
had been completed in July, 1914, connected with 
a new flanging and plate-bending shop. The works 
were at a distance from the front. The whole plant 
was dismantled, and when Canadian troops arrived 
at Denain, after 51 months of German occupation, 
they found nothing but utter ruin and empty, 
broken-down buildings. The large plate mill, after 
the armistice, was seen broken up at Dortmund. 
Other machinery was found at various German 
works. We reproduce one view only of these 
works, in Fig. 63, on page 671, showing the ruins 
of the Denain and Anzin Co.’s blast furnaces, 
Nos. 3 and 4. We cannot conclude our very short 
account concerning these latter establishments 
without mentioning the fact that their director, 
Mr. Werth, remained at his post, He is well 
known to members of the Iron and Steel Institute 
for his scientific researches, some of which he 
carried out in collaboration with his friend, the 
late Mr. Osmond. Mr. Werth tried hard—as did 
other works’ directors—to save his plant, but 
without avail. He was ultimately imprisoned for 
six months at Holzminden, and his two daughters— 
who certainly had no concern with iron and steel 
manufacture—were taken from their family and 
were also, we regret to record, imprisoned at 
Holzminden for a period of seven months in most 
humiliating circumstances. 

The present article covers only nine large French 
iron and steel works which we have selected at 
random. The other large establishments with 
which we have no space to deal are in greater number 
still, without counting purely engineering com- 
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panies and scores of smaller metallurgical works 
whose specialities were subsidiary industries and 
every kind of transformation processes. We have 
left out also the works manufacturing non-ferrous 
products. But the above instances afford an 
illustration of the extent to which French industry 
has been wantonly. and deliberately crippled; they 
also point to the utter justice of our Allies’ claim 
for complete reparation, a claim which our British 
firms would certainly have made and upheld had 
their works been subject to similar treatment. 


(T'o be continued.) 





PSYCHOLOGY AND EDUCATION. 

TxE solution of the problems of life and mind is 
assuming a prominence and making claims for 
recognition that were undreamt of in the last cen- 
tury. Psychology now demands a place among the 
natural sciences, professing definite aims and precise 
methods of observation, that entitle it to respect 
and deference, Its advocates urge that its deduc- 
tions. are to be accepted as entirely as are the 
evident and material results that follow from ex- 
periments in physical laboratories. The realm of 
inquiry covered by its activities is singularly wide ; 
the proper construction to be placed on statistics 
and correlations no more escapes its scrutiny than 
do the elaborate hypotheses put forward to explain 
the transient and elusive phenomena of psychical 
manifestations. The principles which govern the 
science of the soul are regarded as definite and 
rigorous as those of physiology, and there are not 
wanting those who grow impatient if the apparatus 
connecting the nervous system and the machinery 
controlling thought is doubted or questioned. It is 
possible that mental training and the acquisition of 
facts depend on the formation of brain paths or 
neurograms, deepened by repetition, and that in- 
crease of associations increases the number of these 
brain paths. Inasmuch as every mental exertion is 
accompanied by a transformation or dissipation of 
energy, some record of the operation would be 
manifested, but the signs, as the mode of operation, 
entirely escape observation. There is a gap 
between physiological and psychological action 
which it is not possible to bridge, and the Rolandic 
or kinesthetic area affords a field in which the 
imagination can run riot, as it assigns work to 
various forces. We cannot perceive these “ arcs 
of intermediate level” or of “ higher level” in the 
same sense. that we perceive the motions of electrons 
in an atom, The whole psycho-physical apparatus 
eludes examination and control, but since there are 
processes whose ultimate effects are cognizable, it 
may be necessary and convenient to invent a 
nomenclature and machinery that pictures the 
operation, though the mechanism be incorrectly 
described. There are those who contend that the 
only field in which psychology can fittingly display 
itself consists in the examination of the behaviour 
of the subject. This view is apparently too narrow, 
it takes no account of emotions, but on the other 
hand, to treat conjectural results with the rigour of 
mathematical demonstration is hardly warranted, 
nor is it justifiable to demand the same ready 
acceptance for “laws” enunciated under such 
circumstances as for hypotheses longer held and 
submitted to severer examination. ° 

Whatever the limitations and imperfections of the 
method, psychologists have pushed their investiga- 
tions in two directions with ardour, and claim to 
have won great successes, both in the domain of 
education and of therapeutics, Confining attention 
to the educational re. it may be doubted if the 
systems inculeated will long outlive the reputations 
of the distinguished men responsible for their intro- 
duction and support. The insistence of novel pro- 
cesses will outweigh the suggestions of the past. This 
possibility of supersession points to imperfections 
incompatible with derivation from a sound scientific 
basis, and its inherent defect probably consists in 
treating facts of consciousness as possessing a 
physical mechanical character. Leaving out of 
view the principles of psycho-therapy the gain to 
educational methods from a connection with psycho- 
logical methods is not very pronounced. In some 
instances good results have the co-operation 
of teachers and psychologists, though it is impossible 





to overlook the unaided ability of the teachers, 
independent of any system, but on the other hand, 
pseudo-psychology has been productive of futile 
and even mischievous theories of education whose 
influence has been more marked the younger the 
subjects. And even where departure from long- 
established methods has accomplished material 
benefit, experience and capacity have contributed 
as efficient aid as the conclusions drawn from 
psychological laboratories. The psychical specialist 
is rarely the best guide in educational affairs. 
The keen sense of perspective which an able educa- 
tionist is anxious to preserve is liable to be lost under 
the complications arising from attaching relative 
values to different branches of study, while aloofness 
from the actual world of practice and teaching creates 
its own difficulties. The teacher who, captivated 
by the high educational ideals that appeal to 
capable authorities, attempts to introduce such 
methods without sufficient training and the neces- 
sary qualifications, is ing disaster. Failure is 
then more complete and thorough than when 
practising the humdrum methods sanctioned by 
long usage and adapted to more limited intelligences. 

The latest authority who has seen in psycho- 
logical principles a means of improving pedagogics 
and giving direction to a scheme of education, is 
Mr. J. C. Maxwell Garnett.* Confident in the 
reasoned deductions of science, he has had the 
hardihood to define a plan of education that might 
be welcomed by “‘ Jew, Turk or Infidel,”’ and at the 
same time to submit more detailed proposals fitted 
to the existing machinery in our own country— 
proposals that might be brought to full fruition in 
ten years. Mr. Garnett draws his psychology from 
the inspirations of William James and his pedagogics 
from Professor Whitehead. This does not imply 
that Mr. Garnett is wanting in originality or that he 
follows authority with blind obedience, but rather 
to indicate his place in the heterogeneous crowd 
who find edification under the broad banner of 
psychology, or give preference to certain sections in 
the hierarchy of educationists. This essay recalls 
the reflective caution and philosophic correlation of 
principle with principle that distinguishes the 
teaching of William James, and the bold catholicity 
of outlook, combined with eminently practical ends 
in educational matters, which characterises the 
utterances of Professor Whitehead. 

The author undertakes his task recognising the 
depressing fact that when education is discussed 
disagreement concerning first principles makes itself 
painfully apparent. This want of general agreement 
noticeable concerning the end of education, is still- 
more marked concerning the means. He is, there- 
fore, well aware that the submission of any new 
proposals is more likely to arouse dissension than to 
promote concord among the disputants. But, how- 
ever small his hope of achieving success, he does not 
admit that hopelessness affords a sufficient excuse 
for withholding a contribution intended to advance 
the scientific practice of education. Disagreement is 
regrettable but inevitable. As in politics, everyone 
considers his own opinion sufficient guide in all State 
affairs, and is prepared to advise Ministers on what 
were good to be done, so in education, many of us 
believe that we are sufficiently endowed by experi- 
ence or fitted by intuition to determine the most 
appropriate course to be pursued in the upbringing 
of our own children. We sympathise and approve 
of Mr. Garnett’s attempt to find common grounds for 
agreement and to bring order and coherence into the 
system of public education, but we are afraid that 
he has undertaken an impossible task. The public 
mind is not receptive. Prejudice and assertion 
have taken the place of justification and argument, 
reason or pleading is, alike, unavailing. The 
machinery of neurograms and cortical synapses, 
however cunningly treated, will awaken but little 
response, and the mechanism of emotion, regarded 
as an important factor by psychologists, will be 
treated with small respect. 

The defects of existing systems are fairly patent, 
and on salient points agreement is general. It is 
the discussion of appropriate remedies that reveals 
dissension. Few would dispute the fact that the 
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country has had small value for the many millions 
spent annually on elementary education. How- 
ever, many millions may be spent on new schemes 
that are accepted, not so much on their own merits, 
as from dissatisfaction with past results, similar 
discontent may be anticipated. For the aimlessness 
inseparable from amateurish experiments has not 
disappeared, and the divergence of aim caused by 
the conflicting efforts of many theorists still hinder 
progress. Uniformity of practice is lamentably 
wanting, and as a pupil passes from school to school 
or from form to form there is no guarantee that each 
teacher will not unwittingly undo what his pre- 
decessor has tried to effect. And, unfortunately, 
each authority utters such admirable sentiments 
concerning the aim of education, expressed with 
epigrammatic force, that consent is readily yielded, 
and we appear to have gained a new insight into 
the difficult problem. Sir W. Ramsay regarded the 
aim of training to be the cultivation of the “ power 
of concentration, the exercise of judgment and most 
of all, the development of the inventive faculties.” 
Dr. Mercier has declared the object of education to 
be threefold. ‘‘ It should include first, character : 
second, a habit of clear thinking; and third, a 
knowledge of facts . . . It is better to be good than 
to be wise, it is better to be wise than to be learned.” 
Parliament, presumably, with intention, has placed 
no definition of education on the statute book 
and refrained from providing any official guidance 
at,this essential point. The school code indulges 
in ‘Vague phrases about forming and strengthening 
character, upon which anyone may put his own 
construction, for character means different things 
to different people, and conveys a clear meaning to 
none. 

Does the psychologist offer a profounder insight 
and more exact information concerning educational 
ideals and purposes? Mr. Garnett’s book is well 
fitted to answer this question, for the author has 
examined the work and quoted the opinions of 
many experts. To get an intimate acquaintance 
with the literature is not easy, for the phraseology 
appears strange and the vocabulary unfamiliar. 
The employment of a mathematical notation and 
the introduction of unusual terms does not make 
the argument easier to follow, but unfamiliarity 
does not mean obscurity, and close attention will 
show that great care has been paid to nomenclature 
with very successful results. To explain the 
psychological position the author has thought it 
necessary to begin by enunciating or examining 
five “laws of thought,” a law being defined as a 
hypothesis consistent with experience. Five pro- 
positions would perhaps be a preferable description, 
for it is rather presumptuous to decorate our 
guesses at the operation of obscure processes with 
the exalted title of “‘laws.”’ As Poincaré, so often 
quoted in this volume, has reminded us, “ All a 
scientist creates in the fact is the language by 
which he expresses it.’’ Ifa century hence the state- 
ment of the “law” is found to be inconsistent with 
experience or ambiguous in expression, we have 
merely to change the language by which it is 
expressed. Einstein’s reading of the “law” of 
gravitation furnishes a memorable instance, though 
it cannot be said that he has yet found the language 
in which to express his “law.” Mr. Garnett’s laws 
are admittedly elastic ; he is quite prepared for new 
discoveries or generalisations to modify the facts 
or assumptions on which he has based these five 
laws, but accepting their present expediency and 
correctness, “‘they are made a nucleus around 
which a science of education may continue to 
grow.” But the deductions are not applicable and 
the results cannot be confined to any particular 
latitude or climate. If the system of education 
evolved from general considerations is perfect it 
must be world-wide in its application. “In the 
interests of human progress,” says Mr. Garnett, 
“the ultimate aim of education should, in its 
essentials, be the same the world over.” This 
conclusion is not obvious without developing the 
argument more fully than is possible here. These 
essentials, if we understand the author aright, is to 
form character distinguished by the possession of a 
strong will co-operating with a single wide interest. 
Such a character implies “ religion, faith, hope, 
and most important of all, love for one’s neighbour, 
as the prime mover towards the fulfilment of one’s 











JUNE 3, 1921.] 


ENGINEERING. 


675 








central purpose.” Some of these words are difficult 
of interpretation and would probably have a 
different significance in the minds of different 
people. Looked at broadly, the conclusion of the 
whole matter is not far remote from the final com- 
mentary of the writer of the Book of Ecclesiastes. 

The possession of such a character does not 
exclude the possibility of great variety in respect of 
the remainder of its content. For the m mem- 
bers of the world society are not all to have the same 
office. Differentiation of function partly depend- 
ing upon innate constitutional differences between 
individuals demands local systems of education. 
For Herbart maintains, that instruction supplies 
the only force that can modify character, and another 
authority quoted by Mr. Garnett in reply to the 
question, What makes character? replies, “The 
phenomena of disintegrated personality suggest 
that our characters are wholly a matter of brain 
associations, and that they may be altered for good 
or ill by anything that will bring about a re- 
arrangement of those associations.” Mr. Garnett 
has, therefore, considered at considerable length a 
system of education which, founded on the principles 
already formulated, might be established in Eng- 
land if the necessary funds were forthcoming and 
educational authorities could arrive at substantial 
agreement. The scheme is designed to be practical 
and is intended to indicate the beginning of the 
development of the present position of education 
in England in such a way that the construction of 
the most perfect system conceivable at this date 
may follow. Into the details of this ambitious 
scheme it would not be prudent to enter, more 
especially as physiological psychology is little 
concerned. Had Ruskin grappled with the over- 
whelming details he might have imagined such an 
organisation when he declared “ that the education 
which makes men happiest in themselves is that 
which also makes them most serviceable to others.” 
Classification and selection form the foundation 
of the system for naturally a uniform course of 
instruction, irrespective of personal aptitude, is 
not to be recommended. The study of the plan is 
assisted by the preparation of an elaborate diagram 
to facilitate the comprehension of the inter-relation- 
ships of the several types of education, types of 
schools and colleges, and also “to illustrate a pro- 
posed system of scholarships, together with mainten- 
ance allowances that would bring every kind of 
education within the reach of all British subjects 
of sufficient educational promise.” 

It is painful to contrast the labour that has been 
expended on the elaboration of such schemes in the 
past with the smallness of the practical outcome, 
and as a rule the more thorough and far-reaching 
the proposals the less chance have they of being 
adopted. Plans that are hailed with enthusiasm 
on presentation are whittled down by timorous or 
incompetent statesmen till only a shadow of their 
original effectiveness remains. The postponement 
of Mr. Fisher’s proposals for compulsory part-time 
education affords a recent instance. But to those 
who have no official connection with the Education 
Department a great difficulty appears to consist in 
the preparation and equipment of a sufficient 
number of qualified teachers. Mr. Garnett con- 
cludes his treatise with a short chapter on teachers, 
but gives no estimate of the number that would be 
required to work such a scheme as he contemplates. 
Such an estimate is the more necessary as through- 
out the country a lament is heard that an insufficient 
number of candidates offer themselves annually 
for the teaching profession. 





NOTES ON NEW BOOKS. 

ALTHOUGH @& deal of information on the subject 
of airships has published in the columns of the 
technical press, and in the form of rs read before 
scientific societies, it must be admi that there is a 
dearth of books in the English language devoted to this 
subject alone. Certainly Mr. H. B. Pratt’s work on 
- Commercial Airships” is the first publication of 
its kind that has come to our notice, and we welcome 
it as a very readable treatise on a subject of considerable 
interest and im . Mr. Pratt, who as chief 
engineer of Messrs. Vickers’ airship department has 
had exceptional opportunities for acquiring the 
necessary data, deals with the evolution of the airship 
and illustrates its commercial possibilities by per- 





formances already achieved. The chapters dealing 
with possible transport services and proposed types of 
commercial airships are naturally of a somewhat 
peculative nature, but it is financial, rather, than 
technical, considerations which, at present, hinder the 
development of airship transport. Mr. Pratt’s careful 
estimates of the costs of operating various services are 
therefore of particular interest. Allowing for a return 
of 10 per cent. on capital expenditure, the author 
calculates that the passenger fare for a journey by 
airship between London and New York would be 771., 
and for a trip of 1,000 miles in a trans-Continental 
service the corresponding figure would be 25/. Mail 
matter could, he estimates, be carried on the trans- 
Atlantic service at the rate of 4d. per ounce, and on 
the trans-Continental service at 14d. per ounce, Doubt- 
less the results obtained with R. 36 will help to establish 
these figures or enable them to be corrected. The 
remainder of the book is devoted to such matters as 
the structural features and construction of airshi 
power units, stability and control, &c., and incl 

an interesting and important chapter on the probable 
trend of improvement in performance. In this chapter 
the general characteristics of airships with capacities 
ranging from 1,000,000 cub. ft. to 10,000,000 cub. ft. 
are given in diagrammatic form, and it should be 
noted in this connection that it is now possible to pre- 
dict the performance of an airship, before it is con- 
structed, with about the same degree of accuracy 
as in the case of a surface ship. There can, we think, 
be little doubt that the commercial airship will 
eventually take an important place in the rt 
systems of the world and that its advent will be 
hastened by a more general realisation of its possi- 
bilities. Mr. Pratt's book, which is published by 
Messrs. T. Nelson and Sons, Limited, at the price of 
15s. net, should certainly help to influence public 
opinion in the right direction. 








Callendar’s tables and formulas for steam are now 
the recognised standard, although for work’s use, less 
conveniently arranged than some of the inaccurate 
and inconsistent tables previously published. As 
originally issued, the main steam table was printed 
both in Centigrade and in Fahrenheit units, an un- 
necessary complication for most engineering purposes, 
whilst the subsidiary tables were given in Centigrade 
units only. No doubt as a counsel of perfection it 
would be well if our engineers would agree to scrap 
the Fahrenheit scale, but progress in this direction is 
slow. Whilst many engineers do not require Centigrade 
units, the rival scale is of no use to physicists, and thus 
Messrs. Edward Arnold have thought that the con- 
venience of both might be met by issuing two distinct 
sets of ‘* Abridged Callendar Steam Tables” and 
diagrams, each based on the one temperature scale 
only. The main table gives in each case the properties 
of saturated steam at all pressures from 0-5 Ib. up to 
550 lb. per square inch., whilst the subsidiary tables 
show the total heats and entropies of steam at various 
pressures superheated by from 0 deg. to 400 deg. F. 
or “‘ super-cooled ’’ by from 0 deg. to 60 deg. F. This 
arrangement is for engineers generally more convenient, 
than that in which the steam properties are given at 
certain temperatures, instead of at certain superheats. 
The abridged tables are published at 1s. each, and the 
corresponding diagrams at 6d. each. 


Commenting, some 20 years ago, on conditions 
in this country, a well-informed continental engineer, 
noted as remarkable the fact that here a workman 
might successfully aspire to the very highest positions 
in the profession. What was demanded of him, he 
observed, was merely the ability to do the work 
required, whilst on the continent he stated, the aspirant, 
however great his natural ability, was confronted at 
every stage by a demand for certificates. A workman 
who rises must possess a greater knowledge of scientific 
principles than would have been required under 
corresponding conditions from his grandfather, but 
the qualities for obtaining this have been at least 
proportionately improved, even where local condi- 
tions make it impossible for him to attend a regular 
course of instruction. Text books are now available, by 
means of which the private student of ability may go 
far without the assistance of a teacher. The treatise 
on “ Heat Engines,” just published by Messrs. Longmans 
Green and Co., at 17s, 6d. net, seems particularly well 
adapted to the needs of such students. Its author is 
Professor D. A. Low, M.I.Mech.E. The volume will 
be found an excellent textbook for those taking 
honours courses in the technological examinations of 
the Science and Arts Department, and of the City 
and Guilds of London Institute. It is not in any 
sense a work of marked originality, but it is re- 
markably comprehensive and most amply illustrated, 
there bei over 650 engravings. These show, 
amongst er things, the design and arrangement of 
practically every component or fitting of boilers and 





steam engines, and the descriptions are clearly written. 
Following each chapter are a selection of exercises. 
which will be simply invaluable to the private student 
who can thus test his knowledge at every stage. 
Most of the theoretical problems which confront the 
designer are adequately dealt with and undoubtedly 
the book will prove extremely valuable to the student 
and draughtsmen, whilst as a work of reference, it will 
be useful to many others. On matters of pure science, 
however, the author is open to criticism, and some of 
his remarks on physics are ing. A notable 
example is the assertion on page 96, that it is only 
at temperatures far above the liquefaction point, 
that equal volumes of different gases contain the same 
number of molecules at a stated temperature and 
pressure. The author has apparently not given 
the attention they deserve to modern views as to 
the constitution of vapours, a conclusion which 
receives confirmation from the steam tables printed in 


the properties of steam during the last 25 years is 
ignored, 





Amongst recent publications made by the Depart- 
ment of Scientific and Industrial Research we note a 
pamphlet on sand-lime and other concrete bricks 


compiled Mr. H. O. Weller, B.Sc., M.Inst.C.E., the 
director of buil research, and to be obtained from 
H.M. Stati at a cost of 3d. net. The great 
advantage of sand-lime bricks is the little time 
required for their manufacture. As made by the 
Michaelis process the materials are mixed one day and 
the bricks are delivered ready for use the next morning. 
The cost of the for an output of 3,000,000 bricks 


per year is 12, , or 15,0001. for an output of 5,000,000 
per annum. The gross manufacturing cost is said 
to average about 45s. to 50s. per 1,000, but depends 
upon the cost of the sand. Another pamphlet issued 
by the department at 9d. net is a “ Report on the 
Simmance Total Heat Recording Calorimeter,” by 
Messrs. Gray and Blackie. The reporters state that 
the degree of accuracy attained with this instrument 
is remarkable, the errors being seldom more than 2 per 
cent., and this figure can, it is believed, be reduced 
with further experience. The same authors are 
responsible for another pamphlet published by the 
department at 6d. net, in which a new laboratory 
method for “The Assay of Coal for Carbonisation 
Purposes”’ is described. The method ap to be 
simple and applicable to a great variety of coals, the 
results being very consistent inter se. 





The term “ tank” has acquired a new significance 
during the past few years, but the treatise on “ J’ank 
Construction ”’ just issued at the price of 12s, 6d. net, 
by Messrs. Emmet and Co., Ltd., of 65, King-street, 

chester, has no reference whatever to the weapons 
which proved so important a factor in the defeat of 
the great German army. The book, in fact, deals 
solely with the construction of steel containing vessels 
for water and other fluids. Its author is Mr. E. G, 
Beck, Wh.Ex., A.M.1.C.E., who has treated his subject 
pretty exhaustively. His opening chapter deals with 
the nature of materials, the quality of workmanship 
and the working stresses permissible in steel tanks. 
In all three matters his views are very conservative, 
and may, perhaps, be deemed unreasonably so by some 
makers. ter on the author discusses pretty fully 
the economic proportioning of tanks, pointing out that 
purely mathematical considerations must not be 
pushed too far and that practical considerations often 
justify considerable departures from the proportions 
which make the weight a given minimum for a given 
cubic capacity. Almost every possible form of steel 
tank is discussed in detail, and the text is supple- 
mented by numerous illustrations which will greatly 
assist the reader. Due emphasis is laid on the practical 
side of the problem, and the remarks on rivets and 
riveted work generally are worthy of particular men- 
tion. On the theoretical side treatment seems 
adequate, though the methods might fail to sati 
the expert in the mathematical theory of elasticity. 
strict application of the methods of this branch of 
applied mathematics is, however, commercially im- 
racticable save in very exceptional cases, as the 
ormulas arrived at are generally so complicated as to 
be useless to any but a professional computer, and 
experience shows that in practice simpler approxima- 
tions suffice, the more especially as in tank work at 
any rate there is no very direct connection between a 
maximum stress and the factor of safety. The load on 
a tank is steady, so that the secondary stresses, which 
may occur at junctions between the walls at the 
bottom have little at no practical import. In ship 
work, where reversals of stress are frequent, secon- 
dary stresses are more serious, and the material 
often condescends to fail just as the mathematical 
theory says it should, but even here only quali- 
tative applications of the theory are made in 





actual practice. 
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A new machine for grinding cylinders or other inter- 
nal grinding work, brought out by the Heald Machine 
pe | , Worcester, Mass, U.S.A., is illustrated on this 
pages 677 and 678. It is primarily intended 
for Sy atndies block castings of two, four or six cylinders 
for internal-combustion engines and is larger than pre- 
vious models and designed for heavier work. The photo- 
graph reproduced in Fig. 1 gives a good idea of the 
machine from the operator's side. The bed will be 
seen to be a very heavy casting which provides a much 
more rigid work platform than does the knee and pillar 
type of machine. It is therefore much better suited 
for work on multi-cylinder castings, while the width 
of the bed is such that good support is given to the 
cross-slide in all working positions. 

The main drive is by 4-in. belt direct from the line 
shafting, all the operations being controlled at the 
machine itself, without countershafting. Figs. 2 and 3 
show the main drive. Fig. 2, it should be noted, is 
reversed relative to the other drawings and the view 
Fig. 1. This unit is fixed to the back of the machine. 
The pulleys shown within the guard, to the right of 
Fig. 2, and left of Fig. 1, are the fast and loose main 
belt drive. The large diameter pulley, which forms 
= of the same casting as the fast pulley, is the spindle 

drive pulley. The spindle, like all internal grinders, 
revolves eccentrically in a sleeve, in addition to re- 
volving on its own axis. The belt drive is therefore 
not direct, in this instance the spring-controlled idler 
shown in Figs. 4 and 5 beirg utilised to maintain 
uniform tension on the belt. From the main shaft 
pulley a belt drives the smaller pulley of the idler 
pair, another belt running from the larger step to the 
wheel spindle. This will be evident from Fig. 1, 
showing the belts in position. The idler step pulley is 
mounted on 8.K.F, ball bearings. Tension can be put 
~— the spring by means of an eye and tension screw 

ust behind the largest portion of the pulley guard 
in a Fig. 2. 


The head we shall deal with in a moment, as the 
movements will be best understood by referring next 
to the main speed-box shown in Figs. 6 and 7, and in 
Fig. 1 at the left hand bottom corner of the bed casting. 
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The specd-box is driven by belt off the pulley shown in 
Fig. 2 at the left-hand end of the main drive shaft, 
across the bed, and on to the large pulley at the right- 
hand end of Fig. 7. The speed-box contains two shafts 
and provides two speeds for the step pulley at the left 
end. This pulley is shown of two diameters, and when 
epakic wank dvieve o0 ho 0 ep oaaay eaiaeainnns, 
Fig. 8. As shown in Fig. 8, however, single i r 
pulleys only are often used for the drive of the spindle 
a from the speed-box. In Fig. 1 single-diameter pulle 
are shown. The speeds are controlled by the wu t 
‘ever standing up from the box, which operates two 
friction clutches. The central position is neutral, 

In Fig. 8, the spi Py ay ee ry yoy NN 
end, a spur wheel which meshes with the gear 
fixed to the outside of the large sleeve b carried in the 
head, and this sleeve is uently provided with two 
speeds of revolution. The hand wheel on the outer 
end of the spindle a serves to revolve the sleeve 6 when 
the speed lever is in neutral, for purposes of adjustment. 
The sleeve } carries mounted in it eccentrically another 
sleeve c, and mounted again eccentrically in ¢ is the 
wheel spindle. This arrangement is well known, of 
course; the double eccentricity enables the spi 
to be revolved about the axis of 6 at a distance w is 
adjusted by this means. The adjustment is shown by 
the gear shown in Fig. 9, carried on the front of the 
sleeve 6 and revolving with it. Ordinary large adjust- 
ments are made by the spindle and worm d which 
meshes with the worm wheel e, Fig. 8, Small divisions 
are obtainable while the head is revolving at low 
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8 s by the knurled knob on the upper spindle in 

ig. 9 and gears to the right, down to the same worm. 
When adjustments are to be made at higher speeds, 
the lever shown in Figs. 13 and 14, seen just below the 
front head bearing in Fig. 1 is used. This lever carries 
at its right-hand end ap arm on which is a raised fin 
orcam. This cam can engage with a star wheel shown 
as the largest wheel on the upper spindle, Fig. 9. 
When engaged as the head revolves, this star is conse- 
quently moved on one division each revolution. The 
lever, Figs. 13 and 14, is spring-loaded at its left-hand 
end, and will only engage with the star wheel when 
pulled down and forward, immediately springing back 
to the disengaged position on release. 

The machine is fitted with one of a number of 
standard spindles. That shown in Fig. 10 is the 
smallest standard for grinding holes 14 in. in diameter 
and 7} in. long. At the front the spindle has a conical 
bearing in a bush mounted in a larger bush carried in 
the eccentric sleeve c. At the back the spindle is 
carried in a S.K.F. ball bearing. The usual spindle 
forthe machine is intended for holes 2 in. in diameter 
and 11 in, long, or up to 3 in. diameter and 18 in. long. 
The spindle shown in Fig. 12 is an extra long one for 
holes 5 in, in diameter and 23 in. Jong, and also holes 
3 in. in diameter and 16} in. long. This spindle is 
supported by a very long sleeve which in turn is 
supported by a housing fixed to the front end of the 
eccentric sleeve c. The spindle has three bearings, of 
which the back one is a 8.K.F. ball bearing. Alter- 
native wheels can, of course, be used as shown in Figs. 
il and 12. The normal speed with 950 r.p.m. at the 
main drive pulleys, is 6,400 r.p.m. at the grinding wheel 
for the standard wheel, with 3 in. by 15 in. work, in 
which case wheels 34 in. and 4 in. in diameter by ? in. 
face are used, 

Above the speed-box, and driven from its first 
motion shaft, is the feed-box through which the main 
slide is worked. The drive by belt between the two 
boxes may be seen in Fig. 1, and is from the smallest 
pulley of all in Fig. 7, to the pulley at the left-hand end 
of Fig. 17. This box provides three speeds, each of 
which can be used with the two speeds from the speed- 
box drive. The gears in the feed box are engaged by 
a sliding key controlled by the upright lever on the 
right. Fig. 18 is a detail of’ the cover attachment. 
From the feed box a horizontal shaft runs to the reverse 
box shown in Figs, 15 and 16, and to the right end of the 
bed in Fig. 1. In this box are two dog clutches giving 
forward or reverse drive through bevels to the horizontal 


spindle in Fig. 15, to the inner end of which is keyed | 
This worm drives the table through the worm | 


a worm. 
wheel f, Fig. 19, and the vertical shaft, pinion and 
rack shown in that figure. The reversing clutch is 
automatic, or can be operated by hand from ‘a lever 
under the main head, by means of a pull rod to be seen 
in Fig. 1. This rod acts on the lever g, Fig. 16, which is 
forked at its lower end to take a block sliding on a rod 
fixed in a cradle carrying two springs. The movement 
of this cradle is delayed by the catches /, so that if the 
lever g is moved over, one or the other of the springs 


: | also the table drive. 





SSMS. 
> 


is compressed, but the cradle itself does not move. 
When, however, the movement of 7 has proceeded to 


_|a@ certain point the trip i lifts up the catch A and the 


eradle is pushed quickly over by the spring, releasing 


|| one clutch and engaging the other. 


A section of the bed is shown in Fig. 19. This shows 
The worm wheel f is loose on the 
vertical spindle, but fastened to a clutch whose disc is 
shown below it. This clutch drives the spindle, being 
controlled by the two obtuse angle levers terminating 
in the hand lever to the left of Fig. 19, and shown above 
the feed shaft in Fig. 1. This handle therefore con- 
trols the table movement. Just above it is, in Fig. 1, 
the squared end of a spindle. This at its inner end 
has a bevel, gearing with the mitre wheel k, Fig. 19, 
which in turn works a pinion in mesh with the table 
rack. This provides rapid hand adjustment for the 
table. 

The ways of the main table slides are dovetail, with 
heavy gib. Oil pockets and rollers provide proper 
lubrication. The main table is of such length as to 
protect the ways from grit and dust. The main 
table J carries a slide m, which in turn carries the cross- 
slide n, The latter can be traversed 24 in., its working 
surface being 28 in. long by 14 in. wide. It will be 
noticed that the ways carrying the intermediate slide m 
are sloping. This enables adjustment for height of 
work to be made through an amount of 0-125 in, 
This adjustment is made by the screw o and block, 
actuated by mitres from a spindle whose squared end 
can be seen to the left of the intermediate slide in 
Fig. 1. The end of the cross-slide screw spindle ma 
also be seen in Fig. 1. This spindle is fitted with 
micrometer collars for fine adjustments of the work, 
and adjustable dogs can be set to indicate the centre-to- 
centre distances of cylinder bores. The dogs for the 
automatic control of the table are attached to a dog 
bar fixed to the intermediate slide m. They-are shown 
in Fig. 20 and alsoin Fig. 1. By this means any change 
of position of the work, relative to the wheel or the 
main table, due to adjustment for height, does not 
affect the point of automatic reverse. 

The greatest and least distance of the working top 
of the cross-slide below the centre of the grinding 
circle is 94 in. and 9 in. It will be noticed in Fig. 1 
that all the control levers, apart from the belt shifter 
are brought close together at the left hand of the 
operator. 

An examination of the drawings will reveal a con- 
siderable use of ball bearings, and also the care which 
has been taken to provide for lubrication to all parts. 
The machine is intended for dry grinding, and an 
exhauster with rubber hose and metallic pipe connection 
are provided, the latter on an adjustable stand so that 
it can be fitted to the cylinder being ground to draw 
off the dust. In order to combine the advantages of 
dry grinding with the uniform temperatures of wet 
grinding it is recommended that water should be 
circulated through the jackets of cylinders being 
ground, A pump and tank is furnished at the back 
of the machine. 

We are informed that at the Stevens-Duryea works 
at Chicopee Falls, Mass,, U.S.A., cylinders are ground 
on this machine to 0-0002 in. for diameter and straight- 
ness. The Allison Experimental Company, of Indiana- 
polis, Ind., U.S.A., report that they are able to grind 
20 holes and radii at one setting, so that they do not 
vary 0-0002 in. in relation to one another. Cylinder 
blocks are, of course, carried on the slide in special 
jigs to suit the type of casting to be worked. 

The agents in this country for the Heald grinders 
are Messrs. Alfred Herbert, Limited, Coventry. 





INDUSTRIAL NOTES. 

Tue coal conference to which we referred in our 
last issue was held at the Board of Trade, and was 
addressed at length by the Prime Minister, who said 
the Government’s proposal was a temporary settlement 
by which the wages will be scaled down gradually 
to the economic level, the deficiency to be made up 
out of a composite fund to consist of the 10,000,000/. 
put in by the Government and of the contribution 
which is involved in the proposal of the owners, a 
proposal which, he added, he had not yet thoroughly 
comprehended. That temporary provision on the part 
of the Government was dependent, as far as the 
Government was concerned, upon an agreement having 
been arrived at either as to the actual terms of a 
permanent settlement or as to the machinery to 
determine those terms. 


The detailed terms of the Government’s proposals 
to settle the coal dispute were communicated to the 
executive of the Mining Association and of the Miners’ 
Federation last Saturday. They embody the condi- 
tions set out by the Prime Minister and briefly given 
above, and in the matter of the permanent scheme; 
the terms state the following :— 

“ As it is plain that the parties are unable to agree 
upon the terms of the arrangement for a continued 
period, the matter in controversy must be decided by 
one of the three following methods : (1) That a National 
Wage Board should be set up composed of equal 
numbers of representatives of the coalowners and 
miners over which a neutral chairman with a casting 
vote should preside. (2) That a tribunal of three 

rsons should be established to decide the matters at 
issue. (3) That the questions in dispute should be 
referred to a single arbitrator. 

‘** The decision of the body or person selected should 
be binding upon both parties for a period of twelve 
months and thereafter subject to three months’ notice 
upon either side. 

“The determining body shall decide : (a) The wage 
to be paid at the end of the temporary period. 
In arriving at a decision upon this question regard 
should be had to: (1) The capacity of the industry in 
each district to pay ; (2) the provision of a subsistence 
wage to the lowest-paid worker; (3) the possibilities 
of increasing output ; (b) the amount of the minimum 
standard wage in each district ; (c) the proportion of 
profits to wages in the distribution of the proceeds of the 
industry. 

The determining body must report within two 
months.” 

Both the owners and the miners are holding meet- 
ings to consider the Government terms and a way out 
of the dispute. In the meantime, the Railway and 
Transport Unions have removed their embargo con- 
cerning the handling of imported coal. 


A report having gained currency—following separate 
meetings of the Prime Minister with the owners and with 
the miners—to the effect that the Government would 
resort to compulsory arbitration should their proposals 
for the settlement of the coal dispute not be accepted, 
the Prime Minister stated in Parliament last Monday 
that Government hoped the terms suggested would 
be adopted, but he had made no announcement as to 
the steps which would be taken in the event of their 
being rejected by either the owners or the miners. 
The question of asking Parliament to establish compul- 
sory arbitration was not even mentioned. 

It is greatly to be regretted that in the present 
state of tension misunderstandings such as that on 
“compulsory arbitration” should occur. The point 
gave rise last Tuesday to an exchange of letters between 
the Prime Minister and Mr. F. Hodges, the latter 
stating that in view of the Prime Minister’s declaration 
of Monday in Parliament he felt it his duty to authorise 
the Press Association to say “it was quite true Mr. 
Lloyd George did not make any specific reference 
to compulsory arbitration, nor in fact were the words 
used “ 


The following may seem irrelevant, but we should 
like to add that in this present state of tension it is 
very regrettable also that the time of Parliament 
should be taken up by debates on allowances to 
Members in the shape of railway travelling facilities 
and income-tax exemptions. The debates of last 
Wednesday on the two points were far from dignified : 
the travelling expense vote was rejected by a small 
majority; in regard, however, to the income-tax 
question, a compromise in which expenses are to 
intervene appears to have been arrived at. 

The statement in our last issue with reference to 
the Madeley Colliery is contradicted -by the following 

ph taken from The Birmingham Post: “A 
Esbcer correspondent writes that Mr. William Latham. 
secretary of the Shropshire miners, and a member of the 
Executive of the Miners’ Federation, has asked him 
to contradict the report that the men at the Madeley 
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Colliery have resumed work. The question was raised 
at the meeting of the Miners’ Executive, when the 
position was explained by Mr. Latham, who received 
the following telegram from Madeley: ‘ Men are not 
working at Madeley.—Tranter.’ ” 

“The facts are stated to be that an arrangement 
had been made for 12 men to work at the colliery 
for the purpose of supplying coal required for hospital 
and institutional use in the district, but owing to the 
publication of reports of restarting of the colliery these 
men have been withdrawn by the Shropshire “Miners 
Association.” 





_ In Parliament last Friday Mr. G. Barnes called 
attention to the fact that the Government had not yet 
submitted to Parliament certain conventions adopted 
by the International Labour Conference held at 
Washington at the end of 1919, and moved “ That in the 
opinion of this House, the conventions adopted at the 
International Labour Conference under the League of 
Nations should be submitted to Parliament as the 
competent authority.” There were, he added, two 
outstanding conventions, relating to 8 hours and to 
maternity. He did not vote for the maternity con- 
vention, and the Government were not under a moral 
obligation to pass it. The British delegates voted 
for the 8-hours’ convention at a time when the Govern- 
ment were committed to 8-hours legislation, and they 
did so in strict conformity with the instructions given 
before they left this country and afterwards. He con- 
sidered the Government were under an obligation 
to carry out that convention. Dr. Macnamara, 
Minister of Labour, moved as an amendment ‘ That 
it is not expedient in existing circumstances to proceed 
with legislation to give effect to the Washington 
convention on hours of labour.” He added that the 
position with regard to the great majority of the 
proposals put forward at the Conference was that they 
had already been translated into definite legislative 
action, and were in effective operation in this country. 
After discussion the debate was adjourned. 





Mr. W. C. Bridgeman, Secretary for Mines, has 
announced that in accordance with the provisions 
of Section 4 of the Mining Industry Act, 1920, he has 
appointed the following gentlemen to serve on the 
Advisory Committee for the metalliferous mining 
industry :— 

Sir Cecil Lindsay Budd, Chairman. 

Brigadier-General G. M. Jackson, Mr. Myles Kennedy, 
J.P.; Mr. 8. J. Lloyd, J.P.; Mr. Claud Edward 
Pease, J.P.—Representatives of owners of iron ore 
mines and quarries. 

Mr. Harry Dank, J.P.; Mr. T. Gavan-Duffy, Mr. 
William Lewney, J.P., Mr. Will Sherwood—Repre- 
sentatives of workers in or about iron ore mines and 
quarries, 

Mr. R. Arthur Thomas—Representing owners of 
tin mines. 

Mr. Joseph Harris—Representing workers in or 
about tin mines. 

Mr. Anthony Wilson, J.P.—Representing owners of 
lead and zinc mines, 

Mr. James Wignall, M.P.—Representing workers in 
or about lead and zinc mines. 

Mr. Thomas Falcon; Mr. Frederick H. Hatch, 
Ph.D.; Mr. Frank Merricks, mining engineers. 

Mr. Frank William Harbord, metallurgist. 

Mr. T. C. F. Hall; Professor Henry Louis, D.Sc. ; 
Dr. James Malcolm Maclaren—Economic geologists. 

Mr. J. J. Burton—Representing the iron and steel 
industry. 

Sir Kenneth Weldon Goadby—Representing medical 
science. 

Mr. F. C. Starling, of the Mines Department, will 
act as secretary to the committee. 

Arrangements are being made to hold the first 
meeting of the committee as soon as the present 


emergency in connection with the coal mining industry 
is past. 





The sixty-third financial report recently issued by 
the Associated Blacksmiths’ and Ironworkers’ Society, 
for the year to December 31, 1920, states that the 
balance in hand at the close of the year was 
72,6071. 3s. 10d., an increase over 1919 of 7,789. 7s. 4d., 
the average value per member being 3/. 3s. ld., an 
increase over that of last year of about 3s. per member. 





On the occasion of the twenty-fifth anniversary 
of the Union of Danish Employers, the chairman gave 
® survey of the position and the future aims of the 
union. He pointed out that wages. were now being 
reduced, adding that they would have to be reduced 
still further. Considering, however, the difficult 
situation -which now obtained it was of the utmost 
importance that the country’s labour should be fully 
utilised and paid according to its quality. Minimum 
wages, when Properly understood and applied, were 
satisfactory enough, but in many industrjes it was a 





most decidedly bad arrangement, for example, in works 
where there might be adjoined to the best type of 
workmen a number of inferior hands. He referred to 
the 8-hour day, as “ a child of the war, the life of which 
might be somewhat uncertain.” The larger countries, 
he added, had not adopted it finally. In Germany 
attempts were made to evade it in every possible way, 
and where the 8-hour day had been legally fixed, clever 
endeavours were made to save it in principle, but to 
get over it in practice. In Denmark all-round —_ 
cations of the 8-hour day was giving the State a deal 
of trouble. 





« BRITTLENESS.” 
To THe Eprror or ENGINEERING. 

Srtr,—Sir William Orpen’s sketch “End of a Hero 
and a Tank, Courcelette,”” shows a steel plate smashed 
through and cracked, but not visibly distorted. It 
seems curious that some plates should make a good 
show of resistance, while others, purchased to the same 
specification, break up like cast-iron. Tank officers 
must be pardoned if they inquire what progress has been 
made in regulating variations of this kind, d the 
following approximate analysis (due mainly to Osborne 
Reynolds) may prove convenient as a basis for experi- 
mental assessment. 

When the plane surface of a body is struck by a 
hammer —s at a variable velocity u the momentum 
is constant so the surface starts moving with a velocity v 
given by :— 

v=u = i ‘ » ae 
aVit+pV 


where p, and p are the densities of hammer and body, 
and V; and V are the velocities with which stress is 
transmitted normally to the surface. 

As an independent fundamental proposition, it is 
evident that an elastic circular shaft must break when 
one end is given an impulsive rotation correspondin; 
to an impulsive change of peripheral velocity whic 
exceeds : 

w= Q 


J Np 
where N is the modulus of distortional elasticity and 
Q is a characteristic stress which has not yet been very 
fully investigated, but is unlikely (in steel) to be widely 
different from what is called the “ shear elastic limit.” 

The conditions in the shaft and the smitten surface 
are evidently identical, and combining the two equa- 
tions gives for the reciprocal of the critical velocity, 
which just suffices to break the surface : 

1_ Np pi Vi 


U Q mvVitrpv. 


It appears from this equation that the relative “ brittle- 
ness”’ of two bodies will depend on the mechanical 
properties of the hammer used to test them, but that if 
the hammer be ideally rigid, or always of the same 
material as the body it is used on, the resulting scale 
is an absolute one, viz. : 


p= Np 
Q 





(2) 


(3) 


+ (4) 


The density of steel may, for this purpose, be regarded 
as invariable, so what is here termed “ brittleness ” 
depends only on two simple constants. Lloyd’s and other 
commercial tests afford no indication of N, and it is 
possibly for this reason that they give no indication 
of the probable effect of blows—whether from shel) 
fragments or from the streams of particles emitted by 
detonating explosives. 

Yours faithfully, 
J. INNEs, 

12, Edwards-road, Whitley Bay, May 31, 1921. 





THE CONTROL OF INTERNAL COMBUSTION 
ENGINES. 
To tHe Eprror or ENGINEERING. 

Sir,—In EncGrineerinc of December 24, 1920, and in 
Automotives Industries (New York) of February 24, 
1921, we read of results obtained by H. R. Ricardo 
in his experiments. He advocates “‘the addition of 
inert gases which serve merely to delay the normal rate 
of burning.”” Thus “ detonation can be kept in control 
and a much higher compression ratio can be used.” He 
says, again, “While it is not possible to weaken the 
mixture strength so long as the charge is homogeneous, 
it is possible to do so by means of stratification, that is 
to say, by supplying the cylinder with a relatively small 

of combustible mixture and admitting separately 
a large charge of air, keeping the two separate until after 
ignition.” 

With reference to a means of controlling and eliminating 
high initial pressures in an internal-combustion engine 
and making the use of high compression — due to 
air preceding a charge of mixture, see The Automobile 
(New York), June 1, 1916, and The Automobile Engineer 
(London), issue March, 1918, page 89. In both cases 
stratification is cited as a means of control and method 
to increase efficiency by eliminating initial shock on a 

iston, and yet obtaining a high mean effective pressure. 

y theory, however, differs from that of Mr. Ricardo 
in that I assume there is contamination of the air and 
mixture at the point of contact. 

The value of a throttle valve to control a steam engi 
when compared with a cut-off control is conclusive. 
The same lies to an auto engine—a throttle in an 
induction pipe is a simple solution; that seems to be 
the only value it has, and now we read a homogeneous 





mixture has its limitations due to detonation. Where 
efficiency is essential ideal conditions must be carefull 
considered ; if high compressions are used then high 
initial pressures result and detonation is a thing to 
expected when careless operators use cars. Suppose we 
hange this of control to avoid that. Assume 
an engine large eno to deliver the power required. 
Suppose a 10 per cent. volume of air precedes a 90 per 
cent. volume of mixture, and this represents full power. 
To deliver half of that we may assume 45 per cent 
of mixture and 55 per cent. of air to be a reasonable 
means to get it ; re nga power, 30 per 
cent. mixture and per cent. air seems reasonable, 
and it seems quite possible to retain a constant com- 
pression, and this would result in a mixture of constant 
value. Assume the air did mix at the point of contact, 
if any part did not fire at the compression used, it would 
a little later, and the results would be similar to the 
tail end of a Diesel charge that is deliberately delayed. 

It does seem the constant pressure cycle engine has 
some virtues that are applicable to engines other then 
Diesel types; there is certainly quite a range between 
the compressions used in the two t . Homogeneous 
mixtures and turbulence to get e y and throttle 
controls does not apply to Diesel engines, but perhaps 
a modified control can utilise a part of the value admitted 
as a means of getting higher efficiency due to the use 
of higher compression. 

I not believe fuel injection is the solution for 
engines of the Auto type. JI am inclined to believe there 
is room for a change in control and to limit the charge of 
mixture by preceding it with air and using constant 





Perhaps Mr. W. J. Walker can find time to consider 
this theory and my letter of March, 1918, where his 
name appears connected with it, 

I am, yours truly, 
James MoInrosu. 
2964, Croydon-road, Cleveland Heights 6, U.S.A., 
March, .1921. 





“THE CORROSION OF STEAM BOILERS.” 
To Tue Eprror or ENGINEERING. 

Srr,—I have read with much interest your leader 
on “Corrosion of Steam Boilers,” in the current issue 
of ENGINEERING, and entirely endorse the theory which 
you have put forward, namely, “There is, however, 
more than a possibility that pitting is not entirely due to 
chemical causes, but is rather of an electrolytic nature.” 
I have made a close study of this subject for many . 
and am convinced that most of the boiler trouble is due 
to imperfect homogeneity in the steel, and when the water 
in the boiler becomes dense, either through alkaline or 
acid solutions in the feed water, it acts as an electrolyte, 
and adjacent hard and soft molecules of steel form 
numerous electrolytic couples, the positive elements of 
which dissolve away. 

I have practically overcome this difficulty by the 
Cumberland electrolytic system of protection which I 
patented some fourteen years ago. It consists of intro- 
ducing insulated anodes of cast iron or steel] into the water 
space and connecting them to the positive pole of a 
motor generator which causes currents of suitable density 
to flow from the insulated anode through the water to 
the surface of the vessel which it is desired to protect 
and which is connected to the negative pole of the 
circuit. A matter of 2 amp to 5 amperes at 4 volts 
to 10 volts per 1,000 ft. of immersed surface affords 
ample protection and entirely reverses and ‘‘ drowns out” 
the electrolytic action caused by these lower voltage 
molecular couples, 

The system has been applied in the Navy, and on 
several of the largest liners afloat with the greatest 
success, and it has been found that it not —, —— 
corrosion, but also prevents the formation of scale, 
thereby greatly increasing the efficiency and reducing 
the cost of maintenance of the boilers. If applied to the 
condensers, it prevents the corrosion of the non-ferrous 
metals and also the weakening by graphitisation of the 
cast-iron doors and water ends. This, as you are awere, 
is one of the most serious troubles which marine engineers 
have to contend with. 

I am, yours faithfully, 
Ext.iotr CUMBERLAND. 

6, Lloyd’s-avenue, London, 1.0. 3, June 1, 1921. 








Bripce-BuitpIne In DenmMarK.—Since the existing 
bridges across the Limfjord (North Jutland), which 
consist of a railway bridge and a sixty years’ old pontoon 
bridge for ordinary traffic, do not now suffice for present 
requirement, and also since the pontoon bridge is in 
need of extensive repairs, it has been decided to build 
a new bridge. Some two years ago international 
competition was invited, and a sum of 30,000 kroner 
voted for prizes. Altogether 44 projects have been 
received, and they have now been judged by a special 
committee of experts, with the result, that two have 
been found to be of equal merit. Thé amount of the 
first and second prizes was therefore divided between 
the two. The construction of a bridge across the 
Limfjord is very difficult on account of the unsatisfactory 
nature of the bottom, and the two selected 8 
do not quite meet requirements, but by working them 
together and taking the best points from each it is 
anticipated that a satisfactory solution of the problem 
will'be reached. Both designs have been proposed ~ 
German firms in conjunction with leading Dani 
concerns. The cost of the best and cheapest projects 
lies between 9,500,000 kroner and 10,500,000 kroner, 
but as estimates are based on war prices, the actual cost 
is not expected to exceed 5,000,000 kroner to 5,500,000 
kroner, 
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BRINELL TESTING MACHINE FOR LARGE FORGINGS. 


CONSTRUCTED BY MESSRS. W. AND T. AVERY, LIMITED, ENGINEERS, BIRMINGHAM. 














Fie. 1. 

Iw order to enable the Brinell hardness test to be 
applied to the surface of large forgings, Messrs. 
Ww. and T. Avery, Limited, of Soho Foundry, Birming- 
ham, have designed a Brinell machine having a capacity 
far greater than that of the usual type. The machine 
in question, which is illustrated in Figs. 1 to 4, on 
this page, was originally brought out for checking 
the hardness of the blanks used for making the 
toothed pinions of turbine bw When employed for 
this purpose, the pinion ft is carried by its ends 
on adjustable supports, one on either side of the 
machine, as indicated in Fig. 4. The blank itself is 
supported by the adjustable saddle which forms part 
of the machine. The supports are set to such a height 
that the upper surface of the blank to be tested is 
just in contact with a 10-mm, steel ball carried by the 
underside of the main lever near its fulcrum, the lever 
being horizontal at the time. By rotating the hand- 
wheel at the back of the machine, the stirrup which holds 
the lever is slowly lowered until clear of the lever. 
The weights suspended from the latter then force the 
ball down on to the work with a leverage of 20 to 1. 
the pressure on the ball being that usually employed 
in Brinell testing, namely, 3,000 kg. By removing 
some of the weights, however, the pressure on the ball 
can be reduced down to 500 kg., which is sufficient for 
the softer metals. 

The pressure is maintained for a period of 15 seconds 
for the 3,000-kg. test, and for 30 seconds for the 
500-kg. test, exactly as in ordinary Brinell testing. 
The shaft is rotated on the supports and the test 
repeated at a sufficient number of points on the blank. 
The diameters of the impressions are then measured 
by a microscope and the hardness determined by 
reference to a Rrinell table. 

It is evident from the appearance of the machine that 
it is of substantial construction, and will accommodate 
work of considerable dimensions. The work can be 
readily placed in position and removed, and the handi- 
ness of the machine should .ender it especially useful 
in works where large quantities of heat-treated forgings 
have to be dealt with. 





THE COOKE ENGINEER’S AND 
SURVEYOR’S LEVEL. 

Tue illustrations on page 681 show a new type of 
engineer's and surveyor's level which has been designed 
by Messrs. T. Cooke and Sons, Limited, Buck Som 

orks, York, in collaboration with some of the officials 


of Government survey de ents in various parts of 


the world. The object of the design has been to incor- 
porate time and labour saving features and to produce 
® compact instrument which will retain its accuracy 
indefinitely, even if subjected to rough usage. The 
two photographs of the instrument, taken from opposite 


|of the negative lens N, however, increases the focal 
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sides and reproduced in 
Figs. 1 and 2, show its 
— appearance, while 

ig. 3, which was taken 
from the eyepiece end, 
shows it fitted with a de- 
tachable magnetic compass 
mounted above the tele- 
scope. The compass, it may 
be mentioned, is of an | 
improved type, which is \! 
completely weatherproof, | 
and is arranged so that the \ 
bearing can be ‘read on the graduated circle 
from the eye-piece end of the telescope. 

In some respects the Cooke level resembles 
its prototype the Zeiss level, but, unhke this 
well-known German instrument, it is not 
intended to be taken to pieces for transport. 
In countries like India and Egypt, where the | 
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Cooke level is largely employed, compact 
packing and extreme lightness are quite 
unnecessary, since carrying labour is cheap and plentiful, 
and as efforte to secure these features have generally 
resulted in some sacrifice of rigidity, they have not 
been made in the case of the instrument under notice. 
The weight and bulk of the Cooke level are, however, 
by no means excessive. It can, in fact, be packed in 
one piece in a box measuring 114 in. by 9 in. by 
6} in. and weighing 13} lb. complete with the instru- 
ment. For somewhat similar reasons the adjustments 
to be made by the user have been reduced to the 
minimum ouaber of one only, viz., that for bringing 
the tangent to the bubble tube parallel with the 
collimation line of the telescope. lh. all other respects 
the accuracy of the level is secured during manufac- 
ture and by subsequent adjustment at the maker's 
works ; nothing short of a blow of sufficient magnitude 
to put the whole instrument out of commission will 
render re-adjustment necessary. 

The Cooke level resembles the Zeiss in that it is of 
the internal-focussing type, in which the distance 
between the object glass and diaphragm is kept con- 
stant and focussing is effected by altering the position 
of a negative lens inside the tube. This lens is mounted 
in a short tube made an accurate sliding fit in the 
telescope body, and it can be moved by means of a 
rack and pinion. The optical principles involved in 
this method of focussing are illustrated by the diagram, 
Fig. 4. In this diagram, RR represent the approxi- 
mately parallel rays from a distant object, and, but 
for the presence of the negative lens N, these rays 
would be brought to a focus at F by the object glass O. 
Similarly the divergent rays R’R’ from a near object 
would be brought to a focus at F’. The introduction 


length of the combination and brings the rays RR to 
a focus at D on the diaphragm, and by moving the 
negative lens into the position N’, the dhocapint rays 
RR’ can be made to focus in the same plane. The 
usual draw tube for focussing is thus unnecessary, and 
its absence is an advantage in many ways. For 
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apparent)\field of view of 40 degrees, the whole of 
which is exceptionally flat and free from distortion. 

A common source of error in levels and other sur- 
veying instruments, arises from a slight bending of the 
telescope tube, and these tubes, when made of drawn 
brass or German silver, are extremely difficult to 
make and keep straight. The effect is illustrated, of 
course on @ very exaggerated scale, by the diagram 
reproduced in Fig. 5. Assuming the telescope to be 
correctly collimated at infinity focus, with the mech- 
anical and optical axes coincident, the line of sight, as 
indicated by the graticule, will be shifted by racking 
out the draw tube, to focus on a near object, unless 
the axis of the draw tube remains exactly in the line 
of collimation. If this is not the case, a serious error 
will be introduced in sighting near objects, as is 
indicated by the diagram. In the Cooke level, the 
telescope body is made of Duralumin, and perfect 
straightness is ensured by turning it out of the solid 
in a specially accurate lathe. This fact, together with 
the use of the internal focussing device, practically 
eliminates the source of error above referred to. Any 
slight lateral movement of the negative lens due to 
slackness of the internal tube would produce a collima- 
tion error only one sixth as great as would be caused 
by an equal movement in the draw tube of a telescope 
of ordinary design. 

Another common source of collimation error, which 
is often entirely overlooked, is also minimised by the 
internal focussing arrangement. For perfect collima- 
tion there must be exact coincidence of the mechanical 
and optical axes in all focussing positions, but even if 
the ordinary focussing tube has been made to rack in 
and out without the least deviation from the optical 
axis, the error illustrated by the diagram, Fig. 6 will 
still exist. In this diagram, the position of the eyepiece 
and diaphragm, when the telescope is at infinity focus. 
is shown in full lines, while the position of these parts 
when a near object is focussed is indicated by dotted 
lines. In the first position the line of sight through a 





instance, the over-all length of the telescope is con- 
siderably reduced, and the ends can be hermetically 
sealed to exclude dirt, dust and water. Some other 
important advantages will be referred to later. The 
eyepiece used is of the screw-focussing type, and is 
fitted with a dust-cover. It has been 





eo 
designed for this particular instrument, and has an 


horizontal cross line 6, off the optical axis a d, will be 
in the direction of the line 6 a. The operation of 
focussing, however, will bring the line 6 to the position 
b’, so that the line of sight will shift from the direction 
b a to the direction 6’a, and the angle between these 
two lines is an indication of the error produced by the 
movement. It will thus be evident that, unless the 
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ENGINEERS AND SURVEYOR’S LEVEL. 


CONSTRUCTED BY MESSRS. 


T. COOKE AND SONS, LIMITED, YORK. 
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horizontal line on the diaphragm lies on the optical 
axis, the line of sight will be altered by focussi 
by means of the ordinary draw tube, but, with inte 
focussing, since the eyepiece and diaphragm are not 
moved, the error due to this cause will be greatly 
reduced. It should, however, be mentioned that the 
internal focussing telescope is not absolutely anallatic, 
and it is therefore necessary to employ a constant 
when using the Cooke level for stadia work. We do 
not propose to deal with this point in the present 
article, but those of our readers who are sufficiently 
interested will find the explanation given in a paper 
by Major E. O. Henrici reprinted in the Transactions 
of the Optical Society, vol. xxii, No. 1, 1920-21, on 
pages 20 to 25, 
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Another important feature in which the Cooke level 
differs from the ordinary surveyor’s level is that, in the 
former, accurate results in working are not dependent 
upon @ perfect centre or vertical axis. Asis well known, 
in the ordinary level, the telescope is mounted at 
right angles to a vertical spindle on which it can be 
turned through a complete circle, and it will be obvious 
that extremely accurate workmanship is essential if 
the line of sight is to be truly horizontal in all azimuth 
directions. It is now considered to be better practice 
from the points of view of accuracy and rapidity in 
working, to adjust the telescope to the horizontal 
position for each individual sight, and the Cooke and 
Zeiss levels are both arranged to be used in this way. 
The instrument is first levelled up roughly by means 
of the three footscrews, a circular spirit level, visible 
in Fig. 2, but more clearly shown in Fig. 3 near the top 
of the left-hand levelling screw, being provided to 
assist this operation. The circular level, it may be 
mentioned in passing, is hermetically sealed, so that 
all possibility of trouble due to evaporation is elimin- 
ated, and it is sufficiently sensitive to render the sub- 
sequent fine adjustment a simple and rapid operation. 
This fine adjustment, which is made before each sight 
is taken, is effected by means of the gradienter screw 
seen in the side views of the instrument, Figs. 1 and 2, 
just below the telescope body at the eyepiece end. 
By giving this screw a fraction of a turn, the telescope 
body ond main bubble tube are tilted slightly in the 
vertical plane to bring them exactly horizontal, this 

ition being indicated by the main bubble. The 
bubble tube is enclosed in an outer glass tube to insulate 
it es far as possible from the effects of temperature 
changes. 

The bubbie is illuminated by a tilting mirror, 
shown in Fig. 2, which can be adjusted to reflect 
light upwards through the tubes, and by means of a 
system of prisms, the operator can see the two -ends 
of the bubble without moving his head from the eye- 
piece end of the instrument. The optical arrange- 
ments are such that, when the telescope is not hori- 
zontal, two separate im of the two ends of the 
bubble are seen through the prisms, and, to bring the 
telescope exactly horizontal, it is only necessary to 
turn the ienter screw until the two images coincide. 
During this operation, movement in a azimuth is, of 


Centre of 








EyePicce 


course, prevented by a clamp, the screw operating 
which is clearly shown in Fig. 3 on the right-hand side 
of the instrument. When required, a tangent slow- 
motion screw can be fitted. The arrangement, we are 
informed, very materially expedites field work, as 
much as one-third of the time required to work 
with an ordinary level being saved in some cases. 
Moreover, it will be evident from the f ing 
description that, since the line of sight through 
the telescope is not necessarily at right angles to the 
centre spindle, the latter merely functions as a spigot 
on which to mount the level and need not be accurately 
vertical ; means for adjustment in this respect, such as 
are provided in ordinary levels, are therefore not 
required. It may be of interest to mention here that 
the farm and irrigation levels made over 70 years 
ago by Mr. T. Cooke, the founder of the present: firm, 
were mounted on a plain spigot, the bubble being’ 
brought to the centre of its run by means of a gradienter 
screw very similar to that adopted in the most modern 
instruments. 

In conclusion we may refer to two points in the design 
of the instrument which, although a tly un- 
important, may nevertheless sentient affect the 
convenience of the user. One point is the connection 
between the tripod head and the trivet stage of the 
level, which connection is effected by means of a 
diameter screw, as will be understood by reference to 
Fig. 3. With a fitting of this design there is no possi- 
bility of looseness developing after long continued 
service. Another point is the provision made for 
taking up any slackness between the wooden legs and 
the metal head of the tripod. This can be done, for all 
three legs simultaneously, by turning a single screw 
provided for the purpose. 

The Cooke level is made in two sizes with tel 
of 1-5 in. and 1-65 in. aperture, respectively. i 
size can, if desired, be fitted with a full gradienter 
attachment to enable the telescope to be set to any small 
angle of inclination. When this is required, the fine 
adjustment screw, referred to in the above description, 
is provided with a graduated friction head 
against a fixed scale, in place of the plain milled 
shown in our illustrations. Five complete turns of 
the graduated head tilt the telescope so that the reading 
on @ staff 100 ft. distant is altered by 1 ft., i.¢., the 
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inclination of the telescope, if originally level, will be 
1 in 100. The graduated head is itself divided into 
20 equal parts, so that, by turning the screw through 
one division, the telescope will be tilted to an inclination 
of lin 10,000. It is thus possible with this attachment 
to obtain a direct reading of an existing gradient or 
to set out a gradient at any given inclination upwards 
or downwards up to a maximum of | in 100. 





515-FT. HEAD 20,000-H.P. VERTICAL 
HYDRAULIC TURBINES. 

An interesting large-capacity vertical shaft hydraulic 
turbine, which works under a head of 515 ft., is illus- 
trated on page 684. This machine is one of two built 
for the power supply of Los Angeles, California, by 
Messrs. The Wellman-Seaver-M Company, of 
Cleveland, Ohio, U.S.A. The in works from 
the aqueduct supplying the town with water and there 
is a flow of about 600 cub, ft. per second, This flow 
is capable of developing 30,000 h.p. under the head of 
515 ft. The turbines are dosigned to run with maxi- 
mum efficiency when tae flow is 300 cub. ft. per second 
and an efficiency of 80 percent. at a discharge of 
440 cub. ft. per second. This corresponds to a maxi- 
mum output of 20,600 h.p. The generators are rated at 
17,500 kw. at 0-8 power factor, and are of the umbrella 
type, with direct-coupled exciters. Contracts for 
the hydraulic machines were let to the Wellman- 
Seaver-Morgan Company, in July, 1919, and to the 
General Electric Company, of Schenectady, for the 
electrical plant at the same time. The turbines were 
delivered in March and April, 1920, and the first unit 
was put in operation on June 30 and the second on 
August 7. So great was the shortage of power in the 
town that 7 hours after water was admitted to the 
second unit it was carrying full load. 

In view of the high head and large capacity most 
of the castings for the turbines, needle valves and 
pressure regulators are made of steel, and the castings 
were subjected to a shop test pressure of 350 lb. per 
square inch. The hydraulically-operated needle valves 
are 7 ft. entrance diameter and 4 ft. 6 in. discharge 
diameter. A cast steel feeder pipe connects the needle 
valve to the cast steel spiral casing of the turbine, 
which is 2 in, thick and is made in four sections. At 
the down-stream end of the casing connections are 
taken off for the 30-in. governor-operated pressure 
regulator, the 16-in, bursting plate and the drain 
valve. The pressure regulator discharges through a 
cast steel nozzle into a cast steel conical-shaped velocity 
killer which is set in the concrete of the floor below. 
The discharge then passes out into a separate tunnel 
carried above the tailrace tunnel and joining it further 
down. This separate tunnel at its up-stream end 
joins on to the by-pass around the power-house, 
which by-pass is necessaty to maintain a constant 
flow of water through the aqueduct in case both units 
are shut down. 

Each pressure regulator may be adjusted to pass 
any quantity of water up to the full discharge of the 
turbine when the turbine gates are suddenly closed, and 
to close slowly after each sudden fall in load, to prevent 
setting up another rise in pressure. If desired, they 
may be set to by-pass any quantity of water when 
a unit is running, and may also be set as a synchronous 
by-pass operating to discharge as much water as is 
rejected due to the turbine gates closing, or vice versa, 
thus maintaining 4 constant velocity in the penstock. 
The pressure regulators were during one period called 
into operation five times in a single day owing to 
lightning trouble and shorts on the line, nearly full load 
being lost on the unit in each case. It is stated that one 
short occurred when one of the units was carrying 
20,000 h.p. and that upon dropping this load suddenly 
the pressure rise was only 6} ib The draft tubes are 
of the straight conical type lined with steel plates at 
their upper end and having manholes for the inspection 
of the runner. The lower ends of the draft tubes are 
moulded out of concrete. Directly below the down- 
stream wall of the power house a low weir has been put 
in to keep the draft-tubes sealed. 

The turbine speed ring is made of steel cast in one 
piece with stationary vanes guiding the water to the 
gates and acting as a tie across the throat opening of the 
casing. This speed-ring is well s1own in Fig. 1. Both 
the speed-ring and casing are embedded in concrete 
at the bottom of the concrete pedestal which supports 
the generator. The gates are of fo steel machined 
all over and each has three separately lubricated bear- 
ings. The gates are connected at their upper ends by 

cast steel levers, through cast-iron links, to the cast- 
steel operating ring. The arrangement will! be seen 
from Fig. 1 in conjunction with Fig. 3. This latter 
illustration shows a turbine supplied to the Central 
Maine Power Company of the <a Maine, but the 
arrangement of the details with which we are now 
dealing is similar to that of the Los Angeles machines. 
The cast-iron links are the weakest element of the gate 
mechanism and are designed to break before the 





elastic limit of any other part is exceeded. Thrust 
collars are provided to take up the unbalanced thrust 
on the ends of the gate stems and to carry the weight 
of the gates. 

The gates are operated by two servo-motors which 
are bolted to the top of the casing. The gates are 
balanced at about } gate opening and have a maximum 
tendency to open when in the closed position. Owing 
to the high head a device has been incorporated to 
hold the gates closed in case the governor pressure 
should be released. This arrangement is particularly 
desirable when the unit is shut down, but still has 
water in the casing for the purpose of by-passing it 
a the pressure regulator. The turbine runners 
are of manganese bronze, forged steel bands being 
shrunk on the hub and band of the runner to form a 
seal with the wearing plate on the crown plate. A 
straight running fit at the curb plate and an effective 
seal at the bottom of the runner band allows a greater 
pressure to be built up under the band of the runner 
in order to reduce the load on the generator thrust 
bearing. Great care was taken during manufacture to 
obtain dynamic balance of the runners in view of the 

igh speed of 428 r.p.m. and the large diameter of 
63} in. 

The crown plate is of cast iron in one piece, and 
supports the operating ring and main shaft-bearing. 
As the water passing through the plant is used for 
domestic purposes in Los Angeles an oil lubricated 
bearing could not be employed and lignum-vitae has 
been used. The water supply for this bearing is taken 
from the casing. The main shaft is 17 in. in diameter 
at the bearing, and 16} in. elsewhere. It is made in 
two sections, so that the turbine may be dismantled 
from above and the runner removed without disturbing 
the generator. It was considered the best practice 
not to use any split bronze sleeve on the shaft at the 
lignum-vitae bearing, and inspection after eight months’ 
operation showed the bearing surface on the shaft to 
be perfectly polished and with no sign of rust. When 
the unit is shut down for an extended period, large 
oil cups on the bearing cover allow oil to flow along the 
shaft. There are four air brakes supported on the 
arms of the lower generator bearing spider, and operat- 
ing on the lower surface of the generator rotor. The 
brakes are connected by piping to the tops of the gover- 
nor tanks and the air supply is controlled by a valve 
in the control column which also forms the gauge 
stand and contains the vacuum breaker for the draft 
tube. The sets can be brought to rest from normal 
speed in five minutes. 

The governors are of the Woodward actuator type, 
and are driven by belt with an automatic tightener 
from the main shaft. Under ordinary operation 
the governors are controlled entirely from the switch- 
board, but an independent hand control is fitted con- 
sisting of a four-way valve and a by-pass around the 
relay valve and permitting emergency operation by 
hand. The central pumping system for the governors 
is located beneath the generator floor. Two motor 
driven rotary pumps take oil from an open sump tank 
and discharge into two pressure tanks. The system is 
designed for 200 Ib. pressure, but it is found that 
an oil pressure of 145 lb. only on the governor 
system is required to operate the gates. An air 
compressor supplies the pressure air in the top 
of each pressure tank and serves the brakes. One 
of the governor cylinders is illustrated in Fig. 2, 
on page 684. 

This plant is situated very near the centre of dis- 
tribution of the system, and serves as a regulating 
station in the absence of a steam plant. In view of 
this a large flywheel effect of 2,000,000 ft. lb. was 
built into each generator rotor. The governors have 
proved very sensitive and close regulation is ob- 


second generator rotor and shaft, weighing 100 (short) 


tons, transport was effected by rolling the part along 
the road instead of hauling on a truck. This rolling 
cost considerably less and was carried out in less than 
half the time of the hauling. Two tractors ahead 
controlled the direction of rolling, and a drag behind 
aided in rewinding one cable while the other was being 
unwound. We are indebted for our information in 
connection with these interesting machines to Messrs. 
Sir William Arrol & Co., Limited, of Glasgow, who have 
working arrangements with the Wellman-Seaver- 
Morgan Company for the manufacture to their designs 
of all types of hydraulic turbine for Great Britain and 


the Colonies. 








issued for June 9, will be available for that date. 


tained. In connection with the building of this plant 
it is of interest to note that all parts had to be hauled 
10 miles by road from rail-head. In the case of the 


Revativiry.—With reference to our paragraph on 
page 668 ante, we are informed that owing to the post- 
are ig = of the sailing of the Celtic, on which he had 

ked his passage from America, Professor Einstein 
is unable to lecture at King’s College until Monday, 
June 13, at 5.15 p.m. All the tickets which have been 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The opinion is gaining ground in 
this district that a period of considerable activity may 
be looked for when the coal strike ceases. This is 
supported by further bookings for heavy engineering 
plant and textile and mining machinery. In accepting 
this business, manufacturers are incurring a certain 
risk owing to the downward trend of prices of basic 
materials. At the moment very little is being done 
in the heavy engineering sections. Practically all the 
heavy forges, foundries and rolling mills are idle. Minor 
progress is being made with important contracts for 
railway rolling-stock and materials. Much of this is 
under order for shipment to India. Experiments by 
British railways in oil-fuel firing, open up the possibility - 
of new business in special types of feeding machines. 
A few enterprising firms have already taken advantage 
of this chance. iness with France in special steels 
is at an exceptionally low ebb. Pre-war, France was 
one of Sheffield’s best customers in this connection, but 
import restrictions and tariffs are acting detrimentally 
to the booking of new business. According to an 
official return newly issued, Sheffield’s monthly average 
of steel output last year was 100,000 tons. How 
business has fallen off may be judged by the fact that 
the March figure had declined to 59,000 tons, while at 
Lthe moment, of course, production is practically nil. 
The tool trades and lighter sections are carrying on with 
difficulty, increased by a restricted corporation service. 


South Yorkshire Coal Trade.—The miners’ efforts to 
stop production at outcrop seams have largely failed, 
with the result that householders continue to receive 
sufficient supplies for bare necessities. The miners’ 
intervention, however, has had the effect of robbing 
industrial concerns of a very useful supplementary 
supply. Works stocks are now generally exhausted 
and only those businesses dependent on public power 
concerns are able to continue. The position at gas 
works is reaching a crisis. Supplies of blast furnace 
coke are » ed running out. Nominal quotations are 
unchanged, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The last two furnaces in 
operation which have been running on slack blast to 
meet needs of the steel works have now been damped at 
the works of Messrs. Bolckow, Vaughan and Co., and thus 
output of pig-iron has been entirely stopped. Scarcity 
of Cleveland foundry pig-iron is most pronounced, and 
the small quantity in stock will soon be taken up, but 
the lower qualities are abundant and difficult to dispose 
of. For home consumption, No. 1is 135s. ; No.3 G.M.B., 
130s. ; No. 4 foundry, 129s.; No. 4 torge, 117s. 6d. ; 
mottled, 117s. 6d.; and white, 115s. Makers would 
readily sell forge, mottled and white for abroad at the 
foregoing quotations, but there is a 5s. premium for 
export of the better qualities. 


Hematite Iron.—There is no new feature in the hematite 
branch. Home customers continue to complain at 
being charged more than foreign buyers, but there seems 
no likelihood of prices being eovienl until the coal strike 
is settled. Supply of hematite is plentiful and sales 
are very slow. Makers agreed on minimum of 160s. 
for home sales of Nos. 1, 2 and 3 East Coast brands 
is adhered to, but there is no restriction as to price for 
abroad, and producers are keen sellers to the Continent 
at 150s. for mixed Nos. 


Foreign Ore.—No apparent effort is made to put 
business through in foreign ore. A few cargoes are still 
coming forward in fulfilment of old contracts, but 
consumers are very disinclined to accept delivery, as 
they are overwhelmed with stock. . 


Manufactured Iron and Steel.—Only trifling transac- 
tions in finished iron and steel are heard of. Manu- 
facturers have considerable stocks. Prices are not 
quotably altered. Common iron bars are 191. ; iron rivets, 
26l.; packing and iron (parallel), 12/.; packing iron 
(tapered), 18/. ; steel angles, joists and sections, 171. 10s. ; 
steel ship, bridge and tank plates, 19/.; steel boiler 
plates, 25/.; steel billets, 147. 10s. to 15/.; heavy steel 
rails, 15/.; fishplates, 20/.; and galvanised corrugated 
sheets, 221. 10s. 





Tue tate Mr. Epwin Lancetot OrpE.—We regret 
to have to announce the death, which occurred on the 
27th ult., at his residence, 15, Basil Mansions, London, 
8.W. 1, of Mr. Edwin Lancelot Orde, director of the 
Walker Shipyard, at Newcastle-on-Tyne, of Messrs. Sir 
W. G. Armstrong, Whitworth and Co., Limited. Mr. 
Orde was the youngest son of the late Mr. Charles William 
Orde, of Nunnykirk, Northumberland ; he was born in 
1863 and was educated at Marlborough, and University 
College, London. He served his apprenticeship with 
Messrs. R. and W. Hawthorn, Leslie and Co., Limited, 
St. Peter’s, Newcastle-on-Tyne, of which firm he was 
ultimately appointed assistant general ar Mr. 
Orde joined Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited, in 1888, as assistant director of the 
Walker Shipyard ; on the death of the director, the late 
Colonel H. F. Swan, Mr. Orde was appointed in his stead. 
Mr. Orde was president of the North-East Coast Institu- 
tion of Engineers and Shipbuilders from 1917 to 1919, 
member of the Institute of Naval Architects, of the 
Institution of Mechanical ap ocee of the Institute of 
Marine ineers and of the Engineers and Shipbuilders’ 
Association of Scotland. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
The Industrial Position.—The general industrial 
position in Scotland has not chan for the better 
during the week, and it is indeed worse_ because 
many establishments have had further to reduce their 
number of employees. One large engineering concern 
in Glasgow district ‘‘ paid off ” roughly 1,500 hands this 
week, while many others have been dealing the same way 
=e smaller —a 80 —_ the- ranks of the un- 
employed have swelled considerably during the past. 
week or two. All trades are sufladng more or less 
alike, and the outlook is now very gloomy all round. 
With the miners still on strike and no visible 
of an early settlement of the dispute, the future is not 
‘being looked forward to with other than very mixed 
feelings by the general community. There is little or no 
trade doing, and inquiries are few and far between. 


Scottish Steel and Iron Trades.—Last week it looked 
very hopeful for an early collapse of the miners’ strike, 
but as things look now it may be a number of weeks 
yet before a settlement is arrived at and fuel is for sale. 
‘There would seem to be little doubt that the annual 
holiday season will be upon us before the wheels of 
industry commence to turn, and it is commonly believed 
that many works will start yang as soon as the 
strike is over and fuel is available, and that there will 
be no stoppage for the Fair Holidays, which are on the 
calendar to begin on Thursday, July 14. All the steel 
and iron works are quite off, and very little material 
is even being ask for by consumers, ex stock. 
Inquiries of any kind are of little t and foreign 
buyers are getting supplies of the Continental makes 
at prices much under those named by local producers. 
The home quotations are nominally unc’ . 


Scottish Pig-Iron Trade.—There is nothing fresh to 
report regarding the position in the Scottish pig-iron 
trade. Since the works closed down there has been 
quite a steady demand for.small parcels ex-stock, but 
even that outlet has gone off with the general closing 
which has ruled all over. No. 1 foundry iron has b 





did not cause,any surprise among the South Wales 
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tentative inquiry is comparatively small and current 
prices,do not cover the cost_of production by some 
shillings per box. Also while Welsh bars have been 
reduced to 11/. 108. per ton, French and Belgian bars 
can be obtained at 7/. 10s. Most of the Welsh works 
are idle for want of coal. 


The Shipping Depression.—The news that a manager 
and receiver had been appointed on behalf of the deben- 
ture holders of the Western Counties Shipping Company, 
Limited, Cardiff, which concern eoquieel ar Moor Line 
and Sutherland fleets just over twelve months . 
commercial community. It is officially announced that 
Mr. A. W. Tait, of the London firm of accountants Messrs. 
George A. La Touche,and Co., has been inted 
32 aw and receiver, and that Sir Arthur inney, 
K.B.E., is working out a scheme of reconstruction on 
behalf of the poe The Western Counties Company 
was formed in 1915 with a capital of 30,0001. in ll. shares. 
In 1919 the ital was increased to 274,0001., and last 
year was furti advanced to 3,500,000/., of which 
800,000/. consisted of first mo debentures. The com- 
pany owns 24 steamers of about 180,000 tons deadweight. 





Tue 1921 Tractor Trrats.—A novel feature of this 
year’s tractor trials is the provision for the entry of 
implements apart from tractors, and it is a healthy sign 
of the attitude which implement manufacturers in 
general are taking towards the tractor and its advent. 
‘The Society of Motor Manufacturers and Traders 
have received many requests for the entry of special 
implements of all types. As the particular success of 
this development was not foreseen at the time the 
regulations were drawn up, no provision was made when 
obtaining land for the trials, for effective demonstration 
of these special implements. Such arrangements are, 
however, now being made, and in order to allow possible 
entrants to take advantage of this, the closing date for 
implements only has been postponed until June 30. 





THE BritTIsH Cast Iron Researon AssociaTION.— 





very scarce, and No. 3 grade is also not too plentiful. 
Quotations are nominally unchanged, but are inclined 
to move upwards. 


Wages in the Iron Trade Reduced.—Mr. John M, 
MacLeod, C.A., Glasgow, has made the following inti 


ting of ironfounders, presided over by Sir James 
McKechnie, was held in Birmingham last week, when 
Sir James announced,that the Board, of. Trade had 
granted a licence to the British Cast Iron Association. 
He stated that the formation of the association was first 





tion to Messrs. James C. Bishop and Owen Coyle, joint 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board: ‘In terms of the 
remit, I have examined the employers’ books for March 
and April, 1921, and I certify the average net selling 
price brought out is 231. 14s. 7-8d.” ‘this means a 
decrease in wages of the workmen of 40 per cent. on 
basis rates, 


Scottish Shipbuilding.—The shipbuilding returns for 
the past month are not very encouraging, but when 
the great depression caused by the miners’ strike is 
taken into account it is surprising to find that no fewer 
than 22 vessels were launched at the various centres 





throughout the country. The particulars are as 
follow :— 
Vessels. Tons, 
The Clyde ‘ eee ws 22,752 
The Forth... ose ses 2 186 
The Tay eee eee —-— — 
The Dee and Moray Firth... 1 500 
Total ... eee 22 23,438 


The Clyde total is the second lowest tonnage for the year, 
and is but 84 tons under the output for April; it is 
just rather more than double the January figure. For 
the year to date the total now amounts to 102 vessels of 
195,429 tons, which is:about 50,000 tons under the fig- 
ures for last year and well on to the way to become nearly 
100,000 tons lower than the corresponding five months 
of the record year, 1913. Of the month’s launches 
there was only one good-sized vessel, the Amsterdam, 
a geared turbine steamer of 11,000 tons, built at Port 
Glasgow, by Messrs. Lithgows Limited, for Amsterdam 
owners. ‘The fitting-out question is no better yet as 
the ship joiners are still on strike. New business does 
not exist and managements are experiencing difficulty 
in carrying on because of the scarcity of fuel and the 
effect that is having on all other industries. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The only new development in the 
South Wales coal trade during the past week has been 
the enforcement of the embargo on the part bunkering 
of foreign-going vessels by the coal trimmers and tippers 
at Cardiff. The steamer Maid of Corfu required 80 tons 
of coal, and for her voyage to the United States via 
St. Nazaire was considered of sufficient importance to 
warrant the District Committee releasing the coal. 
When it came to placing it on board the vessel, the 
men refused to handle it. Yesterday, however, the 
Joint Executive Committee of the National Union of 
Railwaymen and the National Transport Workers’ 
Federation lifted the embargo imposed on the handling 
of imported coal, and the coal trimmers and tippers 
concerned in bunkering the Maid of Corfu were instructed 
by their ive unions to bunker the vessel, which 
they did this morning. Stocks of coal are now very 
low, and, in consequence of this, extremely little business 
18 possible, as the District Committee will only grant 
permits authorising delivery for essential national 
requirements. 

The Iron and Steel Trades.—The general outlook in 
the Welsh tin-plate trade is regarded as gloomy. The 





ted at a ting held in 1919 at, Birmingham. 
Its work would cover all branches of the cast iron in- 
dustry, and the results of its investigations would prove 
of great interest and benefit both to manufacturers and 
users. He therefore appealed to all engineering firms 
for their support. Professor Turner, Mr. M, Deacon, 
Professor Desch and Admiral Sir George Goodwin joined 
in this appeal and emphasised the excellent results which 
the work of the association would yield. 





Kromuovut ENGINEs FoR THE Moror Suir “‘Nepro’’: 
Erratum.—By a mishap, for which we are in no way 
responsible, the drawings of the Kromhout type of motor 
which we reproduced in our issue of May_27, page 647, 
as fitted to the motor ship Neppo, were described as 
illustrating the engines manufactured by the Krom- 
hout Works, Amsterdam. This firm did build the 
machinery of the Neppo, but the illustrations sent to 
us and reproduced by us were actually of an engine 
quite recently built by Messrs. Day, Summers and UCo., 
Limited, at the Northam Ironworks, Southampton. 
The motor illustrated was of the Kromhout type, with 
modifications made by Messrs. Day, Summers and Co. 
who have a licence from Messrs. Goedkoop to manufac- 
ture this type of engine in this country. The actual 
illustrations show oné.gf three engines of the type which 
they have just finished at Southampton, for vessels 
being built by Messrs. J. Samuel White and Co., Limited, 
of East Cowes. We regret that the mistake has occurred. 





ConDUCTIVITY OF as ap ta sewer omni man 
some insulating materials to breakdown voltages, 
J. E. Shrader,:of the Westinghouse Company Research 
Laboratory, East Pittsb won to the conclusion 
that, as regards electric conductivity, three classes of 
i ing materials may be distinguished ; (1) Materials 
obeying Ohm’s law throughout ;. (2) obeying 
Ohm’s law up to potentials near wn, and then 
increasing their conductivity at am accelerated rate ; 
and (3) materials which show an accelerated rate over the 
whole . Untreated cement paper is given as an 
example of the first class, which yields a straight-line 


curve when the amperes are plotted.as ordinates against 
the volts ; fish paper ts the second 
class, the curves of which turn upward above 5,000 volts ; 


and black treated cloth 
curves of which begi 
these names 


volte ; i i 

is not ex; Physical Review, April last, pages 502 

to 507). Pie aseteritie of the tees theme Goeth down 

at about 2,000 volts, 6,000 volts, 8,000 volts i 
ion if of moisture, which 


represents the third class, the 
to turn upward below 2,000 


the upper . 
also inserts a thermionic valve (hot-cathode rectifier) 
between the high tension electrode and the middle point 
of the secondary of the transformer; thus the current 
cannot rise above the limit set by the emission of 
electrons from the cathode, which is gradually heated up, 
and the measuring instruments are thus 

any sudden current rush. When the current does not 
rise further on raising the cathode temperature, the 
current will be limited by the insulation, and no longer 
by the valve, 


.| centages before deoxidation might vary a good 





NOTICES OF MEETINGS. 
Tue Nortu or Enouanp Instirure or Mixinc AND 
MECHANICAL Enoinerrs.—Saturday, June 4, at 2 p.m., 
in, the Wood Memorial Hall, Newcastle-upon-'l'yne. 
The following papers will be open for discussion: ‘The 
Production and Transmission of Compressed Air in 
Mines,” by Mr. John T. rans, Inst.M.E., 
vol, lx, 146, and vol. Ixi, page 13]; “ A Self-Acting 
Jig, with Intermediate Landings,” by Mr. E. W. Milburn, 
Tae InstiroTion or Exgorrtcan ENGINEERs.— 
Wrretess SrcrT1on MEETING.—Wednesday, June 8, 
at 6 p.m., the following paper will be read and discussed : 
“Electric Oscillations alo: Straight Wires and 
Solenoids,” by Professor J. 8. Townsend, F.R.S. 

Tue Opricat Socrery.— ,» June 9, at 7.30 
p.m., at the Imperial College of Science and Technology, 
when a on “ Achromatism,” by Mr. Horace Lee, 
B.A., read and discussed. A demonstration oi 
the Société Genevoise Universal Measuring Machine will 
be given by Mr. W. L. Custance, 

Tue InstrrvrTion oF Mintne EnGineers.—Thursday, 
June 9, at 11 a.m. and 2.30 p.m.j at the Geological 
Society, i House. i i The following 


will be read, or taken as read ; 1) * Third Report 
of the Committee on ‘The Control of Atmospheric 
Conditions in Hot and > Mines’: Observations of 


Temperature and Moisture ‘i Deep. Coal-mines,”. by 
Mr. J. P. Rees; (2) “‘ Characteristics of Outbursts of 
Gas in Mines,” by fessor Henry Briggs; (3) ‘The 
Use and Distribution of Shale-dust in Mines,” by Mr. 
H. C, Harrison, ‘The following wwill be discussed : 
(a) “The Better Utilisation of Coking Slack,” by Mr. 
A. E, Beet and Mr. A. E, Findley ;' (6) “The Normal 
Occurrence of Carbon Monoxide in, Coal-mines,’”’ by 
Mr. J. Ivon Graham, Chief Chemist, Doncaster Coal 
Owners’ Laboratory; (c) ‘“‘An Improved Method of 
Determining the Relative Directions of Two Reference 
Lines or Bases for Mining Surveys,”’ by Mr. T. Lindsay 
Galloway; (d) “Froth Flotation as Applied to the 
Washing of Industrial Coal,” by Mr. Ernest Bury, 
Mr. Walter Broadbridge and Mr. Alfred Hutchinson. 
A visit to the National Physical Laboratory, Teddington, 
will take place on Friday, June 10. 

Tue Royat Sanrrary Instrrvure.—Thursday and 
Friday, June 9 and 10, a Sessional Meeting will be held 
in the Guildhall, Gloucester, jointly with the West of 
England Branch of the Society of Medical Officers of 
Health, when discussions will take place. Thursday, 
at 10 a.m.: “ Public Health Development in Gloucester- 
shire,” to be opened by Mr. J. Middleton Martin, B.A., 
M.D., D.P.H. (County Medical Officer of Health, 
Gloucestershire). Friday, at 10 a.m.: ‘“‘ The Collection 
and Disposal of House Refuse,” by Major E. W. A. 
Carter, U.B.E., M.I.M.C.E. (City Surveyor, Gloucester). 
The chair will be taken by Professor H. R. Kenwood, 
C.M.G., M.B., F.R.8.E., Chairman of Council, 

Tue Royat Institution or Great Briratn.—Friday, 
June 10, at 9 o'clock, a discourse will be delivered by 
Mr. Arthur Gordon Webster, D.Sc., LL.D., Hon. M.R.1. 
The subject is ‘“ Absolute Measurements of Sound.” 
Afternoon Lectures, at 3 o’clock: Tuesday, June 7, Sir 
James Fraser, D.C.L., LL.D., F.R.8., M.R.1., on (2) 
London Life (Time of Addison)”; ‘thursday, June_ 9, 
Sir Alexander C. Mackenzie, Mus.Doc., D.C.u., LL.D., 
M.R.I., on “‘ Beethoven” (with musical illustrations) 
(Lecture II); Saturday, June 11, Mr. Robert 8. Rait, 
C.B.E., LL.D., on “ (2) Scott and Shakespeare.” 

Tse Minine Institute or ScorLanp.—Owing to the 
miners’ strike, and difficulties in connection with the 
railway services, the Council have decided that the 
General Meeting of the Institute, arranged to be held 
on Saturday, June 11, 1921, in the Heriot Watt College, 
Edinburgh, shall be cancelled. 





DeoxipaTion Ix THE Basic-BesseMER PRocess,— 
While the influence of gases, and especially of oxygen, 
on the properties of steel is acknowledged, the quantita- 
tive data available do not agree. , A few years ago 
Oberhoffer, who has developed methods of estimating 
oxygen in steel, and d’Huart, experimenting in Silesian 
works, found more oxygen before deoxidation by means 
of manganese than atter the deoxidation period, as 
was expected; but the oxygen percentages in the two 
works differed considerably under similar working con- 
ditions, Further experiments showed that the oxygen 
remaining in the steel as more Manganese was 
used, Yet the results were not satisfactory, and O. von 
Keil (Stahl und Hisen, May 5 last, pages 605 to 611) 
made further experiments in the — two works = 

ing from 11 tons up to 25 tons, varying the 
otesmnt of reduction, the blow periods, the quantity 
and state of the manganese added, &. As in previous 
experiments it was found that, while the oxygen E 
rarely ex! ing 0-117 cent., the final oxygen 
wn aa SC Sroensed Sony little, keeping generally near 
0-04, and that the different working conditions hardly 
seemed to influence this final figure. The point of 
practical interest is that the diminution of the oxygen 
contents to about 0-04 per cent. was obtained by 
using about 0-3 per cent. of (from 0-2 per 
cent. up to 0-5 per cent.), and that the addition of as 
much as 2 per por ap of o theay yr pe oo | the 
ox, percen own to -03 per cent, or 
0-055 1 per poner ty oe to elucidate this problem Keil 
is now experimenting with synthetic melts, containing 
known amounts of oxygen. One of the great difficulties 
of these researches lies in the unreliability of the analytical 
methods; it is very difficult to say whether the oxygen 
found is really free gaseous oxygen or, partly at least, 
combined oxygen. 
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A RE-DISCOVERED PHYSICAL 
PHENOMENON. 


In the year 1909 a report on “ Heat Trans- 
mission” was prepared for the Institution of 
Mechanical Engineers by Professor Dalby. The 
report dealt with the results of an investigation, 
the object of which was to discover and co-ordinate 
all the important work which had been done in 
connection with the transmission of heat across a 
boiler heating surface. In the course of the in- 
vestigation over 500 technical papers were read, 
while abstracts of the more important were made 
available in connection with the report. If our 
memory serves, the object of this work was to clear 
the ground preparatory to a further experimental 
research, in connection with the matter, being 
undertaken by the Institution. The result, how- 
ever, was to make it clear that there were few 
aspects of the matter which had not, up to that 
time, been more than once the subject of experi- 
ment, and the final result was that nothing further 
was undertaken. 

This report of Professor Dalby’s furnished a 
practical example of a class of work which was, and 
still is, the subject of somewhat indefinite dis- 
cussion. All scientific workers feel and have long 
felt, the need of some means whereby the total of the 
results achieved in any special field may be rendered 
available. As things are, researches and investiga- 
tions are constantly undertaken on matters which 
have been fully dealt with by earlier workers, and 
in complete ignorance of any results they may have 
achieved. It is not necessarily suggested that the 
earlier workers may have reached finality in their 
results, and in many cases further research may well 
be desirable. It is, however, very decidedly 
suggested that some clearing-house method by 
means of which the work done and the results 


686 | obtained by earlier workers may be rendered avail- 


able, would be of much value. As methods im- 
prove and knowledge grows the repetition of earlier 
work may well lead to new results, but in no way 
is it an advantage that earlier results and deductions 
should be buried and practically lost in the transac- 
tions of learned societies or technical institutions. 
We do not propose at the moment to deal in 
general terms with the matter of the co-ordination of 
scientific knowledge and we fully realise the difficulties 


by two Danish engineers, Messrs. Alfred Johnsen 
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have made of it in the few years since 1917. The 
interesting feature of the matter, however, from 
the point of view with which we have been dealing 
is that the phenomenon appears to have been 
known at least 42 years ago, and the fact that 
it has been to all intents and lost, until re- 
discovered in 1917, illustrates clearly the absence of 
any practical method by which scientific workers 
can get in touch with all that has been done in any 
particular branch of work. 

In the case of abstruse and out-of-the-way 
phenomena which apparently lead to nothing, it 
is very natural that the results of investigations 
should be forgotten by the majority of scientific 
people; but the matter with which Messrs. John- 
sen and Rahbek are concerned by no means comes 
in this class, and it is surprising that general know- 
ledge of it: should have been lost. As the delivery 
of the lecture on Thursday of last week has brought 
forward two claimants to priority in the correspon- 
dence columns of The Times it is evident that know- 
ledge of the matter was in existence, but it is 
certain that the average scientific man had either 
never heard of it or had forgotten it. The fact 
that after the latest discoverers stumbled across 
this fact they quickly applied it to very practical 
ends is greatly to their credit, but the fact that one 
of their most important applications in connection 
with telephony had been proposed in an elementary 
way by Edison forty-two years ago suggests that 
their practical success owes much to the general 
mechanical and scientific advances which have taken 
place during the intervening years. 

The phenomenon which has been re-discovered 
concerns the development of an adhesive force 
between a badly conducting body and a con- 
ducting body in contact with it when a poten- 
tial difference is applied across them. As an 
example, if a potential difference of some few 
hundred volts is applied across a metal disc and a 
piece of lithographic stone on which it is resting, it 
is found that the two will stick together with a force 
of several pounds. The back side of the stone must 
be fitted with a metal electrode to ensure proper 
passage of the current through it, which, owing to the 
resistance of the stone, is very small, amounting 
only to a few micro-amperes. The explanation of 
this phenomenon put forward by the lecturers is 
the simple one that the two surfaces act as the plates 
of an air condenser, there being a potential difference 
between the surfaces in contact owing to the very 
high contact resistance. The result is a strong 
electrostatic attraction corresponding to the attrac- 
tion between the plates of the air condenser. As 
in any such condenser the attraction is proportional 
to the inverse square of the distance between the 
plates the lecturers pointed out that as the distance 
between the plates in their experiment was zero, 
the attraction should theoretically be infinite. 
They suggested that the smaller attraction actually 
observed might be due to electrolytic phenomena 
and ionization, but it may be pointed out that while 
they do not get the infinite attraction which theory 
indicates, neither do they get the air film of zero 
thickness which theory postulates. 

What appears to be the great practical importance 
of this phenomenon lies in the fact that it provides 
a mechanism by which comparatively large forces 
may be obtained directly from currents of very 
small magnitude—currents, indeed, of telephonic 
magnitude. In the application of these forces 
advantage is taken of the fact that the attraction 
between the two surfaces increases the friction 
between them if any relative motion is introduced. 
The semi-conducting body is made in the form of a 
cylinder, and the conductor in the form of a 


; band lying circumferentially around part of its 
92}in the way of any practical scheme. Our present | surface. One end of the band is connected to a 
purpose is to call attention to an incident of the! spring and the other to a telephone diaphragm. 

past week which well illustrates the weakness of , The cylinder is continually rotated by a motor, or 
*| the present method, or lack of method, of recording | in any other suitable way, and it will be clear that 
scientific fact. At the Institution of Electrical as a current passing 
693! Engineers on the 26th ult. a lecture was delivered | 
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which the band is attached, and a loud speaking 
telephone will be available. 

The important feature of this telephonic applica- 
tion of their discovery by Messrs. Johnsen and 
Rahbek lies, as we have said, in the large operating 
forces which become available, and during their 
lecture they demonstrated the use of an ordinary 
violin as a telephone receiver. The belly of this 
was connected up to a relay constructed in the 
manner as we have described, and the musical instru- 
ment acted perfectly as a loud-speaking telephone. 
It could be heard with the greatest ease all over the 
theatre of the Institution of Electrical Engineers, 
and would certainly have filled a very much larger 
hall. The violin not being built for the transmission 
of human speech did not reproduce the voice per- 
fectly, but the effect was remarkably good, and 
certainly up to the average of the majority of 
telephones. This form of relay is not, of course, 
restricted in its use to telephone work, and it has 
been applied, for instance, with great success to the 
operation of a telegraphic syphon recorder. 

We have dealt in the main with the telephone 
application, partly in view of its intrinsic interest 
and the remarkable success of its demonstration, 
and partly because the phenomenon with which we 
are concerned appears to have been applied in 
almost exactly the same way by Edison some 42 
years ago. An account of Edison’s instrument 
will be found in the article on the “ Telephone’’ 
in the ninth edition of the Encyclopedia Bri- 
tannica. It is there stated that «the receiver was 
based on the change of friction produced by the 
passage of an electric current through the point of 
contact of certain substances in relative motion.” 
The details are not too clear, but it is stated that a 
drum mounted on an axis and covered by a band 
of paper soaked in a solution of caustic potash was 
turned under a spring, and that in later experiments 
a cylinder of chalk was used. It is of interest and 
importance to note that at the time this Encyclo- 
pedia Britannica article was written, although the 
phenomenon had been applied it was apparently 
not properly understood, since it is stated in one place 
that on passage of the current the friction is 
diminished and in a contiguous paragraph, that when 
the current passes the friction is increased. 

This earlier work in no way minimises the value 
and credit of the discovery and development of 
Messrs. Johnsen and Rahbek, but it is fair to point 
out that a lack of proper understanding of what 
was happening probably had something to do with 
the apparent practical failure of the original applica- 
tion. Another handicap obviously lay in the 
general state of telephonic development at that 
time. Whatever the cause the phenomenon and 
its applications failed to come into general use and 
were, for all practical purposes, forgotten. This 
may be said to have been to the advantage of 
Messrs. Johnsen and Rahbek, but has hardly been to 
the advantage of scientific progress and develop- 
ment generally. The phenomenon lends itself 


readily to lecture table demonstration, and if some], 


way had existed by which scientific fact would have 
been less likely to be lost in the welter of scientific 
literature it is very possible that the demonstra- 
tion of the phenomenon might have become a 
commonplace of the technical school. This, one 
may suggest, might have resulted in the valuable 
practical applications coming into common use 
many years ago. 





THE ADMINISTRATION OF SCIENCE. 

Txosgk who know Professor Leonard Bairstow, 
F.R.S., only as a distinguished original investigator 
of aerodynamical problems may have felt a little 
surprised to hear him proclaim idealism, when he 
discoursed on ‘The Administration of Science— 
and other things” at University College, last 
Monday, before the National Union of Scientific 
Workers. Convinced that much is wrong in our 
industrial position and our system, because it is not 
sufficiently idealistic in its basis, Professor Bairstow 
submitted that the world should “ be so adminis- 
trated as to ensure remuneration adequate for work 
and to secure in great abundance that desirable 
product the work of the workers.” 

Not an alarming degree of idealism. Everybody 
will probably agree with the idea. But the lecturer 





also thought that the innate fighting instincts of 
human beings would be brought into account when 
one proceeded to act on such an ideal and to draw 


practical deductions from it. Ideals which we must | i 


shelter being useless for the man entering public 
life, Professor Bairstow suggested that the ideals 
in human intercourse should have the same sort of 
fundamental relation to welfare that the theories 
of science have to the application of science. His 
interpretation of adequate remuneration is not 
extravagant. In one of his “other things” he com- 
mented on the awards made by the Royal Commission 
to inventors; the amounts paid had in many cases 
represented more than five years’ full salary of the 
worker apart from his invention, and much more than 
the life savings of equally capable compeers. It 
was a salutary principle, to which the Union of 
Scientific Workers had given its support, that a 
salary of a research worker or a worker in Govern- 
ment employ should cover his invention. 

Professor Bairstow had to define remuneration 
and work. Money, even in unfamiliar gold coins, 
he said, had only a passing relation to remuneration. 
The essentials and luxuries of life obtainable in 
exchange for wages were a more solid measure. 
That standard was subject to evolution, of course. 
Luxuries, which kings could not command in the 
olden days were now being enjoyed by millions of 
people who were not at all well-to-do in their own 
opinion. But the pre-war balance of values had 
been upset, and the balance had to be re-struck. 
To readjust the international balance, class barriers 
and international barriers would have to be cut 
and the scientist did stand apart from others and had 
to interest himself in every other worker and in 
administration. 

Defining work and scientific activities from 
this point of view Professor Bairstow distinguished 
between Scientific Research, Applied Research, 
and Experiments and Tests. The three branches 
naturally merge into one another ; yet Mr. Bairstow’s 
main definitions will be accepted. Scientific 
research had, at the time it was carried out, no 
industrial bearing at all, he considered. A long 
period might elapse between the work of a Faraday 
or Maxwell and the stages of financial benefit. 
Scientific research needed an atmosphere of complete 
freedom from the anxieties of making both ends 
meet ; the freedom implied communication of ideas 
with friends, unrestricted by national boundaries. 
Secrecy was extremely undesirable. Applied Re- 
search had at the outset a definite industrial bearing 
owing to the difficulties of manufacturing processes. 
The work was allotted to research associations, to 
private laboratories and to Government depart- 
ments ; whether or not it should be secret was a 
controversial point. With certain safeguards the 
conduct of applied research could be materially 
helped by committees. The work, if worthy of the 
name, was slow and hazardous, and required 
co-ordination. By Experiments and Tests, Mr. 
Bairstow indicated the work necessary to meet 
specific order after it had been placed. That 
work was of little general value, it was unsuitable 
for committees, and generally considered was con- 
fidential and urgent. For the routine tests of 
finished products, private institutions were better 
suited than highly-developed laboratories. Ve 
special tests justified a certain number of Central 
Government Laboratories empowered to issue 
certificates, but their range should be very carefully 
circumscribed, “If experiments and test work 
be carried out by a staff also allotted to applied 
research, the latter will suffer and tend to become 
extinct under existing systems of administration.” 

Speaking from his own experience, Professor 
Bairstow pointed out that applied research had 
difficulties in keeping alive in an establishment 
which used the same staff for experiments and tests. 
The latter were urgent, research was slow. The 
tendency was to push extra-experiment in ahead of 
research until the postponement of research was 
indefinitely prolonged. In order to keep research 
alive staff and apparatus should be specially pro- 
vided for it. Further, the administrator responsible 
for finance had an additional temptation to favour 
tests which produced fees. A capable committee 
could here do much. If, however, the terms of 
reference of the committee covered both tests and 
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research, the temptation to secure immediate results 
might prove too strong. That argument against 
intermingling applied research and experiments 
in the same establishment might also! be made in 
the case of universities, though it carried less force 
there. 

“Scientific research is- the foundation of progress. 
Stop it and ultimately industries will stagnate on 
the scientific side. At any moment it is possible 
for the nation to use up its scientific ability for 
applied research and to mistake the conversion for 
progress.”” The war made a greaticall on scientists 
to apply their knowledge to the immediate needs of 
industry and to forego their normal functions of 
having to pass on knowledge without reference to 
immediate utility. Meanwhile, professors had 
found that teaching and research did not bring in 
so much remuneration as consultative work, and the 
neglect of the law of equal pay for equal work was 
having its effect. The lecturer admitted that he 
might not be unbiased with respect)to the scientific 
side, but he felt himself competent to judge the 
effect. The Report of the University Grants 
Committee stated that: ‘The best men and 
women will neither enter nor continue in the pro- 
fession at the rates of salaries at present within the 
competence of the authorities to offer, nor can a 
teacher under the perpetual shadow of financial 
anxieties give his best work of instruction and 
research ’’—and the effect to be expected had been 
indicated by Lord Milner in a statement made 
by him to the Imperial College of Science and 
whether it was a question 
of human, animal or plant disease there was no 
reserve of trained experts on which Colonial 
Government could draw either for general inves- 
tigation work or for help in an emergency. They 
could not even fill the ordinary scientific vacancies 
in their scientific departments 

Professor Bairstow ascribed these effects to lack 
of clear thinking and of satisfactory administration. 
He quoted examples of lack of co-ordination from 
his own experience. In 1917 specifications were 
laid down for aeroplane construction in the following 
year. The Air Board possessed a representative 
Technical Department. The aeronautical industry 
scarcely existed before the war, and trained men 
were not available in sufficient numbers. The 
specification, obviously drawn up without technical 
assistance, asked for impossibilities; not even in 
1920, indeed, was it possible to build aeroplanes to 
the implied military requirements. The technical 
department had no head sufficiently powerful to 
check the adverse effect of these specifications. 
Risks were taken during the war, but the effect on 
the after-war Air Ministry was disastrous. Within 
a few months of the armistice, the aeroplane design 
section was denuded of all heads from Controller to 
sub-directors. 

The other example, taken from quite recent 
times, concerned a scientist appointed head of a 
scientific section in another Government depart- 
ment. He examined the salary scale of his sub- 
ordinates and submitted a scheme giving the workers 
the salaries and opportunities of first-class adminis- 
trators. The scheme was not adopted, and the 
head had to resign. Those were clear cases of 
The scientific worker had 
no chance to obtain a highly-paid post unless he 
became a conventional administrator. As a result, 
a good technical expert was lost for a second-grade 
administrator, and the idea arose that a scientist 
could not administer a department. But the 
conventional administrator, Mr. Bairstow had 
shown, failed to administer science, and his own 
proper arrangement would be: scientific men for 
the control of scientific work, financiers for finance, 
and clerks for clerical work. It sounded so simple, 
and yet it was not acted upon. Where was the 
scientist in premier position who was not over- 
burdened by having to place finance in the forefront 
of his duties ? Unfortunately, the theorem that 
nobody was to think applied also to administration ; 
in that connection, he quoted from Lord Haldane’s 
Committee Report on the Machinery of Govern- 
ment. Lord Haldane, who presided at the meeting, 
himself spoke of this report as drastic. 

Professor Bairstow’s criticisms and suggestions 
were decidedly of a refreshing character. As 
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regards the general aspects of the problems most 
members of the meeting, and Professor Bairstow 
himself, probably might agree to Lord Haldane’s 
remarks, that efficiency is largely a question of 
the leading personality, and that scientists are not 
necessarily good administrators. There is no 
a priori reason why they should be. For all science 
is based upon mathematics, and the mathematician 
deals with things abstract and ideal. The practical 
man has to make a compromise between the ideal 
and the real, and we must not forget that many 
realities are merely of our own creation. 

We should not omit to mention that the Union 
of Scientific Workers, which Professor Bairstow 
addressed, was established late in 1919, and regis- 
tered as a trade union in December of that year, 
for the purpose of regulating the relations between 
scientific workers and their employers and to 
advance the interest of science and national 
efficiency. Branches of the union exist in various 
towns and also in Government departments. 





INDUSTRIAL ALCOHOL. 

ALTHOUGH engineers and other members of the 
public would undoubtedly regard a cheap and abun- 
dant supply of alcohol as an inestimable boon, 
both on account of its value as a motor fuel and as a 
solvent in innumerable industrial processes, they 
must, we fear, be excused for a somewhat apathetic 
attitude towards further discussion of the subject. 
Of the many and varied sources of supply and 
processes for manufacturing alcohol on a large scale 
referred to from time to time during recent years, 
none has produced any really useful results as far as 
this country is concerned, and alcohol for industrial 
purposes can only be obtained here in the form of 
methylated spirits at a price which renders its use 
as a fuel impracticable even were its other charac- 
teristics suitable. 

The difficulty appears to be largely that of finding 
a denaturant to meet the onerous requirements of 
the Revenue authorities, who insist on the payment 
of potable spirit duties on industrial alcohol unless 
the latter has been rendered completely and per- 
manently unfit for human consumption by special 
treatment, which must be carried out in this country 
and under their supervision. The addition of wood 
naphtha and mineral naphtha does not, it appears, 
render the mixture too nauseating for some people to 
consume. There are, however, other more effective 
denaturants to which we shall refer later, but it 
certainly seems rather illogical that the whole 
community should be penalised to protect a very 
small number of persons, mostly aliens, from the 
results of their own perverted tastes. As our 
readers are doubtless aware, “ Natalite,” a mixture 
of ethyl alcohol, ether and trimethylamine, is largely 
made and used as a motor fuel in South Africa 
without any injurious effect upon the public health 
or native morals, and we are inclined to regard the 
objections of the authorities to the use of similar 
fuels in this country as more imaginary than real, 
as here the supervision would be more effective and 
we have no coloured population to consider. 

We do not, for a moment, suppose that the illegi- 
timate consumption of industrial alcohol would 
increase to any marked extent if the duty were 
reduced sufficiently to permit its sale at, say, half 
the present retail price, and increased consumption 
for trade purposes, if not for power production, would 
probably bring in an even larger revenue than at 
present. Many articles, such as firearms and poisons, 
are obtainable by the public in a potentially 
dangerous condition. Their impro use is, 
however, followed by punishment to the offender, 
and some similar method could surely be evolved 
to meet the case of industrial alcohol. 

Attention has again been directed to the subject 
by & paper read before the Indian and Colonial 
Sections of the Royal Society of Arts on Friday of 
last week by Sir Charles H. Bedford, LL.D., D.Se. 
Sir Charles, it will be remembered, is chairman of 
the sub-committees on denaturation and on alcohol 
excise restrictions of the Empire Motor Fuels 
Committee of the Imperial Motor Transport Council, 
and was formerly director of the Central Excise 
Laboratory of India and Chemical Examiner 
to the Government of India. Considerable interest, 





therefore, attaches to his views, and he is of the 
opinion that the various obstructions in the way of 
the production and use of alcohol on a large scale 
will eventually be removed. 

A feature of the paper is the author’s reference 
to the manufacture of alcohol from rice straw, and 
other waste materials, which are available in prac- 
tically unlimited quantities in many parts of the 
British Empire. The suggestion to use rice straw 
came from Mr. Arthur Rogers, C.B.E., shortly after 
the termination of the war. Sir Charles decided on 
Burmah as a suitable sphere for operations and was 
able to secure the support of the Burmah Oil Com- 
pany for carrying out experiments on a manufac- 
turing scale. A distillery and laboratory have been 
erected at the company’s refineries at Rangoon and 
experimental work has been carried on there, as well 
as in this country. The work is still in progress, 
but Sir Charles thinks it will shortly have been 
carried far enough for demonstration purposes, and 
he, and other technical and commercial experts, 
are satisfied with the results obtained. Other 
materials than rice straw will also be used to keep 
the plant in operation at all seasons of the year and 
this feature, combined with the utilisation of certain 
by-products, is expected materially to reduce the cost 
of production. No details of the process are yet 
available for publication, but the author mentions 
that paper and alcohol will be produced simul- 
taneously. 

Some doubt may be felt as to the desirability 
of alcohol manufacture being conducted by oil 
companies, and, although an independent supply 
would probably be preferable from the users’ point 
of view, it must be admitted that in some respects 
such firms are particularly well equipped to inaugu- 
rate and maintain an alcohol industry. Financially 
they are, of course, very strong, and they are already 
in possession of a complete organisation for bulk 
handling and transport. The attitude of the oil 
companies towards the alcohol industry, according 
to the author’s views, is that they would prefer, at 
any rate at first, merely to offer facilities for the 
storage and distribution of alcohol, leaving the manu- 
facture to others. By this means they would 
obviously be able to exercise an undesirable amount 
of control over the new industry with very little 
risk to themselves. This, Sir Charles thinks, may 
prove to be a short-sighted policy since he regards 
alcohol, not as a substitute for petrol, but as a means 
of conserving the supplies of the latter fuel, about 
which some of the oil companies are already anxious. 
He suggests that the situation can be met by bringing 
together all the various interests concerned, in- 
cluding distillers, oil companies, benzol manufac- 
turers and motor manufacturers’ and users’ organi- 
sations to form a preliminary syndicate for carrying 
out extensive experimental work. We see no par- 
ticular use in this suggestion, since methods of 
making alcohol from almost anything are already 
well known, and the establishment of the body 
proposed would only result in further delay. What 
we think is needed is a powerful effort to induce the 
Government to adopt the same policy towards the 
manufacture and sale of alcohol as has been found 
successful abroad, especially in some of our overseas 
Dominions. If this could be done we have little 
doubt that supplies of alcohol would rapidly follow. 

On the subject of denaturation, referred to above, 
Sir Charles points out that no one simple substance 
fully meets the requirements of the Board of 
Customs and Excise. In addition to the objection 
to the methylation of alcohol, already mentioned, 
there are other drawbacks, viz., that methyl alcohol 
renders the spirit dangerously poisonous, and is also 
very expensive. Pyridine, which has recently been 
proposed by the British Government for use as a 
denaturant with methyl alcohol, has also greatly 
increased in price. In India light caoutchoucine 
and crude mineral pyridine, added in the proportion 
of 4 per cent. of each, have been found after many 
years experience to meet all requirements in that 
country, but it is not yet known whether alcohol 
denatured in this way is suitable for use as a fuel for 
internal-combustion engines. In the last of 
the Denaturation Sub-Committee of the 
Motor Fuels Committee, it was stated that 
bone oil most complied with the requirements 
of the Board of Customs and Excise, and its use as a 





denaturant for motor spirit is now being investi- 
‘gated by the Engineering Sub-Committee of the 
above-mentioned body, in conjunction with the 
experts of the London General Omnibus Company ; 
‘their report on this subject should be an interesting 
and important document. 

We understand that the object of the Denatura- 
tion Sub-Committee is not only to simplify and 
cheapen the present methods of denaturation, 
but also, if possible, to procure the legality of 
similar denaturants throughout the Empire. This 
is important, because, at present, denatured spirit 
from, say, India, cannot be imported into this 
country because the denaturants employed are not 
those specified by the English Customs authori- 
ties. The spirit would have to be re-denatured 
here, with English denaturants, so that its cost 
would be increased and its quality reduced by 
excessive denaturation. The difficulty in this 
connection, Sir Charles points out, arises mainly 
from the need for the Revenue officials of the im- 
porting countries to convince themselves that the 
denaturants employed overseas are of equal quality 
and offensiveness to those used in their own 
countries. This, however, is an administrative 
matter for which suitable arrangements could be 
made between the exporting and importing countries 
of the Empire, but the negotiations which have 
already been initiated, will certainly take some time. 

On the whole, it would seem that the subject of 
industrial alcohol must still be regarded with as 
much patience as possible. -scale production 
Sir Charles regards as the chief desideratum at the 
present time, but no sane person will risk capital 
in putting down expensive plant for the production 
of alcohol until the various obstacles to its use are 
removed. These obstacles are mainly artificial, 
being due to legislation passed before power alcohol 
was thought of. The technical difficulties are 
unimportant. Engineers are perhaps chiefly con- 
cerned with the use of alcohol as a motor fuel, 
and the difficulty of its low-vapourising point has 
been overcome by mixing it with benzole or ether. 
The latter has the advantage that it can be produced 
from the alcohol itself. Apart from power purposes, 
however, alcohol is employed to a greater or lesser 
extent in almost every trade and industry, so that 
its increased production is likely to have a beneficial 
effect on industrial developments in all parts of the 
Empire. Nothing, however, can be done until the 
Government removes the obsolete regulations and 
restrictions and gives alcohol fuel a chance to take 
its natural place as an ordinary article of commerce. 
No further research is necessary to prove the fact 
that fuel alcohol, which is available abroad, is illegal 
for use in this country. 





THE LABOUR PARTY AND THE 
RAILWAYS BILL. 

Durine the debate in the House of Commons 
on May 30, on the second reading of the Railways 
Bill, the Labour Party, or Mr, Arthur Henderson 
on their behalf, took up a curious position with 
regard to what he termed the much-debated question 
of the workers’ association in the control and manage- 
ment of the railway companies. In the original 
White Paper, issued some time ago, the Government 
indicated that it was their opinion that the time 
had come when the workers should have some 
voice in the management. The railway companies 
have been opposed to the admission of the 
workers to the Boards of Directors, and it appears 
that the railwaymen’s unions have been more con- 
cerned about securing the continuance of the 
National Wages Board than with this subject, for 
they came to an ent with the companies’ 

resentatives to the effect that the National W 
Board should be continued, but that the claim for 
representation of the workers on the Boards should 
be dropped. Notwithstanding this, Mr. Henderson, 
in the course of his speech, made it one of the 
grounds of his opposition to the Bill that the 
Government had not provided for the workers’ 
representation on the Boards. He suggested that 
the railway unions were not pleased with the 
arrangement which had been made; that it was 
made under , and was a case of “ Hobson’s 
choice,” and that it was merely in the interests of 
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industrial peace at the moment that the unions 
had given up their claim. He concluded his 
observations on this part of the subject. by saying 
that he hoped the Government would not leave the 
matter where it was, but that during the committee 
and report stages it would have most careful con- 
sideration in the hope that even now the House 
might be prepared “ to assist the directors and the 
unions to a solution other than that contained in 
the agreement which has been referred to.” 

Sir Eric Geddes traversed at once the suggestion 
that there had been undue pressure on the unions. 
He said that the unions went into negotiations 
with the companies and came to an agreement ; 
that if they had felt they were being unduly pressed 
it would have been contrary to past history for them 
not to have been in his room within 24 hours. 
But they never came, and after the debate on 
May 26, in which Mr. William Graham said that 
the railwaymen were anxious to maintain the claim 
for representation on the Boards of Management, 
Mr. Cramp wrote to Sir Herbert Walker pointing 
out that this statement would convey the impression 
that the members of the railwaymen’s unions 
desired to repudiate the arrangement which they 
had made with the representatives of the railway 
companies. He added that he wished to state quite 
plainly that so far as the National Union of Railway- 
men was concerned, having entered into the bargain 
they were prepared to keep it whether the results 
were satisfactory or otherwise; that they had not 
withdrawn from the agreement which they had 
made, and he desired that their attitude should not 
be misunderstood. 

Mr, Henderson said that he would be the last to 
try to influence any body of workers to depart 
from agreements which they had made with 
employers for the settlement of wages disputes, 
because he had spent too long a life in endeavouring 
to induce them to make such agreements ; but this 
disclaimer seems merely to put him in a worse case 
for suggesting that though the parties to the agree- 
ment should not break it the House of Commons 
should step in and break it for them. Sir Eric 
Geddes pointed out that the House would take a 
very grave responsibility if they did anything of the 
kind. 

The results of Government interference in labour 
disputes in the past have been sufficiently un- 
fortunate in most cases, but nothing could be more 
ill-conceived than the suggestion that where the 
parties have actually come to an agreement the 
Government should step in and undo their work. 
The less the Government interfere in labour agree- 
ments and labour disputes the better it will be 
not only for the parties concerned but for the 
community as a whole. Further, the incident 
suggests a sharp conflict between the political 
aspirations of the Labour Party and what the 
railwaymen’s leaders have conceived to be the 
industrial interests of their members. The Labour 
Party will entirely destroy its usefulness if, for the 
sake of furthering its political aspirations, it inter- 
feres with agreements on industrial matters made 
between employers and employed. 








NOTES. 
Overskas STUDENTS aT OUR TECHNICAL SCHOOLS. 

SoME years ago, when an engineering college 
and laboratory was being established at Hong Kong 
for the teaching of Chinese, both German and 
American manufacturers made proposals to equip 
the laboratory and workshops with machinery 
either free of cost or at greatly reduced rates. 
Realising the value of au established “chop” in 
China, they considered it a good business invest- 
ment to sink capital in familiarising the future 
engineers of China with their. products, being very 
confident that they would thus obtain orders 
later on which might otherwise go elsewhere. It 
took a good deal of strenuous advocacy to impress 
this view on British manufacturers, but fortunately 
the task was accomplished. In a recent circular the 
Department of Overseas Trade states that in other 
portions of the Empire our manufacturers would 
find it profitable to aid in the equipment of the 
engineering laboratories now being inaugurated. A 
still more important matter is to attract the youth 


.Jits money system and how impossible it would be 


to our British colleges and universities. Something 
in this direction has already been accomplished by 
the Rhodes scholarships to Oxford and by the 
1851 Exhibition scholarships, which have made it 
possible for many able overseas students to pursue 
their studies at Cambridge and elsewhere. Much 
more remains to be done, particularly in regard to 
students of technology. Vast numbers of these 
went to Germany before the war, and America is now 
doing much to attract the current to her own 
institutions. As matters stand, of course our own 
colleges and universities are at a considerable 
disadvantage, being already overcrowded with 
students who in normal times would have graduated 
three or four years ago. This no doubt makes it 
very difficult to find room for overseas students. 
America is less hampered, and is quite legitimately 
anxious to take the place in educational matters 
formerly held by Germany. To this end the 
American consular service is giving its assistance. 
Tn South Africa, for instance, full particulars as to 
over 100 American universities, engineering and 
agricultural colleges, can be obtained at the Con- 
sulate General. The information given includes an 
estimate of the cost of living. We have much more 
to gain than America by adopting a similar policy, 
since the material benefit to our industries from 
attracting overseas students to our technical 
colleges, substantial as it may well be, will be far 
outweighed by the non-material. Those who thus 
learn something of Britain at first hand, will not 
easily accept the misrepresentations as to our 
character and policy, so persistently uttered by 
mendacious prelates and other ill-wishers. 


Tue Money System or THE WORLD. 


Although the money and credit system which 
facilitates business throughout the civilised world— 
or did before the war—is naturally of interest and 
importance to engineers, it can make no claim to be 
specifically an engineering subject, and the Institu- 
tion of Mechanical Engineers possibly strayed a 
little from its proper. field in arranging the meeting 
for Friday last. The object of this meeting was 
to hear a lecture by Mr. J. G. Graves, of Sheffield, 
entitled “‘The World’s Money System,” when an 
interesting account was given of the building up 
of the modern financial system from the elementary 
barter of the earliest days. Although the treatment 
which Mr. Graves accorded his subject appeared to 
us a somewhat elementary one this impression may 
have been partly due to the very excellent way 
in which the subject was built. up from its elements. 
Dr. Hele Shaw, after the lecture, suggested some- 
thing of this kind. It is not necessary that we should 
follow Mr. Graves in explaining how entirely the 
complicated trade of the world is dependent on 


to carry on even a minor fraction of that trade 
were business only to be done on a cash basis, that 
is by the actual passing over of money in each 
transaction. The system involving cheques, bills 
of exchange, promissory notes, &c., which has been 
built up, enables the actual gold of the world, 
which is a comparatively small total, to carry and 
render stable paper money of enormously greater 
amount. If the system is to work at its best, how- 
ever, it is necessary that there should be no question 
but that the paper shall at any time be exchange- 
able for gold. One of the chief reasons why 
London was the financial centre of the world before 
the war lay in the fact, and the universal acceptance 
of that fact, that any paper money on London would 
without question be paid in gold on demand at the 
proper time. Theoretically our gold standard 
still holds, and a Bank of England note or a 
Treasury note is worth its equivalent gold. Un- 
fortunately, however such gold can only be held, 
or dealt with, by an individual, or a business house, 
under severe restrictions. It cannot for instance 
be exported, so that although a sovereign is still 
intrinsically worth a sovereign, it is, for purposes 
of trade, with, for instance, the United States of 
America, worth only the 16s. or so which represents 
the value of a Treasury note for 20s. The matter 
is, of course, greatly complicated by the Continental 





of the Dominions, Commonwealths and Colonies 


which gives a sovereign greatly different 
values in different places, but there is no doubt but 


our paper is worth its face value in sterling One 
cannot but entirely agree with Mr. Graves in holding 
that it can only be done by living within our means 
and building up new wealth by doing some work. 
No virtue and no salvation lie in any method of 
juggling with the exchanges. 


DisposaL or GOVERNMENT AIRSHIPS. 


It will be remembered that in introducing the 
Air Estimates to the House, on March 1 last, Mr. 
Churchill announced that, in consequence of their 
decision to abandon the use of airships for service 
purposes, the Government were willing to hand over 
free of charge, all the airships, spares and ground 
equipment in their possession to any private 
concern undertaking to operate them commercially. 
The offer, which was referred to on page 263 of our 
issue of March 4, was apparently made rather 
hurriedly and in very general terms, but now, 
after an interval of three months, the Air Ministry 
has announced the terms of the offer in greater 
detail. Unfortunately, as it appears to us, the offer 
must be accepted within two months, before 
August 1 to be exact, on which date all airship 
activities under the Air Ministry will cease and the 
airships, stations and matériel will be handed over 
to the Disposals Board. In view of the present 
industrial and financial situation the time allowed 
seems much too short, but it is possible that there 
may be a certain amount of elasticity in the date 
on which the offer will be finally withdrawn. At 
the same time, it will be obvious that considerable 
expense attaches to the maintenance of the airships 
and stations, and national economy is a matter of 
vital importance. The matériel included in the 
Government offer comprises the airships R. 80, R. 33 
and R. 36, all of which have been illustrated and 
described in our columns, the R. 37, which is not 
quite completed, the ex-German ships L. 64 and 
L 71, and a large quantity of spare engines, fabric, 
gas bags, station equipment and general stores. 
These would be handed over free to the company, 
and all available technical information and data 
would be placed at their disposal. The Govern- 
ment would also second to the company, for 
a limited period, such specialist airship personnel 
(who would, of course be paid by the company), 
as may be required to operate and maintain 
the matériel, and sell or lease to them the Car- 
dington and Pulham airship bases complete as 
they now stand. A brief description of the 
Pulham airship station will be found on page 399 
ante, and the Cardington station, which is situated 
about 3 miles from Bedford, is generally similar, 
except that it is not equipped with a mooring mast 
and has only one airship shed. The latter station 
however, has the advantage of being more easily 
accessible from London. From the company 
accepting the above-mentioned terms, which are 
put forward as a basis for discussion and are subject 
to modification, an agreement that its capital will be 
controlled by British shareholders and that the Air 
Ministry will be represented on the Board of 
Directors, would be required by the Government. 
An undertaking that all the matériel will be utilised 
for the development of airship transport, and that 
none of it will be disposed of without the consent 
of the Government, will also be required, and there 
is a further stipulation that, in the event of the 
company going into liquidation and being still in 
possession of the Government assets handed over, 
the market value of such assets, over and above any 
capital loss sustained by the company, will revert 
to the Government. During the period that the 
offer is open for acceptance, the airship trials con- 
ducted by the Civil Aviation Department will be 
continued, and it is intended to arrange a series 
of demonstration cruises for the benefit of persons 
contemplating the acquisition of the airships. 


PROGRESS IN ENGINEERING. 

Few of our readers, we imagine, will be found to 
dispute the statement that something more than a 
thorough training is required to make an engineer 
—he must be possessed of the engineering instinct. 
Attention was again directed to this fact by Mr. 
C. H. Wordingham, C.B.E., the president-elect of 
the Junior Institution of Engineers in proposing 
the toast of “ Progress in ineering,” at the 
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Monico on Thursday of last week. Mr. Wordingham, 
pointed out that the engineerirg instinct was fairly 
common in the British race, and it is probably for 
=e reason that Great Britain has led the world 

ing work. The speaker regarded re- 
pr as the first essential to continued progress in 
engineering, and pointed out that this had been 
encouraged and carried on for many years by large 
firms and technical institutions in this country. 
The idea of State-aided co-operative research was, 
however, more recent, and he thought it would be 
productive of much good. In the speaker’s opinion, 
however, it was undesirable to publish the results 
of the researches for the benefit of our German and 
other competitors ; the more valuable results, he 
thought, should be reserved for the use of those 
who supported and carried out the work. Mr. 
Wordingham placed accuracy of measurement 
next in importance to research, and mentioned that 
the needs of the industry in this respect were now 
much better provided for than was the case before 
the war, largely owing to the valuable work carried 
out at the National Physical Laboratory. Stan- 
dardisation he regarded as of equal importance 
for progress, and he referred in appreciative terms 
to the work of the Engineering Standards Associa- 
tion. This work, he said, needed better financial 
support, and should be brought more prominently 
before the engineering public. Touching on labour 
matters, Mr. Wordingham commended welfare work 
and Whitley councils. but pointed out that a con- 
siderable portion of an engineer’s time which 
should be devoted to technical matters was now 
occupied with industrial questions. If the results 
hoped for were achieved, however, he thought the 
loss in one direction would be fully compensated for. 
Another matter referred to by the speaker was 
Government interference with industry. Althougb 
the intentions of our legislators were, doubtless, 
excellent, the results were always disappointing, 
and sometimes disastrous. In the electrical in- 
dustry, particularly, the Government action in 
1919 was, he thought, an honest attempt to improve 
the supply of power, but the result had been to hold 
up the industry for over two years and render its out- 
look so uncertain that it was impossible to extend 
a power station or to attract the capital necessary 
for development. With regard to the work now 
before the engineering profession, he regarded 
transport as the most pressing problem, and next to 
that the economical utilisation of fuel. In this 
connection, however, the speaker made the 
important point, which is sometimes overlooked, 
that it did not follow that the plant giving the 
greatest fuel economy would necessarily produce 
electric energy at the lowest total cost. At the 
present time, he stated, it would probably pay 
better to use less economical existing machinery 
than to replace it by new plant at current prices. 
In conclusion, he pointed to the fact that national 
progress was the result of the work of each in- 
dividual in his own sphere, and he expressed regret 
at the modern tendency to “slacking,” which, he 
said, was by no means entirely confined to the so- 
called working classes. In responding, Lord Weir 
expressed general agreement with the proposer’s 
views and stated that at no time in the history of 
the country had technical efficiency been of greater 
importance than the present. He referred to the 
influence of the price of coal on the industrial 
situation and to other factors hindering progress, 
but, in spite of these, he was not pessimistic as to 
the future and anticipated progress in the best 
sense of the word. 


Concrete Pavine 1x AMERICA. 


The remarkable development of motor transport 
in the United States has led to a vast expenditure on 
road improvements, and in view of the high wages 
paid much thought has been devoted to Teduving 
labour costs by utilising it with a maximum of 
efficiency. The success attained has been such 
that road metal is now cheaper in the United States 
than it is here. As regards road surfaces, the con- 
crete road appears to be steadily increasing in 


favour, and here again the contractors have shown | the 


great enterprise and courage in providing the 
expensive equipment necessary to enable their | are 
help to earn the high wages demanded and paid. 
In some cases it appears the contractors for such 





pavements are making extensive use of industrial 
railways. These are laid down along the side of 
the road, and have amongst other advantages the 
fact that by their use all the heavy traffic incidental 
to the supply of materials to the mixer is kept clear 
of the foundation or subgrade. When such traffic 
is allowed to pass over this subgrade the latter 
suffers severely and requires re-surfacing before 
it can be made ready again to receive the concrete. 
According to an article in a recent issue of The 
Earth Mover, several miles of industrial railway 
were used by the contractors for 14 miles of concrete 
pavement near Springfield. The trucks used by 
them held each 2 cub. yards of material and were 
handled by a 13-ton steam locomotive. The mixer 
was of the largest type and the work has been carried 
on very rapidly. The record was reached when 
147 lineal ft. of the pavement, 16 ft. wide, was laid 
in 1 hour. In 8 hours, 915 ft. have been laid. 
In this case the conditions were specially suitable 
for transportation by an industrial railway. Such 
railways are, however, not economical if the gradients 
are high, or the amount of work to be done small. 
In many cases the industrial railway is used only for 
the final stage of the transportation. Material is 
brought to it by motor lorries, passing over the 
finished and hardened portion of the concrete road- 
way. The motors are unloaded before reaching 
the point where the concrete is still green, and the 
material is then carried by the railway to the mixer. 
As further concrete hardens the length of haul by 
motor is increased. The overlapping section of the 
rails is then taken up and transferred to form a new 
railhead, which thus keeps pace with the advance- 
ment of the mixer. 
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Tue effort to discover new oil fields, to meet the 
growing dimensions of the petroleum industry in 
the United States, has created a demand for specially 
trained pioneers who combine the practice of the 
geologist with the competency of the surveyor. 
Geodetical measurement and the accurate mapping 
of topographical irregularities have supplied a 
number of competent observers, skilled in the use 
and management of instruments as in the reduction 
of the results of observation. The construction of 
geological maps has furnished other training in the 
delineation of underground structure. But the 
work of a petroleum geologist, though he may rival 
neither in reproducing minute correctness of detail, 
combines the equipment of both these classes of 
experts. This treatise is designed to meet the wants 
of those who would qualify for this two-fold office. 
Its object is commercial rather than scientific, 
or it would be more correct to say that it meets 
the requirements of those who would place the 
deductions of science at the service of commercial 
activity. The purpose of the authors is to show 
how maps can be made that exhibit with sufficient 
accuracy the structural conditions of folding and 
faulting, the positions of anticlines and terraces, 
and how other information can be gleaned, which 
will be of service to the capitalist or the speculator 
in deciding to pursue drilling operations. Topo- 
graphy, or the formation of the visible surface, is 
of little importance here; attention is directed 
mainly to the dip of the buried rock as indicated 
by the position and variation of outcrops, with 
the view of drawing correct inferences as to the 
position of possible oilfields. The instrumental 
operations consist for the most part in transferring 
the methods of superficial measurement to lower 
levels, with the view of deriving the es ai 
of strata concealed beneath an eroded surface 

The commercial character of the in 
constitutes the main difference between the work 
of a geologist here and in an oil country. Haste, 
consequence of acute competition, compels 
the sacrifice of much of that accuracy on which we 

are apt to pride ourselves, for in petroleum work 
it is essential that the geologic examination be carried 
out with the maximum rapidity consistent with 








the needful accuracy. The standard of accuracy 
will be determined 


examined, the relative chances of successful ex- 
ploitation, and the character of the country in which 
the operations are conducted. In wild-cat or 
unexplored country, where large areas have to be 
examined or sampled, the trained eye is much trusted, 
but where leases of oil or gas are sought are granted, 
measurements become necessary though no great 
degree of nicety appears to be attempted. In the 
first section, devoted to the description and use of 
instruments, the main object of the authors is to 
show how sufficient accuracy can be secured with 
the minimum expenditure of labour and time. 

Usually two men, and two only, are employed 
on the survey, a geologist who acts as rodman 
and controls the operations generally, and an 
instrument man, who “sets up” and records the 
observations. A third man is rarely employed, 
though in semi-detailed work of rapid character, 
the geologist may be allowed an assistant ; the 
extra expense involved, together with the loss of 
time entailed by attempting greater elaboration, 
forbids the use of a larger staff in purely commercial 
work. ‘An essential economy may be effected by 
the motor-car, by dispensing with the necessity for 
any camp outfit, though the life of the motor car in 
rough country where roads are unmade may be 
brief. Frugality is studied in many ways. 

Under such circumstances, the instrumental 
equipment is apt to be of the simplest. We hear 
nothing of exact “chaining,” and substitutes are 
found to accomplish the accurate work of the 
theodolite. “Stepping the distance,” reckoning 
2,000 paces to the mile, is a frequent, if rough, 
expedient, and the result is considered sa 
if the error does not exceed 2 per cent. The number 
of revolutions of the wheel of a bicycle or a motor 
car is utilised where possible, but reliance on stadia 
measurements appears to be the favourite method. 
The theory of the telemeter is given with some 
detail, and elaborate tables of corrections are sup- 
plied in an appendix for the use of those who are 
unusually fastidious, but the working field books 
make no provision for such niceties, the authors 
remarking ‘‘ that usually inclines of less than 6 deg. 
need not be corrected for horizontal distances, and 
greater angles are very rare in petroleum field 
work.” Horizontal distances are regarded as 
identical with the instrumental indications. For 
determining considerable differences of level, the 
aneroid is much utilised, and it is to be inferred 
that with care and practice, trustworthy results 
are obtained. Instrumental readings are implicitly 
trusted, and the observer is admonished that the 
instrument should be kept in such adjustment 
that no arithmetical correction is needed to the 
original i The use of Abney and other 
forms of hand level is recommended for particular 
classes of work, and in oil field mapping we are ready 
to accept the dictum of the that simple means 
utilised to the utmost are of greater practical ser- 
vice than the minute required of those 
it precise surveying work. Not the least 

ble part of the” book consists in showing how 
the work is actually done and what comparatively 
= apparatus is capable of achieving. 

Beaman stadia arc’ and the so-called 
pa ah. screw are other forms of instruments 
designed to give rapid and approximate results, that 
have not come greatly into favour in this country. 
The former determines the elevation by means of a 
vertical arc graduated to show values of the function, 
+ sin 2V of the vertical angle. To derive the angular 
elevation, it is, therefore, simply necessary to 
multiply the stadia intercept by the number of 
divisions yon —_ = arc, and the computation 
is further simp marking only those angles 
the values of the desired fenailen it which are 
simple whole numbers. The gradienter screw is 
practically a slow motion device for varying the 
inclination of the telescope, and applied in the 
usual manner, but carrying a micrometer head to 
show the angle through which the screw is turned. 
The indication of the screw will give the relation 
of the*horizontal and vertical distances, and this 
is the chief use of the instrument. ‘Usually the 
piteh of ‘the screw and the of the clamp arm 
are so adjusted that one com revolution moves 
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(tan—! = 
length of the 
in one re- 
volution is one foot for each 100 ft. the rod is distant 
from the centre of the instrument, and the grade 


the telescope through an angle of 34’ 
0-01). j 


of the line of sight is one per cent. for each rotation of 


from the horizontal, Such devices make for facility 
if not for accuracy, and one can easily understand 
that where haste is essential to success, it is im- 
portant to reduce calculation to a minimum. 

The remaining half of the book is more especially 
concerned with the work of the geologist, and in 
explaining and removing the difficulties with which 
he will be beset. It is a sufficiently difficult task 
to construct a map that shall show the structural 
contour lines of a given bed, by taking elevations 
at numerous points where outcrops are evident. 
Evidently, such contours have no necessary relation 
to the topographical contours which represent the 
surface of the ground. Such guidance is of no 
avail, but the task does not end here. Concurrently 
with the collection of this information the observer 
has to note the geologic age of the surface forma- 
tions and the general character and thickness of 
the underlying beds. No work is of greater im- 
portance than the correct identification of the 
strata. And while mapping such detail, to miss a 
variation of half a degree in the angle of inclination 
of the beds from the regional normal would be 
regarded as an unpardonable omission. The 
authors place their extensive experience at the 
service of the tyro, and offer many clues that may 
afford an escape from an apparently impracticable 
impasse. When the outcrop lies buried under a 
covering of soil that makes tracing precarious, 
they can suggest a remedy, or when some well- 
defined ledge that outcrops conspicuously, abruptly 
disappears and the pursuit seems hopeless, they 
can devise some encouraging expedient, which 
should be tried before abandoning the task, though, 
of course, they admit that with all care definite 
determination may be impossible. 
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PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London 

held on May 13, at the Imperial College of Science, 
Sir William Bragg, F.R.8., president, in the chair, a 
Paper entitled Notes on Vacuwm Tubes used as Detectors 
of Electrical Oscillations,” by Messrs. Hartshorn and 
. 8. Keeping, was read by the former. 
I. The paper describes the development of a robust 
form of vacuum tube which was used as a r of 
electrical oscillations in the “‘ wireless’’ circuits carried 
by aeroplanes. Platinum electrodes are avoided, being 
rep by strips of tinfoil, to which contact may be 
made by spring clips holding the tube in position. 

Il. It was found t when a discharge is passed 
through such a tube, the walls are affected in such a 
way that thenceforth it is much easier to get a discharge 
to pass. The change produced by the first discharge 
is annulled by heating the tube above 210 deg. C. 
Further, if the walls are coated on the inside with a 
metallic film, this first discharge is unnecessary, and the 
tube is unaffected by heating, but when the walls are 
coated with an insulator it is, if anything, more difficult 
to pass a discharge. A silica tube behaves like one 
coated with metal. It seems possible that the change 
in the tube may be due to the formation of a layer of gas 
molecules on the walls by the first disc The expla- 
nation of the behaviour of the silica tube is a difficulty. 

Discussion.—Professor G. W. O. Howe mentioned 
that comparisons of vacuum tube detectors both with 
internal and external electrodes were carried out at 
the Reichsanstalt. Helium at various pressures was 
employed. Certain pressures were used to obtain 
extreme sensitiveness, while others were used if extreme 
brightness was desired. In some of the tubes issued 
internal electrodes were fitted, not for actual use, but 
for the initial preparation of the tube by electrolytic 
d ition of potassium on the walls. 4 

r. Vincent hoped the authors would not cease work 
on this interesting problem with the publication of the 
resent paper. y had dealt only with one aspect so 
ar, but there were a number of interesting researches, 
particularly in connection with valve-maintained circuits, 
which would su tt themselves. Mr. Hartshorn had 
mentioned the advantage possessed by the method that 
it responded without lag during quick tuning. Another 
advantage was that there was no rectification of the 
current. 

Mr. G. D. West asked if many of the authors’ results 
in connection with the initial hardness of the tubes 
and the permanent softening effect of an initial discharge 
could not be accounted for by minute perforations of the 
walls by the discharge? The effects of subsequent 
heating appeared to fit in with this hypothesis. 

Mr. W. R. Cooper asked whether the authors had 
looked up the work of Claude on neon tubes. These 
were large tubes for illumination, and it was found that 
a tube 6 m. long required less than 800 volts. Possibly 
some of the effects observed by the authors (e.g., on 
heating the tubes) were due to the fact that the slightest 
impurity produced a marked effect. Claude found 
that it was not sufficient to use pure neon ; he therefore 
purified the neon when in the tube itself by oe 
the tube to a receiver containing carbon and imme 
in liquid air. 

Dr. Borns asked if a film of moisture might give rise 
to any of the effects. 

A visitor said that a common form of indicator in use 
for tuning purposes was an ordinary flash-lamp bulb. 
What were the conditions necessitating the use of 
vacuum tubes? He noticed that when pesgenting to 
spark discharge it was difficult to note the brightest point 
on account of the intermittence of the light. This 
flicker is absent with a flash lamp. The response of 
such bulbs was also quite quick enough for all ordinary 
conditions. Would a fluorescent screen in the tube 
increase its efficiency? What was the effect of the 
frequency of the oscillations on the voltage necessary 
for discharge ? 

Mr. Hartshorn, in reply, said he was not familiar with 
all the early work which had been mentioned. They 
had assumed that the experts who had referred the 
problem to them were aware of all that had been done 
on it. He did not think perforations would explain the 
softening of the tubes, as this would not fit in with the 
behaviour of some of the compound tubes. As regards 
moisture, the greatest care was always taken to exclude 

is. As the use of vacuum tubes it was essential 
that the signals should be easily seen on an aeroplane, 
and flash-lamp bulbs required more careful watching, 


nd | As regards the intermittence, this was certainly a draw- 


back, but was only present with spark d It 
was not there with valve circuits. A fluorescent screen 
would make the tubes much too difficult to construct. 
Something very op and robust was required. He 
did not know the effect of frequency on the discharge 
voltage. ‘The figure he gave, 260 volts, was at ordinary 
supply frequency. 

A paper “On the Coefficient qe of Certain 
Saturated Solutions,” was read by Mr. B. W. Clack, M.Sc. 
This ives an account of we on the 
diffusivity of saturated solutions of KCl, NaCl and 
KNO at constant temperatures near 18 deg. C., when the 
steady state of diffusion has been attained, employing 
a method similar to that previously used by the author 
(Proc. Phys. Soc., vol. xxi, page 863, 1908; vol. xxiv, 
page 40, 1911; vol. xxvii, page 56, 1914; vol. xxix, 


49, 1916). 
Pa he solution under investigation is maintained at 
#.| complete saturation by the presence of salt crystals in 


the diffusion vessel, the takes into account the 


expression is obtained for the coefficient of diffusion 
at complete saturation, on the rate of 


whi 
change in weight of the diffusion vessel with time. The 
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experimental results are found to agree very closel 
with the values obtained by ion the 
results previously found for less concentrated solutions. 
a AD mad — whined orrtint thus extended the 
range of concentration over which he has studied diffusion 
from very dilute solutions right up to complete saturation. 

Discussion.—Dr. A. Griffiths dealt with the funda- 
mental expression for diffusion. He explained the 
theoretical foundation of the diffusion-equation used by 
Mr. Clack and himself, and stated that this equation was 
an extension of Fick’s equation, or that Fick’s equation 
could be considered to be a limiting case of their equation. 
He said that Fick’s equation implicitly assumes t the 
liquid is at rest during a diffusion operation, whereas 
in fact the a in concentration in all experiments 
known to himself inevitably produce movement of the 
liquid. An extension of Fick's hypothesis is, therefore, 
inevitable. He explained that the equation used by 
Clack and himself assumed that in addition to the 
diffusion as e by Ficks, there is a movement 
of the diffusing salt equal in value to that of the water- 
component of the salt solution. He stated that the 
quantity defined by 6 in earlier papers by Clack and 
himself should have been defined as the ratio of the mass 
of water entering the diffusing cell to the mass of water 
leaving the cell. The modification of the definition makes 
no change whatever when a linear relation may be 
assumed between density and concentration; and, in 
any case, makes a change smaller than errors of experi- 
ment. The change becomes smaller with the concentra- 
tion, and is zero at infinite dilution. 

The coefficients of diffusion for the weakest solutions 
of potassium and of sodium chloride were each 16 per 
cent. less than the theoretical values given by the Nernst- 
equation for infinitely dilute solutions. The value of 
the coefficient for potassium nitrate was 11 per cent. 
less than the theoretical. These differences could not 
be considered remarkable if it were remembered that 
Perrin’s value ( on work with liquids) for the 
electronic charge was 11 per cent. less than the generally- 
accepted value. The fundamental hypothesis for liquids 
probably require a close examination. One of his 
students had interpreted Mr. Clack’s results by the 

uation K = K; + K,(l— 1), where K is the co- 
efficient obtained by Mr. Clack, K, is the coefficient of 
diffusion of the completely ionised salt, Ky, is the co- 
efficient of diffusion of the non-ionised salt, and r is the 
ionisation-ratio. In the case of potassium nitrate 
this equation represents the results obtained by Mr. 
Clack wonderfully well over the whole range of con- 
centration, and it represents the results well in the case 
of potassium chloride and of sodium chloride when 
the concentrations are not great. 

Captain C. W. Hume did not think the concentration at 
the top of the diffusion tube would be zero. The effect 
of this error would be equivalent to a constant increase 
in the length of the tube. 

Mr. F. E. Smith asked if experiments could not be 
made by measuring differences in electrical conductivity. 
Such methods, it appeared to him, would enable results 
to be obtained m' more rapidly. 

Mr. Clack, in reply, said that earlier in his researches 
he had investigneed the end-correction —— by 
Mr. Hume and concluded that it was negligible. As 
regards the conductivity method, this had been tried, 
but he was at present experimenting with an optical 
method with which it should be possible to obtain results 
for all concentrations in one experiment. 

A paper entitled “ Experiments on Thermal Trans- 
piration Currents,” was read by Dr. G. D. West. This 
paper is an attempt to demonstrate the actual existence of 
thermal transpiration currents. Theoretical considera- 
tions are first introduced to show that if a radial tempera- 
ture gradient be maintained over a disc, so that the 
centre is the hottest part, thermal transpiration currents 
sweep radially inwards over the surface of the disc, and 
discharge themselves more or less radially outwards in 
the upper regions, 

To detect these currents a narrow strip of foil is used 
which is placed ndicular to the disc, and to one side 
of the hot region. en at a considerable perpendicular 

i from the disc, and when the gas pressure is 
sufficiently low to eliminate convection currents, the 
deflections of the strip of foil are always ne from the 
hot region. When, however, the strip is placed very 
close to the disc, its deflections over a certain of 
gas pressure are towards the hot region. These facts 
are explained by the tendency of the thermal trans- 
piration currents to drag the strip with them. 

The paper emphasises one of the essential differences 
between t transpiration currents and convection 
currents—namely, that while the latter clearly depend on 
gravitation, the Semen do not. Further emphasis is laid 
on the differences between the conditions of molar and 
molecular equilibrium. 

Disoussion.—Dr. D. Owen said the author appeared to 
be working down to pressures of a ten-thousandth of a 
centimetre of mercury. How were these pressures 
measured ? To this Dr. Owen replied that they were 
made with a McLeod gauge. Dr. Owen then asked if 
the author considered poy be poe at aaa low 
pressures ? Dr. West ied that ways two 

and they gave similar results. The bulbs were 
200 ce. to 300 cc, capacity. He thought if care was 
taken to use perfectly dry air the gauges were quite reliable. 





Tue Concrete Utmitizs Bureau.—This Bureau, 
whose address is 35, Great St. Helens, E.C. 3, has re- 
cently published its pamphlet No. 14, which deals with 
the artistic = of concrete. The plates which 
it contains show a number of colour effects which can 
be arrived at by various aggregates, all of which are 
easily obtainable and are ine ive. The pamphlet 
is a useful practical guide on the subject. 
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DIAGRAMS OF THREE MONTHS FLUCTUATIONS IN PRICES OF METALS. 
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Notr.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 
tions of the London Metal Exchange for fine “‘ foreign” and “ standard” metal respectively. The prices 
shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices 
given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 
heavy sections. The pig-iron prices are for the East Coast hematite and Cleveland iron, both of No. 1 
quality and for home consumption. The price of tin-plates is per box of I.C. cokes free on board at 
Welsh ports, but in all other cases the prices are per ton. Each vertical line in the diagram represents 
a market-day, and the horizontal lines represent Il. each, except in the case of the diagram relating to 
tin plates, where they represent 1s. each. 

Travers, F.R.S., in the chair. The first paper was 
entitled “ The Shrinkage, Porosity and Density of British 
THE May meeting of the Society of Glass Technology | Fireclays after Firing at 1,500 Deg. C. 
{ urner, 


SOCIETY OF GLASS TECHNOLOGY. 


Ae ith M. 
was held in the Applied Science Department, the | Firth, B.Sc., and W. E. 8. T , D.Sc. Professor 
University, St. George’s-square, Sheffield, on Wednesday, | Turner,. who read the paper, said :— 

May 18, 1921, at 2.30 p.m., the president, Dr. Morris W. “The paper and the data which are to be presented 





represent a continuation of the work which has been 
done, details‘of which were ied a year ago here 
at 'Sheffield, on certain ph: properties of British 
clays taken from different sources Le aye England, 

one or two sources in Scotland. The first paper 
gave an account of certain eral characteristics and 
the amount of shrinkage which was observed when 
samples of these clays were heated at various tem - 
tures up to 1,400 deg. C. In addition to the dirialeage, 
the porosity of the different samples was determined, 
and two other properties, perhaps of less importance, 
namely, the density, both actually of the dhe itself 
and the apparent ity of the fire-pieces. Another 
point in connection with the tests mentioned at the time 
was that the firing was not carried out by heating the 
ey Ee © Sees cane and then 

ing out 


constant. It was the desire of the workers and certainly 
’ 8 especially in the 

somewhat hotter furnaces used in the glass industry, 
that the measuring should be carried to a still hi her 
@ temperature as possible. 

a higher temperature, especially beyond 

,400 deg. C. is by no means easy, but at any rate, 
have been carried out at 1,500 deg. C. 

We hope that a still further stage may be reached at some 


set of clays as previously, 27 of them in number, and th 
have had their shrinkages and their porosities, as well 
as the actual density and the apparent density deter- 
mined between 1,400 deg. and 1,500 deg. C. Some 
further change occurs with all the samples. Consider 
first of all the shri In eight cases there is not a 
further contraction, but an actual expansion; the 
shrinkage is negative. In the case of the porosity there 
are two only which show a distinct increase in porosity 
between 1,400 deg. and 1,500 deg. C., all the remainder 
showing either small or in some cases quite a large 
diminution of porosity. 

In regard to the actual extent of the cheinkoge where 
further shrinkage was found, it was considerable in the 
case of the Ayrshire bauxitic clay, Wortley clay, one of 
the Yorkshire clays, and also one of the Stourbridge 
clays. In regard to the porosity, the two clays which 
give an increased porosity are both of them i 
clays. Now increased porosity is a change which is not. to 
be desired because it will usually be a sign of the pheno- 
menon of blistering which takes place when clays are 
heated above a certain temperature ; that is to say, are 
“‘ over fired.” What takes place precisely at this point 
we have no very precise information about other than 
that the material gets spongy; not -— the surface, 
but the interior mass begins to swell and loses its value 
as a refractory material. There are some seven clays 
which show blistering, and therefore are not usable 
outside the range between 1,400 deg. and 1,500 deg. C. 
Those clays are Kilmarnock, Wortley, a German cla 
(Grosselmerode), two Halifax clays and two Stourbri 
clays, the worst being the Halifax clays. In five out of 
the seven clays the blistering is only at the surface. 
There is a general swelling develo in two of them. 
These are the two Halifax clays. That means that they 
are not capable of being used beyond the 1,400 deg. 
limit. 

It has been shown in the first place that 25 out of 27 
of the samples of British tg excluding for the moment 
Grosselmerode, are capable of being used between 
1,400 deg. and 1,600 deg. This doesn’t mean to say that 
they should all be used. Of these 26, six undergo 
expansion between 1,400 deg. and 1,500 deg, C.; in 
other words, their behaviour becomes somewhat sesegeien, 
per! somewhat anomalous, and on that ground one 
would perhaps avoid using them.” 

The second paper was entitled “The Effect of 
The Rays from Radium, X-Rays and Ultraviolet Rays on 
Glass,” by J. R. Clarke, M.8c., F.Inst.P. In this paper 
the results obtained by previous workers are summarised, 
and then experiments, which were carried out in order 
to ascertain the effect of particular oxides and to see 
whether the concentration of the oxide had any influence 
on the colour, are described. Seven lime-soda glasses, 
three of arena deien ae selenium 7 three cobalt, were 
exposed to the action of the a + 8 + ¥ rays, 8 + 
Tays, y Trays, tnd and ultraviolet rays. The first 
six were coloured brown by the f-rays, the depth of 
coloration ing to the range of the §-particles 
in the glasses, and the intensity of coloration being 
greatest on the surface and decreasing towards the 
interior ; it increased with increased selenium and cobalt 
content. As the radiation was the intensit; 
increased to a maximum, wi depended on the per- 
the intensity in the interior tended towards the seas 
the intensity in the tended towards the same 
maximum as that on the surface. The seventh, pure 
lime-soda, glass was only affected by the a- say being 
faintly coloured on the surface only. None of glasses 
were coloured by y-rays, X-rays, or ultraviolet rays. 

All the glasses fluoresced when kept in radium emana- 
tion, but a “ fatigue” effect was o' 
same time as the maximum intensity of colouration was 
reached. It is ti it that the a-rays are the chief 

ts pe peateatee orescence though the A-reys are 

eff . None of the glasses fluoresced the 
action of X-rays, but the pure li and the 
selenium glass fluoresced sli 
violet rays. All the 
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SHIMIZU-WILSON' CLOUD CONDENSATION APPARATUS. 


CONSTRUCTED BY THE CAMBRIDGE AND PAUL INSTRUMENT COMPANY, LIMITED, LONDON. 
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In 1911, Mr. C. T. R. Wilson, M.A., of Cambridge, 
described to the Royal Society an ingenious cloud- 
condensation apparatus for the study of tracks of the 
minutest corpuscular particles. The principle of the 
apparatus, which has been —— mentioned in 
our columns in connection with lectures by Sir J. J. 
Thomson and Mr. Wilson himself, is as follows: When 
air, saturated with moisture and confined in a 
chamber, is suddenly expanded by dropping the piston- 
bottom of the vessel, the moisture condenses on the 
dust particles never absent from air under ordinary 
conditions. After worki the apparatus several 
times the dust will have settled, and further expansions 
will not give rise to any further condensation. If we 
then ionise the air by some means, for instance, by 
the aid of a or 8 particles or X-rays, these ions will 
serve as condensation nuclei, and the track of each 
individual « particle becomes marked by a line made 
up of minute water globules. The condensed moisture 
evaporates again; but the tracks remain distinct for 
periods admitting of study and photography. By 
these means Mr. Wilson traced the straight, sometimes 
deflected paths of a-rays and the more tortuous paths 
of B-rays and of the electrons liberated by X-rays. 
The apparatus, and some of the results obtained with 
it, were illustrated in our issue of March 25 last (on 
page 346) in connection with Sir E. Rutherford’s 
lectures on “‘ Electricity and Matter.” 

The modification of the Wilson apparatus by Mr. 
Takeo Shimizu, at present working in the Cavendish 
Laboratory, which was noticed in our comments on 
the Royal Society Soirée (EnarnzERInc, May 13, 
page 593), and which we illustrate in Figs. 1 and 2 on 
this page, enables the experimenter to watch at leisure 
the continuous emission of radiations from radioactive 
substances and to observe their tracks. Though not so 
simple as the spinthariscope, in which one merely sees 
a sequence of scintillations, Mr. Shimizu’s apparatus 
is much more instructive and quite as easy and con- 
venient to work, and the interesting detail of the 
—— will not trouble the experimenter. 

n the original Wilson apparatus only a single expan- 
sion was utilised at one time, and to make this expansion 
sudden the space under the moviny piston was connected 
with another space previously evacuated, the piston 
being suddenly sucked down against a rubber stop. 
Mr. Shimizu has found that the sudden expansion is 
not essential; his piston is reciprocating, and cloud 
tracks are obtained at every consecutive expansion, 
which can be timed to occur at rates ranging from 
50 up to 200 per minute. It is the adaptation of the 
apparatus to various working conditions which required 
the additional devices we are going to describe. 

The observer standing in front of the apparatus, as 


shown in Fig. 1, looks dcwnh upon the expansion|and b 


chamber K, 55 mm. in diameter, which is at the top 
of the short vertical pump barrel. The chamber is 
covered with a glass; the radioactive substance is 
introduced into the chamber through the small tube O. 
The chamber must be perfectly airtight, as a minute 
leak would at once introduce eddy currents destroying 
the tracks. The first few e ions clear the chamber 
of any dust. This dust settles on the piston, the 
surface of which is saucer-sha) 


ped to receive a layer 
of gelatin mixed with 10 per cent. of Indian ink ; 
the gelatin takes up the dust, and the ink forms a dark 
background for the rays. The observer sees rays 
radiating out from the speck of radioactive substance ; 
t lines, or are kinked by 
ey may remain visible for 


the rays are either st 
collision with molecules, 





several seconds. At first one fancies that the same | 
rays reappear after intervals; but they really shoot | 
up in various directions, of course, though there might | 
be preferential directions. As regards the rate of 
emission in definite directions we have so far no know- 
ledge ; in his recent lecture, Sir E. Rutherford pointed 
out that there is no regularity ; Geiger’s curves (com- 
pare Fig. 4, page 345 loc. cit.) merely indicate the law 
of chance. If the Shimizu apparatus is continuously 
worked, the clouds will accumulate and the linear tracks 
will no longer remain distinguishable. To meet this 
difficulty the piston stroke has been made adjustable, 
and an electrostatic field is applied to the chamber. 

The crank A, driven either from the hand wheel B 
or by a small motor, actuates the upright connecting 
rod C, itself driving the horizontal beam D. The 
far end of D slides in a sleeve E which rocks freely 
in the piece F; F is adjustable horizontally by the 
screw G. The piston rod H is joined to the middle of 
D. Since the crank A is of constant length, the hori- 
zontal adjustment of F alters the length of the piston- 
rod stroke H, and by this adjustment the expansion 
ratio in the working chamber K can be varied while 
the instrument is in operation. 

The electrostatic field, already mentioned, is wanted 
to dissipate the cloud during the compression stroke 
following the expansion. The field is vertical; a 
conducting film of gelatin, applied to the inner surface 
of the glass, forms the negative electrode, and the piston 
is the positive electrode. By means of the commutator 
disc L (Fig. 2) which rotates together with the crank A, 
the field is discharged just before the moment of cloud 
formation. The length of the period during which 
the field is cut off is adjusted with the aid of the screw P 
which traverses the contact brush Q along the com- 
mutator L. The periphery of the disc L is further 
covered by two lead arcs M and N, the mode of 
attachment to L being seen in Fig. 2. These arcs 
form a shutter for admitting X-rays to the chamber at 
the proper intervals. When the electrostatic field is 
turned off, the moisture settles in patches on the glass. 

The diameter of the chamber, 55 mm., being too 
small to show the full length of the track of an a 
particle in air, a mica screen can be interposed to reduce 
the velocity of the particles. A small screen is also 
placed on the piston to cut off the rays except at the 
moment of greatest expansion. To facilitate the 
observations, made in the dark, a parallel beam of 
light is only admitted through the screen R (Fig. 1) 
from the left of the observer; this beam passes right 
through the middle of the chamber. When the tracks 
are to be photographed, a good source of light is 
needed. Mr. Shimizu has taken many stereoscopic 
pictures on kinematograph films with this apparatus, 
y means of these the exact paths of the 
particles can be determined. Like the original Wilson 
apparatus, the making of which was interrupted by the 
war, the apparatus we have described was constructed 
by the Cambridge and Paul Instrument Company 
(late the Cambridge Scientific Instrument Company) 
and was exhibited by them and Mr. Shimizu at the 
recent Royal Society Soirée. A suitable stereoscopic 
camera is soon to be brought on the market. 





Tue InstirvTion or ELectricAL ENGINEERS.— 
In view of the continuance of the coal strike, the Scottish 
Committee have been reluctantly compelled to cancel the 
proposed Summer Meeting of the Institution, which was 
to have been held, as announced on page 332 ante, at the 
Scottish centre, Glasgow, from June 7 to June 10. 











Fig. 2. 


THE MEASUREMENT 


TENSION. 


Tue determination of surface tension concerns the 
engineer very closely and not only in connection with lubri- 
cation problems. The measurements are largely made by 
watching the rise of the liquid concerned in a capillary 
tube. The objections to this method are that long 
capillary tubes of uniform bore are very difficult to find, 
as well as to clean and to keep clean, that the 
meniscus is exposed to cooling which may greatly 
influence the surface tension to be determined, and that 
the accurate observation of the meniscus demands 
elaborate optical apparatus which should be placed in 
a. thermostat. 

On the other hand, an accurate knowledge of sur- 
ace tension and of its temperature co-efficient fur- 
nishes valuable information in connection with critical 
temperature. The simple way in which Messrs, Allan 
Ferguson and P. E. Dowson, of the Manchester College 
of Technology, overcome the objections to the capil- 
lary method is hence of considerable interest. They 
presented two essentially mathematical _—_— to the 
Faraday Society on May 9, one on “ The ification of 
the Capillary Tube Method ” and the other on “ General 
Considerations of Methods for the Measurement of Inter- 
facial Tensions.’’ Instead of measuring the rise of the 
liquid, Ferguson and Dowson force the liquid down to 
the lower end of the capillary, dipping vertically into 
the liquid, and they measure the pressure required for 
this in a suitable manometer. The liquid is placed in 
a beaker resting on a movable table. The capillary 
tube, which is dipped into the liquid, may be short ; it is 
fused to another glass tube leading over to a mercury 
bottle ; by raising this bottle the air in the glass tube 
forces the liquid, which had risen in the capillary, down 
to the edge of the tube where the meniscus is formed. 

The actual measurement is transferred to a U-tube 
gauge, branched off from the horizontal portion of the 
glass tube. Very concordant results have been obtained 
by this reversed method, and the fact, noticed by 
Ferguson, that benzene gave a surface tension of 29-6 
dynes per centimetre when examined immediately after 
purification, but a higher value (29-9) after a day or so, 
testifies to the delicacy of the method ; benzene is hygro- 
scopic and increases its surface tension by absorbing 
water. 


OF SURFACE 





Coxe Cooumc anp Steam Raisinc.—An interesting 
account of a new coke-cooling plant installed by Messrs. 
Sulzer, in the Schlieren gas works of Ziirich, is given in 
the Schweizerische B itung of April 16. The object of 
the innovation is to cool the hot coke, coming from the 
retorts, without quenching it in water and to utilise 
the heat of the coke for the generation of steam. 
The hot coke is discharged into a kind of shaft furnace 
lined with firebricks and separated by a firebrick wall 
from a vertical water tube boiler, the whole forming 
an enclosed pit, which is accessible at the top and 
bottom. A fan, mounted near the bottom of the 
pit, works the hot gas of the coke upward through 
the coke and through a flue connecting the two com- 
partments down the boiler shaft in which the feed 
water is circulating. Apart from leakages, air is only 
admitted during the charging and emptying of the 
furnace ; the oxygen present in the shaft is soon con- 
sumed in oxidising the CO to COz, so that after a while 
the hot gas circulating will consist essentially of carbon 
dioxide and nitrogen. Analyses of samples taken during 
the tests made last December showed that immediately 
after recharging the pit the percentages of CO, COz 
and O2 were 15-4, 11-4, 0-6, while before discharging 
the cold coke they were 2-4, 14-1 and 1-1 respectively. 
The number of retorts discharged was 66, the coke 
weighing about 22,360 kg.; the feed water temperature 
was 43 -8 deg. C. (110 deg. F.), and 1 kilo of hot coke 
yielded 0.491 kg. of steam at 154-3 deg. C. (310 deg. F.) 
and 5 atmospheres. The temperature of the hot coke 
was about 1,000 deg. C., that of the cooled coke 327 
deg. C. (1,830 deg. and 620 deg. F.). 
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INTERNAL SERVICE-STRAINS IN STEEL.* 


By James E. Howarp, Engineer Physicist, Interstate 
Commerce Commission, Washington, D.C., U.S.A. 


UNDER many conditions of service the state of internal 
strain of working material d ideration. This is 
peculiarly the case with steel rails which are exposed to 
destructive forces and which acquire in service internal 
strains of high degree. Bridge members acquire internal 
strains, cooling strains during fabrication of component 
parts and strains when they are assembled, to which 
are finally added those due to dead and live loads, 

In dealing with steel a query is at once suggested, 
namely, what constitutes the maximum range in strains 
which steel will endure, under either temporary or 
permanent loads and without loss of integrity. Temporary 
strains of tension in steel music wire have been shown 
amounting to 0-015 per unit of length. Under stress 
of compression, hardened steel endures a strain of 
0-020 per unit of length. These strains represent 
stresses of 450,000 Ib. and 600,000 Ib. per square inch 
respectively. They stand as extreme examples of elastic 
extension and compression which have come to notice, 
and are far beyond any elastic strains made use of in 
the arts. Music wire, in the a pd octaves of a piano- 
forte, probably affords an example of maximum worki 
stresses under which steel is placed for long contin 
periods, strains of some 0-006 per unit of length, more 
or less, being reached. 

Examples of reversed strains, in the same member, 
have not been observed approaching those which steel 
has displayed while under stresses in one direction only. 
Steel subjected to alternate stresses of 50,000 Ib. per 
square inch tension and compression each, has shown 
apparently complete restoration in length after release 
oF stress, thus showing an gate elastic movement of 
00034 per unit of length. In the experience of the 
writer the limiting stress, under repeated alternate 
stresses, which steels are capable of enduring, one 
hundred-million repetitions or more, is in the vicinity of 
45,000 Ib. per square inch. In commenting upon this 
feature years ago, Shreve inferred from the results of 
Woehler and Spangenberg that 30,000 lb. per square 
inch was the limiting stress for irons. 

Judging from experience with other materials and 
noting also that no change occurs in the physical pro- 
perties of mild steel after exposure to cubic compression 
several times the elastic limit in tension, it is inferred 
that steels will endure cubic compression without limit. 
Destruction of in ity of a material results from 
separation of the adjacent particles, but that integrity 
does not admit of being impaired by forces of com ion 
when received simultaneously in three directions, Loweter 
great those forces may be. It follows that the maximum 
intensity of a force of compression may be’ very great 
without injury provided there is a pro; ive uation 
from the centre of effort to the periphery of the stressed 
area. For this reason intense impinging pressures such 
as those which occur between the head of a rail and the 
tread of a wheel, although injurious, are less i 
to the metal either of the rail or wheel than such pressures 
would be under conditions of uniformly distributed 
stresses. 


is cc 





Internal strains make their appearance in steel cooled 
from the ingot or cooled after the operations of forgi 
or rolling. The parts first to cool are usually left in a 
final state of compression, unless modified by complexity 
of form in the steel member. Earlier strains in the t 
experienced during the period of cooling, are reversed 
in the cold metal. 

Under normal conditions of air cooling, internal strains 
are modified by the cross section dimensions of the steel 
member. Since the acquisition of internal strains is 
influenced by the rate of cooling, large forgings of com- 
pact form are expected to be less affected than forgings 
or rolled sha; having thin webs and flanges. In steel 
rails, with thin flanges, internal strains of compression 
not ae reach a magnitude equivalent to a 
stress of 15,000 lbs. per square inch. In the heads of the 
heavier rails cooling strains equivalent to 5,000 lb. per 
square inch compression represent ordinary values. 

The usual range of internal strains in air cooled steel 
members may be greatly extended by accelerated rate of 
cooling, by exposure to a current of air, by an air blast, 
or by cooling with water from a medium high tempera- 
ture, but not so high as to result in thermal hardening. 
Rapid cooling of steel rails from the finishing tempera- 
tures of the rail mill by means of an air blast is capable 
of introducing internal strains of compression ex i 
40,000 Ib. per square inch. Forgings reheated to about 
900 deg. F. and cooled with water acquire internal 
strains of compression comparable with those resulting 
from an air blast on rails at finishing temperatures. 

_ Local heating followed by normal air cooling also results 
in the introduction of internal strains; that is to say, 
unequal heating of steel, as well as unequal cooling, is 
® cause for internal strains. Heating by frictional 
resistance and quenching by the conductivity of the 
cold surrounding metal introduces internal strains and 
leads to the rupture of metals. - Brake shoes in railway 
service furnish familar examples of, such action. The 
treads of wheels are occasionally affected in like manner. 
Examples of “‘ wheel-burnt ” rails, so called, are numbered 
by thousands, that is rails which have been intensely 
heated along elements on the running surface of the 
head by the slipping of wheels. All phases of heating, 
quenc » and annealing are confined within shallow 
depths of metal on the of those rails, and this 
occasionally results in rupture. The severe structural 
effects which may result from wheel burning will be 
realised upon giving consideration to the difference in 





_* Abstract of paper read at a joint meeting of the 
Faraday Society with other institutions, ‘April 6, 1921. 





the rate of t of heat through the cross section 
of the rail and the rate of transmission of strains. 

Internal strains of compression are commonly - 
duced in machine operations. It has been found, how- 
ever, that excessive cuts and feeds may result in the 
introduction of strains of tension. Punching and shear- 
ing of steel for use in important places has long been 
objected to. The introduction of high-speed, blue-chip, 
tool steels has brought about machine tool practice 
pene Be wee upon the objectionable features of punching 
an } 

The introduction of internal strains of most common 
occurrence is found in the case of steel rails in railway 
service. All rails are cold rolled and uire a state of 
internal strain resulting from the wheel pressures. 
Cooling strains gee from manufacture are present 
in the rails when pl in the track. These strains in 
part remain 





ted 


subsequent conditions of 
service. Those in the flanges of the base commonly 
remain undisturbed. It is quite a different affair, 
however, in the head of the rail. Here the origi 
cooling strains are immediately augmented by the 
wheel pressures. Internal strains in the rail next 
the running surface not infrequently attain a magnitude 
equivalent to 20,000 lb. per square inch stress. The 
internal strains next to the running surface are those of 
compression. Necessarily there must be strains of 
tension in some part of the cross section of the rail to 
furnish the required reaction. They are found along the 
central zone of the head, where the measured values have 
reached 8,000 Ib. per square inch tension. This con- 
dition acquired by the rails in the track is the explana- 
tion, in the opinion of the writer, which accounts for the 
development of transverse fissures. 

The idea does not appear untenable that brittleness, 
in the sense of inability to display permanent extension, 
may be displayed by steel at any temperature, under 
conditions of cubic tension. The only opportunity for 
steel to reach such a state, in which there are simul- 
taneous strains of tension in three directions, seems to be 
during the operation of cooling at the period when the 
peripheral metal has reached a state of compression and 
exerts tension on the interior. 

A slight surface defect or interruption in continuity is 
known to have a serious effect exposed to repeated 
alternate stresses, leading to premature rupture. This 
is quite évident from the failure of steels in which the 
structural defect was located remote from the plane of 
maximum fibre stress, The rupture of steel occurs when 
two adjacent particles are —_ beyond their radius of 
action or molecular bond, whatever descriptive term may 
be used in this connection. Progressive fractures develop 
under such conditions. Since the presence of a surface 
defect produces a result similar to an increased fibre 





stress on the metal as a whole, it is inferred that an | he 


actual increase in fibre stress is experienced in the 
vicinity of the defect. Carrying the inference one step 
farther, it appears reasonable to believe that internal 
strains may augment those of external origin, the 
algebraic sum of the two representing the actual fibre 
stresses which affect the steel. C ing the inference 
still farther, although now approaching a debatable 
state, it may be argued that actual separation of adjacent 
particles occurs when and only when the local strain 
tween them reaches a maximum and that this maximum 
has a relation to the original tensile strength of the steel. 
In support of this last inference is the behaviour of steel 
under repeated alternate stresses conducted at different 
temperatures. At a blue heat, in the range of 400 wns 
r 





F. and 600 deg. F., at which period the tensile stre: 
is above that at ordinary tem; ures, steels un 
repeated stresses endure several times the number of 
repeated loads which they sustain at atmospheric 
temperatures. That is at the time of increased tensile 
strength there is an accompanying increase in its endur- 
ance of repeated stresses. 

Stress-strain curves under loads once ied and 
advanced until rupture takes place, as ormed in 


per tests by tension, are practically straight lines 
until t! elastic’ limit is reached. Early sets, if such 
appear, may conjecturally be attributed to the influence 
of internal strains pre-existing in the steel, in such 
localities where the elastic limit is reached prior to that 
of the general mass of the metal, There is lack of 
harmony between the opinion often expressed that a 

rmanent set occurs under every stress, however small 
it may be, and the example of musie wire sustaining 
stresses far above 100,000 lb. per square inch over periods 
of years and with the ability to sustain a temporary 
stress of 460,000 Ib. per square inch tension. 





THE CERAMIC SOCIETY: REFRACTORY 
MATERIALS SECTION. 


(Concluded from page 649.) 


WE continue our summary of read at the meeting 
of the Ceramic Society held at Paris on the 14th inst. 


Dirricutties IN MAINTAINING A PYROMETER 
INSTALLATION IN A WORKS. 


By R. 8. Wurrrre. M.1E.E.. F.Inst.P. 


It is doubtful whether the majority of firms now using 
pyrometers for temperature con’ are obtaining the 
maximum benefit from their instruments, the 
author discusses at some length the whole question 
with a view to showing how greater efficiency may be 
attained, not in ceramic work only, but in most cases 
where pyrometers are in use. It is assumed that some 
one competent person in the works is interested in the 
efficient maintenance of the pyrometer equipment, 
the working of which may be advantageously compared 
with that of machine tools. The author considers that 





the reasons why any pyrometer installation is not a 
success may be summarised as follows :— 

(1) The wrong type of instrument has been installed. 

(2) The instrument is not being used efficiently, or 

(3) The instrument itself requires adjustment or 
correction. Very few difficulties arise which cannot be 
grouped under one of these headings. 

As regards the instrument, e ce has shown that 
it is cheaper to replace an inefficient instrument (or tool) 
with an efficient one, and if the discarded instrument is a 
good one of its kind it may generally be utilised some- 
where else in the works. advice of technical experts 
is desirable in selecting the best type of instrument for 
any particular purpose, When considering an installa. 
tion, the chief points for immediate decision are as to the 
degree of accuracy required in the temperature measure- 
ments, and whether only temperature readings from 
time to time are requi or continuous records of the 
tem ure. In this connection the value and nature 
of work done in the furnace or kiln have to be taken 
into account. In most cases—as with large kilns or 
ovens filled with ware in saggars, or annealing furnaces 
charged with bars of high-speed tool steel—the initial 
cost of @ pyrometer installation is small in comparison 
with that of the furnace, and of a month’s ou . 
To ie-quasealiy Giwleakie to tnatell @.cesesden, eapeollay 
where the rate of ae or oe important, or 
where the temperature should not below a given 
limit during a definite period. With reference to the 
placing of the instrument, it is stro 
that it should be readily available 
inspection, so that he may soon look on it rather as a 
friendly aid than as a kind of policeman. If desired, a 
recorder may be installed in the manager’s office, and an 
inte Sa the urnes sein Sendioege of tie Goemne. 

type of pyrometer most 'y suitable for 
industrial purposes may be fae mee following:— 
Resistance thermometer. From very low tem - 
tures to 700 deg. C. sad ae 
Thermo-electric t From © deg. to 
i tc 
Optical, or radiation pyrometer. From 700 » C. 
to 2,000 deg. C. (or upwards). - 

As a general rule, the thermoelectric thermometer 
should be used in workshops for measuring temperatures 
between 300 deg. and 1,200 deg. C. For great accurac 
between 800 deg. and 1,200 deg. C., thermocouples moe | 


of the platinum group of 
preferably the platinum, 
which may be used for temperatures as high as 1, 
ese cao Goes pelos, s Nd yc seatagagy 2 dyed 
it ve l, . C. for any le time. Owing to 
hibitive price of oe pueionn, 
rhodium couple, base-metal couples 
extensive use, those in most 
Senreanmnation conets and 
nickel-aluminium couple capable of being used up to 
1,370 deg. C. (Constantan = 60 per cent. copper With 
40 per cent. nickel, nickel-chromium = 90 cent. 
nickel with 10 per cent. chromium, and nickel-aluminium 
= 98 per cent. nickel with 2 per cent. aluminium.) 

When it is desired to rd continuously above 
1,000 deg. C. a radiation pyrometer should used, 
Direct readings may be taken by means of a radiation 
pyrometer or an optical pyrometer, If the hot — 
small an optical pyrometer must be employed. T 
optical and radiation pyrometers have the great advan- 
Seana net wandns 6 Paget: matey greene 
so that by ing certain precautions temperature 
of a hot bedy can be measured either by its luminosity 
or by the iation emitted from it. 

In arriving at a decision it should not be overlooked 
that each type of instrument has certain limitations, 
apeeny as regards accuracy of readings. 

ith reference to inefficient use of instruments, the 
reasons will usually fall under one or more of the follow- 
ing headings :— 


y recommended 
or the fireman’s 


ometer, 





(1) Destruction of the protecting envel of the 
 pernarres 4 by excessive heat or mechani breakage 
ue to incorrect mounting in the furnace. 


(2) vibration of the support carrying the-galvano- 
meter of the indicator or 


(3) Defective wiring and unsatisfactory connections. 


(4) Dirt. 

(5) Want of adjustment of the indicator or recorder. 

(6) Careless in handling instruments and want of 
attention to details. 


As regards protecting menteaiels povatintn is still the 
most satisfactory available. quartz is better up 
to 1,000 deg. C., as it can be used in thicker (and therefore 
stronger) tubes, and it offers much greater resistance. 
to rapid changes of temperature, At temperatures above 
1,000 deg. C. fused quartz slowly devitrifies, becomes 
brittle, and does not remain impervious to gases. Tubes 
made oo and pro oug e . are useful as outer 
or seco rotecting sheaths, but are too porous to 
use alone, Wichrome sheaths have proved successful 
as secondary protecting tubes, when not exposed to 
sulphurous fumes or gases, at temperatures up to 1,000 
deg. C. They are co ively expensive and often 
porous. The life of the pyrometer depends on the 
method of mounting, more than on any other condition. * 
In many cases relative rather than ute te res 
of the materials in the furnace are obtained, which often 
proves sufficient, as only the repetition of certain tempera- 
ture conditions which have previously yielded satis- 
factory Its is required 

The method of mounting the pyrometers will depend 
ei.the type cf fasunee. in o:'ehaall hastening Gigudes 
fitted with Bunsen burners ied with gas at norma! 
a a hole may be made 
rough the back and pyrometer placed on a firebrick 
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on the floor of the furnace, in which situation it should 
be sufficiently protected from mechanical breakage 
(Fig. 1). It is generally advisable to screw a flange 
with a socket on to the sheet-iron covering the furnace 
in order to hold the pyrometer in ition. A sala- 
mander or fireclay tube is often attached to this socket 
8o that the pyrometer slips into this secondary protecting 
sheath, the sensitive element of the pyrometer being 
protected by a quartz tube. 

The pyrometer is thus doubly protected. If the firebrick 
on which the pyrometer rests projects all round the 
fireclay tube, and nothing is p on the pyrometer, 
it should last several years viding the tem ture 
never exceeds 900 deg. C. a large re-heating and 
earbonising furnace, the flue i over the roof 
of the muffle complicates the situation, and the pyrometer 
must either be placed inet the roof Aree ne _ 
side (Fig. 2). A pyrometer inserted t the roo 
should ie a rit of firebrick placed round it in the 
flue, or alternatively a large ay tube must be 
inserted thro the roof into the inner muffle. As 
difficulties are liable to arise owing to the relative 
° ion or contraction of the two arches of the furnace, 
it is advisable wherever possible to insert the pyrometer 
through the back wall of the furnace. On 
hand, a pyrometer placed through the roof can 
be brought nearer to the work, and will give 
temperature of the furnace more accurately. 

Owing to the im of the correct heat treatment 
of the expensive alloy steels, it is necessary in the case 
of long furnaces to have two or three pyrometers in the 
furnace, and where the pyrometers are being lifted in 
and out of the furnaces eeentiy they should be pro- 
tected by outer steel sheaths (Fig. 3). The distribution 
of temperature in a large furnace—where the difference 
between the temperature of the back wall and the front 
of a furnace not uncommonly amounts to 30 deg. C.— 
should be ascertained in order that the heavier and 
lighter work can be operated to the best advantage. 

In furnaces such as those used in the heat treatment 
of malleable iron, the pyrometer is best supported on 
firebricks built into the side of the furnace (Fig. 4). 

In a pottery kiln or oven two different t of pyro- 
meters are necessary to cover the complete range of 
temperature. A thermocouple is generally used for the 
early stages, and a radiation pyrometer for the later 
— It is usual to insert a closed tube of fireclay 
or fused silica — in. internal a = 4 ft. 
long (Fig. 5). Details are given in a paper the same 

th im Tr tions of the Ceramic Society, 1913. 
In the early stages a thermocouple is inserted into the 
closed tube, and after 700 deg. C. has been reached, a 
radiation pyrometer is sigh on to the lower part of 
the tube. (Fig. 5a). 

For glass-melting furnaces a Féry radiation pyrometer 
is sighted on the bottom of a closed silica tube inserted 
in the molten glass (Fig. 6). The readings are only 
relative, but have proved very serviceable in practice. 

A pyrometer which has to withstand extremely high 
temperatures must either be mounted vertically through 
the roof of the furnace or supported horizontally 
throughout its whole length. If it passes through a flue 
and part of it is ex to high temperatures, trouble 
and expense will be saved in the hor by using a 
platinum, platinum-rhodi 1 yhere high tem- 
peratures prevail, and a radiation pyrometer cannot be 
used, it is best to insert a pyrometer in some position 
where the heat is less than in the main body of the 
furnace, and work with comparative temperatures. 
Fortunately pyrometers can be used for the continuous 
record of nearly all prolonged industrial heat-treatment 
processes. The determination of the melting and 
castin Le ent of metals and their alloys is a much 
more difficult matter and still needs much investigation. 

As to the mounting of the pyrometer, it is recom- 
mended that, in the absence any serious amount of 
dirt or vibration, the instrument should be placed as 
close as possible to the man operating the furnaces, 
Vibration is rarely serious in a works, especially if it 
is in a vertical direction. The galvanometer needle may 
swing up and down, but if there is no serious horizontal 
motion the readings obtained are unaffected, though 
care must be taken to see that the coil is swinging freely. 
A want of level in the a gay omy of a suspended instru- 
ment may cause the coil to foul the pole pieces of the 
magnet. 

All wiring connections and switches should make 
pe surface contacts, as otherwise the readings may 

much lower than the true temperatures, tho the 
instrument may seem to work satisfactorily. irt is 
very detrimental to recording instruments, and if they 
have to be installed in a dusty position it is advisable 
to mount the recorders in an outer protecting case or 
Ss 

he adjustment or correction of the various instru- 
ment themselves is a matter for experts. In the larger 
industrial establishments it may be carried out in t 
laboratories attached to the works, The determination 
of the freezing and boiling points of pure metals and 
other subst has b the most accurate method of 
comparing the various thermometric standards. The 
standards should be sent to the National Physical 
ee, to he tested, and can then be used for testing 
others. 

In a large laboratory it is advisable to have an accurate 
potentiometer, moving coil galvanometer, standard cell, 
and two or three standard platinum, platinum-rhodium 
be . sbenieeen cuaeiadhea eaten anbeants: 

workshop potentiometer contai a portable galvano- 
meter and cadmium cell, readily be carried 
about the works, and which would geneity act as a 
substandard. In the laboratory of the smaller works 
this instrument may be used as the standard. Where 
expense need not be considered too seriously, it is well 
to have a resistance thermometer with some form of 


babl 
the mean 











other. 


bridge or indicator for checking the lower tem, 
points from 0 deg. to 800 deg. C., as it has the 

of an open scale and is capable of great accuracy. When 
the laboratory standards cannot conveniently be sent 
to the National Physical Laboratory to be standardised, 
they may be checked by determining the boiling or 
freezing points of various substances, including wator. 
It not be overlooked that the boiling-point of 
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Q) Baer due to gradual change in the E.M.F. of the 


couple. 

(2) Error due to the temperature of the cold junction 
being unknown or uncertain. 

(3) Error due to the resistance of the leads or defective 
connections. 

(4) Error due to the temperature of the indicator 
and to change in the galvanometer itself. 


The E.M.F. of nearly all the thermocouples in general 
use remains remarkably constant after prolonged heating, 
even in cases where the element has become y 
oxidised. Wherever possible it is advisable to protect 
the thermocouple (of whatever materials it may be made) 
against oxidation and the action of furnace gases. Glazed 
porcelain or quartz should be used for this. 

As the resultant E.M.F. given by a couple depends 
upon the difference in the temperature of the hot and 
cold junctions, it is essential that, when measuring 
the temperature of the hot junction of a couple by the 
measurement of the E.M.F. given by it, the cold-junction 
temperature should be known. The temperature of the 
anges coe (if not abnormally situated) may usually 

taken as the cold-junction temperature. When 
compensating leads are used, the point at which they 
terminate becomes the cold junction of the circuit, 
and for great accuracy the temperature at this point 
must be controlled. This can be done by placing the 
cold junction of the thermocouple or of the compensating 
leads in a thermos flask filled with oil, the point at which 
the copper leads join the couple being placed near the 
bottom of the flask. In practice, though the tempera- 
ture of the surrounding air may change 20 deg. C. during 
24 hours, the temperature inside the flask remains 
constant within 1 deg. C. Another effective way of 
controlling the cold-junction temperature is to bury the 
junction to a depth of 10 ft. to 12 ft. below the floor 
of a building, the cold-junction temperature being 
in this way kept constant within 1 deg. or 2 deg. C. 
during the year. 

Whenever fairly accurate measurements are being 
made, it is par ae to correct the zero of the galvano- 
meter pointer for the temperature of the room. The 
pyrometer circuit is broken, and the temperature of 
the galvanometer is taken by means of a mercury 
thermometer placed upon it, and the needle is adjusted 
to that temperature by rotating the adjusting head. 

The relationship of the resistance of the thermocouple 
and its leads to that of the galvanometer may be 
important. With along thermocouple of high resistance, 
and subject to variation of length on heating, the galvano- 
meter should have a high resistance so that the resistance 
variations of the circuit should be small compared with 
the total resistance of the circuit. Where alow-resistance 
galvanometer is used, the approximate resistance of the 
complete circuit should be Soon so that the galvano- 
meter may be calibrated accordingly. 

A high-resistance galvanometer has the further 
advan ides being largely independent of the 
resistance of:the circuit—that its constants are practically 
unaffected by its own temperature. In practice it has 
been found that in general industrial work galvanometers 
having a total resistance of about 80 ohms for rare metal 
and about 300 ohms for base metal couples, are best. 
The error introduced when a galvanometer is heated 
above the temperature at which it was calibrated is only 
serious when great accuracy is required. In research 
work requiring great accuracy a high-resistance galvano- 
meter of 1,000 ohms (copper moving coil 60 ohms 
manganin balancing resistance 940 ohms) may be used, 
the lead resistance forming only a small percentage of the 
total. 

The potentiometric method of measuring the E.M.F. 
overcomes difficulties with regard to lead resistance, and 
is undoubtedly the most accurate method of measuring 
temperatures with a thermocouple, but has only recently 
been adopred for industrial purposes. In practice a 
temperature can generally be obtained within a minute 
after connecting up the thermocouple. Some form of 
potentiometer would be useful as a sub-standard for check- 
ing the constants of couples and galvanometers. The 
method has the drawback that the readings are inter- 
mittent, being taken only when an electrical balance is 
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water varies with the barometric pressure. Pure metals, 

salts, &c., give other temperatures, the following being 

useful :— 

Deg. C. 
231-8 
327-4 
419-4 
444-7 


Freezing-point of tin 
Freezing-point of lead ... 
Freezing-point of zine ... 
Boiling-point of sulphur 

ing-point of antimony ... 
Freezing-point of sodium chloride 
Freezing-point of silver 3 . 
Freezing-point of copper 1,083 -0 


In the case of common salt (sodium chloride), 800 
deg. C. is a very useful point, small variations in the 
ity of the material not iably affecting the 
-point ; it can be safely han in an iron 
pot, but as the fumes are unpleasant the operation 
should be carried out in a well-ventilated room. If 
high temperatures requiring the use of optical or radiation 
pyrometers are being in the , it is advisable 
to instal a small gas-heated muffle or an electric tube 
furnace for standardising these instruments. 
Most of the errors that may arise in thermoelectric 
instruments fall under the following headings :— 








d, so that it is scarcely likely to replace the 
direct-reading instrument in the workshop. 

The galvanometer, especially if a recordi one, 
should not be overheated. If necessary, long le may 
be used to connect the pyrometer to the galvanometer. 
This would involve no serious disadvantage if compen- 
sating leads be employed, and the instrument would 
probably be in a less dusty position. 

In the case of resistance thermometers the same 
general precautions hold good as to insertion of pyrometer 
in the furnace, and importance of good connections in the 
electrical circuits. The resistance of thermometers 15 
usually measured by the deflectional method or by 
the balance (or “ null”) method. The thermometer 
coil in each method forms one arm of a Wheatstone 
— and no current passes through the galvanometer— 
which is placed across the bridge—when the thermometer 
coil is at a specified temperature. In the deflectional 
method the galvanometer is deflected when the tempera- 
ture of the thermometer rises or falls, the scale being 
divided directly in temperature values. In the balance 
or “ null” method the resistance in the other arm of the 
bridge is varied either automatically, or by hand, until 
heal ry " A 


18 ti i 

The deflectional method is generally the more con- 
venient, apart from a comparatively contracted scale. 
The resistance of the thermometer is high (say, 80 ohms 
at 0 deg. C.) and compensating leads are not required 
and, as only two connections have to be made or broken 
between thermometer and galvanometer, a large number 
ef thermometers can be connected through a switchboard 
to one galvanometer. As the t defiect 
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depends on the current in the circuit (as well as on 
resistance of thermometer) it is necessary to frequently 
standardise the circuit by adjusting the current in it by 
means of a rheostat. An effective alternative over a 
small is to alter the magnetic flux across the gap 
of the magnet of the galvanometer by means of a magnetic 
shunt, a falling-off in the E.M.F. of the battery being 
thus compensated for by i ing the tie flux 
across the gap. 

In the “null” method such precautions are un- 
necessary, a8 with the thermometer and its leads in good 
condition the readings are almost certain to be correct 
if the apparatus is working. The only point needing 
attention is that the E.M.F. of the battery should not 
fall below a certain amount. ‘The thermometers used in 
this method are generally fitted with es 
leads, and it is more difficult to arrange for many 
thermometers to be read at one central spot. There is 
also the drawback that a temperature cannot be read 
until a balance has been obtained. In all resistance 
thermometer measurements the temperature of the 
instruments is insignificant as compared with that of 
the instruments used in thermo-electric work. In the 
deflectional method the instrument is automatically 
compensated when the daily calibration is made, and 
in the “null” method the imstrument is practically 
independent of temperature. 

Radiation and optical pyrometers depend on the total 
radiation and on the luminous radiation respectively 
emitted by the hot body. The same amount of light 
is not emitted by all bodies at the same temperature, 
that from incandescent iron and carbon, for instance, 
being much greater than that from porcelain or platinum 
at the same temperature. 

Kirchoff showed that the radiation from a ‘“ black 
body *’—a body which would absorb all radiations falling 
upon it, without reflecting or transmitting any—depends 
only on the temperature, and is identical with the 
radiation inside an enclosure of which all parts have the 
same temperature. Substances heated inside a black 
body will all emit the same radiation, and as ordinary 
commercial furnaces practically fulfil black-body con- 
ditions, substances looked at through a small opening 
in the furnace will appear uniformly bright. Hence 
with a furnace fulfilling black-body conditions it is 
possible to determine its temperature from the energy 
radiated. 

The three radiation pyrometers in general use are those 
bearing the names of Fery, Foster and Thwing. In each 
of them the radiation from the furnace is concentrated 
by means of a reflector on to a thermocouple. The 
amount of radiation has been shown to vary with the 
fourth power of the temperature. The radiation 
pyrometer, as usually graduated, indicates true tempera- 
tures if it is sighted on a hot body under “ black-body ” 
conditions, such as are practi fulfilled by ordinary 
industrial furnaces. The closed lay or quartz tube 
built into a furnace gives almost ideal conditions, but 
with other conditions, as a crucible of metal in the open, 
the radiation pyrometer would indicate a different 
temperature from that shown by a pyrometer immersed 
in the metal. In most operations the object is to 
reproduce given conditions, and this may often be 
accomplished without knowing the true temperature. 
The radiation pyrometer has the advantage that it can 
be installed permanently to record temperatures, and the 
readings are _— directly on a dial or on a record sheet, 
the personal equation of the workman being thus 
eliminated. The image of the hot body formed by the 
concave reflector has only to be large enough to cover 
the small thermocouple in the pyrometer to make the 
instrument independent of the distance betweon it and 
the hot body. For a standard Féry pyrometer, Burgess 
and Foote give the following dimensions in centimetres :— 
Distance from hot body 

to pyrometer -- 70 80 100 150 200 300 500 
Diameter of hot body... 1-2 1-4 1-8 3-1 4-2 6-3 10-7 

The closed tube inserted in the furnace should not be 
less than 10 cm. internal diameter, and dirt should not 
be allowed to settle on the mirror. A glass window 
is an efficient protection against dust, but the instrument 
must be calibrated at not less than three points over 
its range with the window in position. It is not sufficient 
to calibrate at one temperature only, as the absorption 
of the heat radiation by the window varies at different 
temperatures. A mirror may be considerably tarnished 
without seriously affecting its reflecting power for lo’ 
wave-length radiations, and most of the energy reflect 
is of long wave-length. 

If the temperature of a “black body” has been 
adjusted until the standard lamp of an optical nm na 
and the ** black body ” have the same apparent brightness 
when light of a known wave-l h (generally 0-065 ,) 
is used, then by sighting on another body also radiating 
under “black-body” conditions, the ratio of the 
temperatures of the two bodies can be obtained. 
Generally the “ total brightness ” of a body varies with 
the fifth power of its term ure. 

The two common forms of optical pyrometer are the 


“d ing filament” and the “ polarising” types. 
The diagpieting filament t; of optical pyrometer is 
used very generally in the United States. It consists 
of a telescope in which the image of the hot body is 
focussed in a plane containing the filament of an electric 
pe ~~ current in the is ora RB 

ament disap against the image of t ot y- 
A red filter is fitted over the eyepiece to give 
monochromatic illumination. In using this instrument, 
the lenses should be clean and the lamp should be well 
aged before being used in the pyrometer. 

The polarising type is ly used in Great Britain 
and on the Continent. It consists of a -photo- 
meter in which a monochromatic beam of light from the 
iurnace is matched against one obtained from a standard 





electric lamp. _ The current through the is adjusted 
by means of a t+ and ammeter. intensity 
of the beam given by the lamp is matched that 


from an amy]! acetate lamp by adjustment of the current 
passing through the lamp. ‘This renders the scale of the 
yrometer in lent of the permanency of the electric 
res? boy eeearctee has thus a sony fey of nae 
ising his pyrometer at any time. small 
glass screen, used in front of the am 1 postate fame te 
give an evenly-illuminated field, should be clean. 
To check the calibration of an optical or radiation 
meter a “ black-body ” furnace of some kind must 
employed. A tube furnace, electrically heated, or a 
small gas muffle, may be used up to 1,200 deg. or 1,400 
deg. C., depending on the type of furnace. A standard 
thermocouple mounted on a small block of fireclay or 
quartz is placed inside the muffle, and the pyrometer is 
sighted directly on to the couple or into the mouth of 
the muffle. The apparent temperature, as shown by the 
tical or radiation pyrometer, is then compared with 
the readings given by the thermocouple at various 
temperatures, The results are then plotted and the 
corrections to be applied to the pyrometers under test 
determined, From the values obtained at the lower 
temperatures the corrections to be applied at the higher 
































temperatures may be deduced. In the case of an optical 
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pyrometer, if a “ black-body ” furnace is not available 
a test may be usefully made by sighting the instrument 
under test and the sub-stan on a frosted incandescent 
lamp. If the current through the lgmp be varied, 
a series of readings will be obtained which will show 
if the scales of the two pyrometers agree, although the 
readings are not true temperatures owing to the fact 
that the conditions are so far removed from those of a 
“black body.” 

The author again urges the desirability of convincing 
the fireman or toolmaker that the instruments can help 
him to do good work, and thus to secure his willing 
co-operation. 

Nores on AMERICAN Practice IN REFRACTORIES. 

By W. J. Rees, F.1.C. 

This paper is based on observations made during the 
author’s visit to the United States and Canada last 
autumn. 

The outstanding feature of American practice is the 
well-developed organisation of plant uction with 
minimum costs, echanical methods for handling the 
raw materials, and conveying prepared brickmaking 
batches to the brickmakers, are general, and the elimina- 
tion of hand labour is a marked feature of the larger 

lants. 
r The chief sources of raw material for making silica 
bricks are the Medina quartzites (Lower Silurian) of 


half the whole amount used is obtained—the Baraboo 
(pre-Cambrian) quartzites of Wisconsin, and the quartzites 
(Cambrian) of bama. Bricks are also made to some 
extent from quartzites of Maryland, Colorado and 
California. > 

The chemical composition of the more important 
quartzites is as follows :— 


K,0 

and 

SiO, AlOs FeO; CaO MgO NazO 

Medina quartzite97-80 0-90 0-85 0-10 0-15 0-40 
Baraboo __,, 97-15 1-00 1-05 0-10 025 0-10 
Alabama _,, 97-70 0:96 0-80 0-06 0-30 0-31 





Central Pennsylvania—from which probably more than | da 


It thus appears that each of these three coritains 
97 cent. to 98 per cent. of silica, with about 1 per cent. 
each of alumina and ferric oxide. 

The uppermost of the Medina formation consists 
of massive beds of white or nish white quartzite, 
the middle division consiste of a sefter tod uartzite 


underlain by shales, and the lower portion of a 
harder quartzite often rather ochreous. The hard 
sey u beds are often several hundreds of fee 


softer lower beds disin’ te on weathering 
and the hard white upper hed tine temnk away to form 
“ganister floes” often many feet in thickness and 
covering more than 1,000 acres. Much of the raw stone 
is obtained from the talus slopes which thus arise, but 
Tse quarseies 0 somponed enensially of slemit peaked 
is quartzite is essentially of o - 

and interlocking quartz each having > sand 
grain as a nucleus. Little or no ground mass or bindi 

material occurs, the a between the original iand 
grains having been filled up with quartz which 
was deposited in crystalline continuity on the original 


grains. 
A typical flow sheet of the raw materials in a large 
plant is as follows :— 


Hopper wagons with lump stone (40 tons to 50 tons). 
crusher : 


ry (crushing 2 tons or 3 tons per 
minute), 
Rotary screen, 
By bucket elevator to jaw crusher, reducing to 
3 in, size less 


Solid-bottom . 
By elevator and belt conyeyor to bins for brick 


batch. 
Brickmaking tables or machine. 


The hopper wagons are at a high level, and the dis- 
diate fo te crodiar pad be the Seenan eS gravity. 
Below each -stone bin is a pivoted. measure 
holding about 800 Ib, stone, and the tipping of this 
measure (to deliver to the ) closes the mouth of the 


By belt conveyor to store bins or stone store. 
pan 


bin. A definite weight of lime (of known CaO content 
is placed in a vessel above each pan, water is added, 
milk of lime pre by agitation, and all this milk of 


lime is fed into definite weight of stone charged into 
the pan, ree Sa or fragments of unburned limestone 
being kept by a sieve in the top of the delivery 
pipe. normal proportion gives 2 per cent, CaO in 
the bricks, but for Ericks up to 3 per cent. 
is used. The Ref Manufacturers’ Association 
has devised a machine for making silica bricks without 
pressure, the normal operations of the handmaking 
process being simply translated into mechanical opera- 


tions, The m . making 5 bricks in 1 on endless 
chains, are filled as they momeni stop under a 
vertical chute about 20 ft. high. Above this chute 


is another endless chain carrying buckets filled with 
the brick batch. As each bucket on this upper chain 
reaches the upper end of the chute it is suddenly tipped 
over so that the contained batch falls and fills the 
mould which is in position at the lower end of the chute, 
thus very satisfactorily imitating the lice | of the 
bateh by hand into the moulds. The slightly over. 
filled moulds then pass onwards under revolving Rl 
and blades which remove the excess material and give 
the bricks a smooth surface. The bricks are auto. 
matically removed from the moulds to flat iron plates 
on which they are removed to dryer cars. T'wo of these 
pera or seen in be. ogy = p Ay Se geet their 
t' ng respectively 1,200 and 3,000 bri 
hour. The inadiing was worked by three ang 
skilled labourers, and the bricks made with it were 
indistinguishable in porosity, mechanical and 
other properties, from the hand-made bricks. In 
making large shapes by hand, wooden moulds with loose 
liners of hard wood or metal are used. The batch is 
slightly drier than for re he te and at some 
plants it is ground longer in the pan to increase the 
plasticity ; it is pounded into the moulds with heavy 
lalate: mallets and finally rammed with the metal-faced 
ette. 

The normal time for grinding 800 lb. to 1,000 Ib. of 
stone, rersenr A the solid bottom pan in pieces from 
3 in. downw: , is 15 minutes for use in making ordinary 
bricks. Generally no definite gr is attempted 
by the addition of graded stone, or of silica flour. 
duration Ss results in a fortuitous greding that 

ives a satisfactory product which is remarkably uniform 
he ie se Sent f l dryer utilising 

In the larger ts some t of tunne utilisi 
waste heat is ined Gashasively, shotagt in smaller plants 
the bricks are dried on floors heated by waste heat. 
The kilns are of the normal circular down draught type, 
from 30 ft. to 45 ft. in diameter, and holding 90,000 to 
175,000 ordinary bricks. In eotting, 4 in. is left between 
bricks, and they are set in benc about 4 ft, wide 
to @ height of 12 ft. to 15 ft. The load on the bottom 
bricks is about 15 Ib. per square inch, but the thorough 
drying in the tunnel dryers enables them to bear this load 
without any sign of crushing. The burning lasts 9 to 12 
# temperature corresponding to cones 16 to 18 
being maintained for two days. Cooling occupies 
five to eight days, The coal consumption is about 1 ton 
(2,400 Ib.) per 1,000 bricks. The author was told that 
where tunnel kilns were in o tion the maximum 
oe reached was only about cone 12. 

proportion of unconverted quartz in ordinary 
bricks varies’ between 25 per cent. and 45 per cent., 
and the volume porosity between 23 per cent. and 28 per 
cent. The use of silica bricks for the walls of PP genome 


coke ovens is general throughout America. slight 
fodaetien in veleneteriness Gige 00 the use of tip 00 9 per 
cent. lime (to ee eee tide o 
no consequence, as the thermal stability of bricks is 
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well above the maximum temperatures reached in the 
coke-oven flues. One firm of coke-oven engineers 
is now ifying a maximum powder specific gravity 
of not Be sy bom 2-35 in the sillea bricks used f 


» oven 
construction, 

Fireclay Refractories.—The same type of plant isa- 
tion as in silica brick-making is ied in the gecdashion 
of firebricks. Brickmaking machines are in very general 


use. American clays are now used satisfactorily instead 
of the German cla: ne ne i for making cousiiion, &e. 
before the war. The ractory “ flint clays” are largely 
used as the basis of the mixture for high-grade firebricks, 
&e. These hard clays have little plasticity, but are 
very free from impurities. In Missouri they occur in 
pockets—50 ft. to 200 ft. in diameter, 15 ft. to 
30 ft. deep—in the limestone, with generally a few feet 
of sandstone between the clay and the limestone wall, 
the occurrence being very similar to that of the silicious 
fireclays of Derbyshire, &c. 

A remarkable firebrick is the ‘‘ Dando” ladle brick 
made at Beaver, Pa. The author found it in successful 


FUEL PROBLEM IN RELATION TO 
ENGINEERING VIEWPOINT.* 
By A. L. Nexson.t 
(Concluded from page 646.) 

Testing Apparatus.—A Sprague dynamometer equip- 
ment was employed in the tests. A Weston tachometer 
was used to indicate the speed. This was checked 
repeatedly by a revoluti Ne ter throughout the entire 
range of speeds used. The engine cooling-water tem- 
perature was obtained by a radiometer calibrated for 
the range used. The temperature control of the engine 
cooling water has already described, and a di 
of it was shown in Fig. 15 (see our previous issue). The 
radiator was installed within the cooling tank. 
Particular care was used in weighing the fuel for each 
run. Two fuel tanks were used, one for a general supply 
and the other for weighing the fuel consumed in 120 
seconds, The time interval was obtained from the 
second hand of a watch and the use of a three-way valve 








use in the large steel works, 20 to 30 heats being obt 
with large basic-steel ladles lined with this brick, as 
against only 8 to 10 heats obtained with oe 
firebricks under similar conditions. The ‘ Dando” 
bricks are made from clays of low refractoriness—cones 
16 to 20—having composition ranging from 64 per cent. 
to 76 per cent. silica, 12 per cent. to 23 per cent. alumina, 
1-5 per cent. to 2-5 per cent. ferric oxide, 0-5 per cent. 
to 0-7 per cent. lime, 0-4 per cent. to 1-0 per cent. 
magnesia 0-8 per cent. to 2-5 per cent. potash with 
soda, and 5 per cent. to 7-5 per cent. loss on ignition, 
The bricks are made in a modern well-planned works 
the mined clays being mixed and fed into a large gyrating 
erusher, and thence into dry pans with outer part o 
bottom perforated. They are then screened and carried 
up to an agitator from which the brick presses are fed. 
Four bricks are made at each operation of the dry press, 
each press making about 2,000 bricks per hour. The 
kilns are 35 ft. in diameter and hold 100,000 bricks. 
They are down-draught kilns with eight short chimneys 
(one between every two fireholes), As there is no 
prelimi drying of the bricks, the smoking period 
occupies about nine days, and the proper burning stage 
takes six days more, the maximum temperature reached 
— only cone 4, The bricks are well shaped with 
ri plane surfaces and edges, and the texture is 
dense and very uniform. In the steel ladle the bricks 
acquire a viscous skin on the first heat, some of this 
viscous material being afterwards absorbed into the 
brick, and a highly resistant surface formed. In addi- 
tion to the longer life of the ladle, cleaner metal is 
obtained. 

The making of glass pots is practised as in England, 
but attention is being direc to special linings more 
resistant than the pot clay. Casting processes are also 
receiving attention. 

Basic Refractories.-As in this country, so in the 
United States, troubles had to be overcome in connection 
with magnesite refractories when the stocks of Austrian 
I esite were used up. Particulars are given of the 

ual development of the magnesite deposits in 
Jalifornia, Washington and Quebec. The crushed raw 
stone is in all cases mixed with a small percentage of 
slag or iron ore, &c., in order to lower the sinteri 
temperature, The manufacture of magnesia (magnesite 
bricks is also described, no clay or other bonding material 
being added, At the Harbison-Walker plant at Chester, 
Pa, these bricks are dried by means of a humidity 
dryer, which consists of five chambers, the first chamber 
being fed with moist warm air and the succeeding 
chambers containing progressively dryer air, that in 
the last chamber being quite dry. Drying thus takes 
place from the centre of the brick outwards. All drying 
defects have been practically eliminated since this dryer 
was installed. The magnesite bricks are set in built-up 
compartments of silica bricks so as to avoid crushing. 
Fond bricks are fired to cone 18-19 in eight to ten 
ays. 
ian magnesite sinter was formerly much less 
satisfactory for brick-making than for hearths, but better 
selection of the raw stone (to keep down the lime 
content) and more ageee cintering have largely 
overcome the difficulties, and good bricks are now 
from this sinter, ‘* Metalkase”’ magnesite bricks, 
consisting of mild stee! tubes or sh rammed full 
of sintered magnesite, are very largely used in basic 
open-hearth furnaces and in electric furnaces, 

Dolomite sinter has been used to an increasing extent 
in recent years, more particularly special sinters to which 
basic clay, &c., is added to coat the . ranaine and increase 
resistance to slaking. These special dolomites—bearing 
trade names such as Syndolay, Kennedymay, &c.— 
are produced in rotary Kins by powdered coal, 
natural gas, or producer gas. The raw dolomite has 
about 28 per cent, to 35 per cent, lime with about 15 per 
cent, to 20 per cent. magnesia,\and the sinter 
contains about 46 per cent. .o 55 per cent. lime with 
25 per cent. to 36 per cent. magnesia. 

kilns fired with powdered coal are being used 
successfully for burning lime; the limestone being first 
crushed to about 2 in. size by a gyrating crusher. A 
kiln, 125 ft, by 8 ft., has an output of 80 tons to 90 tons 
of lime per 24 hours, the coal consumption being 3 cwt. 
to 4 cwt. per ton of burned lime. 





Spanish Customs Tariurr.—The Board of Trade 
Journal contains in the form of a special supplement 
details of the new Spanish Customs tariff which came into 
force on May 21. This tariff will remain in force as a 
provisional pending the more permanent 


measure 
revision of the Spanish tariff. 


ting the two tanks to the carburettor. Both 
tanks were equipped with gauge glasses so that the 
level of gasoline could be kept almost the same. This 
is important because the height of the level of gasoline 
in the carburettor bowl is a function of the pressure 
on the gasoline. It is obvious that, should the level of 
the ees in the carburettor change during the run, 
the fuel weighed would be in error by the amount of fuel 
it took to change the level. A weighing tank and 
Fairbanks silk scales were used for the fuel. This scale 
balances readily within 1/100 oz., even when the rubber 
tubing connected with the fuel line is in place. The 
small line above the tank is for filling purposes and is 
connected with the gasoline pump that draws the fuel 
from the underground tank outside the laboratory. 
Mercury and water manometers were connected to the 
intake pipe on the engine. 
During the tests the windows of the laboratory were 
opened and the room temperature kept close to 65 deg. F. 
on all the runs. The average Reeemneter readings 
for comparative tests Nos. 1 and 5 were 30-23 in. and 
30-22 in. of mercury respectively. (See Figs. 17, 20 
and 26, on this and the next pages.) The oil used in the 
tests was Mobiloil “A.” The gasoline used was Target 
brand, made by the Western Oil Refining Company. 
The weight of a sample gallon was 96-80 oz. and the 
heat value per pound was taken as 19,500 British thermal 
units in connection with the calculation of the thermal 
efficiencies. 
Comparative Tests.—Some of the characteristics of the 
tests will first be mentioned and then curves will be 
shown giving the percen comparison of results. 
Fig. 17, annexed, shows the engine characteristics at 
full load with the 4-25 to 1 compression pistons. The 
maximum brake mean effective pressure comes at 
1,000 r.p.m., with a considerable reduction at 400 r.p.m. 
due to the delayed inlet-valve timing. The maximum 
fuel economy is 0-613 Ib. per brake horse-power per hour. 
The mechanical efficiency is very g at low speed 
but drops off rather fast as the speed increases, The peak 
of the power curve is at 2,600 r.p.m. Fig. 18, annexed, 
shows the results of tests Nos. 2, 4a and 3, in terms of 
miles per gallon for 4-5, 3-5 and 2-5 rear axle gear ratios 
and 4-25 to 1 compression pistons. It will be noticed 
that a material i i ileage is « ined as the 
engine load factor is increased by changing the rear axle 
gear ratio. 
Fig. 19 gives the engine characteristic under constant- 
speed driving conditions with 4-25 to 1 compression 
istons and 3-5 to 1 axle gears. It will be seen that the 
ull-load brake characteristics have been changed greatly, 
while the indicated characteristics have suffered but 
little. The so-called friction losses, which include the 
pumping and thermodynamic losses, very materially 
ower the mechanical efficiency. Note that the engine 
is pumping agaihst an intake-manifold depression of 15 
in. of mercury at the lower speeds and the mechanical 
efficiency at 800 r.p.m. is only 58 per cent., compared 
with 91-7 per cent. at full load. 
Fig. 20 gives the engine characteristic when using the 
5 to 1 compression pistons, everything else on the engine 
being identically the same. © readings given are 
not “snap” readings. The engine in all tests was kept 
running continuously and the results shown are those 
at which the engine runs with stability; that is, the 
result to which the engine settles at any given speed. 
It will be noticed that the maximum brake mean effective 
pressure is still at 1,000 r.p.m., but it has increased from 
86-2 to 96-9 as compared with Fig. 17, on page 696. It 
will also be noticed that the increase is greater as the 
8 increases, The of the power curve comes at 
about 3,100 r.p.m. The fuel economy is greatly in- 
c . being 0-527 Ib. per brake horse-power per hour 
at 1,000 r.p.m,, as compared to 0-613 Ib. per brake 
horse-power per hour in the case of 4-25 to 1 compression. 
The mec cal efficiency is shown as not being as good 
below 800 r.p.m., but it is very much better at the high 
speeds, being 81-4 per cent., as compared with 76-1 per 
cent. at 2,400 r.p.m, The maximum brake thermal 
efficiency is increased from 21-1 per cent. to 24-8 per 
cent, 
Fig. 21 gives the engine characteristics in connection 
with constant-speed driving, with 5 to 1 compression 
pistons and 4-5 to 1 axle gears. Fig. 22 is for 2-5 to 1 
and Fig. 23 is for 3-5 to 1 axle gears. Fig. 23 can be 
compared directly to Fig. 19, the only difference being 
the compression ratios. It will be noticed that the 
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mechanical efficiency has not been materially changed ; 
however, the fuel economy has been very materially 
increased. It is very gratifying to note that the relative 
increases are even greater those of full load charac. 
teristics, At 1,000 r.p.m., the brake thermal efficiency 
has been i from 11-5 per cent. to 14-1 per cent., 
and at 2,100 r.p.m. it has been increased from 16-4 per 
cent. to 23-2 per cent. 

Fig. 24 shows the miles per gallon curves for 5 to 1 
compression pistons, This can directly com; to 
Fig. 18. The results are materially higher all along the 
line. The overall increase at 15 m.p.h. is from 16-4 miles 
to 31 miles per m, when changing both the compres- 
sion and the ‘ 

In reference to what these curves represent, com- 
pared with actual road tests, on long road tests the 
results agree very closely with the curves considering the 
amount of time the engine is idled and the nature of 
the driving. On the speedway, however, the results can 
be duplicated at constant driving. They also can be 
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SPEEDAND FUEL CONSUMPTION USING PISTONS 
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increased in case of using light engine oil and higher tyre 
pressure than those used in the tests to set the standard 
of brake horse-power required. 

Percentage Comparison of Results.—Fig. 25 gives the 
engine full-load c teristics comparison. The com- 
parison as a whole is entirely in favour of the higher 
compression ratio, except a very slight loss in mechanical 
efficiency below 800 r.p.m. The increase in brake 
horse-power is marked, especially at the higher speeds. 
The percentage increase in power ranges from 10-5 
per cent. to 37 per cent., hetween 400 r.p.m. and 2,800 
r.p.m. The most important increase is that of the brake 
thermal efficiency. This ranges from 8 per cent. to 


26 per cent. . 
Fig. 26 gives the comparison of the compression ratio 
when keeping the rear axle gears the same; namely, 
3:5 to 1. The mechanical efficiency remains practically 
the same, due to identical engine speeds in each case. 
The increase in brake thermal efficiency ranges from 
19 per cent. at 10 m.p.h. to 41 per cent. at 60 m.p.h. 
The saving in gasoline is from 16 per cent. to 28 per cent.. 
and, at average driving speed, about 18 per cent. ~¢ 
Fig. 27 gives the comparison of the rear axle gear 
ratios of 2-5 to 1 and 4-5 to 1, using 5 to 1 wee 
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60 m.p.h. it is 26 per cent. The maximum increase in the|and 4-25 to 1 compression pistons, The increase in 
brake thermal efficiency is 53 per cent, at 29 m.p.h. It/| miles per m is 70 per cent. 0 a 95 per cent. 
is 48 per cent. at 10 m.p.h. and 29 per cent. at 60 m.p.h. | at 20 m.p. 81 per cent, at 30 m.p.h. ; 1104 per cont 
Ee rn 8 an ae at 10 m.p.h,; 34 per 20 ee i ‘te _ pag dy soll and 104 per 
cent. at 29 m.p.h.; and at 60 m, indeed increases in 

Fig. 28 gives the percentage increase in miles per | csnno SOU cialad by by lightly, yet they are by no no teenne 


at 36 m.p.h. At 10 m.p.h, it is 27 per cent. and at 


3 per cent. at 60 m.p.h, 
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present engines. For the sake of a name let us call it the 
“ideal ’’ economy. a . 
Ideal Economy.—We are a long way from the point 
where we utilise even the economy that is in our present 
engines. Fig. 29 gives a comparison which throws some 
light: da ehet is meant. is chart is baséd on the 
actual engine economy existing at 60 m.p.h, when using 
2-5 to 1 axle gears and 5 to Sveveapneavinnn Frteae. The 
economy is 0-513 Ib. per brake horse-power per hour. 
Using this economy and the brake horse-power required 
to drive the car at each speed, we derive a curve that we 
have termed the “* Ideal ” epopomy in terms of miles per 
gallon. It is not meant that this curve is practical 
with our present system of transmission of the power, 
but, if the proper gear ratio and engine size are used 
for any given speed, this economy can be obtained for 
the size of car used in these tests. From the ideal curve 
it will be seen that it is possible to get 49 miles ed 
gallon at 10 m.p.h.; 45 miles per gallon at 20 m.p.h, ; 


Fig.28.PERCENTAGE INCREASE IN MILES PER GALLON 
OF FUEL OF 
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39 miles per gallon at 30 m.p.h. ; and 31 miles per gallon 
at 40 m.p.h. The comparison is made with the results 
of 2-5 to 1 and 4-5 to 1 axle gears, in connection with 
the 5 to 1 compression pistons. 

The increase in the miles per gallon over that of the 
results with 2-5 to 1 axle gears is 76 per cent. at. 10 m.p.h. 
and 45 per cent. at 30 m.p.h. The increase over that of 
the results of 4-5 to 1 axle gears is 146 per cent. at 
10 m.p.h., 115 per cent. at 30 m.p.h., and 36 per cent. 
at 60 m.p.h. Further, the ideal economy comparison 
with the results obtained from 4-5 to 1 axle gears and 
4-25 to 1 compression pistons is an increase of 104 per 
cent. at 60 m.p.h.; 163 per cent, at 30 m.p.h.; and 
199 per cent. increase in miles et gallon at 10 m.p.h. 
These figures certainly are omy atic enough to arouse 
several changes in viewpoint of our present methods of 
applying our engines. Evidently there is room for very 
considerable progress and it is hoped it will be forth- 
coming in the near future. 

It is hoped that the exariple of correlating important 
data will be carried out thoroughly in all our engineering 
investigations, thereby enlarging our viewpoint. Means 
should be developed making it possible to use very high 

iston compression ratios. It is felt certain that it can 
be done and to a great advantage from the point of 
economy. It is hoped that very decided progress will be 
attempted in piston development with a view to over- 
coming knocking and increasing the general efficiency. 

Our viewpoints on fuel vaporisers will, it is hoped, be 
greatly augmented and, as engines are made smaller to 
increase the | factor, carburettors will be made 
larger to avoid pumping losses and loss of maximum 
pone. The fallacy that large carburettors are not as 

xible or as economical as small ones is based, it seems, 
on the failure of certain t of carburettor 
which it is thought are working on incorrect principles. 


(6708.@) 


carburettors to operate small engines, rather than that 
of using large engines to operate small carburettors. 
The application of the indicated engine power should 
be studied from every angle. tests show that an 
absurd waste is rampant in our present method. How 
far out i uity can go in this direction is hard to 
redict. thing is certain, we must analyse care- 
ully the gains that can be made. A close study from the 
brake horse-power standpoint may justify changing 

our transmission and our rear axle drives. The latter 
combinations, together with engine developments, look 
the most promising at present. The progress we make 
undoubtedly will be measured by the extent to which we 
expand our engineering viewpoint. 





CATALOGUES. 
Steel Sections.—Steel plates, joists, angles and sections 
generally, including gutter and troug being are. 
very clearly listed in a small catalogue issued by Messrs. 
Joseph Westwood and Co., Limited, Millwall, London, E. 
Thrust Bearings.—A clear description with excellent 
line illustrations of Michell adjusting blocks for steam 
turbines is to hand from Michell arings, Limited, 
3, Central Buildings, London, 8.W. 1. 


Engineers’ Training.—A booklet containing much 
information and practical advice as to the training of 
engineers has been issued by the Metropolitan-Vickers 
Electrical Company, Limited, Traffo Park, Man- 
chester. 


Wire Ropes.—Two ciasses 01 wire rope, one for marine 
and the other for colliery and general land use, are dealt 
with in two catalogues received from Messrs. Dunn & 
King, Limited, Larbert, Scotland. The sizes listed range 
from | in. to 4 in. in cireumference progressing by quarter 
inches, and full particulars are given in tabular form. 


Oxy-Acetylene Welding.—A small pamphlet containing 
useful practical information about common defects in 
oxy-acetylene welding comes from the Ferrox Company, 
12, Grosvenor-gardens, London, 8.W. 1, who produce 
special rods or wires for use in welding mild steel and 
cast iron. 


Machine Tools.—A copy of the January issue of their 
monthly journal, L’ Atelier Moderne, has n forwarded 
to us by the Soc, Anon. Alfred Herbert, 47, Boulevard de 
Magenta, Paris. It contains much interesting descrip- 
tive matter about machine tools, including Stirk’s 
planing machines and Lumsden’s grinding machines. 
Hoisting Blocks.—A list of electric hoisting blocks 
suitable for general purposes, especially for travelling 
hoists, runways, &., has been received from Messrs. 
Herbert Morris, Limited, Loughborough. The lifting 
capacities of the listed sizes range from a half to five 
tons, and all sizes are tested to 50 per cent. overload. 


Steel Building Materials.—A very extensive range 
of materials from complete sets of parts for large or 
small buildings to the Hest y items, and 
including roof spans, casements, sashes, gutters, pipes, 
cisterns, sheets, fencing, &c.—all of steel—will be found 
in three catalogues issued by Messrs. Frederick, Braby 
& Co., Ltd., Petershill-road, Glasgow. 


Alternators.—Alternating-current generators of the 
single-phase, two-phase and three-phase types and suit- 
able for driving by reciprocating engines and steam 
turbines are dealt with in a catalogue received from the 
General Electric Company, Limited, 67, Queen Victoria- 
street, London, E.C. 4. A comprehensive range of 
sizes of each type is tabulated, and clear general and 
technical descriptive matter is included. 





Turbo Generators.—Turbo generators of the impulse 
type from 250 kw. upwards, and especially from 
10,000 kw. to 30,000 kw., are described in a catalogue 
received from the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C. 2. This 
catalogue is one of the best of its kind and really con- 
stitutes a valuable technical treatise which should be 
in the hands of all engineers interested in electric power 
production. 


Air Compressors.—A series of small portable outfits 
for air compressing are described in a catalogue received 
from Messrs. Lacy-Hulbert and Co., Limited, Beddington, 
Croydon. The capacity is 150 cub. ft. of tree air per 
minute and the air pressure 100 Ib. per square in. The 
bases are rail truc trolley trucks, or girders with 
lifting eyes, and the compressors are driven by petrol or 
paraffin engines, or by an electric motor. The design is 
compact and all the parts are carefully protected. 


Heating for Exhaust Steam.—This subject is very 
fully discussed in its commercial and technical aspects 
in @ catalogue of 200 issued by the Harrison Safety 
Boiier Works, Philadelphia, U.S.A., who are represented 
in this country by the De Laval Steam Turbine Company, 
150, Southampton-row, London, W.C. Two further 
books deal with heaters and multiport valves. These 
contain a great deal of information, much of it based 
on experience, and all directed to the geome objects 
of fuel economy and easy operation of plant. British 
engineers will find them wo attention. 


Shell Reamers.—The ‘Surrey’ adjustable _ shell 
reamer is described in a leaflet to hand from Messrs. 
Burton, Griffiths and Co., Limited, Ludgate-square 
Ludgate Hill, E.C. 4. These reamers are m in 
17 sizes ranging from 14 in. to 2} in. in diameter, with 
a length varying between 3 in. and 3} in. The blades 
are taper, and at the shank end are formed with a hook 


Draughting Machines.—What has come to be known as 
a draughting ‘“‘machine” is in no sense a machine. 
The term “‘instrument” fully describes it, if “tool” 
is not eno . It is, nevertheless, a very useful 
appliance which enables a draughtsman to work much 
more quickly and comfortably without diminishing 
accuracy. An excellent example made by the Universal! 
Drafting Machine Company, Cleveland, U.S.A., is very 


both | fully described and illustrated in a catalogue received 


from Messrs. Alfred Herbert, Limited, Coventry, who are 
mts for the sale in this country. Many useful sup 
plementary fittings are described 

Pneumatic Pumps.—The application of compressed 
air to ejecting and lifting sewage, sewage screenings 
and all semi-liquids difficult to pump in the ordinary 
way, is the subject of a special catalogue received from 
Messrs. Daniel Adamson and Co., Limited, Dukinfield, 
Manchester. Much general information, including de- 
scriptions of plants in service, is given, and details, 
such as motors, valves and fittings, are also described. 
The publication, which is of considerable technical value, 
represents the practical experience of a staff which 
has dealt successfully with these problems on both large 
and small scales, 


Vertical Botlers.—Vertical boilers are still indispensable 
in many places, and they are very extensively em- 
ployed in a variety of industries. A catalogue from 
Messrs, Marshall, Sons and Co., Limited, Gainsborough, 
whose London office is now at 3, London Wall Buildings, 
W.C. 2, shows that careful attention is given to their 
construction and all their fittings. The lists deal with 
11 standard sizes of the cross-tube type, ranging from 
2 nominal horse-power to 20 nominal horse-power, and 
eight sizes from 2 h.p. to 12 h.p. fitted with inclined 
water tubes. Both types are suitable for a working 
pressure of 100 Ib. per square inch. 

Drilling Square Holes.—A boring head for attachment 
to a milling machine for cutting square holes in solid 
material is described in a catalogue received from Messrs. 
Lawson and Co., New York, who are represented in this 
country by the Lanston Monotype Corporation, Limited, 
43, Fetter-lane, London, E.C. 4. The holes may be 
drilled with sh or radius corners and two sizes of 
head are listed, the drilling eapacity of the smaller size 
being }? in. to 1} in. for round corners or 2 in. to j in. 
for square corners. The iarger size will drill up to 2-in. 
holes with round corners and up to 1} in. holes with 
square corners, We illustrated and described this 
appliance in our issue of January 14 last on page 43. 


Steel Ropes.—The catalogue of steel wire ropes issued 
by Messrs. Bullivant and Co., Limited, 72, Mark-lane, 
London, E.C. 3, contains many illustrations of exist- 
ing applications of their products, as well as full 
lists of ropes and end fittings. The ropes are classified 
as steel galvanised, crane and lift, mining and hauling, 
pit guides, oil-well boring, tramway cable, steam plough- 
ing, air craft, &c., and the sizes made range from a few 
sixteenths up to 12 in, in circumference. The last- 
mentioned size would break at about 350 tons, but special 
ropes for loads up to 1,200 tons are made. The cata- 
logue is of exceptional interest as illustrating a special 
branch of engineering manufacture which commands 
a world-wide trade. 





THe PRoPERTIES OF AEROFOIL Sections.—The United 
States National Advisory Committee for Aeronautics 
has just published a valuable report. on the properties 
of ceeotell sectivns. The object of this report is to bring 
together the investigations of the various aerodynamic 
laboratories of the country and Europe upon the subject 
of aerofoils suitable for use as lifting or control surfaces 
on aircraft. The data have been so arranged as to be 
of most use to designing engineers and for purposes of 
general reference. It is the purpose of the committee 
to publish all existing tests on aerofoil sections, and 
present this information in a new form. The absolute 
system of coefficients has been used, since it is thought 
by the National Advisory Committee for Aeronautics 
that this system is the one most suited for international 
use, and yet is one from which a desired transformaticn 
can be easily made. For this purpose a set of trans- 
formation constants is included in this report. Each 
aerofoi] section is given a reference number, and the 
test data are presented in the form of curves from which 
the coefficients can be read with sufficient accuracy for 
design purposes. The dimensions of the profile of each 
section are given at various stations along the chord in 
percentage of the chord, using as datum the line shown 
on the curves. The shape of the section is also shown 
in reasonable accuracy to enable one to more clearly 
visualise the section under consideration, together with 
its characteristics. The more accurately to obtain the 
dimensions of the profile of each section, a separate 
data sheet for each section has been included, which 
gives an additional decimal place for the greater portion 
of the ordinates. The authority for the results here 
presented is given as the name of the laboratory at which 
the experiments were conducted with the size of model, 
wind velocity. and date of test. Three separate indices 
are given—a chart index which makes it possible for a 
designer to select the wing section most suitable for a 
particular design he is interested in ; a group index which 
is arranged in the same order as the curve sheets ; that 
is by countries and laboratories at which tests were 
conducted, each section also being designated by a 
reference number, and an alphabetical index. In order 
that the designer may easily pick out a wing section 
which is suited to the type of machine on which he is 
working, four index charts are given which classify the 


which engages with the inside rim of a screwed collar | wings according to their aerodynamic and structural 
proving the adjustment. A second collar acts as a lock. | properties. A copy of the Report (No. 93) may be 
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It is recommended that we test the idea of using large 
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“ ENGINEERING” ILLUSTRATED PATENT |» 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


Sie eaaater of view glen Oe Specification pene S os 
in each case; where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, éc., 
of the communicators are given in talics 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


158,351. J. A. Torrens, Muckamore. Starting Device. 
(3 Figs.) November 3, 1919.—The invention relates to starting 
devices for internal- combustion engines in which the induction 
pipe is supplied with fuel by other means than through the 
earburetter used for supplying the engine after it has sta 
and is of the type in which the fuel is supplied from a Pevcanen 
and is atomised at a nozzle before entering the induction pipe. 
Apparatus made in accordance with the invention comprises 
a quid fuel supply tank, a draw-off pipe depending into the 
tank, a connecting pipe from the induction pipe to the draw-off 
pipe, a spring pressed valve near the induction pipe, and a valve 

r the tank adapted to admit air from the atmosphere and fuel 
freee the tank to the connecting pi The novel feature con- 
sists in the valve regulating the supply of fuel to the pipe leading 
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tog the induction pipe, forming a central_and oy air suppl 
adjustable atomising nozzle in that pipe. pe a is 

= below the level of the fuel in the tank b ccansliie the fuel 
for starting the engine through the wall of the tank near the top 
at ¢ to an annular duct d on the inside of a small short vertical 
pipe e, the upper end f of which is provided with an air vent and 
nozzle g with means for adjusting t ition of the end of the 
nozzle g with respect to the annular dad. The lower end of 
the vertical pipe e is .connected by a caien joint at h toa pi 
leading to the induction pipe, as near to the cylinders of the 
engine as possible, and between the main throttle valve ona 
the engine valve chambers. Suitably disposed in the pipe is a 
spring-pressed valve adapted to be operated from the d: rd 
by a Bowden mechanism. (Sealed.) 


158,104. S.L. Guy, Wolverhampton. | Heating Charges. 
(6 Figs.) November 4, 1919.—The invention has reference to 
internal-combustion engines of the water-cooled type. According 
to the invention, the induction pipe prior to its outside connection 
with the inlet manifold passes through the top water pipe, which 
is detachable from the cylinder casting. The invention is 
applicable to water-cooled internal-combustion engines generally, 
and is particularly advantageous in engines of the V-type. The top 
water pipe 2 has Lenneh pipes 2a for connection with the water- 
cooled detachable cy tinder: heads, and is formed with a transversely 








arranged induction passage 3, one end of which opens to the side 
of the water pipe at 4, where ‘the carburettor is directly attached. 
The other end 5 of this S passage is ada; for connection with 
the inlet manifold on the other side of 
more or less completely enclosed in a water- eted boss or 


lateral extension 6 of the water pipe on that side of the engine | are 


cylinders. The passage 3 being es in the path of the main 
water exit, the greater part of the circulation water has to pass 
round it with beneficial effects both on the explosive mixture and 
on the main water circulation. (Sealed.) 


158,346. G. J. Morgan, Merthyr ‘lydfil, M. 
Morgan, Merthyr Tydfil. Valve Lifter. (4 Figs.) November 


ance with the invention enables one to compress 
and safely the valve springs for withdrawal of the keys without 
fear of injury to fingers, wae B tool-slipping and kee’ po 


fan Bm mene independent of the user, whose 
proceed with the withdrawal or re-insertion of the 
valves and teva The lifter comp: a a, in is 
y 


ves, 
and the ESD hoving  unaiae it in the base or body a. With 


linder block, and is| the t; 





the under side of the Sas in ta Cone stan cotati, Wie 
ig ame gene pplecaan in the a, the spindle bei 
its front end f, squa: for the en ment therewith of 


ag® 


r. When it is required to remove valves of an engine, 
the lifte lifter with table c in the lowest position is placed so that its 
base a rests on the crank chamber, and the table ¢_by its re- 


Fig.2. ¢ ar 
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cesses cl, engaged under the valve spring cups. The cam d is 
then given a half turn, bringing the highest point uppermost, 
so raising the table c, which table ¢ is prevented from running 
down by engaging ® flat on the peripheral surface of the cam, 
This compresses the valve springs, enabling the user of the lifter 
to remove the keys. (Sealed.) 


. P. Burt, Bothwell. Valve-Dri Mechanism. 
(4 Figs.) October 8, 1919.—The invention to valve- 
driving mechanism for single-sleeve valve four-stroke internal- 
combustion engines of the type in which the valve is formed 
separately from the engine piston and receives combined recipro- 
catory and oscillatory movements. According to the invention 
each of the spiral gears, all of which are driven by a large opioad 
ony be “ slightly offset from the axis of the cylinder which it serves, 
so that the driven spiral gears may be easily adjusted to com- 
— for wear or to permit convenient adjustment of timi 
and may also be readily removed. There is fixed to the cran 
shaft 1 a large spiral gear 2 meshing with smaller spiral gears 3, 
each fitted with a crank-pin 4 whereon is pivoted the end 5 
of a connecting rod 6 for transmitting movement to the respective 
sleeve valve 7. Each of the driven spiral gears 3 is slightly offset 
from the axis of the cylinder which it serves, so that the gears 3 
may be readily adjusted to compensate for wear or to permit 
convenient adjustment of timing and may also be readily removed. 








To this end the smaller a gears are slightly coned, and when 
arranged in position are slightly offset so that the tapered end does 
not extend sufficiently over the large spiral gear to prevent its 
removal. The axial adjustment of the small gear wheels to 
compensate for wear lessens the omens of offset. The adjust- 
ment is effected by machining the inner surface of the flange 9 
of the bearing fitting 10, and after resetting it in —— on the 
casing 11, securing it by means of the bolts 12. This will have for 
effect to ‘set the smaller spiral gears in advance of its previous 
position and by reason of the taper form of its circumference 
enable a better setting to be obtained. spindle of the small 
gear wheel 3 is secured in position in the bearing 10a by means 
of a washer and nut 13 engaging the screw-threaded outer end 
thereof and over such nut and end is arranged a cap. 
arrangement of the crank-pin 4 in the end 5 of the connecting 
rod 6 enables the adjustment of the small spiral gears to be 
‘gnalee) without laterally moving the valve or connection. 
( ‘ 
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LIFTING AND HAULING APPLIANCES 


ay J. W. White, Widnes, and C, O. V: 
Widnes Hoppers. (2 Figs.) October 


Thea hag cr til Base 
w are open, any ma’ 
sutomnatically dom ‘on tither side of the prismatic- 


will fall 
shaped bottom 3. The lower end of each of the hinged sides 4 
5 is connected to a lever 6, 7, res ively. che Grates ces 


of these levers are voted to po! on a ing bar 
> te tetel onion 6. Tot teking ber bas sftocking wath 1a 


ie mounted on the 
this traveller being ada: to deal with lighter loads and 








ends of the locking bars will aie 4 the cam ee & that 


the device automaticall —_ resets itself, d 
of the py directly hopper —_ or wagon is empty. y 
lever in a one at right angles 


mounting the coun ree 
to the pivoted bar 8, an efficient locking is provided. (Sealed.) 


158,374. W. S. Vaughan, Newcastle-on-Tyne. Crane. 
(2 Figs.) November 5, 1919.—The invention relates to cranes 


at docks and comprises a travelling transporter havi 
cantilever extension supporting a traveller mounted for travelling 
movement in the same direction as said extension 
according to the invention consists of a travelli eda tet ase 
comprising two side frames b, > able ir bases 
with ¢, cl for travelling a rack d, d, and 
supporting at their upper ends fix: cantilever pn - St a,a 
braced ther and projecting overhead in the direction 
ares of gantry structure, their lower members being hori- 
zontal and forming on the inner sides two track ways. The track 








ways h extending from —p end ~+y the other, support a traveller ¢, 
the latter in turn ca Is 


moving = ji transversely 
to the direction of trave oe the the traveller. A second traveller k 
track ways A and is provided with a crab 


run to the extreme end of the overhead structure, 
teevehie § serves 60 deal with heavier — and 


whilst the 

has a limited +e movement outwards. The of the 

transporter are fo’ 

at their upper parts, 

goal on two sets of rollers moving over parallel tracks. 
-) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


158,058. oot Sale, aan, | Ly = B. D 
Manchester. Fastener for Steel Belts. (4 Figs.) 


Potter, . 

October 23, 1919.—The invention relates to fasteners fo 

or other metal-driving belts of the type which comprises an 
inner-jointing piece on the working face of the band an outer 

















ENGINEERING 


[June 3, 1921. 











sECEEE 
iil 
ig 


gees 
Si 
3 
4 
= 
| 


8§ 


of 
portion 62, which is engaged by the flange d! of the cover plate 
when the latter is in position. (Sealed.) 


158,354. A. Smith, Keighley. Turrets 
(3 Figs.) November 4, 1919,—The invention relates to turrets 
for lathes and consists in a ruction whereby the turret 

y released from its holding or locking 
position, raised from the ing or positioning pin, rotated to 
the position desired, and as quickly and easily moved to be 
locked in its adjusted position. The turret 
compound rest, the turret being slidable into position and locked 
therein by a screw. — within an opening on the slidable 
base-plece a is a post b pro towards its upper end with a 
cross-pin 61, upon which latter is fulcrumed a lever ¢ having 
cam surfaces cl, c2. Passing centrally thr the post b is 
a > d, which also takes through.a cross-piece a5 and is provided 
with a head d2, The cam lever ¢ is arranged to have one of its 





cam surfaces cl for engagement with the upper surface a2 of the 
turret, and the other cam surface c2 against the cross- 
The pin d, which slides through the post 6, is provided with a 
cross-pin d! passing through a slot 62 in the post, and engaging 
with a collar ¢ surrounding the post and slidable thereover. 
This cross-piece dl transmits the upward movement to the turret 
as the cam lever c is oscillated on its fulerum by the cross-piece a6, 
raising the head d2 of the pin d. The stationary base-ploce a 
is provided with a locating pin a5, while the base part a‘ of the 
turret has openings @5 corresponding in ber to the diff t 
positions into which it is desired that the turret should be adjust- 
able, while the usual holding screws A are provided for the tools 
that are employed. (Sealed) 


157,628. H. S. Lawrence, Seven King’s. Micrometer 
Gauge. (2 Figs.) December 12, 1919.— invention relates 
to micrometer gauges of the kind in which gauging jaws having 
shaped ends to give a splayed or V-shape opening are adapted 


to actuate a pointer 8o as to indicate measurements on scales 
arranged on a trically d 


y ted dial in conjunction with 
a vernier carried by the pointer, the pointer being actuated 


either by a rack in operative connection with the movable jaw 
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and gearing with a pinion on the Saat of Se peer or by a 
lever connection between the movable jaw and pivot of the 
sadeel, goortaed th ‘a, laterallysprojecting gredented 
pro with a y- ng 

panto, competing GnnSeeten coniee st yn 
and fractions of inches. Extending u from 
> Se Caper’ 5, ee ore ae eee are marked 
a plo y of scales of different values. The sector 3 and 





2 are integral. 4 is the indicating arm pivoted at 5 
to sector support 2 and provided with pares 2° 
indicating members 6, 61, and 7, 71, my 
several ° indicating members 7, 71, are shown as 
jan hige uated edges to give vernier readings. The pivoted 
end indicating arm 4 is formed with a toothed sector 8 
engaged by the rack teeth of a slide 9, longitudinally movable 
in guides fixed to the support 2 and held up to the toothed 
sector 8 by the spring 11. The gauge proper comprises the 
movable jaw 12 carried by the lower end of the slide 9 and the 
jaw 121 fixed to the support 2. These jaws, closed together, 
present a V-shaped entrance leading to parallel gauging portions, 
8o that the gauge jaws will be automatically separated by sliding 
the article to be gauged into their V-sha entrance. (Sealed.) 


MINING, METALLURGY, AND METAL WORKING. 


157,609. F. W. Stokes, Mansfield, and J. E. Hurst, 
Mansfield. Centrifu 2 ine. (3 Figs.) 
November 17, 1919.—The invention relates to centrifugal — 
machines of the kind in which the molten metal is introdu 
into a flange mould attached to a rotary face plate. According 
to the invention, the mould is provided with an extension between 
the mould proper and the flange, and the extension is formed 
with a series of , the mould being connected to the —— 
directly by means of bolts ing through the flange and 
plate, or the end of the mould which. is to be secured to the face- 
plate is made or provided with a number of lugs, the number 











and cross-sectional area of the said lugs being reduced to a 
minimum consistent with safety with regard to the weight and 
speed of rotation of the mould, the connection of the mould 
to the face-plate being effected by bolts through the lugs, 
flange and face-plate, a is the face-plate and b the mould, 
c being the flange on the latter for attachment to the face- 


plate. 1 is the extension on the mould b, and f, f are the holes 
therein between the mould and the e to reduce the volume 
of metal for heat conduction. The mould has its flange c directly 


in contact with the face-plate a, to which it is connected by bolts. 
(Sealed.) 


MOTOR ROAD VEHICLES. 


158,114. A. H. R. Fedden, Bristol, L. F. G. Butler, 
ol, The Cosmos En Company, Limited, 
Bristol. ° November 6, 1919.— 
The invention to improvements in the spring suspension 
of motor and other vehicles of the type in which a pair of bell- 
crank levers is pivoted on a cross-member of the frame of the 
vehicle to swing in the vertical plane of that member: the axle 
is supported from one end of each of the bell-crank levers and 
the other ends of the levers are spring-controlled. These 
other ends are arranged to move in a horizontal plane towards 
and away from one another in a line transverse to the longi- 
tudinal axis of the vehicle. A compressiog spring is mounted 
co these horizontally-moving ends so that when the axle 
rises relatively to the frame, the spring is compressed. The two 














longitudinal side frames of the vehicle are connected together at 

their forward by a transverse member. Bell-crank levers 

voted on the transverse member on pivot pins 15, 
ending 9, 0. igidl wel poy we 

arms 19, 20, ri iy ront 

: on other ends of these levers 13, 14 operate aa 

Tansversely-disposed compression s ; special ure 

of the invention consists in the pro of a parallel li 

as radius rods forthe axle. A of spring plates 24, 

ly secured to the front axle on seatings 26, 27. 

these are similarly secured on seatings 

or rigidly secured to the frame 


w 
vehicle, The springs are held on to their seatings by ca 
are Ghonacives Said in place by a centrally disposed. bolt. 


Peter Brotherhood, Limited, . 
Sou to mechenicay: 
mec - 
of the type in which means are provided for 
pron phy By Af. AAR he x 
Acco: to the invention, the body is so mounted on a 
of rails and co-operating runners that, although on both 
oe ae restoring motions the centre of 
motion rely in a downward direction, 
the ti and restoring periods, less than 
the bods were mounted upon a simple pivot. 
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with the | on 


Curved rails a are fitted at each side of the vehicle on the top of 
the vehicle frame over the rear axle, and the body is mounted 

sole plates ¢ fixed on its underside, these sole carrying 
runners d which work on the rails @ fixed to the vehicle frame. 
The = ¢ are also a tage with arms f projecting down- 
wards apace ot ble slides g fixed to the vehicle frame 
and ada) te) the body beet aggang A When the body 
is tip the runners travel backwards on curved rails, the 
curvature being so arranged that during the transit the centre 
of gravity of body and load moves down a slightly inclined 
path 1, 2, 3, so that gravity thereby tends to overcome any 
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resist. . After the load is discharged the centre 
of gravity of the empty body will be on a lower plane, and will! 
take a different path 4, 5, 6, to the centre of gravity of the loaded 
body. The curved rails and — of support of the body are so 
arranged that the path of the centre of gravity of the empty 
body has also a slightly downwardly inclined path during the 
movement of the body back to the horizontal position. In this 
way the weight of the body tends to bring it back to the horizontal 
position. The tipping of the wagon is effected by means of a 
quick pitched screw m. A lever n actuating stops is provided 
for controlling the tipping. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


158,139. I. C. Wise, yg neg A 
politan-Vickers Electrical Com y, mited, 
minster. Condensing Plant. (1 Fig.) November 25, 1919.— 
The invention relates to steam condensers, and in particular to 
condensers of the kind in which the shell is constructed mainly 
of te, ferro te or other cementitious material, or 
brick or other clay material. According to the invention, the 
concrete material surrounding the steam inlet port of the con- 
denser is formed with a continuous groove adapted to receive 
the end of the metal exhaust casing of the engine, the clearance 
between these parts being reduced at the bottom and one side, 
preferably the iaajde or vacuum side of the groove, to the smallest 
dimensions which will permit any necessary relative movement 
due to expansion. The space between the material and the 
metal on the atmospheric side of the groove is partially filled 
with a plastic material such as asphalt, which permits relative 











movement of the parts and at the same time prevents the entrance 
of air. In some cases a Ley seal is provided above the plastic 
material, a suitable liquid for the purpose in the case of asphalt 
being petroleum oil, as this tends to prolong the life of the asphalt ; 
in some cases water may be employed. The steam inlet port 
of the condenser is indicated at 1, and is provided with a groove 2 
which receives the flanged end 3 of the metal exhaust casing 
of the engine. The clearance between these parts is reduced at 
the bottom as shown at 6, and at the inside or vacuum side 
of the groove as shown at 7 to the smallest dimensions which will 
permit any necessary relative movement due to expansion. 
The space between the flange and the groove is filled with a 
plastic material indicated at 4, which permits relative movement 
of the two parts and at the same time prevents the entrance 
of air into the condenser. Where a liquid seal is provided the 
liquid will occupy the position indicated at 5. (Sealed.) 





Exrecrrotytic Zinc FRoM Zinc Dust anp Sorar 
Metat.—The most striking points in the electrolytic 
recovery of zinc from waste, which H. Paweck, of Vienna, 
described in the Zeitschrift fiir Electrochemie, 1921, 
Pp 16 to 21, are that the material may be very impure, 
and that simple and cheap clay diaphragms are used in 
the cells. The process was developed during the war 
and possibly may not long survive ; but the diaphragms 
were first tried before the war, and are still giving satis- 
faction. The zinc dust at disposal contained over 
10 1 aw cent. of lead oxide, nearly 4 per cent. of iron 
oxide and about 1 per cent. of copper oxide in addition 
to minor inpurities. The zinc scrap from old dry cells 
has first to be boiled with milk of lime to remove any 
chlorides of ammonium and zinc: the metal is then 
placed in the anode compartment of the cell, in which 
most of the impurities are said to be precipitated by the 
zine itself. The cell is divided by two diaphragms 
into three compartments, a cathode compartment 
between two anode cells, The cathodes are made of sheet 
iron, the anodes of lead. The electrolyte is zinc sulphate. 
The catolyte contains about 10 per cent. of zinc, and the 
electrolysis is continued until that ——- has gone 
down to 4; the cathode liquor is t passed into the 
anode com t for another electrolysis. These 
features differ little from those in common practice, 
except that Paweck claims to get good zinc deposits 
when electrolysing in the winter cold and when using 
im solutions. Paweck also recommends the addition 
of calcium sulphate to the zinc bath, as to the advan 
of which some electro-metallurgists are very doubtful. 

is di s simply gp pome a geod 
from ordinary clay, are in i y. 
W. Heckmann brickworks of Vienna. are said to 
be us, but firm, and were first tried, it is reported, 
with considerable success in the electrolysis of nickel 
and of organic compounds. 
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ELASTICITY. 


On the evening of Friday the 27th ult., Mr. A. 
Mallock, F.R.S., delivered a lecture on the above 
subject at the Royal Institution, Albemarle-street. 
In opening his lecture, the speaker said that in 
common speech the term elastic had itself a very 
elastic) meaning, but as used in science it simply 
denoted the power possessed by nearly all matter of 
recovering either its original volume or its original 
shape, when deformed. The measure of elasticity 
was the amount of deformation produced by a 
given force. There were two fundamentally distinct 
kinds of elasticity. Thus a body might be com- 
pressed so as to undergo a change of volume without 
any change in its shape. An example was afforded 
by a cube submitted to hydraulic pressure. The 
coefficient of elasticity applying to this case was 
known as the bulk modulus and was denoted by k. 

On the other hand in experiments in which 
the stress was pure shear, the shape of the 
body was changed but its volume remained un- 
altered. The corresponding coefficient of elasticity 
was known as the rigidity and denoted by n. The 
two coefficients corresponded to quantities which 
were fundamentally distinct. Liquids and gases, 
the lecturer proceeded, offered hardly any resistance 


Fig 2 




















centre of the earth, for instance, the pressure was 
about 13,000 tons per square inch, and at the 
centre of the sun it was about 2,800 times as much 
as this, and had to be estimated accordingly in 
millions of tons per square inch. 

The speaker had himself made experiments on 
the compressibility of indiarubber, fats and asbestos 
under pressures up to 24 tons per square inch, in 
connection with an investigation into the behaviour 
of the obturator pads used to secure gastightness 
in guns. In general compressibilities were deter- 
mined by measuring the descent of a plunger into 
a vessel filled with the substance under test. There 
was, however, a difficulty in such cases in making 
proper allowance for the yielding of the containing 
vessel itself. For smaller pressures the speaker 
had adopted another plan in which the corrections 
needed were of a simpler kind. The apparatus 
(see Fig. 1) consisted, the lecturer stated, of a glass 
vessel having a glass cap ground to fit. Mounted 
on this cap was a vessel containing mercury, the 
lower end of which terminated in a capillary tail. 
The extremity of this tail was bent into a hook, 
and from it was suspended a small cup, in which was 
caught and collected any mercury extruded from 
the capillary. The body under test was placed 
in the glass vessel as indicated at A. After filling 
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to distortion, but in all its phases matter resisted 
compression, water being diminished by about 


1 ; r et 
osm Of its volume under a pressure of 1 Ib. per 


square inch. In the case of solids, the decrease 
of volume was very much less. The resistance 
of a liquid to compression was easily shown, but 
it was more difficult to demonstrate its resistance 
to an increase of volume. The main difficulty 
encountered was to make the liquid adhere to the 
sides of the containing vessel. Nevertheless, the 
late Lord Rayleigh had shown, at the Royal In- 
stitution, that water and mercury, if carefully freed 
from air, could withstand a tension or negative 
pressure equivalent to some 200 in. of mercury. 
Probably the tensile strength of these liquids was 
much higher than this, but the experimental limit 
was fixed by the failure of the liquid to adhere 
to the walls of the containing vessel. With gases 
there was no resistance to a negative pressure, 
and they could accordingly be subjected to com- 
pression only. Their resistance to compression 
depended upon the number of collisions made per 
second by the molecules of the gas, and this number 
depended both on the mean velocity of motion 
of these molecules and on the number occupying 
unit volume, or, in other words, on the density of 
the gas. The velocity of the molecules for any 
given gas depended on the temperature only. 
In the case of air this molecular velocity was over 
1,600 ft. per second. The relation between the 
pressure, volume, and temperature of a gas was 
represented approximately by the well-known 
expression P V = R T, where P denoted the pressure 
V the volume, and T the absolute.temperature of 
a gas, whilst R was a constant. This formula was 
approximate only, as we knew that by no applica- 
tion of force was it possible to reduce the volume of a 
gas below a certain perfectly definite limit. Experi- 
ments upon the compressibility of solid and liquefied 
gases were, however, lacking. 

It was impossible in the laboratory to make 
experiments at really high pressures. It was 
difficult, in fact, to reach even 100 tons per square 
inch, This was quite insignificant in comparison 
with the pressures common in Nature. At the 
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the vessel with water and fixing the cap in position 
the whole was transferred to an explosion vessel and 
submitted therein to the desired pressure. This 
caused mercury to flow from the capillary into the 
cup below it, and the amount being determined by 
weighing, this measured compressibility of the 
substance under test. The corrections required 
were simple, and the apparatus appeared to yield 
reliable and consistent results and might, he thought, 
be used with advantage even in tests under the 
highest practicable pressures. 

It was not possible, the lecturer proceeded, to 
rupture any isotropic body by subjecting it to 
hydraulic pressure. Crystals however, were not 
isotropic, their elastic properties being different, 
along different axes, but it was not yet known 
whether these differences were due to differences 
in the rigidity, in the volume elasticity, or in both. 

In all actual solids strain was proportional to 
stress only within somewhat narrow limits. In 
practical work the elastic coefficient most in 
evidence was Young’s modulus E, which had been 
first defined in the very hall in which the lecturer 
was now speaking. This modulus was a complex 
quality, being a function both of the bulk 
modulus k and of the rigidity n. The relationship 
between the three was expressed by the equation 

S08 k 
3k+n 
or conversely 
gai Es 
33n—-E 
In practice k was usually determined from this 
latter equation, the quantities actually measured 
being Eandn. Another important elastic constant 
was Poisson’s ratio ». This represented the ratio 
of the lateral contraction to the axial elongation, 
when a specimen was tested in simple tension, 
Poisson thought that he had proved it to be an 
absolute constant having in all cases the value 4. 
Actually it was related to the other elastic moduli 
by the expression 
es 2n Ll+yu 
2D A» “ 
and in practice was found to range between 0 and 4. 











The latter figure was obtained with indiarubber, 
which had a higher bulk modulus of elasticity than 
water combined with little rigidity. Cork, on the 
other hand, had considerable rigidity, but was 
easily compressible. To illustrate the difference in 
the behaviour of the two materials the lecturer 
showed that if a thick washer of indiarubber was 
compressed there was considerable lateral swelling, 
whilst with cork washers similarly treated there 
was little if any swelling. 

The whole of the mathematical theory of elasticity 
was, the lecturer proceeded, founded upon the four 
elastic constants as above defined combined with 
the assumption, that the coefficients in question 
really were constant over the range of stress con- 
templated in the problems under investigation. 

In 1877 the speaker had made measurements of pu 
by taking advantage of the fact that when a flat 
beam was bent, the curvature in the plane of the 
applied force was accompanied by an antielastic 
curvature at right angles to this, which was due to the 
fact that the upper fibres of the beam, being in 
tension, there was then a lateral contraction, 
whilst the compression of the fibres below the 
neutral axis was accompanied by a lateral expansion. 
The flat beam held down by knife edges as indicated 
in Fig. 2, was bent upwards by the extremities of a 





stiff bent bar b which was raised by the screw shown. 
With this arrangement the curvature produced 
was uniform. On the upper face of the beam a 
circle was drawn and inscribed with a longitudinal 
and a transverse diameter. At the extremities of 
these two diameters vertical wires were fixed. 
When the load was applied, those at the ends of 
the longitudinal diameter bent outwards as indi- 
cated in the figure, whilst the pair at the ends of 
the transverse diameter bent inwards as indicated 
in Fig. 3. The displacement of the ends of the 
wires was observed with a micrometer microscope, 
and in this way the value of » was obtained with an 
error of less than 1 part in 500. When the beam 
was of cork, there was hardly any movement of the 
transverse wires, » for this substance being nearly 
zero. The method was very generally applicable 
as there were but few matertals out of which it was 
not possible to fashion small beams. 

The elastic properties of bodies varied con- 
siderably with temperature. He had himself made 
experiments on this head for the range of tempera- 
ture comprised between 100 deg. C., and the tem- 
perature of liquid air, which was between — 170 
deg. C. and — 180 deg. C. He had hoped to extend 
the investigation down to the temperature of liquid 
hydrogen, but was unable to obtain the latter in 
sufficient quantity. 

For testing the variation of Young’s modulus 
with change of temperature, he had used the 
apparatus represented in Figs 4, 5,6 and 7. The 
test pieces used were in the form of flat springs, 
1} in. long by } in. wide, and 10 mils to 20 mils thick. 
In the figures the test-piece was denoted by A. 
At its lower end the specimen was clamped to a 
fixed support carried by a stout glass rod O, whilst 
the upper end was clamped to a stiff hard wood rod, 
B; and the change of elastic modulus of the spring 
was estimated from the time of vibration of this rod. 
The relation between the two was that the variation 
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in the square of the periods was proportional to 
the variation in Young’s modulus. As shown in 
Fig. 6, the specimen could be immersed in liquid 
air contained in a vacuum vessel G. In order that 
the periodicity of the oscillations should be capable 
of precise determination it was necessary that the 
vibrations should be maintained, and that whatever 
was used for securing this end, should not alter 
the periodicity of the system. To this end he had 
adapted a device he had previously employed for 
maintaining in oscillation the pendulum of an 
electric clock. Provided such a pendulum received 
its maintaining impulse when passing through its 
zero position, its periodicity was not affected. The 
arrangement in question was shown in Fig. 8, where 
Os and Ca represented poles of an electromagnet. 
As the pendulum passed over the shaft O O', the 
current through the magnet was momentarily 
broken, and the shaft O O! being pulled round by 
the spring Sa, the arm B struck E a blow, impelling 
the pendulum forward. On the return swing the 
current was again broken, and the shaft being 
pulled round by the spring Ss the pendulum received 
a blow from the arm A. In applying the device to 
the apparatus illustrated in Figs. 4 to 7, the magnet 
current was also made to operate a chronograph. 
In this way periodicities were determined with an 
error of less than 1 part in 2,000. An examination 
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of the results showed that the lower the melting- 
point of a metal the greater the variation with 
temperature of Young’s modulus. Some results 
were plotted in Fig. 9, where the abscisse x were 
the melting points of the metals and the ordinates y 
were given by the relation 

_ Young’s modulus at absolute zero 

~ Young’s modulus at zero centigrade 


The numerator of this fraction was calculated on 
the hypothesis that the variation was a linear 
function of the temperature, and it was de- 
duced from experimenis made at 100 deg. C., 
14 deg. C., — 100 deg. C., and at — 170 deg. to 
— 180 deg. C. The plotted points, Mr. Mallock 
pointed out, fell nearly on but a little above the 
curve shown, which had been plotted from the 
relation 





melting point absolute 
melting point centigrade 
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As already mentioned, E was not a simple quality, 
and it was accordingly of interest to determine 
how the rigidity n varied with the temperature. 

To this end the torsional periodicity of wires and 
strips at different temperatures was measured, 
using the apparatus illustrated in Fig. 10. 

In this diagram the test-piece was indicated by C, 
and was firmly secured at the bottom to a rigid 
bar D and at the top to a rod carrying a cross-arm 
with the weights EE, and suspended from above 
by a very fine wire B. Here again a maintaining 
gear was adopted, although it was not so necessary 
as in the former case, the oscillations being both 
slower and better maintained. In this case an 
impulsive couple was applied to the oscillating 
system as it is passed through its zero position 








by the falling of two small weights H and H’, which 
were released at the proper time by an electric 
magnet, and actuated the strikers LL’, which 
delivered their blows on opposite sides of the arm 
GG. The magnet current was completed when 
the fine wire F passed through a globule of mercury, 
and, as in the previous case, this current also 
actuated the pen of the chronograph. The results 
were plotted in Fig. 11, the ordinates and abscisse 
having the same signification as in Fig. 9. 

It was noticed in these experiments that the 
amplitude of the maintained oscillation changed 
considerably with the temperature, as did also the 
rate at which a non-maintained oscillation died out. 
In both cases the difference was due to variations 
in the viscosity of the test-piece. 

To obtain some measure. of this the speaker 
commenced a further series of experiments which 
were still uncompleted, using the apparatus shown 
diagrammatically in Fig. 12. This was based on 
the principle of maintaining a forced oscillation 
by the application of a known harmonic couple 
and from the record of the amplitude obtained and 
the relation between the phase of this and of the 
maintaining couple the work expended in maintain- 
ing the oscillation could be deduced. Great care was 
necessary to exclude all sources of resistance other 
than that to be measured, and hence it was necessary 






To Chronograph 
ard Kelay 








to obtain the chronograph record without pen 
friction. This end was achieved by making the 
record by sparks from an induction coil passing 
through a style moving freely above and out of 
contact with the paper below it. 

In essentials the apparatus was the same as 
already iJlustrated in Fig. 10, but the forced oscilla- 
tions were produced by a crank connected to a 
rocking arm above the specimen, as shown in 
Fig. 12. This crank was actuated by a con- 
tinuously variable speed gear so that the periodicity 
of the forced oscillations could be changed at will. 
The style was carried by a reed suspended by silk 
fibres, as indicated, and rocked to and ‘fro by an 
arm fixed to the oscillating system, of which the 
amplitudes were thus recorded. As each revolution 
of the crank was also recorded the phase difference 
could easily be measured. The kind of record 
obtained was illustrated in Fig. 13, each point being 
a perforation made by the spark in the paper of the 
chronograph. The experiments made so far showed 
that the time of extinction increased as the tempera- 
ture fell, but it was not yet possible to guess what 
this would be at zero absolute. 

In concluding, the lecturer said that from the 
results of these and other experiments it appeared 
that the rigidity of a metal and its variation with 
temperature was not much affected by the present 
state of the test-piece or by its previous history, 
being much the same for hard, soft, cast or annealed 
specimens. On the other hand, the elastic limit 
varied greatly with the actual condition of the test- 
piece. It was this limit which was important to 
engineers rather than the elastic modulus itself, 
which only entered into calculations of the deflec- 
tions of springs, girders or structures generally. 
When a material was strained beyond its elastic 
limits it either took a permanent set or broke, and 
the manner in which the rupture occurred gave rise 


to such qualifications as hard, soft, brittle, tough, 
malleable, ductile, friable, plastic, &c. E> hd | 

When a substance was said to be hard or soft 
(in the metallurgists’ sense) it was implied that 
the rigidity was great or small. For the minera- 
logist, hardness had another meaning, having 
reference to the character of the surface and not 
to that of the bulk of the material.! If one material 
would scratch another, the one that was scratched 
was considered the softer, and on this basis minera- 
logists had fixed a scale of hardness ranging from 
the diamond to talc The speaker thought that 
this kind of surface hardness was analogous to 
surface tension, as it could hardly be expected that 
the forces responsible for this in the case of fluids 
ceased to operate in the case of solids. On this 
view, the hardness of the mineralogist might be 
defined as the limit of longitudinal strain that a 
surface could carry without rupture. This might 
be very different from the strains that could: be 
carried in the interior. For example, the diamond, 
which was the hardest substance from the mineralo- 
gist’s standpoint, could_be crushed easily by hard 
steel. 

A body was held to’ be brittle if the limits both 
for volume extensibility and for rigidity were small 
and the character of the fractured surface would 








often show which of these limits was the greater. 
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Malleability implied that the material could’ be 
wrought under the hammer, and ductility that it 
could be drawn into wire. The stresses produced 
by hammering were shear and volume compression, 
whilst in wire-drawing they were shear and volume 
extension. Hence it might be concluded that in a 
material which was malleable but not ductile, the 
limit of strain for volume expansion was less than 
the rigidity limit, whilst the reverse was the case 
when a body was both ductile and malleable. 
Plastic bodies were those which, when distorted, 
did not rupture, but retained their distorted shapes, 
a condition which implied that the elastic limits for 
rigidity were small, but the limits for,permanent set 





HEAT TRANSFER IN FLUFS—A 
GRAPHIC METHOD OF CALCULATION. 
By A. J. V. Umansx1, M.Sc. 

Tue problem of the transfer of heat in locomotive 
boiler flues has been dealt with by Mr. Lawford H. 
Fry (ENGrnzerinc, August 27, 1920), who has 
obtained more or less empirical formule froma 
consideration of all published experiments on flues 
up to 2 in. diam. The formule there obtained 
provide a means of calculating the fall in tempera- 
ture of the flue gas along the flue, and thence from 
the specific heat of the gas the amount and rate of 
heat transfer is easily obtained. 

It is not proposed to enter into the question of the 
theoretical basis of the formule proposed, which has 
already been the subject of some discussion 
(ENcrxgERInG, December 17, 1920, and later), but 
the annexed diagrams are submitted as providing 
a ready means of calculation from these formule 
which may be considered reliable within the range of 
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experiments, but which are of a very inconvenient 
form for computation, even with the aid of tables. 
The formule giving the fall in temperature of the 
flue is 
hs 1 Ti Te iol 
og loz — — loglog = =Mz . - (hd) 


where ¢ is the mean temperature of the flue wall, 
T, and T, are mean gas temperatures at two sections 
which are a distance z ft. from each other and M 
is a constant determined by the dimensions of the 
flue and the rate of flow of gas (t, T,, T, are absolute 
temperatures). 

The constant M is given by the relation 

log M= B — mlog e - (2) 
where W is the weight of gas in pounds passing per 
hour, p is the perimeter of the flue and B and m are 
two constants given by the relations 

log (B + 1°3)= T.71—O-S4logd .  . (3) 
and 
logm=T.364+0°37logd . - (4) 
d being the diameter of the flue in inches. 

In the accompanying diagram Fig. 1 replaces 
equations (2) (3) and (4), and gives directly, without 
calculation, the value of M for any given values of W 
and d, or if required the value of any one of the 
three quantities W, M, d when the other two are 
known. In Fig. 1 any straight line will cut the 
three scales graduated in terms of W, M, d at 
graduations which satisfy equations (2) (3) (4). 

Fig. 2 enables equation (1) to be solved graphically. 
The values of a and a are marked on the twe end 


scales and values of Mz on the middle scale. Any 
straight line cuts these scales at graduations which 
satisfy equation (1). 

As an example, suppose it is desired to find the 
length of flue necessary for a temperature drop 
from 2,000 deg. F. to 720 deg. F. in a half-inch 
flue, with a wall temperature of 380 deg. F. and 
where 100 Ib. of gas are passing per hour. In Fig. 1 
draw a straight line joining the points W = 100 
and d= 0-5. This line cuts the M scale at the 
required value of M = 0-132. 

Now 

Ti = 2,000 + 461 _ 9.93 ana 12 = 720 + 461. 

¢ 380 + 461 t 380+ 461 
If, therefore, a straight line is drawn in Fig. 2 
joining these graduations on the ms and as scales 
it will cut the Mz scale at the required value of 
Mz which is seen to be 0-50. Therefore, since 
M = 0-132 we havex = °° — 3.78 tt., i.e, @ 
flue 3-78 ft. in length will be required for the given 
temperature drop. 
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As a further example suppose it is desired to 
find what drop in temperature will take place in a 
half-inch flue, 5 ft. in length, when 1,600 Ib. of gas 
are passing per hour and the temperature of flue gas 
at entry is 2,000 deg. F., the flue wall temperature 
being 420 deg. F. Then from Fig. 1, by joining. 
W = 1,600 and d = 0-5 we get M = 0°081 .. Mz = 


Ti 7 2,000 + 461 = 
0-405. Now > = “0 + 461 = 2-80. Therefore, 


joining *! = 2-80 and Mx = 0-405 in Fig. 2 we 
get 

2 = 1-50. .*, Ty = 1°50 x 881 = 1,322% abs. = 861° F. 
Actually lines need not be drawn on the diagrams, as 
it is sufficient to lay a rule on the scales through the 
required points. It will be seen that the only arith- 
metic necessary is in performing two or three 
multiplications or divisions, laborious computations 
from formula involving logarithms and logarithms of 
logarithms being replaced by the simple process of 
drawing two straight lines. i 





THE DALMARNOCK POWER STATION. 
(Continued from page 639.) 

One of the most interesting features of the 
Dalmarnock Station certainly lies in the very large 
size which has been adopted for the generating units. 
Three different makes of turbine are represented 
in the station, but in each case the capacity of the 
unit is 15,000 kw. at normal] rating. The machines 
can carry up to 18,750 kw. continuously. There 
are five sets of this capacity in the first half of the 
station, and when all are finally installed and in 

we . . " 
operation the turbine room will represent a uni- 
formity and capacity unequalled in British practice. 
As will be seen from the plan given in Fig. 1 of our 
previous article, the turbine room is situated on the 
river side of the boiler-house, a condensing water 
outlet culvert being carried the full length of the 
turbine room on the boiler side of the turbines, 
and a corresponding inlet culvert being carried on 
the other side of the machines. The communi- 
cation of these culverts with the river is shown 
in the plan and was referred to in our previous 
article in connection with the foundation work. 
The pump chambers are on the turbine side of the 
inlet culvert and the whole lay-out is very straight- 
forward. 

The turbine house is 230 ft. long by 75 ft. wide 
between the reinforced concrete columns carrying the 
crane rails. The total height from the basement 
floor to the underside of the roof girders is 65 ft. 
The basement floor is 11 ft. below yard level and the 
turbine house floor and stokehold floor are each 








26 ft. above this basement level. The crane 
columns are carried up past the crane girders and 
support a concrete stringer beam, 14 in. wide by 
24 in. deep, which carries the steel roof girders. 
This building differs from the boiler-house in having 
a steel-framed roof which was supplied by Messrs. 
Redpath, Brown and Co., Limited, of Edinburgh. 
The spaces between the columns are faced with 
enamelled bricks. The house is served by a 75-ton 
overhead electric crane, the span of which is 75 ft. 
6 in. from centre to centre of the rails, with a height 
of 54 ft. from the basement floor to the top of the 
rails. A similar crane of 25 ft. 6 in. span runs at 
right-angles to the main crane and connects the 
siding for general traffic to the turbine room through 
the workshop, which lies between the coal store 
and the boiler room, This arrangement, which will 
be clearly followed from the plan of the station, was 
necessary as the configuration of the site did not 
allow a railway line to be carried into the turbine 
house. The cranes, which were supplied by the 
Vaughan Crane Company, Limited, of Openshaw, 
Manchester, are driven by alternating current 
motors. 

The main generating plant consists, as we have 
said, of five turbo sets each rated at 15,000 kw. 
Two of these sets complete were supplied by the 
Metropolitan-Vickers Electrical Company, Limited, 
of Trafford Park, Manchester. Another of the sets 
has the turbine by Messrs. Fraser and Chalmers 
Engineering Works, of Erith, the alternator by the 
Metropolitan-Vickers Company and the condenser 
by the Mirrlees Watson Company, Limited, of 
Scotland-street, Glasgow. The remaining two sets 
were built throughout by the English Electric 
Company, Limited, of Queen’s House, Kingsway, 
London, W.C. 2, except that in one of the machines 
the condenser is by the Mirrlees Watson Company. 
In the present article we propose to deal in the main 
with the Metropolitan-Vickers machines, and in 
Figs. 39 and 40, on page 704 there will be found 
two general views of the steam end of one of these 
machines, Fig. 39 being a general view of one of the 
turbines erected in the makers’ works, and Fig. 40 
a view of the bladed rotor. Three general arrange- 
ment views of one of the complete units are given 
in Figs. 41 to 43, on Plate XLI, and two views 
of the alternator in Figs. 44 and 45, on page 705. 
One of the condensers is illustrated in Figs. 46 
to 54, on page 706, while a general view of the 
interior of the turbine house showing the Metro- 
politan Vickers’ machines during erection, is given 
in Fig. 55, on page 707. 

Before referring to the details of the sets it will 
be well to comment on the general lay-out as shown 
in the figures on Plate XLI. The cross-section of 
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the turbine house given in Fig. 41 clearly shows 
the position of the pump chambers in relation to 
the machines, while the run of the condensing 
water pipes to and from the inlet and outlet culverts 
will be seen from this figure in conjunction with 
Figs. 42 and 43. We will refer to these condensing 
arrangements more fully later. The figures on 
Plate XLI also show the connection of the condenser 
directly below the turbine in accordance with 
modern practice and the simple run of the steam 
pipes coming through from the boiler-house, which 
lies to the left of Figs. 41 and 43. The run of the 
inlet and outlet air ducts for the alternator cooling 
air are also well shown in these figures. The various 
arrangements in connection with feed-water heating 
&e., will be better referred to after dealing with 
the details of the machines. 

Each of the Metropolitan- Vickers’ main sets has, 
as we have already said, an economical output of 
15,000 kw. and a maximum continuous output 
of 18,750 kw. The speed is 1,500 r.p.m. and the 
steam pressure 250 lb. per square inch by gauge. 
The superheat is 650 deg. F. total temperature. 
The vacuum is 29-1 in. (barometer 30 in.) and the 
guaranteed steam consumption is 10-2 lb. per 
kilowatt-hour, or 10-32 lb. per kilowatt-hour, 
including transformer losses, each alternator operat- | 
ing through a bank of step-up transformers. Each 
turbine has 13 Rateau stages and one multi-exhaust 





stage consisting of two wheels and two diaphragms | 
A full treatment of this multi-exhaust arrangement | 
will be found in Mr. K. Baumann’s paper eyed, 
the Institution of Electrical Engineers, which we 
reprinted in recent issues. The mean diameter of | 
the blades is 84 in. and the leaving area of the last | 
stage 66 sq. ft. The effective exhaust area is 128 | 
sq. ft. The turbine cylinder is of steel at the high- 
pressure end and cast-iron at the low-pressure end, | 
and the steam chest is fitted with three automatic | 
governor valves, one emergency valve and one main | 
stop valve. The governor gives a speed regulation 
of 5 per cent. momentarily and 3 per cent. per-| 
manently with full load thrown on or off. The} 
machine is fitted with an integral feed heater, a | 
proportion of the steam being drawn off at an earlier 
stage and at a vacuum ofabout 19in. This integral | 
heater has a working surface of 1,200 sq. ft. and the | 
temperature of the condensate leaving it is 155 
deg. F'. It is estimated that a saving in coal con- 
sumption of about 5-5 per cent. will be achieved 
by the use of the heater, No official steam consump- 
tion of the turbines have yet been taken, but it is | 
the intention that the figures shall be published 
when the tests are made. 

The turbines are provided with a Fox-type oil | 
filter, which is continually in service. The oil | 
capacity of the pump is 100 gallons per minute. 
A vertical surface type oil cooler is fitted, which | 
can reduce the inlet temperature of the oil from | 
140 deg. F. to an outlet temperature of 115 deg. F. 

The total surface of the coolers per turbine is | 
750 sq. ft. and the quantity of water, at 50 deg. F., 
required per minute is 240 gallons. The Water is 
taken from the circulating water inlet. The con- 
denser, which is illustrated in some detail in the 
figures on page 706, has a cast-iron shell, 11 ft. 
in diameter, the distance between the tube plates 
bemg 18 ft. It has 26,000 sq. ft. of cooling surface 
and requires 22,500 gallons of cooling water per | 
minute at 50 deg. F. to meet the steam conditions 
quoted above. The quantity of steam dealt with 
is 160,000 Ib. an hour and the vacuum produced 
29-2 in. with a 30 in. barometer. The number of 
flows through the condenser is two and there are 
5,540 l-in, tubes, 18 8.W.G. thick, and made from | 
Admiralty mixture. The general arrangement of 
the condenser will be seen from Figs. 46 to 49, 
and the two views taken during erection are given 
in Figs. 53 and 54. Details of the inlet and outlet 
ferrules and of the tension stays on the end cover 
are given in Figs. 50 to 52. 

The circulating water supply is taken from the 
Clyde through duplicate screening plants. Each is 
controlled by sluices, and may be isolated for 
cleaning and repair. The water first passes through 
barred gratings which intercept large objects, and 
then flows to the screening chambers. Each screen 
is mounted on a long frame between the sides of 
which a drum is mounted at the upper end. An 
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endless screening band passes round this drum and 
is kept constantly moving in one direction by the 
rotation of the drum. The band is built up of 
sections of perforated metal plates. As the circu- 
lating water flows through the screens it first meets 
the rising side of the mesh and deposits on it any 
floating rubbish, leaves, &c., which it may be 
carrying. As the screening band moves upwards 
the solids adhering to its face are slowly elevated 
out of the sump and are washed off by jets of high- 
pressure water, which play on the inside of the 
screens above high water-level. The material is 
washed into a trough fitted with discharge piping 
leading back into the river below the water intake. 
The water supplying the jets is drawn from the 
clean side of the screens by means of a centrifugal 
pump. There are three screens on each side of the 
inlet and each screen is designed to pass normally 
at low water 1,000,000 gallons per hour. The 
water from the screens passes through the culvert 
we have already referred to and feeds the culvert 








which runs along the outside of the turbine house 
for its fulllength. From this culvert the circulating 
pumps draw. 

The circulating pumps are 36-in. centrifugals 
running on vertical spindles. The arrangement of 
one of them is shown in Figs. 41 and 43, on Plate 
XLI. These pumps, which are driven by 240 brake 
horse-power motors at 280 r.p.m., were manu- 
factured by Messrs. Drysdale and Co., Limited. 
of Yoker, Glasgow. The pits in which the pumps 
are situated are dry, but the pumps are flooded 
internally to facilitate starting-up. The pumps 
deliver against a head of 24 ft. and absorb 215 
brake horse-power each. The air pumps are of the 
Leblane rotary type, and have a capacity of 73 Ib. 
an hour. Each pump absorbs 100 brake horse-power. 
The condensate extraction and lift pumps are 
separate, each consisting of a 6-in. centrifugal. 
the power absorbed by one extraction pump and 
one lift pump in series being 31 h.p. One air pump. 
one extraction pump and one lift pump are coupled 
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15,000 KW. THREE-PHASE GENERATOR AT THE DALMARNOCK POWER STATION. 
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together and driven by an alternating current motor 
at 1,440 r.p.m. There are two of these complete 
sets for each unit, one working and one to act as a 
standby. The sets can be seen in Figs. 41 to 43. 
An interesting feature of the steam end of the 
plant lies in the arrangements which have been made 
for heating the condensate before it is passed to the 
boilers. The extraction pumps pass the condensate 
to the Lea recorder tank, which is placed on the 
turbine house floor and can be seen in Fig. 43. 
From here the condensate passes either through a 
Worthington contact type heater and thence to the 
lift pump, or direct to the lift pump and through 
the integral type surface heater, before passing to 
the hot well. The Worthington heater is designed 





45. 


to use steam from a 500 kw. auxiliary turbo-set 
which is in the station, but provision has also been. 
made for passing steam from this turbine either 
directly to the integral type surface heater of the 
15,000-kw. set, or direct to the atmosphere. The 
position of and connections to the Worthington 
heater can be seen in Figs. 41 to 43. These figures 
also show the 500-kw. auxiliary generating set. 
There are two of these sets, one of which is mounted 
in connection with No. 2 of the main sets, this being 
the main set illustrated in the figures on Plate XLI. 
This auxiliary set, which is a geared machine, was 
also supplied by the Metropolitan- Vickers Company. 
A general view of the unit is given in Fig. 56, on 
page 707. It generates three-phase current at 





440 volts for the auxiliary service of the station. 
The other auxiliary unit, which is mounted in 
connection with No. 1 main set, has a turbine by 
the Fraser and Chalmers Engineering Works 
| and a Metropolitan-Vickers’ alternator. Both 
| turbines run at 3,600 r.p.m., and drive their alter- 
|nators at 750 r.p.m. through double-reduction 
| gearing. All works motors are three-phase, 440 
volts, 25 periods. In addition to the two auxiliary 
generating sets there are also two 1,500-kv.a. 
20,000 to 440 transformers supplying works power. 
These arrangements we will refer to more fully in 
a later article. The 1,500 kv.a. transformers 
/were supplied by Messrs. Ferranti, Limited, of 
| Hollinwood. 

| As we have already stated, the main machines 
| generate three-phase current at 6,500 volts. Each 
| machine is, however, permanently connected to a 
|bank of transformers which step-up the voltage 
|to 20,000. At this latter voltage current is 
| distributed from Dalmarnock station to the various 
| sub-stations in Glasgow, where it is stepped down 
jagain to 6,500 volts to serve the high-tension 
|network. Each of the main alternators has a 
|maximum continuous output of 18,750 kw. at 
| 25 cycles and 0-8 power factor. One of the Metro- 
| politan-Vickers’ alternators is illustrated in Figs. 
|44 and 45, annexed. These machines are of the 
| totally-enclosed type and are fitted with patent 
radial axial ventilation, which is supplied by an 
internal fan mounted on the rotor, no separate fan 
being required. The cooling air required is 70,000 
cub. ft. per minute. This is led to the machine 
and discharged by the ducts which are shown in 
Figs. 41 to 43. The inlet air is passed through 
revolving-drum wet-air filters supplied by Messrs. 
Heenan and Froude, Limited, of Worcester. There 
are two filter units for each alternator, as can be 
seen from Fig. 43. 

The armature winding of the machines consists 
of two conductors per slot and each is mica-insulated 
for the working pressure of 6,500 volts. The two 
conductors are connected in parallel. The con- 
ductor nearest the slot opening is divided into several 
parallel strips to reduce eddy currents. The end 
connections are solid copper bars of approximately 
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1 sq. in. cross-section. The straight parts of the | 
coils outside the iron are blocked together into a solid | 
ring by substantial segments of strong insulating | 
material which are provided with an opening for | Fic. 53. 
each of the conductors. This arrangement, which | 

is illustrated in Fig. 44, forms a very strong con-| The rotor is forged solid in one piece with the|of the usual overhung type. It has a single-face 
struction and similarly fitted machines of equal! shaft ends, and an axial hole is drilled right through | radial commutator. 

capacity have been short-circuited at the terminals | the centre for the inspection of the forging. The| The step-up transformers are housed on the 
during operation without damage to the windings. | direct-connected exciter is compound wound and is | ground floor of the switch-house, which is a separate 
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building from the power-house proper. It is a 
reinforced-concrete framed structure with side walls 
formed by brickwork panels. The house lies 
between the power station and the river, as shown 
in the general plan given in Fig. 1. The top flat 
of this building carries the 20,000-volt switch gear, 
which we will deal with in a later article. The 
whole of the main step-up transformers were 
supplied by the Metropolitan-Vickers Company. 
Single-phase transformers connected in banks of 
three are used. In all there are 16 of these single- 
phase transformers allowing for five banks of three 
and one spare. Each transformer is rated at 7,800 
k.v.a. single-phase, and three form a three-phase 
bank of 23,400 k.v.a., transforming from 6,500 
volts to 20,000 volts. The banks are delta-star 
connected. Each transformer is oil immersed in 
a plain boiler iron tank. 

Forced oil cooling is used, each group of trans- 
formers being provided with three oil coolers and 
an oil-circulating pump driven by a 10-h.p. motor. 
Water is circulated to the oil-coolers by a motor- 
driven pump. Each cooling equipment is provided 
with a relief valve which is adjusted so that the oil 
pressure is greater than the water pressure. This 
ensures that water cannot get into the oil in case 
of leakage. The quantity of cooling water required 
by each cooler is 80 gallons per minute. This 
oil-cooling equipment is situated in the passage 
between the transformers, which are arranged 
against the two outer walls of the building. Each 
transformer weighs 14 tons and each tank 2} tons. 
The quantity of oil used for each transformer is 
1,300 gallons. Each transformer has a length of 
6 ft. 9 in., a breadth of 6 ft. 3 in. and a height of 
12 ft. 6 in. The full load efficiency is 98-89 per 
cent., the three-quarter load efficiency 99-02 per 
cent., and the half-load efficiency 99-06 per cent. 


(To be continued.) 





BRITISH PATENTS. 

An infringement action recently decided in the 
Law Courts raises several interesting points on the 
present. position of British Patent law, namely, 
whether anything can be done if desirable to prevent 
the grant of patents likely to be held invalid by 
reason of prior common knowledge, to provide means 
for ascertaining the validity of such patents without 
Tecourse to an action before the Courts, or to 
provide some special measure of protection for 
matters in which the inventive skill is small. 

The particular suit in question was based on a 
patent for a sample card for displaying textile 
fabrics which comprised a body portion and an 
embossed panel stuck up from the body having a 
surface forming a replica of a sample of textile 
material, the distance through which the embossing 





was raised above the body being substantially equal 
to the thickness of a sample of the material. This 
formed a very convenient way of showing the equiva- 
lent of samples of material, both as to texture and 
thickness, and apparently the method was highly 
successful. On the other hand the quality of the 
material could not be shown in this way and that 
defect was remedied by appending to the cards, or 
enclosing with a set of them, one cut sample. 

The merits of the action do not come into question 
at all for the present consideration. The decision 
was given in the Chancery Courts and therefore 
could be appealed against, but the subject matter 
serves well for an investigation of the Patent 
position. Here is a patent which has been held to 
be invalid because of certain prior public knowledge, 
the patent relating to a very small matter and yet 
while it remained unchallenged having the effect that 
its owners could bring an action for infringement 
against anyone doing what was patented. At the 
date of the patent, namely, about nine years ago, 
opposition could have been raised thereto on certain 
grounds, but this did not include the ground of 
prior general knowledge published as distinct from 
claimed. This can now be pleaded in opposition 
proceedings which is an advance on the earlier 
statutes. This particular patent was held invalid, 
not because any prior citation disclosed what it 
claimed—and it is very unusual to find an exact 
disclosure in an earlier case—but because it was held 
there was no subject matter in view of the existing 
common knowledge. Questions of subject-matter 
or quantity of invention cannot strictly be con- 
sidered either by the examiner or comptroller during 
the Patent Office proceedings before the acceptance 
of a specification, nor, in fact, during subsequent 
opposition proceedings, if any, before the grant of a 
patent. In some countries questions of subject- 
matter or quantity of invention are considered by 
the respective Patent offices, but experience has 
shown that it is often very difficult to convince the 
examiners in those countries that an invention is 
present where the difference from the prior art is 
small, although in fact that small difference may 
represent a great advance. In this country this 
is a matter for the courts, and in all probability this 
represents. the most satisfactory arrangement, 
because in court proceedings matters are thrashed 
out very much more fully than would be possible 
before the comptroller owing to the very much 
larger number of cases that are there dealt with. 

It might be possible to arrange for some inter- 
mediate court where a definite opinion could be 
obtained on the validity of a patent before which 
court matters could be raised on grounds not at 
present open to the comptroller in opposition 
proceedings. At the present time in practice the 
nearest step one can take to this is to obtain the 
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opinion of a barrister well versed in patent work. 
This is obviously not an official decision and is 
ex parte in the sense that only one side is pleading 
or setting out its own case, although as fairly as it 
can, for its own sake, it produces such evidence as to 
the state of the art as it can find. 

If such an application were made to a competent 
person under circumstances in which opponents 
might be present to present the opposite view of the 
case, then a more useful decision could be secured. 
Such a change in procedure would involve expense, 
but matters could probably be so arranged that the 
scheme could be self-supporting. 

A course that has been before with 
reference to patents in which little inventive skill 
is required is to provide some protection inter- 
mediate between the Letters Patent for 
inventions and the registration of designs. This is 
feasible and might apply to inventions of the order 
of that referred to above. Even so, further pro- 
visions in the present laws would be necessary and 
in all probability inventors as far as possible would 
seek to obtain the full protection of an ordinary 
Letters Patent, and it would then lie with someone, 
for example the head of the Patent Office, to decide 
into which group any given invention should be 
placed. This might give rise to difficulty, but the 
decision could be considered, say, on appeal to the 
Law Officers of the Crown. 

It may be at the present time that the best course 
is to retain matters as they stand now, but the 
lines of thought suggested will tend to show the 
existence of certain defects and the lines that are 
possible for curing them. 





SHIPBUILDING IN SwepEN IN 1920.—We read in 
Swedish Export that the total tonnage of the vessels 
launched in Sweden in 1920 was 42,000 tons gross, being 
about the same amount as in the préceding year. The 
record before the war was 22,000 tons, which was 
reached in 1913. According to Lloyd’s Register, there 
were 64 vessels under construction at Swedish shipyards, 
aggregating 122,578 tons at the close of the year, while 
there were two vessels, aggregating 10,340 tons, building 
at British shipyards on Swedish account. 





Canavan Exports.—According to The Board of 
Trade Journal there has been a steady and rapid increase 
in the growth of the exports of Canadian manufacturing 
industries since 1880, In 1880, 95 per cent. of the 
Dominion’s exports consisted of raw materials and 
foodstuffs, and 5 per cent. of manufactured goods. 
This proportion has steadily decreased, until in 1920 
raw products were represented by 67 per cent. of the 
exports, while exports of manufactured products had 
risen to 33 per cent. A movement is on foot in Toronto 
to form an Export Club, and it is hoped that this will 
lead to the formation of a Canadian Association of Export 
Managers, or Canadian Exporters. 7 clubs or 
associations have been and are being formed in the 
United States, and for them a sphere of considerable 
usefulness is anticipated. 
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THE IMPROVEMENT OF THE LUBRICATING 
PROPERTIES OF MINERAL OILS. 


On the Improvement of the Lubricating Properties of 
Mineral Oils by the Addition of Fatty Oils and Acids.* 
By J. H. Hype, A.M.Inst.C.E., M.LA.E, 


In 1918 experiments made by the author on the 
Daimler-Lanchester worm gear testing machine at the 
National Physical Laboratory showed that the addition 
of only 24 per cent. of rape oil to a mineral oil was 
sufficient to reduce the coefficient of friction, as deter- 
mined from*the efficiency measurements, by 10 per 
cent. (Report of Lubrication and Lubricants Inquiry 
Committee, 1920, pages 63 and 64). 

Experiments by Mr. R. M. Deeley in a machine 
specially designed by him for the purpose have also 
afforded clear evidence of the superiority of vegetable 
and animal oils over mineral oils which was found to 
be a characteristic of the author's tests with the 





Daimler-Lanchester gear. This effect, together with 

















Fig. 1. 


the fact that the frictional resistance of the surfaces 
in this machine were found to be independent of the 
viscosity of the lubricant, has been explained on the 
assumption that the unsaturated molecules of the 
lubricant enter into chemical union with the metallic 
surfaces and form a friction surface which is a com- 
pound of oil and metal. 

From the results of experiments on the surface tension 
between various oils and water, in which the relatively 
greater tension of the mineral oils as compared with 
animal and vegetable oils was traced to the presence 
of free fatty acids in the latter, Southcombe and Wellst 
have suggested that the superiority in lubricating 
efficiency of the animal and vegetable oils is also due 
to the presence of the free fatty acids. This view 
received confirmation from jsome experiments by 
Mr. Leonard Archbutt, who found that in a Thurston 
oil-testing machine the coefficient of friction when 
using a mineral oil to which 2 per cent. of rape oil 
fatty acids had been added, was some 30 per cent. 
lower than when using the “ straight” mineral oil. 

In order to investigate further the effect of the 
addition of fatty acids to mineral oils, the following 
scheme of tests has been carried out at the National 
Physical Laboratory. 





* Communicated by the Lubrication Research Com- 
mittee of the Department of Scientific and Industrial 
Research. 

+ R. M. Deeley; Physical Society, November 28, 1919. 

~ Journal of the Society of Chemical Industry, 1920, 
pp. 51-60. 


Tests on mixtures of Bayonne mineral oil with 
varying percentages of :— 

(1) Rape oil containing 2-44 per cent. of free fatty 

acids. 

(2) Neutral rape oil. 

(3) Rape oil fatty acids. 

(4) Best commercial Oleic acid. 

The rape oil was neutralised by shaking it up with 
slaked lime added in the proportion of 20 mes 
per litre of oil, a little quicklime being added. The 
mixture was allowed to stand for a considerable time, 
and then filtered. The process was repeated and the 
acidity of the oil finally obtained was estimated at less 
than 0-1 per cent. 

The mixtures of the mineral oil and rape oil or fatty 
acids were made up by weighing. 

As a Deeley testing machine had been purchased 
for the Laboratory by the Lubrication and Lubri 
Inquiry Committee, it was decided to carry out 
tests on this machine for the reason that it possessed 





some advantages for the special purpose in hand, over 


from unwinding and the indicator from jumping 
back, when slipping takes place. 

The pegs provided with the machine are ¥ in. 
diameter, equally s on a circle 2} in. diameter. 
The weights are such as to produce an increase in the 
intensity of the load of 10 Ib. per square inch, and this 
intensity can be raised to 120 lb. per square inch. 
In the tests here described, the disc was made of 
hardened tool steel and the pegs of bronze. The disc 
and the rotating carriage holding the pegs are illus- 
trated in Fig. 2. 

Method of Preparation of the Surfaces.—After many 
trials and tests the following method of preparing the 
friction surfaces was adopted. 

Preparation of the Surface of the Steel Disc—The 
disc was made “ dead’ hard and ground on a surface 
grinder. The face was “ relieved” so that a narrow 
ring of metal forming the track for the pegs stood 
slightly above the rest of the surface. The grinding 
marks were next removed by lapping the disc on a 
small cast-iron surface plate using fine carborundum 
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the Daimler-Lanchester machine. The machine is 
illustrated in Fig. 1. 

It consists ‘essentially of two opposing friction 
surfaces, one (the lower), in the form of a disc and the 
other (the upper) consisting of three pegs equally 
spaced in a circle on the underside of a rotating carriage. 
The latter is centred by a spindle coaxial with the disc, 
and is provided with two vertical posts which engage 
the crosshead of a torque measuring device consisting 
of a coil spring with indicating mechanism. The 
pressure between the surfaces is varied by loading the 
carriage with suitable weights. The disc is carried in 
a tray or dish which contains the lubricant by which 
it is covered. 

The machine is operated by rotating the disc, and the 
frictional resistance between the disc and pegs causes 
rotation of the carriage against the action of the spring. 

The torque produced by the latter on the carriage 





is thus equal to the frictional torque, and the maximum 
value of the static friction, the measurement of which 
is the main function of the machine, is determined 
by continuing the rotation of the disc until slipping 
of the opposed surfaces occurs. A pawl and ratchet 
|mechanism is provided which prevents the spring 





2. 


powder (No. 7) as abrasive with petrol as an agent for 
spreading it evenly on the lap. When every trace of 
the grinding marks was removed, the lap and disc 
were cleaned with petrol and wiped. The disc was 
then polished on the dry lap, which retained sufficient 
abrasive in its porous surface for the purpose. 

In order to remove traces of grease, the disc was next 
mounted in a chuck on the vertical spindle of the 
polishing bob shown on Fig. 3 rotated at high speed, 
and thoroughly scoured with fine carborundum powder 
and water, the latter being directed on to the surface 
of the disc in a fine spray. The foreign matter removed 
in this way was carried out radially with the water by 
centrifugal force and run away to a drain. The water 
supply was shut off and the disc allowed to revolve 
for a few seconds with the object of removing water 
on its surface. It was then finally polished with a 
clean dry chamois leather, and quickly transferred to 
the machine and covered with lubricant. 

Preparation of the Bronze Pegs.—The pegs, firmly 
held in small chucks fitted to the carriage, were lapped 
up on a clean dry cast-iron lap, with no abrasive. 
Very little lapping produced flat surfaces with a high 
polish and free from deep scratches. The polish was 
improved by rubbing the pegs on a chamois leather 
spread over the lap. 

Method of Experiment.—Immediately after cleaning 
and polishing, the surfaces were placed in position in the 
machine and covered with the oil to be tested. Pre- 
liminary tests had shown that the machine was best 
driven, through a worm-reducing gear, by a smal! 
electro-motor, in order to avoid irregularities in the 
speed of the disc. It was found that a very slight 
jerk on the handle provided with the machine, when 
slip. was about to occur, was sufficient to cause the 
friction surfaces to separate at a lower value of the 
stauc friction than would have been the case if the 
handle had been steadily rotated. 

When the required load had been applied, the motor 
was started up and the reading taken when slip occurred. 
The motor was then stopped, the load increased, and 
the test resumed. Readings were taken at loads 
corresponding to intensities of the pressure of 20 Ib.. 
40 lb., 60 1b., 80 Ib., 100 1b. and 120 Ib. per square inch. 

The greatest care had to be observed to prevent 
relative motion between the surfaces when they had 
rested for a few seconds under load. In the case of 





mineral oils specially, a slight relative motion under 











or 


od 
ds 


ch. 
ont 
ad 


er 





JUNE 10, 1921.] 


ENGINEERING, 


709 








THE IMPROVEMENT OF THE LUBRICATING PROPERTIES OF MINERAL OILS. 


. , DEELEY MACHINE HARD STEELS 
Fig4. EXPERIMENTS. 

BAYONNE (MINERAL)WITH RAPE OIL. CONTAINING 244% 

A IPS Gane BE ae 






Load -Pounds pear Square 


Fig.7, OEELEY MACHINE 


HARD STEEL& 
EXPERIMENTS. FACES. 


BRONZE SUR’ 
BAYONNE (minerat) WITH PURE OLEIC ACID. 





676.8) - Pounds per Inch. 


these conditions was sufficient to cause the bronze to 
seize on to the steel. Frequently, owing to the com- 
paratively large pitch of the ratchet teeth, the spring, 
when slipping occurred, gave out sufficient energy 
before being brought up by the pawl, to cause the 
carriage to spring back. This usually resulted in partial 
seizure necessitating the regrinding of both surfaces, 
the bronze pegs becoming scratched. 

It was necessary to re-lap the disc when this occurred 
because the small bronze particles which became stuck 
on its surface could not be removed in any other way. 
There is no doubt that very clean flat surfaces when 
in contact under load seize together with the greatest 
ease. 

Results of Tests.—The values obtained for the static 
coefficient of friction («) for the various mixtures tested, 
are plotted in Figs. 4 to 7. It will be observed that 
the frictional coefficient is in most cases constant over 
the’ range of loads at which the’ tests were made. 
For comparison of the results, the values of “, at a 
load of 100 lb. per square inch, have been plotted 
against the percentage of rape oil in Fig. 8, and against 
the percentage of fatty acid, in Fig.9. The temperature 
throughout the work varied from 17 deg. to 20 deg. C. 

The curves of Fig. 9 show that a very considerable 
reduction in the value of the static coefficient of friction 
of the mineral oil is effected by the addition to it of 
as little as one-tenth of 1 per cent. of fatty acid, whether 
added as pure Oleic acid, “‘ acid” rape oil, or as rape 
oil fatty acids. 

Of the three methods tried, the addition of the rape 
oil fatty acids proved the most effective in this respect. 
On reference to the curve of Fig. 9 it will be seen that 
in the case of the “ acid”’ rape oil mixtures, the value 
of w was reduced from 0-132 to 0-11 by adding 
sufficient rape oil (2 per cent.) to give an acidity of the 
mixture of 0-05 per cent. only. 

Increase in the proportion of rape oil produced 
further decrease in the coefficient of friction, and the 
value of « obtained for the 8 per cent. mixtures (0-2 per 
cent. acidity) was 0-099, for the 20 per cent. mixture 
(0-5 per cent. acidity) 0-093, and for the 40 per cent. 
mixture (1 per cent. acidity) 0-087. The coefficient 
given by the rape oil alone was 0-081. The addition 
of pure Oleic acid in place of the rape oil gave very 
similar results, the values of «4 obtained for mixtures 
up to 100 per cent. of Oleic acid are plotted in Fig. 9. 

The results obtained for the addition of the rape oil 
fatty acids show a greater reduction in the friction 
than those of the rape oil and Oleic acid mixtures. 
The value of 4 is reduced from 0-132 to 0-087 by the 
addition of only 0-2 per cent. of rape oil fatty acids, 
but a similar reduction required 40 per cent. of rape 
oil (acidity of mixture 1 per cent.), 2 per cent. of Oleic 
acid, or 85 of neutral rape oil. Repeat tests were made 
on the “ straight’’ Bayonne oil and on the “ acid” 
rape oil at the conclusion of the experiments, and 
results agreeing within 2 per cent of the original 

values were obtained. 

The tests on the neutral rape oil mixtures gave 
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considerable trouble. The mixture of oils was 
thoroughly shaken before being used. If the test 
was carried out immediately after the application of 
the oil to the surfaces a high value of the frictional 
coefficient was obtained corresponding approximately 
to a value proportional to the quantity of rape oil in 
the mixture. 

After a time, however, which appeared to vary with 
the proportion of rape oil and, also, with the load, the 
value of « fell to a much lower value, which remained 
constant and is plotted in Fig. 8. As examples of 
this effect, the 8 per cent. mixture was tested imme- 
diately after the oil was poured into the dish and a 
value of » of 0-117 was obtained. 

An immediate re-test gave the value 0-114; and 
after 20 minutes the value 0-100 was obtained. The 
apparatus was then covered up and left for 12 hours, 
when the value 0-100 was repeated. 

Similarly, with the 4 per cent. mixture, the value 
0-127 was obtained initially, but after a rest of 12 
hours this was reduced to 0-107. 

Further investigation of this apparent time effect 
is in hand. 

Tests on the Daimler-Lanchester Worm Gear Testing 
Machine.—In order to compare the results on the 
Deeley machine with those made on the Lanchester 
worm gear machine, additional tests were made on the 
latter on mixtures of Bayonne oil with Oleic acid. 
The results of the tests are plotted in Fig. 10, and show 
the variation in the efficiency and coefficient of friction 
with the temperature of the lubricant. For com- 
parison the corresponding curve for “ straight” 
Bayonne oil is also shown. 

The pure mineral oil was first tested and gave an 
efficiency of the gear of about 96 per cent., corre- 
sponding to a coefficient of friction of 0-020. Sufficient 
Oleic acid was then added to make a mixture of 0-2 per 
cent. acid, and the efficiency was raised to 96-4 per 
cent., the coefficient of friction being reduced from 
0-020 to 0-018. After cooling, more Oleic acid was 
added to bring the mixture to 2 per cent. acidity, and 
the test repeated, giving an efficiency of 96-6 per 
cent., corresponding to a further reduction in the 
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frictional coefficient from 0-018 to0-017. “ Straight” 
rape oil under the same conditions of test gives a 
practically constant value of the efficiency of 96-7 per 
cent., coefficient of friction 0 -0165. 





NOTES ON NEW BOOKS. 

THovas the slide rule was invented some 300 years 
ago, it is only within the last three decades or so that 
it has become really popular. Possibly one reason for 
this long-continued lack of appreciation was that until 
substantial progress had been made in the mechanical 
sciences, there was little demand for approximate 
methods of computation. Such calculations as the 
average man had to make were mostly concerned with 
money, and approximate methods are unsuitable for 
computations of this kind. Now that the value of 
the slide rule is so generally recognised a demand 
has arisen for instruction books on its use, and the 
student will find his requirements in this matter satis- 
factorily met by “ Useful Engineers’ Constants for the 
Slide Rule,” a small book compiled by Mr. J. A. Burns 
and published at 2s, net by Messrs, Percival Marshall 
and Co., London. 


The system of the activated sludge treatment of 
sewage which has made such headway of recent years, 
and has now been adopted with the approval of the 
Ministry of Health for the town of Reading, is a develop- 
ment about which many engineers wish to obtain in- 
formation. A bibliography of the subject is therefore 
opportune as it is by no means easy to trace the reliable 
references in the multitude of modern publications. 
Such a compilation is before us, in the shape of a 
volume of some 120 pages, the information being 
collected and arranged by Mr. J. E. Porter, of the 
General Filtration Company, Inc., of Rochester, N.Y., 
U.S.A. This bibliography of “ The Activated Sludge 
Process of Sewage Treatment” is published at the price 
of 1 dol., postage 16 cents. extra. It carries matters 
as far as the end of 1920, and is very well done. It 
opens with definitions of terms, continues with abstracts 
of articles, &c., arranged in chronological order, and 
closes with several indices, giving the references to 
specific installations, names, patents and periodicals, 
both English and American. 


Those who make abstracts of noteworthy engineering 
articles and publish a collection of such as relate to 
any particular subject deserve sincere gratitude from 
busy men. But their work is gravely and wantonly 
defective if they omit to give full reference to the 
sources where the original articles may be consulted 
by those who desire fuller information, An otherwise 
very excellent publication by the H. 8. B, W. Cochrane 
Corporation, formerly the Harrison Safety Boiler 
Works, of Philadelphia, U.S.A., entitled “ Finding 
and Stopping Waste in Modern Boiler Rooma,” loses 
much of its value because references are not given. 
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The articles abstracted have been selected with con- 
siderable judgment, but too often the condensation is 
too great to do more than to inspire a hopeless desire 
to see the original. The policy, moreover, is hardly 
fair to the publications concerned, and we notice an 
important article on the steam and coal consumption 
of power plants, by Mr, R. H. Parsons, which appeared 
in the ph amaiey of ENGINEERING on July 4, 1919, has 
been abstracted without acknowledgment of its source, 
although the name of the author has been given, 
albeit with erroneous initials. Furthermore, the book 
gives no information as to the names and addresses of 
the makers of the various boiler-room appliances which 
are described, so that the reader is again shut off from 
further knowledge which he might desire. Apart 
from the defects to which we have called attention, 
and which we hope to see remedied in a new edition, 
the book is really useful and opportune. It is delight- 
fully free from anything in the nature of the usual 
platitudes about combustion, coal testing, &c., and the 
whole of its 400 pages are devoted to matters of real 
interest to boiler-house managers, both from the 
operating and economic points of view. The book is 
supplied by the Cochrane Corporation at the price 
of 1 dol. net, and is well worth the money, especially 
to those who already know sufficient to derive benefit 
from the abstracts. 





In regard to naval architecture, Italy has always 
held a prominent position both in the former centuries 
of sailing skips and at the present time when highly 
complicated naval units are the order of the day. 
The Italian Society of Naval Architects and Marine 
Engineers periodically issue most valuable contri- 
butions on naval problems ; we published several of the 
latest of these in the commencement of our present 
volume. British readers. of the Italian Society’s 
proceedings will be interested to know that there is 
now available a new “‘ Naval Dictionary,’ Italian- 
English and English-Italian, covering naval, mercantile 
ship and marine engineering words and phrases. The 
book has been compiled by Mr. W. T. Davis, a member 
of the Institute of Naval Architects, formerly of the 
Royal Corps of Naval Constructors; it is published 
by Sir Isaac Pitman and Sons, Limited, Parker-street, 
W.C. 2, at the price of 10s. 6d. net. It measures 
6 in. by 44 in. and contains over 350 pages. Italian 
naval constructors and engineers will also find it a 
handy guide when reading British shipbuilding and 
engineering papers and journals. 





A new series of dictionaries of technical terms, 
the Plumon Series, is being published by the Librairie 
Polytechnique, Ch. Béranger, Paris and Liége, and in 
London by Messrs. Selwyn and Blount, Limited, 
21, York Buildings, Adelphi, W.C. 2. Three volumes 
have already been issued. The first volume covers 
‘* Shipping and Transportation,” and deals with sea and 
water transport, railway transport, motor transport, 
aviation and aeronautics, telegraphs and telephones 
both ordinary and wireless, each section being divided 
into sub-sections, For example, the railway transport 
section is divided into track, engine and tender, 
train, wagon, &c., the technical terms being arranged 
alphabetically in French, their English equivalents 
being given, illustrations serving to define, certain 
parts. At the end of each section an English-French 
vocabulary translates the English terms into their 
French equivalents. The books measure 6} in. by 
4} in., and Volume I contains about 780 pages of terms 
in the sections above referred to and other useful data, 
such as a number of conversion tables. Its price is 
16s. net. The second volume is entitled ‘ The 
Factory.’ It is arranged in practically the same way 
as Volume I and covers boilers, steam turbines, steam 
engines, electric motors, raw materials, tools, &c., 
the book containing about 260 pages, about 90 of which 
form the English-French vocabulary. Tables of 
measurements and equivalents are also given. The 
price of this volume is 7s. 6d. net. The third volume is 
a dictionary of “ Reinforced Concrete,” also illustrated, 
but it gives the French technical words and opposite, 
on the same page, the English and Italian equivalents. 
It opens with geometrical and theoretical terms, 
following on with terms of actual manufacture. 
Separate vocabularies referring back to the sections in 
the book are given in French, English and Italian. 
Like the other volumes, this one also contains useful 
conversion tables. It has over 230 pages. Its price 
is 7s. 6d. net. These three first dictionaries give 
evidence that great care has been taken in their com- 

ilation ; they are also clearly printed and illustrated. 

hey appeal to a wide circle of manufacturers and 
merchants. The complete series is announced to 
consist of 28 volumes, in three, four and five languages. 
They will cover practically every trade and industry, 
and their issue will be welcome. 





Detailed information on the British railways, their 


working results, financial situation, track mileage, 
rolling stock, their fastest times, &c., is always ihterest- 
ing, and is doubly welcome at the present time by 
reason of the proposals which are being put forward 
for their future organisation. This information will 
be found in “The Railway Year Book” for 1921, 
which is issued at the low cost of 5s. net by the Railway 
Publishing Company, Limited, 30, Fetter-lane, Fleet- 
street, E.C. 4. It gives a map, the directorship, chief 
officers, an historical sketch, technical data, financial 
statistics, mileage, &c., of each separate British 
railway system, and particulars of both Colonial and 
foreign systems. The book also contains a directory 
of officials, the names of the officials on the various 
departments of the Ministry of Transport, and on the 
various commissions, associations, institutions and 
trade unions concerned with railways. 


Some idea of the wide range of knowledge which goes 
to form the mental equipment of the modern marine 
engineer may be gathered from the fact that in the 
preparation of Mr. F. W. Sterling’s Marine Engineers’ 
Handbook the services of 31 specialists have been 
utilised. These deal with the principles of mechanics, 
materials, fuel and combustion, boilers, turbines and 
reduction gears, reciprocating steam engines, Diesel 
engines, auxiliary machinery, electrical installations, 
ship forms and propulsion, trials and inspections, &c., 
and upwards of 1,400 pages printed in small type with 
numerous illustrative sketches and diagrams are 
required for the presentation of the mass of information 
and data collected. The result is an extremely useful 
work of reference, which will be appreciated by 
designers and students as well as by sea-going engineers. 
In general, the treatment of the subjects in the various 
sections appears to be adequate for the object of the 
handbook, which aims at giving a general survey of 
marine engineering. The section devoted to turbine 
design and construction is particularly complete, but 
that on Diesel engines would be improved by the 
inclusion of particulars of some important British 
and Scandinavian engines of which thousands of horse- 
power are in everyday use. We also suggest that as 
so many marine engineers are responsible for the 
operation of refrigerating machinery, a short section 
should be devoted to this subject in future editions 
of the handbook. Tables of the properties of re- 
frigerants and some brief notes on the thermodynamic 
principles of refrigerating machines are given in the 
present edition, and if these were supplemented by 
practical notes on operation and by illustrations and 
descriptions of typical plants we believe that the 
utility of the handbook would be increased. As it is, 
however, Mr. Sterling and his collaborators must be 
congratulated on the results of their work, the incentive 
for which has doubtless been the enormous develop- 
ment of the American mercantile marine. The hand- 
book is published, at the price of 45s., net by the 
McGraw-Hill Book Company, Inc., whose London 
office is at 6 and 8, Bouverie-street, E.C. 4. 





The establishment of continuation schools and 
classes has created a demand for text books dealing 
with science subjects as correlated to different indus- 
tries. An example of this class of treatise is ‘‘ Teztile 
Mathematics,” issued in two parts at a price of 2s. 6d. 
each, by Messrs. Blackie and Sons, Limited, the authors 
being Mr. Thomas Woodhouse and Mr. Alexander 
Brand. The former gentleman is head of the weaving 
and designing department of the Dundee Technical 
College and School of Art, whilst his colleague is chief 
draughtsman to Messrs. Douglas Fraser and Sons, 
Limited, Arbroath. The first volume deals mainly 
with simple problems in elementary arithmetic, algebra 
and mensuration, the various rules being set forth and 
explained with exceptional lucidity and a wealth of 
detail. In the second volume rather more advanced 
arithmetic is taken up and the student is introduced 
to the nature and uses of logarithms and of the trigono- 
metric functions. The examples are almost wholly 
based upon actual problems which may arise in the 
textile trades. The reader thus sees at once the 
practical utility of what he is being taught, and, 
moreover, undoubtedly understands more quickly 
the bearing and scope of the mathematics than he 
would were the unknown quantities selected of a less 
familiar type. The books are capitally printed and 
contain numerous illustrative diagrams. 


The recovery of the by-products formed during the 
coking of coal has always been of importance, and 
modern conditions have emphasised that importance, 
particularly in its relation of production costs. Coal 
tar still abounds in substances which are only slightly 
known, and the field is ever widening. In “ Coke- 
Oven and By-Product Works Chemistry’’ [London : 





Charles Griffin and Sons; price 21s. net}, T. Biddulph 


the analysis and detection of the many compounds 
with which the works chemist has to deal as a matter 
of daily routine, and has published a book which should 
appeal to those interested in the subject of coal-tar 
products. The book is well written in a clear and 
concise style, and it deals in a systematic way with the 
methods of analysis at all stages in the process of 
coking from the washed coal going to the ovens to the 
benzol-recovery plant. Fairly full descriptions are 
given for each analysis, but in some cases it is assumed 
that the reader is already acquainted with the details 
and principles involved, and it is to be regretted that 
nothing in the way of criticism of any of the processes 
is attempted. The limited number of references which 
are given too will rather handicap anyone who wishes 
to follow up in greater detail the information which 
is given here. But within the compass which the 
author has set himself he has produced a book which 
is adapted for works reference and which should prove 
a useful friend to British chemists who are not over- 
burdened with information in book form on this 
subject. 


Scientists can assist the microscopist in two ways, 
in the first instance by theoretical research and by 
supplying him with better instruments, secondly, by 
telling him how he can make the best use of the instru- 
ment he already possesses. The second way is by no 
means of minor importance. Few microscopes, one 
may say, are used under conditions securing the best 
possible results ; many microscopists are no more able 
to work their instruments to advantage, than many 
photographers can obtain the high degree of success 
which the expert realises with the same ordinary 
camera and chemicals. Men like the late Captain 
Abney perhaps rendered one of the greatest services 
when they told the photographer how to work his 
camera. From this point of view the “ Critical Micro- 
scopy” of Mr. Alfred C. Coles, M.D., D.Sc., M.R.C.P. 
Lond. [London : J. and H. Churchill, 7s. 6d. net] will 
find a welcome among microscopists. He does. not 
describe special types of microscopes, not does he dis- 
cuss the theory of the formation of the image or optical 
theory in general. He wants, in this large octavo 
volume of 100 pages, to inform the reader how to mani- 
pulate his microscope and how “to resolve more and 
with greater facility.” In explanation of the title he 
quotes two statements by Mr. Edward Milles Nelson. 
Nelson, he says, has defined critical microscopy as 
follows: ‘Critical Image—The image of an object 
is critical when it is obtained by means of an objective 
of fine quality which has been placed in correct adjust- 
ment for that object by its screw collar, or by the 
alteration of the tube-length, and when the illumination 
is critical.” ‘‘ Critical Ilumination—An object is said 
to be illuminated critically when it is placed at the apex 
of a solid axial cone, the aperture of which is no less 
than three-quarters of the N.A of the observing 
objective.” He proceeds to explain how to obtain 
critical illumination. The contents of the book cover 
a general description of the parts of a microscope and 
information on its manipulation. Dr. Coles undoubtedly 
gives many useful hints of his own and others, On the 
other hand he quotes Mr. Nelson, whose authority 
nobody will question, so frequently and at such Jengths, 
that one almost feels inclined to ask whether a new 
book was really wanted. 








INDUSTRIAL NOTES. 

TuE Government's proposals for the settlement of 
the coal strike which we outlined in our last issue, 
have been rejected by the miners without comment. 
The announcement was made in a letter from Mr. 
Frank Hodges to the Prime Minister, stating that the 
Executive Committee of the miners had received the 
whole of the replies from the districts upon the said 
Government proposals; the terms had been fully 
considered on their merits, and in every instance the 
districts had rejected them. 


The owners, for their part, wrote to the Prime 
Minister on the same day a letter in which they con- 
sidered the scheme point by point. In regard to the 
temporary agreement, and in order to increase further 
the fund available for the provision of assistance, they 
were prepared to take an average of the costs other than 
wages for the three months January, February and 
March, instead of the figure for March alone, in the 
ascertainment to be made for application to the first 
two months of the temporary period. With reference 
more particularly to the permanent scheme, the owners 
maintained that no progress could be made towards a 
settlement so long as the miners’ leaders adhered to a 
national pool and a national settlement of wages. They 
generally agreed to a National Wages Board, with a 
neutral chairman, for settling questions as to a standard 
wage and the ratio of profit to wages. They also stated 
that for the determining of district wages Conéiliation 





Smith brings together useful information concerning 





Boards should be re-established having each a néutral 
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chairman. They further undertook that if the rates 
of wages for any’ period in any district did not provide 
a subsistence wage to the lowest paid day workers, 
wage additions were to be made as in the opinion of the 
District Conciliation Board were deemed necessary. 

In order to complete this very brief history of the 
negotiations we may add that the Prime Minister last 
Saturday wrote to Mr. F. Hodges, stating he regretted 
the decision of the Miners’ Executive in regard to the 
Government proposal; the Government had nothi 
further to offer; the Government grant of 10,000, a 
could not be regarded as available indefinitely ; every 
week during which the coal strike had lasted had 
depleted the resources of the nation and had lessened 
its capacity to afford this assistance to a particular 
industry ; the Government had therefore come to the 
conclusion that the offer of this grant could not be 
prolonged for more than another fortnight, which should 
give sufficient time for a ballot on the Government 
suggestions, or for reaching a settlement in another 
way. 

4 view of the above decision on the part of the Govern- 
ment, Mr. Evan Williams, on behalf of the owners, 
wrote to Mr. F. Hodges a letter in which he stated : 
ree The offer of the Government to provide a 
sum of 10,000,0001. as a subvention to wages to tide 
over a difficult period, while it does not financially 
affect the coalowners in any way, is to the workers in 
the industry of immense value, which we are most 
desirous they should not lose, and I feel that if any 
elucidation of the position can be brought about by a 
conference between your Executive and our Central 
Committee, we on our side should not allow any formal 
considerations to stand in the way of our taking a step 
which may perhaps be easier for us than for you . . .” 





Following this, the coal owners and miners met and 
discussed together the points at issue last Monday 
and Tuesday. At the close of these meetings, Mr. F. 
Hodges stated that the Executive Committee of the 
Miners’ Federation had considered the points presented 
by the owners, and had decided to present a series of 
questions to the latter. The Executive Committee 
had also decided to call a special conference of the 
Federation for to-day, at 10.30 a.m., to be held at the 
Memorial Hall, Farringdon Street, when the Executive 
will] submit a full report of ‘the proposals of both the 
owners and the Government, and will recommend that 
a ballot vote of the members be taken upon the said 
proposals. Conferences were also held on Wednesday 
and yesterday between the owners and the miners for 
the purpose of clearing up certain of the points at 
issue. 

Difficulties have now arisen in the cotton industry. 
The employers had, at, first, demanded a reduction of 
95 per cent. off the standard piece price list, which is 
equal to 30 per cent. off the present rate of wages, 
a figure which they later amended to 25 per cent. 
The operatives, on the other hand, expressed their 
willingness to agree to a 124 per cent. reduction in the 
present rate of wages. The employers met Dr. Mac- 
namara, Minister of Labour, last Wednesday, and after 
discussing the situation with him it was decided that 
the employers and operatives should hold a joint 
conference to-day in Manchester. 





We referred in detail in two former articles (on 
pages 395 and 525 ante) to the question of rs 
workers’ wages, and showed that the only way out o 
the present crisis in trade lay in increased production 
and lower wages. Meetings of the various engineering 
trade unions have been held lately, both singly and 
with the Engineering and National Employers’ Federa- 
tions. Joint meetings were held last Friday and 
Saturday, but no settlement was arrived at. Following 
these two meetings, the employers issued a statement 
saying that negotiations with the representatives. of 
the trade unions had now proceeded for a period of 
nearly two months. At York, on May 12, the employers 
proposed that 3s. for time-workers and 7} per cent. for 
piece-workers should be deducted from wages in June 
and a similar amount in July; further, that the 
Ministry of Munitions bonuses, namely, 12} per cent. 
to time-workers and 7} per cent. to piece-workers 
should be taken off in September. The reductions 
involved are the elimination of the two advances of 
6s. to time-workers and 15 per cent. to piece-workers, 
and the Ministry of Munitions bonuses. Both were 
given apart from any consideration regarding the cost 
of living, the first on account of what was presumed 
to be the then state of the industry, and the second 
on account of the war conditions applicable to muni- 
tions work, conditions which no longer prevail. At 
the meetings of Friday and Saturday, the unions 
suggested a modification of the empl ) position ; 
the employers, having regard to the pare ol they 
had already made, and with the desire to make the 
application of the reduction as easy as possible, asked 
the unions to agree in principle to discuss the manner 


in which the reductions should be applied. After 
consultation with the main body of their representa- 
tives the unions replied that such a suggestion was not 
acceptable. 
the unions, the employers had no alternative but to 
post the necessary notices of the proposed wage 
reductions. This was done at the works throughout 
the country last Tuesday. 

In the meantime, Dr. Macnamara, Minister of 
Labour, has been conferring with the representatives 
of both sides. Following a meeting on Wednesday 
between the Minister and a deputation of the Engi- 
neering trade unions, Mr. J. T. Brownlie stated that 
the deputation would report to a conference of repre- 
sentatives of the trade unions to be held at York 
to-day. Mr. Brownlie added that, notwithstanding 
the seeming gravity of the situation, the deputation 
were not without hope that something may be done to 
effect a satisfactory settlement. He also impressed 
upon the membership of all the organisations con- 
cerned to refrain from taking any action that might 
interfere with the negotiations. 





PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Soci of London 
held on May 27, at University College, London, Professor 
Sir W. H. » F.R.8., president, in the chair, a paper 
“*On the Reflection of the X-Ray Spectrum of Palladwum 
from Fluorspar,” was read by Mr. H. Pealing. This 


paper contained an examination of the odd order spectra 
reflected from the 100 “——. of fluorspar, using palladium 
X-rays, has been m with a view to test the Lewis- 


Langmuir - gee 4 of the motion of valency electrons 
in compound vid , in partial confirmation of the 
theory, has been obtained. 

Discussion.—Professor Bragg said that 
high magnitude of the third order spectrum was most 
curious. There was evidently something diffracting 
roy a about a third of the way between the calcium 
and fluorine atoms: It was ibly only a coincidence, 
but this was where the junction of these atoms occurred. 

Professor Rankine oceed what was supposed to be the 
source of the diffraction, the nucleus or the electrons 
distributed round it. If the latter, what was the justifi- 
cation for assuming the diffraction to originate from 
the planes containing the nuclei ? 

Professor B; said the origin of the diffraction was 
what they were all trying to settle. Possibly the paper 
he was just about to read would answer Professor 
Rankine’s question. 

Dr. Hopwood was not clear as to what the paper 
proved. Assuming the reflecting power of the calcium 
and fluorine atoms to be proportional to the atomic 
numbers the same magnitude for the faint spectra was 
apparently to be expected with or without the trans- 
ference of electrons of the Lewis-Langmuir theory. 
This being so, he did not see that the result was evidence 





e 
the relatively 


one way or the other. 

Mr. Pealing said the discrepancy of the larger third 
order trum was more easily accounted for on the basis 
of the Lewis-Langmuir theory. Dr. Hopwood thought 


this might be due to a single distortion rather than to a 
transfer of electrons from the calcium to the fluorine. 

A paper on “ The Intensity of, X-Ray Reflection by 
Diamond,” was read by Sir W. H. Bragg. The paper 
describes an investigation of the relative intensities 
of the reflections of hromatic X-rays by the 
various crystallographic planes of diamond. The special 
difficulties due to the small size of available crystals and 
the modification of the usual method required to obviate 
them are discussed. An interesting feature of the 
results is that they lie very closely on smooth curves, 
which indicates that if the outer electrons of the carbon 
atom lie at any considerable distance from the centre 
they must be in motion over a wide range, or for some 
other reason must contribute little to the reflection. 

It is shown that the properties of the carbon atom in 
diamond are based on a te and not a spherical 
form. The tetrahedral point away from any (111) plane 
in the case of half the atoms, and towards it in the case 
of the other half. Consecutive 111 planes are not 
exactly of the same nature and consequently some slight 
second order reflection from the tetrahedral plane might 
be expected. This effect, though slight, has been found. 

Discussion.—Dr. Andrade asked if surface tension 
effects entered into the problem. Dr. Rayner asked 
if there was any chance of obtaining the arrangement 
of carbon atoms in the benzene ring. Professor Bragg 
explained that surface tension effects did not come in. 
In reply to Dr. Rayner, he exhibited a model of the 





benzene group. 

Professor exhibited and explained photographs 
by M. le Duc de Broglie of the “ Magnetic Spectra’ 
obtained when the 8-rays produced when the X-rays 


strike copper are deflected on to a photographic plate 
by a magnetic field. 

A paper, entitled “‘A Method for the Micro-analysis 
of Gases by the Use of the Pirant Pressure Gauge,”’ by 
the Research Staff of the General Electric Company, 
Limited, was read by Dr. N. R. Campbell. The following 
is a summary: (1) A method of analysis of s ata 

ressure between 0°61 and 0-001 mm. is described, 
on the characteristic vapour-pressure temperature 
curve of any distance. (2) The method demands a ga 
which will measure the pressures of vapours, as well 
as of permanent gases, Nyy - range mentioned. The 
Pirani gauge is suita’ or this purpose, expecially i 
it is used in a way which is not Bo but of which the 
advantages have not been sufficiently ay ye 
Discussion.—Dr. J. 8. G. Thomas asked if the method 





would discriminate between the higher hydrocarbons 


In view of the non possumus attitude of | 


if} and upon James W 


in coal gas, or between ethane and methane. It was 
assumed that the heat lost by conduction at the ends 
of the supports was constant. He did not think this 
as justified, as it had been shown that at low pressures 
this loss depended on the pressure of the gas. Would 
the method discriminate between dry and wet gas at the 
same total pressure ? 

Dr. D. Owen expressed his admiration of the method, 
which appeared to be entirely new. To what pressures 
had the author gone down to in these experiments ? 
In addition to the Pirani gauge the McLeod gauge is 
referred to, but no others. Had Dr. Campbell any ex- 
perience of other forms of low-pressure gauge and their 

ies ? 

Dr. No gern in reply, said it was easy to analyse any 
mixture of components which could be frozen out by 
liquid air. They had anal the vapours from the oil 
used in their ps, and he thought the higher hydro- 
carbons in gas would present no difficulty. He was 
afraid neither ethane nor methane would freeze out, 
and 8o could not be treated by this method. As regards 
the validity of the assumptions of the heat loss for 
accurate work every gauge was separately calibrated, 
and no assumptions were made. The instrument could be 
used to discriminate between wet and ZZ gu, provided 
the total pressure was under 0-2 mm. He did not know 
how low res the Pirani gauge would do for, but 
for very low pressures the Ionisation gauge would be 
more accurate. 





Tue Swepise Srirzpercen CoLiieries,—We read in 
Swedish Export that the Swedish Government has asked 
for a grant of 3,000,000 kroner for subscribing shares 
in the Swedish Spitzbergen Colliery Company. The 
Minister of Commerce states it is most important from 
a national point of view that the immense seams of coal 
on the com ’s territories in Spitzbergen should be 
retained in an % hands and under exclusively Swedish 
influence. The company, which was formed some 
ago as an exclusively private concern, has not been able 
owing to the depressed state of the money market, to 
procure the necessary means for the continuance of 
operations, after the share capital had been expended in 
extensions and new equipment at the collieries. Accord- 
ing to the draft agreement between the company and 
the Government, the company would rodge itself to 
increase its production during 1921 to bo, tons per 
annum, and the State Railways would have the first 
right of purchase of the coal raised. 





Proposed Imperiar Warer-Powrr Boarp,—The 
fourth annual report, for 1920, of the Conjoint Board 
of Scientific Societies states the constituent societies 
now number 57. It gives information concerning the 
work carried out during the year. It adds that in the 
first report the committee recommended the formation 
of an Imperial Water-Power Board, on the lines of the 
Imperial Mineral Resources Board, to include a repre- 
sentative of each of the Dominions and Dependencies. 
The fourth report points out that greater efforts should 
be made to ascertain the total water-power available 
in the Empire, also that uniformity should be aimed at 
in the investigations and records, It ur that steps 
should be taken to convene an Imperial Water Con- 
ference in London at which the Dominions and Depen- 
dencies should be represented; the outcome of this 
conference might be the formation of an Imperial 
Water-Power Board having extensive powers to 
out a comprehensive policy for stimulating, co-ordinating 
and, where necessary, assisting development throughout 
the Empire. 





Brrerapay Honovurs.—On the occasion of the birth- 
day of H.M. the King, many honours were conferred, 
and in the list are several associated with engineering 
industries. Baronetcies have been conferred, for 
instance, upon Mr. Douglas Alexander, head of the Si 
Manufacturing Company, one of the first firms to 
6-in. and 15-in. shells entirely by women labour; the 


company undertook large contracts for the manufacture 
of shells and aeroplane parts on a “ without profits "’ 
basis; upon John Bryn Edwards, Member of Swansea 


Town Council, and director of the English Crown Spelter 
Com: ; upon Joseph William Isherwood, inventor 
of the 1 sherwood system of longitudinal construction 
of ships, member of the Institution of Naval Architects ; 
upon William Joseph Noble, J.P., ex-President of the 
Chamber of Shipping of the United Kingdom and 
President of the Baltic and White Sea Conference ; 
and upon George Renwick, M.P. for Newcastle-on-Tyne, 
1900-1906, 1908-1910, and since 1918, and associated 
with shipbuilding and shipping companies, The honour 
of knighthood has been conferred upon William Henry 
Butlin, . Knight of the Order -$ Isobel poate men of 
Spain, for twenty-four years chairman an i 

director of an old family business of iron ore enelters 
at ee enecenne | upon Brigadier-General Charles 
Philip Martel, C.B., Chief Superintendent of Ordnance 
Factories ; Walter Renton Preston, M.P. for Stepney 
(Mile End Division); and He White Smith, C.B.E., 
chairman of the Bristol Aircraft Factory. The Order 
of the Star of India, C.8.I., has been bestowed upon 
Ernest Marinus Proes, Chief ineer and Secretary to 
Government, Public Works t, Bombay ; 
while the Order of the Indian Empire, C.1.E., has been 
conferred upon Herbert Edward West Martindell, chief 


eer , P.W.D., Burma; upon Robert 
William Church, mining engineer to the Railway Board ; 

ison, executive engineer, 
Bombay Municipality, Bombay. A ey eee ogy = of the 
Imperial Service , Home Civil ice, has been 
bestowed upon Griffith John Williams, Senior Inspector 





of Mines, Mines Department. 
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THE RUBBER EXHIBITION. 


Excerpt for an indefinite recollection of early 
teaching, most people know very little about the 
origin and nature of the numerous tropical products 
upon which so many of the comforts of civilisation 
depend. A general knowledge, of course, exists 
as to the sources of rubber, cotton, tobacco, tea, 
and other articles in familiar use, but even the 
appearance of such commodities as copra, sizal, 
palm oil, cutch, sesame, copal and scores of others 
is hardly known to the average man. For this 
reason alone the Fifth International Exhibition of 
Rubber and other Tropical Products and Allied 
Industries, which opened on June 3 at the Royal 
Agricultural Hall, Islington, is well worth a visit. 
The exhibition is devoted primarily to the rubber- 
growing and manufacturing industries, but the large 
collection of tropical products, displayed not only 
by private companies but by the Governments of 
the various countries and States concerned, endow 
the exhibition with a much wider interest. Rubber 
making machinery is adequately represented, some 
firms having quite an elaborate display of heavy 
machinery on their stands. 

The Planters Engineering Company, Limited, 
of 28, Martin-lane, London, E.C. 4, show a new 
continuous washing machine illustrated in Fig. 1, 
annexed. This machine is designed for the 
rapid and continuous washing of raw scrap rubber 
at the plantations. The rubber scrap which is 
contaminated with dirt, earth, &c., is fed into a 
smal! hopper on the upper side of the lower end of 
the inclined washing barrel. Here it is masticated 
up between spiral teeth on a long rotating steel 
drum and serrations on the internal surface of the 
casing. Working in contact with the spiral drum 
is another large shaft, also spirally grooved, which 
gradually forces the rubber along to the outlet, 
where it is cut by revolving knives before falling 
into the delivery box at the end of the machine. 
Water flows through the machine the whole time 
and: washes away the dirt as itis separated. Inspec- 
tion of the interior is provided for by means of hinged 
covers, which can be readily opened by releasing 
wing bolts. The machine is made in two sizes, the 
one illustrated having a capacity of 250 lb. per hour, 
and requiring 7 h.p. to 8 h.p. The larger size will 
deal with 500. lb. of rubber per hour. The scrap 
rubber, after leaving the machine is thoroughly 
clean and equal in quality to ordinary material. 
It. passes, with the latter, to the creping machine, 


1. 





illustrated in Fig. 2. The latter has sloping rollers, | 
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helical machine-cut gearing, and coupled by ordinary 
pinions to give the required differential speed. 
Its capacity is 100 lb. per hour and its product is 
“crepe rubber,” a sort of rough corrugated sheet 
which is one of the forms in which rubber is exported. 
With different arrangement of rollers, the machine 
will produce sheet rubber, taking 6 h.p. for the 
latter process and 9 h.p. for the former. The 
machines are made either for motor or belt drive, 
or for line shaft drive by means of friction clutches. 

A complete working demonstration of a process 
for the manufacture of rubber from the latex is 
given at the stand of Davidson and Co., Limited, 
Sirocco Engineering Works, Belfast. In the David- 
son process, the latex as drawn ‘from the tree is at 
once mixed with a special preservative which 
prevents coagulation or decomposition, apparently 
for an indefinite period. Formalin and ammonia 


12 in. diameter by 18 in. long, driven by double! have both been used for this purposé; but in the 











SHEETING MACHINE. 


present case, the preservative which is called “ Sirox- 
idine,” is supplied in solid block form to the planters, 
who dissolve it in water when required for use. The 
result is that the latex remains as a perfectly fluid 
milky liquid. That used for demonstration pur- 
poses on the stand, is stated to have been drawn 
from the trees in Ceylon in 1917. To convert the 
latex into rubber it is put into a canoe-shaped 
copper bath which is oscillated endwise by a crank 
and lever mechanism. While surging to and fre 
in the coagulating bath a quantity of acetic acid 
is slowly added, with the result that the latex rapidly 
curdles into a white quaking mass, something like 
Devonshire junket, and leaves practically no 
liquid residue. This. operation on the stand takes 
about 5 minutes, and is carried out without heat. 
The lump. of rubber is then transferred to a de- 
hydrating machine, in which itis carried to and fro 
on a table underneath a large number of rising 
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MACHINERY AT THE RUBBER EXHIBITION. 


CONSTRUCTED BY MESSRS. JAMES CARTER, LIMITED, ENGINEERS, STALYBRIDGE, LANCASHIRE. 
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== machine, which consolidate it and reduce its thick- 
: mare ness. The sheet is washed in a warm alkaline 
Oy N bath to remove the last traces of acidity, and then 
rolled up by hand into a cylindrical form. In this 
form it is placed longitudinally between the three 
corrugated rollers of a triplex mill, which work on 
it with a gradually increasing pressure. The 
rollers all revolve in the same direction, and under 
the rolling and squeezing action the sheet is con- 
solidated into a solid roll. While the rubber is still 
under pressure, the end of a tape band is entered 
between the rolls, the band being guided by hand 
} so that it is wound spirally round the compressed 
os YZ rubber from end to end and back again. The end 
; 4 of the band is then secured, and the roll removed 
dle a SS >" from the mill. 

eT ies vo The function of the tape is to absorb any remnant 
of moisture from the rubber, and to prevent the 
formation of a more or less watertight skin on the 
surface of the roll. After a few days the tape may 
be removed, and the rubber is then in the torm of 
a flexible cylindrical bar, ready for export or manu- 
facture. If the tape is left on, the rubber is 
thoroughly protected from dirt during transit. 

A very interesting material, called “ Onazote,” 
is shown by Messrs. Onazote, Limited, of 5, Idol- 
lane, London, E.C. 3. This is a kind of aerated 
vulcanised rubber, in sheets or blocks, which have 
great softness and resiliency and almost incredible 
lightness. The surface has the consistency and 
appearance of ordinary rubber, but a section shows 
the interior to consist of a kind of rubber froth com- 
posed of extremely minute separate cells. It is manu- 
factured at Willesden Green, under the patents 
of Mr. C. L. Marshall. The process involves the 
vulcanisation of the rubber in an atmosphere. of 
nitrogen under a pressure of about 900 Ib. per 
square inch. The impervious skin, which is a 
special feature of the material, is obtained by coating 
the mass with a rubber and sulpbur compound 
which will not itself retain gas under pressure, 
with the result that the outside skin will afterwards 
lose its gas and form a strong resisting cover to the 
gas-expanded material. The gas pressure in the 
cells is about four or five atmospheres, which is 
about three times the maximum that could be 
retained in the absence of an impervious: skin. 
Tests by the National Physical Laboratory show an 
average specific gravity of 0-0715 for sheets ranging 
from } in. to 2 in. in thickness, and a large block, 
practically a cubic foot in volume weighed only 
5:17 Ib. and displaced 59 Ib. of water, the specific 
gravity of the block being 0-088. Such a block will 
and falling punches. These perforate it at every wire cage, and boiled for 5 minutes, to remove the| therefore support nearly half a hundredweight of 
stroke, and after 5 minutes of this treatment it is a| acidity from the coagulant and to improve the| added weight in fresh water. The material has 
comparatively dry and fairly dense, thin honey-| mechanical characteristics of the rubber. It is|thus about three times the supporting power of 
combed mat. It is then removed, placed in a@|next passed between the rollers of a sheeting| cork, and besides its obvious uses for rafts and 
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floats, it should find application in sound-proofing, 
vibration-damping and other directions. 

On the stand of Messrs. Francis Shaw and Co., 
Limited, Corbett-street, Bradford, Manchester, is 
a Kirke gas-fired boiler supplying steam to a Hunter 
drying kiln. The boiler is of the horizontal fire-tube 
type about 2 ft. 3 in. diameter by 5 ft. 9 in. long, 
with 25 tubes. Each tube contains a twisted 
sheet-iron deflector plate running through it. Gas 
pipes stand opposite the end of each vertical row 
of tubes, a few inches from the boiler end, and the 
gas issues from holes in these pipes in the form of 
jets of flame directed axially along the tubes. 
The air for combustion is induced by the natural 
draught through the tube. Such a boiler is stated 
to make | lb. of steam for the consumption of 
2-5 cub. ft. of gas containing 500 British thermal 
units per cubic foot. The boiler in question is 
rated at an evaporation of 437 lb. per hour with a 
good natural draught. The makers of the boiler 
are Messrs. Spencer-Bonecourt, Limited, of Parlia- 
ment Mansions, Victoria-street, 8.W. 1, and Hitchin, 
Herts. 

In addition to the exhibit of the Planters 
Engineering Company, Limited, which we have 
already noticed, rubber machinery is shown by 
Messrs. Joseph Baker, Sons and Perkins, Limited, 
of Peterborough, and James Carter, Limited, Staly- 
bridge, Lanes., both firms making a good display. 
The former company, who have a long experience 
in the manufacture of all kinds of mixing and 
kneading machinery, have applied their knowledge 
to the incorporation of compounds with rubber. 
Their “ Universal”? automatic rubber masticator 
and mixer is efficiently water-cooled to prevent the 
rise of temperature which would otherwise occur 
owing to the action of the chemicals used. We 
hope to illustrate this machine later. 

Messrs. James Carter, Limited, exhibit several 
machines, including two forcing machines, the 
function of which is to produce tubes or solid rods 
of rubber. One of these is illustrated in Figs. 3 to 8, 
on page 713. It consists essentially of a horizontal 
shaft having at the end a scroll, or cylindrical 
portion surrounded by a coarse raised helical thread. 
Geared to the shaft is a single feed roll, which runs 
in contact with the thread of the scroll. Rubber 
enters between the feed roll and the scroll and is 
forced out through the tapered delivery nozzle 
at the end. The position of an adjustable guide 
plate determines the size of the opening through 
which stock can be fed. The nature of the mechanism 
absolutely prevents the machine becoming choked, 
as no more stock can enter than the scroll can 
accommodate. The spindle and jackets are steam 
heated, and a heavy ball thrust ring takes the 
backward pressure on the spindle. The latter is 
driven by spur gearing and fast and loose pulleys, 
as shown in the drawings. The standard of the 
machine forms a gear-box which permits of three- 
speed changes, operated by means of the external 
lever, the machine being thus entirely self-contained 
and requiring no countershaft. The simplicity 
of the feeding arrangement as compared with that 
on earlier types of forcing machine and the generally 
attractive nature of the mechanical design are 
worthy of note. For making solid rods of rubber 
a plain circular die is screwed into the tapered end 
of the chamber at the end of the scroll, but when 
hollow tubing is to be made a spider shaped piece, 
carrying a mandrel, is held behind the die, the 
mandrel projecting through the die and having a 
clearance around it equal to the desired thickness 
of the tube. When thin tubes are made, there is 
provision for blowing air char,red with French chalk 
into the interior of the tube as it leaves the die, 
with the object of preventing the sides sticking 
together before vulcanising. The machine illus- 
trated has a scroll 44 in. diameter, and will “ spew ” 
any section which can be inscribed within a 3-in. 
circle. 

The largest machine on Messrs. Carter’s stand, 
if not in the whole exhibition, is a double-geared 
mixing and sheeting machine having chilled rolls 
16 in, diameter by 36 in. long, This is driven by 
a 50-h.p. motor through double helical machine-cut 
reducing gear. Its general appearance is shown in 
the photograph reproduced in Fig. 9, on page 713. 
The rollers are level, and two gear ratios are pro- 





vided to suit the requirements of mixing or of 
sheeting. The back roller is fitted with a mechanical 
scraper. The unit, as erected on the stand, is 
complete with extended bedplate, all shafting 
pedestals, &c., and flexible coupling between motor 
and reducing gear. The machine itself weighs 
190 cwt., and the reducing gear and shafting about 
another 50 cwt. 

Messrs. Robert Boby, Limited, of Bury St. 
Edmunds, Suffolk, are showing a combined flax- 
breaking and scutching machine of the type illus- 
trated and described in our issue of May 20 last. 
The machine takes only 1} h.p., and is claimed to 
produce 25 per cent. to 30 per cent. of fibre, according 
to the quality and retting of the straw. There is also 
exhibited a Boby “ indented cylinder ” for extract- 
ing cockle, and other round seeds, and for eliminating 
broken kernels from wheat, rice or other grain. 
These cylinders, which are made up to 32 in. 
diameter by 10 ft. long, effect the separation by a 
very ingenious method. The cylinder, which is of 
zinc, is slightly inclined to the horizontal and slowly 
rotated while the grain is fed in at the upper end. 
The interior surface is covered with very closely- 
spaced indents, which are small , hemispherical 
depressions formed by drilling. The cockle seeds, 
or other objects to be removed from the grain, 
lodge in these indents which are too small for the 
kernels of grain to enter. By the rotation of the 
cylinder the cockles are carried up above the level 
of the grain, and then they are tipped out and fall 
out into a tray running lengthwise through the 
cylinder. The same method enables oats, barley 
and other grain to be separated from wheat, and 
separations can be effected which are said to be 


eo 


KY 


———— 


et 


SS 


Fies. 10 anp 1]. FiEexreie CovuPLina. 


impracticable by other means. Messrs. Robert 
Boby, Limited, also exhibit a newly-designed nut- 
cracking machine, which overcomes the difficulty 
caused by the widely varying sizes of nuts of the 
same species. The nuts are fed in measured 
quantities into a tapered space, in which each nut 
descends until it is arrested by contact with the 
opposing sides. One of the sides is then moved 
inwards towards the other, with the result that an 
equal cracking effect is exerted on every nut. 
The cracked nuts are then released and drop away. 
The machine is hand-operated and has been designed 
for plantation use. It will crack 1,000 palm nuts 
per minute. Such nuts differ in size by 500 per cent. 
and vary enormously in shape. The method of 
the natives is to crack them one by one between 
flat stones. 

A simple type of flexible coupling which is 
exhibited by Messrs. R. Fauset Gillespie and Co., 
2, Frederick-street, Edinburgh, is illustrated in 
Figs. 10 and 11, annexed. It consists of two 
castings only, and the drive takes place through 
four or more rubber buffers carried in pockets in the 
castings. These couplings permit a considerable 
want of alignment between the driving and the 
driven shafts, as they act to a certain extent as 
universal joints. They also insulate one shaft 
from the other electrically. The couplings are 
made in 12 sizes, ranging from 4} in. outside 
diameter, which will transmit } h.p. at 100 revo- 
lutions, to one of 26 in. outside diameter to transmit 
77 h.p. at the same speed. They can obviously be 
driven equally well in either direction, but are not 
designed to take any appreciable end thrust. 

The dominant note of the whole Exhibition, 
which remains open until June 17, is, as we 
indicated in our opening remarks, rather the 
display of tropical produce than the exposition 





of machinery. The fact that no less than 16 
Governments have taken space to show the products 
of their respective lands, colonies or protectorates, 
indicate the range which the exhibits cover. Grains, 
nuts, spices, fruits, fibres, timbers, minerals, &c., 
are all to be seen, and little-known regions of the 
earth are represented by their special contributions 
to the comforts or necessities of civilisation. 





HEAVY MULTIPLE-HEAD DRILLING 
MACHINES. 

Tue two large drilling machines illustrated on 
page 716 have been designed by Messrs. Beyer, 
Peacock and Co., Limited, of Gorton, Manchester, 
to meet the requirements of locomotive and marine 
engine shops where the work is heavy, and powerful 
machinery is essential for economical production. 
The machine shown in Fig. 1 is specially adapted for 
drilling the tube plates of boilers and condensers. 
It will take plates up to 9 ft. square, the work being 
bolted to the bed, and the uprights of the machine 
travelling over it to drill successive rows of holes. 
The range of travel is 5 ft. The construction is of 
a very substantial nature, as the frame and gearing 
have to withstand the heavy stresses set up by seven 
drilling heads operating simultaneously. The heads 
are independently adjustable on a slide which can be 
traversed along the cross-slide mounted on the up- 
rights, the latter being moved along the bed by hand. 
Four spindle speeds are provided, ranging from 36 
r.p.m. to 52 r.p.m., and there are two rates of downward 
feed, namely 238 and 175 per inch. The vertical 
power feed of the cross-slide is controlled by handles 
conveniently placed on the right-hand upright, and each 
spindle has a vertical adjustment of 4 in., independent 
of the cross-slide. The machine has been found 
particularly useful in the boiler shop, on account of 
the ease and rapidity of its operation, seven holes 
being opened out simultaneously from 1} in. diameter 
to 24 in. diameter in regular work. 

The machine illustrated in Fig. 2 was designed for 
drilling the ends of connecting rods, coupling rods, &c. 
Its two heads, which are independently driven and 
operated, are mounted on a rigid cross-member carried 
by three uprights. There are two adjustable tables, one 
corresponding to each head. Each table has a planed 
upper surface 23 in. by 24 in. for holding the work, 
and is provided with a bushed hole to support the 
boring bar when opening out holes. The maximum 
distance between the drilling heads is 10 ft. and the 
minimum is 3 ft. The heads are machined on their 
side faces to facilitate gauging when setting the drills 
over their work. The spindles are of hard steel, 
3% in. diameter, running in phosphor-bronze bearings, 
the end thrust being taken up by ball washers and 
lateral adjustment being arranged for. 

The three-step cone and back gear provide for the 
transmission of ample power at speeds from 20 r.p.m. 
to 62 r.p.m. The power feed to the spindles is trans- 
mitted through three-speed gear-boxes, giving feeds of 
118, 84 and 45 cuts per inch; and each spindle has 
@ maximum travel of 14 in. Rapid hand-operated 
vertical and horizontal traverses arg obtained by means 
of the hand wheels shown on the front of the heads, 
while a fine hand feed is provided f@r by the use of the 
inside hand wheels. The machine is both convenient 
to operate, and capable of dealing with very heavy 
drilling work. It will drill simultaneously two 3-in. 
holes out of the solid, in steel having a tensilé strength 
of 32 tons to 37 tons, and will open out holes up to 
12 in. diameter. On a recent test, a 4-in. hole was 
drilled from the solid, the twist drill ultimately failing 
as its limit of strength was below that of the machine. 





Cuina Mercuants STEAMSHIP Company.—With the 
— ion of the Hunan Provincial Government, the 

hina Merchants Steamship Company intends to in- 
augurate a service between Changsha and Siangsiang 
with three steamers already constructed in Shanghai. 


Tue IwstirvTion or Exxctrican ENGINEERS.— 
The result of the ballot for the election of new officers 
and members of council of the Institution of Electrical 

i for 1921-22 is as follows :—President: Mr. 

J. 8. Highfield. Vice-presidents: Professor k. W. 
Marchant, D.Sc. ; Mr. C. C. Paterson. Hon. Treasurer : 
Sir James Devonshire. Ordinary members of council : 
Mr. 8. Evershed; Lieutenant-Colonel F. A. Cortez 
Leigh ; Sir Andrew M. Ogilvie; Mr. A. Page; Mr. T. 
Roles; Mr. A. W. Tait, C.B.E. The council have 
awarded the following premiums for papers read before 
or published by the Institution : The Institution premium 
to Mir. E. A. Watson ; Ayrton premium, to Sir P. Dawson ; 
Fahie premium, to Sir W. Noble; John Hopkinson 
remium, to Mr. G. A. Juhlin; Kelvin premium, to 
fessor E. Wilson ; Paris premium, to Mr. K. Baumann ; 
Webber premium, to Mr. J. Paley Yorke ; the Duddell 
mium, to Mr. B. 8. Gossling; extra oe to 
Messrs. 8. Evershed, W. B. Woodhouse, R. O. Kapp, 
A. E. McColl, G. E. Bairsto, D.Sc., M. B. Field, 
A. McKinstry, B.A., M.Sc. ; 


a Wireless premium, to 
Captain R. C. Trench. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Whatever may happen when the 
coal dispute is settled, current industrial conditions 
are steadily going from bad to worse. Practically all 
the heavy engineering departments are compulsorily 
idle through lack of fuel. Forges, foundries and rolling- 
mills are set down except for one or two turns per 
fortnight, which, owing to the continuance of overhead 
charges, makes the cost of production excessive. Little 
or no steel is being produced in any of the departments. 
Common steel could readily be used if it were available, 
but business is practically confined to a few small 
transactions from merchants’ stocks. There is no 
improvement in either open-hearth or crucible steel. 
A few si of revival are to be discerned in the special 
steel section, but buyers on the Continent and in America 
still hesitate to accept current prices. Intermittent 
work is proceeding in departments manufacturing 
railway material for export. Unfinished contracts are 
on hand for several of the home railways, India, and 
America. Buyers in the last-named country, however, 
appear to be placing a considerable proportion of 
their new contracts with Continental makers. The 
ition in the engineering section is further complicated 
y the national demand for a reduction in wages. Imple- 
ment makers are doing only a very small business with 
Russia. Machinery and machinery — are being 
inquired for by buyers in the far-Eastern markets. 
The conversion of boilers from coal to oil-firing is steadily 
sega Considerable success has attended the 
atest experiments in this direction. Those firms who 
have taken the plunge, including several local iron 
makers, will have a useful auxiliary to fall back upon 
in future times of stress. Business in raw and semi- 
finished materials is practically non-existent. Buyin, 
of ferro alloys has temporarily ceased, though holders o 

stocks are offering material at tempting reductions. 


South Yorkshire Coal Trade.—The majority of the 
coke ovens that have been kept running throughout 
the strike are to be closed down in order to conserve 
fuel for emergency operations at pits. Stocks of blast- 
furnace coke, however, are still in strong demand by 
public utility and food-producing concerns. Production 
at the extensive outcrop seams in the South Yorkshire 
area continues despite prohibition orders issued by 
land owners, and considerable to are going into 
use for industrial as well as domestic purposes. uota- 
tions, which are nominal, are unchanged. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions in Cleveland 
pig-iron are on a most trifling scale. Prices are low in 
comparison with values of products of other districts, 
but there is no demand except for foundry qualities, 
which are now almost unobtainable as stocks are 
ren, exhaustion. For home purposes, No. 1 
is 135s.; No. 3 G.M.B., 130s.; and No. 4 foundry, 
1298,; whilst for despatch to foreign destinations No. 1 
is 1408.; No. 3 G.M.B., 1358. ; and No. 4 foundry, 134s. 
There is no foreign trade passing in the inferior grades, 
of which producers have large quantities lying at their 
yards. Sales to- home customers are very difficult to 
arrange at 117s. 6d. for No. 4 forge, and mottled, and 
115s. for white iron. 

Hematite.—East Coast hematite is quite ‘plentiful 

and slow of sale. Makers still adhere to their agreed-on 
minimum of 160s, for Nos. 1, 2 and 3, for home purposes, 
but they are under no restriction as re price for 
export, and they are keen sellers for abroad at 150s., 
and even less for mixed Nos. 
Foreign Ore.—There is absolutely nothing passing in 
foreign ore. Consumers have very heavy stocks, and 
declare that they cannot provide storage accommodation 
for imports due under old contracts. . 


Coke.—There is next to nothing doing in coke. Trans- 
actions are confined to purchase of small odd parcels 
for local consumption. 


_ Manufactured Iron and Steel.—Business in finished 
iron and steel has shrunk to very small proportions, and 
production has practically ceased. Principal market 
ea ge pga bet tome iron bars, 191.; iron 
rivets, 22/.; packing iron (parallel), 12/.; packing iron 
(tapered), 187. ; steel angles, leleshamdigeetbonn, 17l Loe. ; 
steel ship, bridge and tank plates, 19/.; steel boiler 
lates, 251.; steel billets (medium), 14/. 10s.; steel 


illets (hard), 157.; heavy steel rails, 15/.; and fish- 
plates, 207. 


Ironworkers’ Wages.—The accountants to the Board 
of Conciliation and Arbitration for the Manufactured 
Iron and Steel Trade of the North of England have 
certified the average net selling price of bars and angles 
for the two months ending April 20 last to have been 
241. 1s, 1-48d. per ton, as compared with 261. 19s. 7-97d. 
for the previous two months. On these figures the 
sliding seale gives a reduction of 20 per cent. in puddling 
and other forge and mill wages for the months of June 
and July. Two months ago there was a fall of 25 per cent. 


in wages, which, however, still stand at 170 4 
above the standard. : : a 


Ironstone Miners.—Cleveland ironstone mine owners 
and miners’ representatives met at Middlesb: this 
week to discuss wages and agreed to allow the matter to 
stand over until a settlement of the coal dispute. The 
question of the price of explosives supplied to the men 
pom Pn . Up to June poe! year the owners 

e -war price, it was then agreed 
thet Qe mien dosha consi cen the ome tees 





that had taken place. The miners now asked that the 
price charged to them be reduced to pre-war level again 
as the rate of wages was no higher than when the ch: 

was made. It was decided that this question also 
deferred until work is started at the collieries. 


Iron and Steel Imports to the Tees.—The Tees Con- 
servancy Commission this week publish returns showing 
that during the seven months ending May 31 last there 
were imported to the Tees, from Holland, Belgium, 
France ‘and Sweden, 15,441 tons of pig-iron, 16,988 
tons of billets, blooms and slabs, and 15,019 tons of 
plates, bars, angles, rails and sheets, as compared with 
imports in the corresponding period of 1913-14 of 181 
tons of pig-iron, 27,413 tons of billets, blooms and slabs, 
and 15,124 tons of plates, bars, angles, rails and sheets. 





. NOTES FROM THE NORTH. 
Giascow, Wednesday. 
The Trade Position.—Business throughout the country 
has not become any better through the delay in the 
two sides of the coal-mining industry failing to come to 
any agreement. The latest bombshell—the with- 
drawal in a fortnight of the proposed 10,000,0001. 
subsidy by the Government—has caused a flutter in the 
miners’ camp, and there are high ho that a settlement 
will be arrived at within the stipulated time. The 
owners, desirous of again discussing the w question 
with the men’s executive, arran a conference, and 
such progress has been made that at the delegates’ 
meeting on Friday a ballot of the men will probably be 
arranged for next week. That the country has mai 
to move along so satisfactorily during the strike period 
has been an eye-opener to the miners, as we are now 
nearing the end of the tenth week of the strike. Stocks 
of fuel are almost exhausted, and all establishments 
where any quantity is required are closed down, and 
the only — still going is where small quantities are 
used or where gas or electricity is obtained Ten corpora- 
tions or other outside supply companies. The general 
inquiry, both home and foreign is negligible. The 
dock labourers at Glasgow Harbour ended their strike 
7 returning to work on the masters’ conditions on 
onday of this week, and business at the harbour is 
gradually getting back to normal. The latest crisis 
in the industrial world is the wages deadlock which has 
arisen in the engineering trade, and the employers have 
posted notices intimating the reductions in wages as 
already suggested, these being the advances of 68. to 
time and the 15 per cent. to piece workers, and the 
Ministry of Munitions bonuses. Both of these were 
given apart from any consideration regarding the cost 
of living. The number of men in the Glasgow area 
directly concerned in the dispute is estimated to be 
about 30,000. The Ministry of Labour has now the 
matter under consideration, and efforts will be made to 
bridge the difficulties which caused the breakdown in 
the negotiations. 


Scottish Steel and Iron Trades.—The position in the 
Scottish steel and iron trades is without change, but 
the more hopeful turn which is noticeable in the mining 
industry negotiations has led to the belief that the 
present — will end very soon. That feeling is 
very general here, and it is anticipated that if the men 
are asked to vote the result will be in favour of a return 
to work at the earliest possible moment. The demand 
for steel and iron is of the very poorest description, 
but the probability as to date of delivery is being asked 
rather more freely this week, which points to the placin, 
of business at an early date. Producing plant is, o 
course, idle, but stocks still on hand are sufficient to 
meet the odd parcels demanded. Foreign material has 
been coming in more regularly than is desirable, but that 
has not caused home makers to cut prices in the absence 
of demand, but when the coal strike is over the local 
quotations will probably ease off. 


Scottish Pig-Iron Trade.—There is still almost nothing 
doing in the pig-iron trade of Scotland as none of the 
large consumers are in a position to buy. Orders for 
small lots keep coming in, but as these are eating into 
stocks the prices have firmed. Foundry iron is very 
scarce and some qualities are quite off the market for 
the present. 





Prrsonat.—Messrs. Alfred Herbert, Limited, state 
that their growing connection in the Bristol District 
has necessitated the removal from their former office 
in Baldwin-street, to more commodious premises at 
94, Redcliffe-street, Bristol. At the new address there 
is extensive show-room and stores accommodation, and 
a representative stock of machine tools and small tools 
will be carried, enabling better service to be given. 
Their activities in that area are under the direction of 

W. R. Andrews. 





Town Rervuse ror Stream Raistnc.—Messrs. Mel- 
drums, Limited, Temperley, Manchester, have com- 
municated to us a letter from the Preston Corporation 
Tramways ment, stating that for the last fi ial 


‘tons were reported as fixed to 


NOTICES OF MEETINGS. 


Tue Royat Mergorotocicat Socrery.—Wednesday, 
June 15, at 5 p.m., at 70, Victoria-street, Westminster. 
Papers to be read: (1) “ Causes of Errors in Forecasting 
Pressure Gradients and Wind,”’ by Mr. G. M. B, Dobson, 
M.A.; (2) “The Physical Structure of Cloud-Form 
in the Lower Atmosphere,” by Mr. R. Francis Granger ; 
(3) “ Variability of Temperature over North America 
and Europe during the Ten Years, 1900-1999," by 
Mr. N. A. Comissopulos and Mr. J. Wadsworth, B.A. 
Tea will be available from 4.30 p.m. to 5 p.m. 


Tue Society or Grass TrecnnoLtocy.—-Wednesday, 
June 15, at 2.30 p.m., in the Applied Science Department, 
the University, St. George’s-square, Sheffield. Dis- 
cussion on the subject of “Oil Firing in the Glass 
Industry.” Several contributors will deal with different 
aspects of the problem. 


Tue Royat Instrrvtion or Great Brarrary.—Extra 
Friday Evening Discourse, June 17, at 9 p.m., by 
Sir J. J. Thomson, O.M., LL.D., D.Sc., F.R.S., Master 
of Trinity, Honorary Professor of Natural Philosophy, 
R.I., on “‘Chemical Combination and the Structure of 
the Molecule.” 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—The prospects of a settlement of 
the disastrous strike of colliery workers are more hopeful 
than at any period since the commencement of the 
stoppage at the beginning of April. It is true that the 
main bone of contention, the pool, is not out of the way, 
but it is probable that a ballot will be taken on the final 
proposals of the employers, and it is confidently antici- 
pated that the result will be favourable to a return to 


work, provided the money value of the — meet 
with the men’s approval. The serious effect of the 
stop is, however, reflected in the returns of open 
— et 1p or ag pene ew. These returns show that 
whereas only 5 vessels of a i ity of 14,500 
tons were chartered to load at United” Kis Ne m ports 
for foreign destinations in May, 127 vessels of 693,050 

coal from the United 
States and the Continent. Of American fixtures, 
51 vessels of 305,000 tons were chartered to discharge 
at United Kingdom ports and 10 of 16,650 tons were 
fixed to load at near Continental ports. The significance 


of these figures is to be found in the fact that for the 
first time in history | quantities of foreign coal is 
being imported into the United Kingdom. The idleness 


of the colliery workers in this country has also given a 
stimulus to the European and South American demand 
for American coal. In April, 58 vessels of 359,800 tons 
were fixed to carry coal from the United States to 
Europe and South America, 26 of 160,700 tons being 
destined for European ports and 32 of 199,100 tons 
for South America, Brazils, &. In May, 66 vessels of 
371,400 tons were chartered, of which 40 of 239,200 tons, 
were to discharge in Europe and 26 of 132,200 tons at 
South American and Brazilian ports. How seriousl 
the stopp has affected the export trade of Sou 
Wales will realised from the fact that in May only 
3,518 tons of coal were exported from the district as 
compared with 924,434 tons in January. 


The Iron and Steel Trades.—Conditions in the Welsh 
steel and tin-plate trades show no change. —— 
there are confident hopes of an early settlement of the 
coal stoppage, it is not antici that the tin-plate 
trade will immediately benefit in view of the costs 
of production, shortage of fuel and absence of orders. 
Meanwhile the market is steady, with standard boxes 
ranging from 26s, to 29s. Sheet and tin bars are quoted 
at 11/. 10s., but it is e that the association price 
will have to be lowe to meet foreign competition. 





Swepisa Paper Propvotion.—According to a state- 
ment made by the Swedish Paper-mills Association, the 
manufacture of newspaper in Sweden in 1920 came to 
about 163,000 tons, while the output for 1921 is estimated 
to reach 175,000 tons, 





Nortryesam.—An illustrated booklet giving a brief 
history of Nottingham, a description of the city and 
of its industries, has been issued by the Industrial 
Development Officer, Guildhall, a The in- 
dustries of the town are reviewed in detail, including 
engineering, and the specialties and the capacity of a 
number of representative firms are given. 





Frencn Enterprise in Souts America.—The French 
journal Vie Financiére states that the Compagnie 
Générale de Te hie Sans Fil has concluded a con- 
tract for a period of thirty years with the Government 
of Ecuador for the working of the telephones, telegraphs 
and wireless service in State. The Government 





year, ending March 31, 1921, the total units generated 
were 1,946,945, the total generated from destructor 
steam being 1,432,417, or 73-57 per cent. The pee. 
cen would be still greater were it not for the fact 
that the Sunday load is supplied from the corporation’s 
boilers, there being no collection of refuse on Saturday 
afternoon and on Sunday. Payment for steam supplied 
from the destructor by the Cleansing Committee is on 
a sliding scale based on the price of coal, and the cost 
to the Tuameways Committee for the year amounted to 
3,8131. 138. 2d. Messrs. Meldrums take this opportunity 
for communicating to us a letter from the Blackpool 
C ration pointing to the advantage derived from 
fitting their forced-draught furnaces to their destructors. 





of Ecuador will pay the company an annual ——s 
of 430,000 sucres (about 1,200,000 francs), which 1 
be increased in the event of any extension of the system. 
The company will deduct from the gross receipts the 
sums n for the worki of the lines, for the 
payment of interest on the —< invested in the concern 
and for the sinking fund. The State will have a share 
in the net profits. The telephonic apparatus will be 
automatic and constructed on a system which has been 
perfected by French experts. te hic and 
wireless ratus will also be on French . The 
engineer who is in ¢ of the enterprise in Ecuador 
considers that it will be possible to find in the country 
itself almost the whole of the necessary staff, as there are 
a ber of excellent engineers in the Republic, 
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HEAVY MULTIPLE-HEAD DRILLING MACHINES. 
CONSTRUCTED BY MESSRS. BEYER, PEACOCK AND CO., LIMITED, ENGINEERS, MANCHESTER. 
(For Description, see Page 714.) 














Fic. 1. Seven-Spernpie Drintine MACHINE FoR TuBE-PLATES. 

















Fic. 2. Dovsie-Heapep Drititinc MAcaINeE. 
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THE TEACHINGS OF EXPERIENCE. 


Ir has been noted as curious and characteristic 
that a committee appointed before the war by the 
German Government to report on specifications for 
steel bridges did not include amongst its members 
a single engineer having experience in the behaviour 
of structures under traffic. The committee was 
constituted entirely of Professors and designers 
of structural steelwork, all no doubt being well 
versed in the art of computation. Such an equip- 
ment is, however, far from adequate to successful 
design, as has been repeatedly demonstrated in 
practice, a notable instance being the failure of the 
giant cranes supplied to Panama. Computation 
must, in short, be constantly checked by an un- 
ceasing study of the behaviour in service con- 
ditions of structures and engineering products 
generally. Such studies are even more important 
in the case of moving machinery than in that of 
structures. In the latter case the loads and stresses 
are generally reasonably well defined and are 
static rather than dynamic. When stresses are 
dynamic we meet with singular anomalies. Turbine 
designers, for example, tell us that they have found 
it advisable to limit the working stress on rotor 
shafts to some 5,000 lb. per square inch, although 
the component in question is very simple in form 
and the torque transmitted is almost ideally steady. 
It is not, therefore, surprising that builders of high- 
speed engines were at times almost driven to declare 
that no rational rule could be found for propor- 
tioning their crankshafts. In the case of slow-speed 
machinery failures have been less mystifying, but 
it has been generally recognised that in all cases an 
empirical element entered into their design. It 
was this consideration that gave such value to 
those reports in which Mr. Michael Longridge was 
accustomed to describe the investigations into 
machinery failures made by him in his capacity 
as chief engineer to the British Engine, Boiler 
and Electrical Insurance Company. This annual 
commentary on power plant pathology was ex- 
tremely valuable to the designer, who thus obtained 
an authoritative statement as to what had actually 
happened in accidents, of which he might possibly 
have heard rumours, or even been supplied with 
some particulars by the workmen engaged on the 
repairs. Particulars thus obtained are, however, 
commonly very apt to be misleading as the pur- 
veyor of them is seldom content to report his actual 
observations, but having formed his own theory 
as the cause of a breakdown, colours his com- 
munications accordingly. 

The discontinuance of Mr. Longridge’s reports 
was a distinct loss to engineering literature, and the 
hiatus has not yet been filled. Though there are 
other societies engaged in the insurance of machinery 
not one of their engineers has ventured to play the 
part of “ Elisha” to Mr. Longridge and take up 
the mantle dropped from his shoulders. 

Mr. Stromeyer’s annual memoranda to the 
Manchester Steam Users’ Association, highly 
interesting as they are, cover a much narrower 
field, being concerned almost wholly with the 
construction and behaviour of boilers and steam 





™ pipes. In the latest of these memoranda, Mr. 


Stromeyer discusses at considerable length the value 
of hydraulic tests. Such tests appear very con- 
vincing to those lacking practical experience, and 
it appears that in some countries, such as Russia, 
yearly tests of this kind had to be applied under 
official supervision to every boiler in service. From 





the standpoint of the official the practice had no 
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| doubt much to commend it, asa properly-conducted 
boiler inspection is at best an unpleasant job ; whilst 
a Government inspector superintending an hydraulic 
test need neither remove nor protect his uniform. 
Moreover, from the owner's standpoint the pre- 
parations for such a test involve much less expendi- 
ture of time and trouble than does the preparation 
of a boiler for a proper inspection. Where, however, 
such an inspection is possible an hydraulic test is 
at the best superfluous, often misleading, and at 
times actually harmful. Mr. Stromeyer quotes 
many instances in which disastrous explosions have 
occurred very shortly after the application of what 
was thought to be a satisfactory hydraulic test. 
In these cases he holds that quite probably the test 
was a contributory cause to the final failure, having 
extended pre-existing cracks so that they have 
afterwards become through fractures, under the 
“breathing” of the material concomitant to 
actual service. 

With new material there is less danger of such 
sequelae, and most boiler builders liké to apply 
the test to new boilers, though it is quite possible 
that the satisfaction with which they regard a 
favourable issue has little logical foundation. As 
Mr. Stromeyer points out, no practical man thinks 
of submitting ships’s structure to any acceptance 
test, though we may note that at the Titanic 
inquiry one of the counsel engaged seemed to think 
the omission a reflection on the builders, not 
realising its absolute impracticability. In ship 
construction reliance is of necessity placed on 
careful design and workmanship, yet the stresses 
to which ship structures are subjected are much 
higher than are admitted in boiler practice. Mr. 
Stromeyer claims accordingly that the hydraulic 
test should be abandoned in the case of boilers, and 
in this he is certainly logical, although we are not 
inclined to give an unqualified assent to all his 
contentions. If we understand him correctly he 
takes the view that an occasional application of an 
excessive load will permanently diminish the 
working life of a structure subject to fluctuating 
stresses, so that the application of one hydraulic 
test may do as much harm as thousands of repeti- 
tions of normal working pressures. We are inclined 
to think that experience hardly bears this out. 
Locomotive boiler shell plates, for instance, , are 
bent cold and not subsequently annealed. The 
material has thereby been undoubtedly subjected 
to very excessive stresses, yet experience seems to 
afford no reason for believing that the working 
life of such boilers would have been increased had 
cold bending been dispensed with. Again, many 
bridges are apparently subjected to occasional 
excessive stresses due to the change of temperature 
between summer and winter, yet there is no evidence 
on record of a collapse attributable to this. 

An interesting point raised in the report is the 
action of superheated steam on cast-iron pipes 
and fittings. Failures due to this are hecoming 
increasingly common and are no doubt attributable 
to lack of experience with superheated steam. It 
was, we believe, Outerbridge who first called atten- 
tion to the “growth” of cast-iron at high tem- 
peratures. The matter has been experimentally, 
investigated by Professor Carpenter, who has 
confirmed the fact previously discovered by steam 
turbine builders that the phenomenon depends 
largely on the composition of the iron, being due to 
the oxidation of the silicon. Mr. Stromeyer reports 
that many failures have occurred with cast-iron 
bends and valves at temperatures considerably 
below the limit noted in Professor Carpenter's 
experiments, and he makes the very probable 
suggestion that the metal of a pipe being stressed, 
chemical action occurs more readily than it other- 
wise would do. It is, in fact, well recognised that 
the corrosion of non-ferrous metals may be greatly 
hastened by stressing the material, and it is a fair 
presumption that cast-iron follows a similar rule. 
As already mentioned, much depends on the com- 
position of the iron and some engineers claim 
to have produced a growth-free cast-iron, whilst 
others have turned to steel. 

We note that the Manchester Steam Users’ 
Association is revising its code of instructions to 
boiler attendants, and a draft of their new issue 
is included in Mr. Stromeyer’s memorandum. 
Many of the points dealt with are elementary, but 








cannot be neglected on that account since it fre- 
quently happens that both stokers and owners 
are lamentably ignorant of the first principles of 
boiler management, One piece of advice in this 
code is likely to arouse the ire of smoke abatement 
enthusiasts, who are accustomed to declaim that 
smoke means waste. The actual fact is that unless 
smokeless fuel be used the greatest efficiency is 
obtained when there is some light smoke. With 
ordinary coal a complete absence of smoke means 
that an excessive amount of air is passing through 
the flues and carrying away with it an abnormal 
amount of heat. Dense smoke is, of course, equally 
uneconomical. 

We note one curious slip of the pen in the memo- 
randum where, on page 11, the remark is made 
that “the higher the pressure the greater the 
difference of temperature for equal differences of 
steam pressure.” Of course, the exact reverse is 
the case, but at times an author’s pen, with the 
innate malignity of many inanimate objects, takes 
control, and leads him to say the exact opposite 
of what he had in his mind. Such slips often 
escape correction in proof because the author reads 
what is in his mind and not what is on the paper. 





THE PROPERTIES OF CLAY. 

Tr has long been recognised that engineers made 
an illegitimate, but under the circumstances, 
probably inevitable extrapolation in applying to 
clay Rankine’s equation for the stability of a 
granular mass. Rankine’s ideal granular material 
was, in fact, a body with no cohesion, such as is 
well represented by the sand in the common egg 
boiler. For such bodies his theory has been proved 
by experience to express with considerable preci- 
sion the actual facts of observation. Clay, however, 
is a material of an entirely different character, and 
it is therefore not surprising that engineers have 
found Rankine’s stability rules to be far from a 
safe guide. In the case of low retaining walls, for 
example, the rules, when the backing is clay, call 
for greater thickness than experience has proved to 
be necessary, whilst with high walls built to the same 
rules failures have been far from infrequent. In 
a notable paper published in the Proceedings of 
the Institution of Civil Engineers in 1915, Mr. A. L. 
Bell, M.Inst.C.E., described a new investigation, 
both theoretical and experimental, into the stability 
of clay. This research showed very clearly that 
clay departed very widely in its properties from 
the ideal granular material. With the latter the 
resistance to sliding along any plane is purely a 
frictional effect, and is therefore proportional to the 
normal pressure on the plane. Clay, on the other 
hand, has a definite cohesion, and Mr. Bell found 
that the resistance to sliding could be represented 
by a formula of the type 

qk 
where & is a constant, p the normal pressure on the 
plane and a an angle corresponding in some sense 
to Rankine’s angle of repose and having the follow- 
ing values :-— 


+ p tan a, 


k. a. 
Tons per 
sq. ft. Deg. 
Very soft puddle clay ... 0-2 0 
Soft puddle clay - 0°3 3 
Moderately firm clay .. 0°05 5 
Stiff clay eee ove 0°07 7 
Very stiff boulder clay... 1-6 16 


On this basis, Mr. Bell worked out formulas for 
the stability of clay in embankments and foundations 
which appear to be in good accord with practical 
experience. In the discussion on his paper, the 
suggestion was made that clay should be con- 
sidered as a viscous fluid, and the same view 
appears to be taken by Mr. A. 8. E. Ackerman in 
the third of three papers he has contributed to the 
Society of Engineers on the Physical Properties of 
Clay. From Mr. Bell’s experiments, and indeed 
from Mr. Ackerman’s own observations, it is evident 
that this view is confounded and that clay must be 
considered at most as a plastic solid and not as 
a viscous fluid. The distinction between the two 
has been exemplified by Maxwell, who observed 
that a tallow candle supported at its ends would 
remain straight all summer whilst a stick of sealing 
wax would bend under its own weight. It has, 
moreover, been observed that the wax seals on 
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mummy cases in Egypt have, in the course of 
centuries, run down by their own weight, thus 
showing that wax is a highly viscous fluid, but 
given time will flow under any stress however small, 
whilst a plastic solid only acts as a fluid once the 
stress on it exceeds a certain definite limit. Of 
course, given suitable conditions, the plastic solid 
may pass into the viscous fluid stage. .. Thus, 
nickel steel as we know it is a plastic solid, but if, 
as has been frequently suggested, the core of the 
earth is nickeliferous iron it will, under the con- 
ditions of temperature and pressure to which it is 
subjected near the middle of the earth, act as a 
viscous fluid yielding though very slowly to any 
sustained stress difference, however small. 

A number of small scale experiments on clay 
have been made by Mr. A. 8. E. Ackerman, which 
have been described in two previous papers read 
before the Society of Engineers in 1919 and 1920. 
The most interesting of his results was the dis- 
covery that under a sufficiently high stress clay 
did become practically perfectly plastic. 

Taking London clay, it was found that if a sharp- 
edged disc were laid on the clay and subjected to 
gradually increasing loads, there was a certain 
critical value of the loading under which the disc 
started to sink through the clay and continued to 
move without further increase of load. This critical 
load or “ pressure of fluidity,”’ as Mr. Ackerman calls 
it, varied with the moisture content, being about 
0-547 tons per square foot when the clay contained 
29 per cent. of moisture, and not much more than 
one-tenth of a ton per square foot with 38 per cent. 
of moisture. With less water the resistance rose 
rapidly, the “* pressure of fluidity ’’ being about 0-77 
tons per square foot with 28 per cent. of moisture, 
and is therefore probably many tons per square foot 
when the clay is perfectly dry. Other interesting 
experiments demonstrated the considerable trans- 
verse strength possessed by clay. Thus, a cylinder 
0-9 in. in diam. tested as a beam with a span 
of 10 in. and centrally loaded carried 32-8 Ib. 
before breaking. The calculated stress at fracture 
was nearly 1,100 lb. per square inch. This, however, 
is, of course, a fallacious figure, as it is well known 
that with plastic materials the distribution of stress 
at fracture differs widely from the linear distribu- 
tion assumed in the elastic theory. This view is 
confirmed by tests of briquettes of clay made with 
a cement testing machine. In this case the highest 
stress carried was about 187 lb. per square inch. 
The clay in these experiments contained originally 
some 29 per cent. to 30 per cent. of moisture and 
was air-dried for some weeks at 180 deg. F. 





RACING CAR PETROL ENGINES. 

It has duly been recorded that the experience 
gained in the past in automobile racing has been 
of great service and advantage to designers and 
constructors of motor cars of all types, and inno- 
vations and improvements introduced in the hope 
of securing the prizes at such competitions have 
gradually and quite extensively been incorporated 
into the standard practice of subsequent years, 
where ordinary vehicles are concerned. At the 
present time, however, there is reason behind the 
opinion that automobile racing proper—apart from 
reliability trials for standard or almost standard 
vehicles—is becoming so highly specialised as almost 
to form a separate technical branch of the designer’s 
art. The gains in the future in such directions 
may not, therefore, perhaps be of such direct or 
immediate benefit as they have undoubtedly been 
in the past. On the other hand, so many are the 
fields of utility served nowadays by the petrol 
engine, that experience in’ one direction often un- 
expectedly serves a very useful turn in another 
and very remote commercial application. 

The greatest automobile contest of the year will 
probably be the Grand Prix race to be held at Le 
Mans, France, on July 25, which is to be limited to 
motor cars with engines of a total cylinder capacity 
of 3litres. The most remarkable feature in this con- 
nection is the fact that most of the automobiles en- 
tered are to be equipped with eight-cylinder-in-line 
engines. This practical expression of such uni- 
formity of opinion for racing petrol engines has 
quite naturally given rise to considerable specu- 
lation regarding the advantages in the present state 





of development of this type of petrol motor. 
Internal-combustion engines with eight cylinders 
in line are, of course, not in any way novel, having 
been applied years ago even to motor cars, and 
being well recognised for airship work. In larger 
units, Diesel engines for submarines and other 
vessels are quite commonly so designed.and con- 
structed. In all matters appertaining to high 
efficiency with petrol internal-combustion engines, 
aero engine practice is, of course, a close guide 
at the present time, since the efforts made, under 
the stress of war conditions, in this field to achieve 
maximum efficiency were of an extremely intensive 
character, and were carried to a very successful 
issue. Eight-cylinder-in-line engines. have not 
been generally applied to aeroplanes, although 
a certain number of these engines were installed 
before perhaps the exact conditions of work in 
the air were sufficiently appreciated. The chief 
objection, for aero engines, to the eight-cylinder- 
in-line arrangement, and the advantage of the 
“V” eight or twelve-cylinder for this work, is the 
lesser length of the fuselage occupied by the “ V ” 
type of prime mover for a given horse-power, 
and therefore the smaller tilting moment of this, the 
largest weight aboard, about the centre of gravity 
of the machine. Considerations of length of engine 
have little influence on the racing motor car pro- 
pulsive question. 

Moreover, the speed of revolution of aero engines 
is limited by the speed of the propeller, gearing not 
being a necessity as it is with a motor car. Gearing 
between the engine and the propeller has been some- 
times introduced in aeroplanes, but the reduction in 
weight consequent upon the higher speed of the prime 
mover so made possible was, to a large extent 
negatived by the addition of the extra weight 
of the gearing. The lower speed of revolution of 
the aero engine in this way made possible the 
necessarily heavy construction of the connecting 
rod bottom end of the “V” type engine, where 
two pistons must act on a single crank-pin, without 
incurring unreasonablv high inertia stresses in this 
part. 

The first point to be considered is, what is the best 
number of cylinders to give the maximum power 
within the stipulated 3-litre capacity ? It is true 
to-day to say that within certain limits the more 
cylinders the greater the power obtained for a 
given total cylinder capacity. The smaller the 
piston, the greater the piston speed which can be 
allowed. The smaller the cylinder, the higher 
the mean effective pressure which can be carried, 
so that on this account alone it cannot be said to be 
surprising that designers prefer eight to four, or 
even six cylinders. Moreover, the “ V” arrange- 
ment with its large double bottom end to the con- 
necting rod, is only balanced comparably with the 
eight if the two lines of four cylinders are at 90 deg. 
the one to the other. Where wind resistance is of 
maximum importance as in racing, the eight 
cylinders in line gives distinct advantage over the 
“Vv” arrangement, which requires a very wide 
bonnet to cover the cylinders. For pleasure or 
commercial cars, the amount of space occupied 
by the engine between the centres of the wheels 
is an important consideration; but with racing 
cars only carrying two occupants, practically the 
whole of the wheel base, which must be a certain 
length for stability, can be given over to the accom- 
modation of the prime mover. The smaller the 
cylinders the lower the centre of gravity, which 
gives security at the high speeds attained. There 
is, furthermore, the better turning moment of the 
eight as compared with the six which, if not quite 
permitting of the elimination of the flywheel, makes 
at least a reduced flywheel possible, so giving 
some advantages by way of increased rates of engine 
acceleration and deceleration, which for road races 
is a point of the very highest importance. Eight- 
eylinder-in-line and sixteen-cylinder aero engines (the 
sixteen cylinders being arranged in two sets of eight 
vertical cylinders geared together) have run quite 
successfully without flywheels. Not only are the 
small pistons more easily cooled by conduction to the 
water jackets, but the long baseplate possible with 
an eight-cylinder in-line engine gives advantages 
of increased efficiency of cooling by radiation to the 
atmosphere, from the lubricating oil in the sump, 
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so further assisting to keep the lubricating oil 
viscous and the pistons cool. The cooler the pistons 
the higher the mean effective pressure which can 
be carried in the cylinders. 

The only points on which serious doubts can 
really be expressed concerns the multiplicity of parts 
with eight as compared with six or four cylinders 
and the risk of whipping with the long eight-throw 
crankshaft. Four valves per cylinder has become 
common practice for high efficiency engines, and the 
employment of six cylinders is usual, so that the 
valves with their gear have only been increased in 
number from 24 to 32. On the other hand, inertia 
forces, by adopting smaller pistons, are reduced, so 
that the risk of crankshaft whip with these smaller 
cylinders is not great, and the balance is so good that 
vibration should be almost completely eliminated. 

Undoubtedly the technical and road performances 
of these engines will be most closely followed, and if 
successful, it is not improbable that in the limited 
field of special application where speed or a high 
degree of refinement are the chief ends in view, an 
increasing number of high-powered cars will in the 
future be so equipped. 








THE CENTRAL STATION INDUSTRY 
OF CANADA. 

Attention has more than once been directed in 
the columns of ENGINEERING to the important 
influence which water power exercises upon the 
industrial and domestic life of Canada. It has been 
estimated that the total potential power of the 
waterways of the Dominion amounts to 20,000,000 
continuous horse-power. As, however, many of 
the rivers have not been completely surveyed from 
the hydrographic point of view, this estimate 
must be considered as a very rough one, and one 
which may be found, in the light of fuller knowledge, 
to err considerably. Yet, even if we allow for a 
possible over-estimate, and leave out of account 
the potential power sites which, by reason of their 
geographical situation or their unsuitability for 
power development purposes arising from any 
othér cause, are impossible of exploitation on a 
commercial basis, there still remains a balance of 
at least 8,000,000 h.p., and possibly considerably 
more, capable of utilisation whenever required. 
The value of this inexhaustible supply of continuous 
power can scarcely be over-estimated, and has in 
recent years been considerably enhanced by the 
world-wide increase in the cost of coal. 

Some significant figures, which emphasize the 
important bearing of this question of water power 
upon the industries of Canada, have recently been 
published by the Dominion Bureau of Statistics. 
These figures, which are derived from the Census 
of Industry, 1918, relate to the central station 
industry as at January 1, 1919, and indicate the 
stage of its development at that date. Included in 
the census are all stations, generating and non- 
generating, which distribute and sell electrical 
energy. Some of these stations are run in con- 
junction with other industries, it being no uncommon 
thing in Canada to find that a pulp or lumber mill, 
a mine or other industrial undertaking, in developing 
& power site to provide energy for its own use, will 
put down plant considerably in excess of its require- 
ments and sell the surplus power to neighbouring 
industries or to municipal bodies for street lighting 
and domestic purposes. All such stations, as well 
as those run primarily and solely for the generation 
and sale of current, are included in the figures given, 
but stations which provide current only for the 
purposes of the single industry which they serve 
are not included. 

The total number of central stations operating 
in the Dominion at the date of the report was 795. 
64-8 per cent. being generating stations and 35-2 
distributing stations only. Of the generating 
stations 332 were operated by private enterprise 
and 183 by municipal and other public bodies, 
while of the non-generating stations only 45 were 
owned commercially, as against 235 publicly owned. 
These generating and distributing stations repfesent 
a total capital investment of some 83,500,0001. 
at normal rates of exchange, of which 74,300,000/. 
has been sunk in actual power developments, in- 
cluding real estate, plant and equipment, dams 
and other hydraulic works, transmission lines, 


substations, &c. Of the total investment 71-7 per 
cent. is devoted to commercial undertakings and 
28-3 to municipal and other public plants and 
systems. During 1918 the total revenue from all 
sources was 11,.000,000/., and operating expenses 
amounted to 6,233,000/., leaving a surplus of 
4,777,0001., which represents a net dividend of 
about 5} per cent. on the total capital invested. 
The industry afforded employment for an average 
of nearly 10,000 persons during the year, a sum of 
about 2,078,000/. being distributed in salaries and 
wages. 

From these figures some idea of the extent of the 
industry may be gathered. When it is considered 
that the population of Canada is still under 9,000,000, 
or not a great deal larger than that of Greater 
London, the relative significance of the figures 
quoted is accentuated, the total investment. repre- 
senting some 91. per head of population. 

The total output of the 515 generating stations in 
operation at the date of the report was 1,958,650 
h.p., a figure which is at the present time exceeded 
by some 390,000 h.p., the latter having become 
available since January 1, 1919, by the establish- 
ment of new power stations and the extension of 
existing plants. When the initial developmeut 
of the new Queenston-Chippawa scheme is placed 
in operation and other work at present under way 
throughout the Dominion is completed, the total 
output will be in the neighbourhood of 2,548,000 
h.p., the whole of this additional power being 
hydro-power. 

Of the 1,958,650 h.p. available at the date of the 
report, by far the greater proportion was, as might 
be expected, water power. To a small extent, 
however, other forms of prime mover were employed 
in primary power generation. Water wheels and 
turbines accounted for 1,682,191 h.p., or 91-4 per 
cent. of the total primary output; steam turbines 
for 90,853 h.p., or 4°9 per cent.; reciprocating 
steam engines for 54,784 h.p., or 3 per cent.; and 
gas and oil engines for 13,286 h.p., or 0-7 per cent. 
Included in the gross primary installations of 
1,958,650 h.p. is auxiliary plant, chiefly steam and 
internal combustion engines, amounting to 
117,528 h.p., which have been installed to meet 
emergency conditions, such as a combination of 
maximum load with minimum stream flow or a 
breakdown of a primary unit. In many instances 
during the war these auxiliary units were operated 
almost continuously to assist in meeting the heavy 
loads due to munition work and other war indus- 
tries. 

The cost at which the central stations can deliver 
power to the consumer is a point of fundamental 
industrial importance. This cost varies greatly 
in different parts of the Dominion, depending largely 
on whether the power is derived from water or 
from fuel, and to a smaller extent on the distance 
the current has to be transmitted to the consumer 
from the generating station. The average price 
throughout the Dominion works out at about 
29 dols., or barely 61. per continuous horse-power per 
year. This is well under half the cost of power 
generated under the most favourable conditions by 
steam plants, and from one-third to one-fifth the 
cost of average industrial installations. In the 
various provinces the cost ranges from a good deal 
below to considerably above this average. In 
English money, based on normal rates of exchange, 
the charges levied vary from 2l. 8s. per horse-power- 
year in the Yukon to as much as 12/. 188. in Nova 
Scotia, the approximate figures for the other pro- 
vinces being as follows - 


Per Horse- 

Power-Y ear. 
£ «8. d, 
Alberta son 6 60 
British Columbia 4709 
Manitoba 6 30 
Saskatchewan 9 180 
New Brunswick 9 90 
Ontario rea 6150 
Quebec 5 40 


. 

In this connection it is interesting to note that 
the Hydro-electric Power Commission of Ontario 
is delivering at the present time something like 
225,000 h.p. at an average cost to the consumer 
of about 3/. 15s. per horse-power-year. 

In this country during the past few years the 





growing cost of fuel for power purposes, due to the 





continuous increase in the wages of the miners and 
the decreasing output per man employed in the 
mining industry, has been one of the factors in the 
equation of the commercial depression from which 
we are now suffering. To many British manufac- 
turers who still develop their own power from com- 
paratively small steam plants at an inclusive cost 
of anything from 15l. to 301. per continuous horse- 
power per year, and who have continually to face 
the risk of a shut-down owing to a strike of the 
miners, the position of the Canadian manufacturer 
in the matter of power must seem an enviable one. 
The present industrial life of the world is based on 
cheap power in the form of coal, but the industrial 
life of the future may well be founded on the cheaper 
and more convenient hydro-electric power which is 
afforded by the world’s inland waterways. And in 
that future Canada, with her great resources of 
undeveloped water power, is surely destined to 
play a leading part. 





NOTES. 
THe New Sournuwark Brings. 

THE opening of the new Southwark Bridge across 
the Thames by His Majesty the King on Monday 
last marks the termination of a piece of work which 
was begun in 1913. The period which the work 
has occupied is considerably longer than was 
originally estimated for, but in view of the difficulties 
of the time and the fact that construction was 
entirely stopped from July, 1917, until the end 
of the war, on the instructions of the Government, 
the completion of the bridge this year is greatly 
to the credit of the engineers, Messrs. Mott, Hay 
and Anderson, and the contractors, Messrs. Sir 
William Arrol and Co. When it is remembered 
that the work has involved the construction of ap 
entirely new bridge on the site of an old one and the 
maintenance during the whole period of construction 
of a fairway for traffic on the river and a footway for 
passengers across it, it will be realised that a very 
considerable piece of work, involving exceptionally 
heavy responsibilities, has been most successfully 
carried out during a very difficult period. The details 
of the new bridge we need not refer to in this Note, 
as they have already been dealt with very fully 
in our columns. Our most recent article, dealing 
largely with the constructional methods employed 
in the building of the new bridge, appeared in our 
issue of March 11 last, while earlier articles appeared 
on March 6, 1914, and April 30, 1915. In opening 
the bridge the King referred to the traffic problem 
of the City of London and the relation of the new 
Southwark Bridge to it. The chief weakness of 
the old bridge certainly lay in its heavy gradients, 
that of the City approach being | in 18. This led 
to it being largely neglected, and the new bridge 
with a worst gradient of 1 in 32-7 should certainly 
attract traffic which previously was _ repelled. 
The City approach to the bridge is, however, still 
far from being all that could be desired, and 
although the new Southwark Bridge should lead 
to some lessening of the peak load on the other 
bridges, it cannot in itself greatly assist in the melio- 
ration of the general traffic problems of the City. 


French INSTITUTE OF INDUSTRIAL PxHysics. 

The issue for April of Chaleur et Industrie, the 
twelfth issue since its foundation in March of last 
year under the editorship of the well-known French 
scientist, Mr. Izart, states on its opening page 
that when Mr. Kestner had promoted the 
French Institute of Industrial Chemistry and its 
attendant journal Chimie et Industrie, he early 
acknowledged the need which existed for the 
publication in France of a journal dealing with 
thermal energy. Hence the foundation of Chaleur 
et Industrie, a publication which has been most 
favourably received. Following this, Mr. Kestner 
decided to complete the scheme he had in view, by 
promoting an Institute of Industrial Physics, and 
this has met with the ready approval of French 
scientists, metallurgists and engineers. With 
reference to this new Institute now being formed, 
Chaleur et Industrie quotes a very apposite parallel. 
It says that when in the ’eighties of last century 
electricity was very gradually coming to the front, 
many firms hesitated to adopt electrical apparatus 
and machinery ; there was at that time a complete 
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lack of knowledge with regard to the applications 
of electricity, and those firms questioned whether 
the new branch of technics deserved any serious 
consideration at all. The French Institution of 
Electrical Engineers was then formed to carry 
out researches, and the results of its work have been 
apparent ever since. The situation is a similar 
one now as far as the technics of heat and their 
practical and economical application are concerned. 
Hence the new Institute, the provisional council 
of which contains the names of eminent French 
scientists and practical men who are at the present 
time working out the necessary bye-laws. Its 
formation coincides with that of the British Insti- 
tute of Physics, an account of which we gave on 
page 527 ante, and the two bodies will no doubt 
collaborate to their mutual advantage, although 
the British Institute has a programme somewhat 
different from that of the French one. The issue 
of the journal to which we refer contains articles 
pointing out problems still demanding solution in 
connection with the production and utilisation of 
town gas, alcohol distillation and rectification, boiler 
arches, the use of pulverised coal, and “ comburi- 
métrie”’ which we understand to be the art of 
measuring the quantity of a fuel necessary for 
complete theoretical combustion. 


Syntuetic Acetic Acip AND ACETONE. 


In order to meet the war demand for acetone, 
required for the manufacture of cordite, the 
Shawinigan Water and Power Company, of Mon- 
treal, and its subsidiary, the Canadian Electro- 
Products Company, erected, in the latter half 
of the war works at a cost of $2,000,000 for 
the manufacture of acetone and acetic acid 
from calcium carbide, which the first-named 
company had long been making. Early in 1918, 
however, the Imperial Munitions Board called 
for acetic acid rather than for acetone, and the 
operations were hence limited to the making of the 
acid. The main chemical problems were already 
understood, and the industrial development had 
chiefly to overcome engineering difficulties which 
manifested themselves in the experimental plant 
first erected. The chief reactions are the following : 
calcium carbide treated with water yields acetylene 
and calcium hydrate; the acetylene, C,H,, is 
hydrated by the addition of water into acetalde- 
hyde, CH,. CHO; the aldehyde, is oxidised into 
acetic acid, CH,. COOH; the acid is finally decom- 
posed, into acetone (CH,) . CO, CO, and H,O (water). 
Apart from the acetylene generation these reactions 
require catalysts, but they may become too ener- 
getic, and explosions may occur—and did occur, 
according to a recent article by J. T. Rooney in 
Chemical and Metallurgical Engineering—quite apart 
from the danger due to the escape or decomposition 
of the acetylene. There were, further, the difficulties 
of finding strong vessels which would resist the com- 
bined action of sulphuric acid and the chief catalyst 
used, mercuric oxide. Silicon-iron (duriron) was 
the most satisfactory metal found for this first 
reaction. As silicon-irons are not strong mechani- 
cally, combinations of duriron and steel have to be 
used. The hydration of the acetylene is effected in 
duriron kettles, 4 ft. diameter, 12 ft. deep, built up 
of circular sections of duriron, flanged and clamped 
together. Diluted acid and mercuric oxide are 
charged into the kettle, and the mixture is stirred 
by three stirrers ; the stirrer shaft is steel, and the 
vertical duriron blades, cast in secti ns, are threaded 
on the shaft which runs in roller bearings. The 
acetylene is admitted into the kettle through a 
perforated duriron pipe ; the aldehyde and the un- 
converted acetylene are passed through condensers 
and scrubbers and returned tc the kettle by a Nash 
-hydro-turbine for retreatment. Fresh acetylene is 
also admitted, and the reacsion is continued at 
70 deg. C. for 50 hours; the aldehyde is condensed 
by brine. This part of the plant was blown up in 
December, 1918, several people being killed. The 
crude mixture of aldehyde and water (of 35 per 
cent.) is redistilled, and the pure aldehyde is then 
oxidised in iron kettles lined with aluminium, the 
latter being the only material that was found safe 
for this reaction. Air is admitted at 65 lb. per sq. in., 
the temperature of the liquid is kept at 60 deg., C. 
and manganese acetate serves as catalyst. The 
oxidation of the charges of 1,000 gallons requires 





12 hours and very careful control ; yet fatal explo- 
sions and fires have occurred also in this depart- 
ment. The acetic acid is refined to 99-8 per cent. 
by distillation stills in copper and aluminium. 
For the manufacture of acetone the acid is sent 
through soda ash scrubbers, and the sodium 
acetate solution is passed through steel tubes wound 
with nichrome wire to heat the iron balls coated with 
lime (the catalyst); each of the 72 steel tubes 
requires from 12 k.w. to 15 k.w. for heating, the plant 
yielding 10 tons of acetone of 85 per cent. quality 
per day. The yellow mercuric oxide used is 
prepared by electrolysis of caustic soda with a 
mercury anode and an iron cathode ; the mercury 
decomposed during the hydration is recovered 
directly or by distillation, and these opera- 
tions caused at first much illness amongst the 
employees. 


AGRICULTURAL IMPLEMENTS AND MACHINERY. 


The report of the sub-committee appointed by 
the Standing Committee on the Investigation of 
Prices for dealing with Agricultural Implements and 
Machinery has now been issued, and states at the 
outset that no evidence of profiteering was found in 
the agricultural implement industry. For this very 
reason we fear the report will pass practically 
unnoticed, although it deals with a most important 
branch of industry and one which deserves encourag- 
ing in every possible way. The sub-committee 
held 15 meetings, and examined witnesses represent- 
ing leading manufacturers and also the skilled 
workers. They state that the Agricultural En- 
gineers’ Association comprises most of the best- 
known manufacturers of agricultural implements 
and machinery ; it is an advisory body and cannot 
be said in any way to control prices, but it agrees 
on a scale of prices below which machines of certain 
types shall not be sold. The sub-committee lay 
stress upon the desirability of a more uniform 
method of costing. They also refer to the con- 
servatism of the British farmer and add, so far as 
the domestic market is concerned, that the variety 
of soil and conditions in this country enable British 
makers to hold their own to a considerable extent 
in the face of American competition ; the Americans, 
however, control practically the whole of the export 
trade. Dealing particularly with the export trade, 
the sub-committee find that the competition of the 
United States and Canada is to be reckoned with 
especially in regard to harvesting and other light 
machinery ; in addition to this, there is the added 
and increasing anxiety of competitive efforts on the 
part of Germany. Of late years, before the war, 
the Germans, in conjunction with the United States 
and Canada, had captured most or the world’s plough 
trade, and present German competition is exceed- 
ingly difficult to meet owing to the exchange and 
the comparatively low wages paid to German work- 
men. But, in spite of German competition in 
certain types of agricultural implements, both 
Germany and the former empire of Austria-Hungary, 
as well as Russia, were once extensive buyers from 
British makers, and there was a general consensus 
of opinion among witnesses that trade with Russia, 
at any rate, should be restored at the earliest pos- 
sible opportunity. The sub-committee also lay stress 
upon the part which the increase in the cost of 
materials plays in the total cost price to the British 
makers, and they also regard as of the utmost 
importance that a satisfactory settlement of the 
difficult question of cost and conditions of labour 
be arrived at promptly for recovering foreign 
markets and competing successfully with foreign 
makers. A very satisfactory statement has refer- 
ence to the fact that British firms are at the present 
time devoting increased attention to the manu- 
facture of tractors. These will be of a stronger and 
more durable pattern than those originally placed 
upon the market. The report further notes that an 
application was made early in December, 1920, 
to include the tractor industry among the “ key 


industries.” e 





ELecrricity in Cx1na.—The Ministry of Agriculture 
and Commerce has received a petition from a Tientsin 
merchant applying for permission to start an electric 
company. is plan is to make use of the hydraulic 
powers of the Yungting River to generate sufficient 
current for the supply of Tientsin and Peking. The 
petition is to be discussed by the Cabinet. 
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The British in China and Par Eastern Trade. ByC.A. 
MipptetTon Sirsa, M.Sc., Taikoo Professor of Civil 
and Mechanical Engineering in the University of Hong 
Kong. London: Constable and Co. [Price 18s. net.] 

ProFEssob MIDDLETON-SMITH writes on an interest- 

ing subject, but he has hardly done it justice. The 

possibility of new trade centres and wider markets 
giving enlarged opportunities for energy and 
ambition, has excited a keen curiosity that he 
hardly satisfies; the presence of rivals, capable 
and enterprising, strenuously competing for the 
world’s commerce has quickened a demand for 
precise information, to which as an observer on the 
spot he might have responded more fully. The 
object of the book is entirely praiseworthy. Con- 
vinced of the mineral wealth and vast natural 
resources of China, the author set out to convince 
the British of the existence of this unexplored 
wealth, in the hope of uniting British capital with 
Chinese labour in the task of exploiting these latest 
stores, with the view of supplying that stimulus to 
action and trade which the world so greatly needs at 
this crisis of her history. If any feeling of dis- 
appointment exists, it may be traced to the circum- 
stances under which the work was prepared. Begun 
in the early days of the war and pursued as leisure 
offered, the information is liable to be out of date 
and to exhibit a want of coherence or possibly of 
perspective. Notes were made on steamers off 
the China Coast, or in a sedan chair in a Chinese 
city, some were written in Pekin, others in a Canton 
gambling house. Reminiscences of pre-war journeys 
in Siberia, the United States and Canada, have not 
been without influence. The study of Egypt and 

Europe has furnished suggestions and illuminating 

parallels, while the Crown Colony of Hong Kong 

saw this discursive material assume its final shape, 
after much pruning and condensation. 

But if some looseness of structure is noticeable it 
may be easily forgiven for the patriotism of the 
author is virile and inspiring. He looks back on 
the past and is filled with pride, as he recalls the 
feats achieved and the triumphs won by the entter- 
prise of traders, with scant assistance from national 
resources, and he confidently expects that the 
responsibilities and opportunities which will face 
the outlying colonies in the future and on a larger 
stage, will be accepted and met by that same 
indomitable spirit that knew no failure, reaping a 
success as manifest and complete as any history 
records. 

He also looks forward hopefully, but here we 
are afraid disappointment awaits him, to the main- 
tenance of an intelligent and definite policy that will 
be of incalculable benefit to China and the Empire 
alike. In expressing this hope, we do not understand 
that he is considering the prosperity cf certain 
classes, whether at home or in the Colonies, as an 
end in itself, and ignoring the equal and concurrent 
development of other branches of industry. He 
would have both parties to the bargain derive some 
benefit. His anticipations may be sanguine, but 
his experience enjoins caution. He admits and 
regrets that the British Government has done 
very little for British trade in China, and that on 
occasions the attitude assumed by the authorities 
at home towards trade in the Far East has been 
marked by such ineptitude that our national prestige 
has suffered. The tactics advocated by a long 
succession of office holders are past understanding, 
and the author’s patriotism is sadly tried when 
he recalls some of the episodes of the last half 
century, the variations in policy, the confusion 
of issues, and the misunderstandings pregnant with 
disaster. Let us put away illusions, as it has been 
in the past so we may expect it to be in the future. 
Party Government, based on compromise and 
opportunism, is not favourable to the maintenance 
of a policy that to be successful needs continuity 
of purpose, sustained wisdom, and sympathetic 
resource. If Hong Kong rose to be a great em- 
porium of trade whose harbour could boast a larger 
entrance and clearance of tonnage than any other 
port in the world, this happy result was due to the 
enterprise of men of the Jardine type, whose capacity 
and energy the author rightly eulogises. Captain 
Elliott, who first unfurled the flag in Hong Kong, 
like Raffles, who perceived the value of the Island 
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of Singapore, received Sielationgentath ant rather than | « 
acknowledgment for the penetration and foresight 
that distinguished these Empire-builders. The 
author considers that British policy in the Far East 
was seen at its best in the two decades next after the 
accession of Queen Victoria. But at that time 
Colonial policy was inchoate, and the Colony and its 
trade may have benefited more from inaction and 
non-interference than from the irritating, if well 
meant, muddling that has characterised later 
periods. 

The history of industrial development as effected 
by circumstances and by policy, by accident or 
intention, is as interesting as the history of successful 
enterprise always must be, but is presented too 
briefly and insufficiently documented to be of value 
as an historical retrospect. Professor Smith is too 
anxious to forecast the future to linger long over the 
brilliant achievements of the past or the considera- 
tion of the machinery by which they have been 
wrought. The work of the Chambers of Commerce, 
it is true, does not pass without due recognition. 
These Chambers have acquired a political importance 
and cannot be ignored by callous officials. The 
utility of commerce as a means of binding together, 
strengthening, and developing the wideflung element 
of Empire has been too little regarded in this 
country. Trade and all that appertains to it is 
recognised by intelligent rulers to be among the most 
powerful instruments of Empire, but from some 
obliquity of vision, commercial enterprise with us 
has often been treated as unworthy and always 
as likely to give trouble to the easy-going occupants 
of Government offices. Otherwise it is as difficult 
to understand, as it is to defend, such expressions 
as that quoted from a Memorandum of the Board 
of Trade and Foreign Office to the effect that 
‘“‘ British Chambers of Commerce abroad were not 
to be relied upon for their opinions, as each in- 
dividual member of the committee was playing 
for his own hand.” In the East, this indiscreet 
opinion, written probably as a justification for 
ignoring some unpalatable advice, or a ground for 
rejecting some unwelcome recommendation, is 
regarded as nothing less than a gratuitous insult. 
It supposes that the members are incapable of a 
wide outlook, and suggests that their conduct is 
dictated by selfishness rather than by generous 
motives, or the welfare of the community. The 
author expresses the opinion, and it is probably 
held by the despised Chambers of Commerce, that 
the British trade in China suffers, because at least 
three Government departments are concerned, viz., 
the Foreign Office, the Colonial Office and the Board 
of Trade. Itis submitted and probably rightly, that 
it would be of advantage, if the British trader in the 
Far East could deal with one department rather than 
with three. The advantage may be apparent, but 
there would be great difficulty in inducing bureau- 
cracy to withdraw its oppressive hand. 

Tt is doubtful whether the nation has fully 
realised the industrial change which has meta- 
morphosed China, or appreciated the opportunities 
for extension of trade that the new China offers. 
This is not the proper place to indicate either the 
extent or the variety of directions in which English 
enterprise might find a reward. Professor Smith 
is deeply impressed by the picture he creates, rating 
the prospect highly, and lingering fondly over the 
potentiality of wider trade and new markets. The 
shipping trade and harbours, the railways and 
transport, mines and minerals, agriculture and 
manufactures, all invite large investment with such 
ample returns that it is difficult to understand the 
apathy and somnolence which characterise the 
methods of British traders. The industrial era is, 
we must believe, just beginning in China. What 
they are buying to-day will be but a bagatelle to 
what they will buy to-morrow is the firm conviction 
of the American experts who have travelled the 
country. Much has already been accomplished. 
Cotton mills in Shanghai are turning out goods 
which can be sold as cheaply as those from Lanca- 
shire, for the Chinese are industrious and labour is 
cheap. Electric power stations exist that utilise 
steam turbines of a size that Glasgow or Birmingham 
might envy. Electric light is demanded in every 
Village in China. Lamps and accessories are being 
imported from Japan on an enormous scale. This 
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country increased the product of electric naan from 
3,000,000 in 1913 to over 7,500,000 in 1916. In the 
former year, Japan exported electric goods to the 
value of less than 80,000/., and in 1919, her exports 
of electric goods were estimated at 750,0001. Nearly 
all these exports go into China. The price of electric 
lamps made in Japan is far less than those from 
Britain. Of course, the Japanese are assisted by 
abundance of cheap labour and cheap power from 
the many waterfalls in the country, so that com- 
petition is not easy, but with trade of these dimen- 
sions it is worth some effort to share. 

It is not only manufactured articles that are or 
will be in demand. All the ports have schemes for 
improvements. Shanghai contemplates extensions 
that will make that port two and a half times the 
size of Hamburg. In many places, deep water 
quays to facilitate the handling of cargoes are in 
course of construction. A vast railway programme 
which was suspended during the war may be expected 
to make rapid progress. The market for machinery 
to equip repairing shops will be large and constantly 
increasing. Competition to supply these markets 
will be strenuous, but when did English traders 
retire beaten before an unattempted task, and court 
lethargy rather than endeavour. Decadence is 
indeed near at hand if the fear of rivalry paralyses 
our efforts. 


There is, however, an adverse factor which we 
think the author is inclined to minimise. The 
investment of capital and the continuance of trade 
relations demand before all things a stable Govern- 
ment, ensuring the safety of property, guaranteeing 
the maintenance of commercial integrity, and 
insisting on the punishment or suppression of the 
disturbances of public peace. Unfortunately the 
existence of the necessary control over large masses 
of the population is wanting. To this demand for 
the provision of adequate authority and restraint 
the author replies lightheartedly, that China has 
always been in a state of ferment, and that rebellions 
accompanied by plunder and anarchy are no new 
feature in the history of China. Such disturbances 
are only domestic and economic, and may be traced 
to the elementary instinct of self-preservation due 
to the production being insufficient to satisfy so 
large a population, a disturbing cause that will 
necessarily disappear when the boundless latent 
wealth is set free by the operation of well-directed 
methods of industry guided by a beneficent demo- 
cratic Government. But as understood in Europe, 
Government is of slow growth, and the Chinese having 
experience only of rulers actuated by selfish motives, 
the constituent members preferring their own 
ambitions and aggrandisements to the welfare and 
liberty of the people, will be slow to adapt them- 
selves to a different machinery whose successful 
operation demands the active participation of large 
numbers animated by a common object. When for 
a moment, young China saw an opportunity of 
overcoming the despotism of Tuan-Kai-Shi, and 
inaugurated a movement that was hailed by some 
in this country as the harbinger of a more enlight- 
ened policy, it was but a travesty of popular govern- 
ment. The scheme was engineered by those who 
desired the spoils of office, and saw the possibility 
of sharing the patronage and dividing the State 
revenues among a larger number than was possible 
under the existing rule. Apparently no feasible 
plan exists for substituting orderly and scientific 
administration for the selfishness that disgraced, 
and the evils that accompanied, the ancient system 
that benumbed and crushed into hopeless passivity 
the political energies of the mass. The author is 
inclined to attribute much of the unrest, that acts 
as a deterrent to the progressive development of the 
country, to the Cantonese. Every political up- 
heaval in China during the last hundred years is 
said to have originated in Canton. At present the 
city is in the hands of a faction which defies the 
authorities in Pekin. The local restlessness under 
oppressive and incompetent rule may very well have 
been fostered by a longer acquaintance with foreign 
nations, and the spread of the population to Hong 
Kong. But notwithstanding a penchant for popular 

, the Cantonese is capable of becoming a well- 
behaved, worthy citizen, never losing his amazing 
industry and the dogged determination to make 
money. Whatever be the cause, the situation 
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| constitutes a barrier to | steady trade ; . the in- 
dividual Chinaman exhibits honesty of purpose 
and uprightness of character, but seems incapable 
of combination with others of his countrymen. 
The evils of ‘‘ squeeze,” of “ graft,” of bribery, 
inculcated through so many ages have distorted 
his view and perhaps unfitted him for democratic 
government, the panacea recommended by so many 
western advisers. 

The nation who knows him best and who profits 
by its knowledge is the Japanese, but the methods 
are too often distasteful to democratic ideas of 
social and political liberty. If the conduct of 
Japan is unscrupulous, it is successful. She has 
unmistakedly embarked on a course that aims at 
the dominion of Asia, politically and commercially. 
Her rapid progress, her disciplined methods, stimu- 
lated by the knowledge of the rich field that lies open 
to her ambition induce her to profit by the crippled 
condition of her unwieldy neighbour, and she ex- 
ploits the opportunity without pause and without 
misgiving. The war was to her an unmixed blessing. 
She took no chances and seized enormous advantages. 
The other nation who is alive to the importance 
of developing the latent wealth of China is the 
United States. Though less aggressive than Japan, 
her methods show equal determination, and between 
these two nationalities, as competent as they are 
resolute, will come a struggle that cannot be viewed 
without apprehension. 





Is Trade Unionism Sound? By J.H. Buntine, London: 

Messrs. Benn Brothers, Limited. [Price 6s.net.] 
THE advantages of trades unionism and of collective 
bargaining to the workers is one of those things 
which in modern times is taken for granted. Trades 
unions have been formed and wages have increased, 
and it is assumed in some quarters that the increase 
in wages is solely a result of the action of the 
trades unions. It is, of course, true that manu- 
facturing processes have improved enormously and 
that capital has very greatly increased. It is also 
true that the wages and salaries of many classes 
of the community who do not belong to trades 
unions have increased, in some cases probably to a 
greater extent than those of the trades unionists. 
Yet, in spite of these things it is taken for granted 
by some people that all improvement in wages, &c., 
is the result of trades unionism. 

It is therefore very refreshing to meet a book 
traversing the whole of this position and main- 
taining that the system of ‘collective bargaining 
and the whole trend of modern trades unionism 
is a mistake, and that the result is to play into the 
hands of the capitalist. The book is the more 
interesting as it is evident that the author has 
thought a great deal about the subject and, further, 
that he has original ideas. 

Briefly the author takes the line that the tendency 
of trades unionism has been to reduce production 
and to lower the general efficiency. He considers 
that if in place of this each worker had done his 
best and each had sold his labour for the highest 
price obtainable, the workers would have been 
better off, as the price of labour would, under the 
simple influence of supply and demand, have gone 
up more than it has done under the influence of the 
trades unions. 

Thus in speaking of the minimum wage as fixed 
by the trades unions, Mr. Bunting says: “ Unfor- 
tunately the minimum is too often the maximum 
also, and its inelasticity has had the most disastrous 
effects on industry and on the welfare of the 
workers.” In fact, that the tendency of trades 
unionism has been to level down instead of up. 

The author considers that the “ workers” pay 
a great deal too much for the use of capital and that 
the great thing necessary for their welfare is that the 
rate of interest should be reduced. To prove this 
he takes three dates, namely, 1879, 1898 and 1911. 
He states that between 1879 and 1898 the yield from 
consols fell from 3/. 1s. 6d. per cent. to 2. 9s. 
cent., while wages rose 12 per cent. and prices fell 
27 per cent. The labouring classes were therefore 
some 50 per cent. better off. From 1898 till 
1911, he states that wages did not rise, but that 
prices rose 10 per cent. The labouring classes were 
therefore 10 per cent. worse off. He attributes 
this to the fact that the Boer War cost 290,000,0001. 
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and prevented the accumulation of capital, and 
the want of capital caused a rise in the rate of 
interest. He states that by 1913 the yield from 
consols had risen to 3/. 8s. per cent. 

Here we get to a point on which there may be 
great difference of opinion. On the main issue, 
namely, that a plentiful supply of capital benefits 
the worker, the large majority of those who have 
really studied matters will no doubt be absolutely 
in agreement with the author. From the time when 
the capital of mankind consisted of a very few 
primitive tools to the present time, the material 
welfare of the workers has depended mainly on the 
amount of capital available. Further, if we look 
at the various countries of to-day we find the same 
thing namely, that the wealth of the workers depends 
mainly on the amount of capital in the country, 
those countries where there is little capital being 
poor, those where there is much being rich. 

The author’s view is that the limitation of output 
which is the result of trades unionism, limits the 
growth of capital and therefore reduces the supply. 
The supply of capital being short, the worker has 
to put up with what employment’ he can get and, 
pay a big price for capital. 

So far there is little that is controversial, but 
when we come to the question of the assumption 
that the effective wages of the worker go up when 
the rate of interest goes down, there will probably 
be a great deal of difference of opinion. Three 
instances of one special security in one country are 
not enough to establish a general principle. 

Taking the whole of the capital of the country 
it may pretty well be taken for granted that when 
trade is bad less interest is paid than when it is 
good. Yet the worker can hardly be said to be 
better off in periods of bad trade than in periods of 
good. Further, to establish this principle we 
should have to look all over the world, not to one 
country only. Interest on capital is generally 
higher in America and our Colonies than it is here. 
Does it follow that the workers are worse off ? 

Again the question arises what is a ‘‘ worker” 
and what is a “ capitalist’ ? A carpenter may have 
to invest capital in a set of tools before he can get 
a job, and is paid for both his time and the use of 
his tools. A taxi driver often owns his own cab. 
Many wealthy men started with nothing but the 
clothes they stood in, and have accumulated all 
they have by hard work, saving and judicious 
investment of their savings. In fact, the bulk 
of the capital of the country is in the hands of 
people whose ancestors, even 100 years ago, had 
little but their clothes. On the other hand, most 
people with capital work, and even the owner of 
a landed estate finds his time pretty well occupied 
in running it, and could often earn as much with the 
same amount of work in a profession as he gets 
for the management of the estate, the interest on 
the farm buildings, hedges, ditches, &c., necessary 
for cultivation and the supposed “site value.” 
In view of these facts, where does the “ worker ” 
end and the “ capitalist’ begin ? 

Further, as many “working men” have accu- 
mulated considerable wealth by saving and investing 
their money, what would be the effect of a lower 
rate of interest on others trying to do the same ? 
Would it mean that the interest obtained from the 
early savings was so small that it was not worth 
saving ? 

This leads to another point. The author gives 
a balance sheet of production in which it is assumed 
that 45 per cent. is paid for the use of capital 
and only 55 per cent. for all kinds of “ personal 
service,” i.¢., not only wages but salaries of all 
kinds, including the brains needful for organisation, 
design, &c., &c. It is, of sourse, very difficult 
to get at the real proportion of this, but the pro- 
portion given is at all events a very different pro- 
portion to that usual in the engineering trades. 
Here most companies would be only too glad if 
they could distribute in dividends a quarter or even 
in some cases a tenth of the amount they pay in 
wages, salaries, patent royalties, &c., as such an 
amount would be a very much higher dividend 
rate on their capital than they actually do pay. 
Of ;course, in cases where very elaborate plant is 
required in proportion to the number of men 
employed the percentage of the production paid 
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for capital will be higher than where very primitive 


plant is used, but to go back to primitive methods 
would be a retrogade step. 

A point on which it would be interesting to have 
the further views of the author is the question of 
the mobility of capital. It is often assumed that 
capital is not easily mobile, but this is an error, 
and it is probably far easier to move capital than 
labour. This is because all kinds of plant constantly 
wear out and have to be renewed, and also plant 
is constantly being improved and has to be replaced 
with something more up-to-date and generally 
more expensive. Had no money been spent in 
repairing or renewing any of the plant in England 
for, say, the last twenty years, there would be very 
little in running order now, and had the people 
who own the plant invested the money abroad 
instead they would have shifted a great part of 
the capital of the country. What about the labour ? 
Would it have been practicable for the greater 
part of it to emigrate in twenty years ? 

What was true twenty years ago is true now. 
The instant that capitalists cease to repair and 
renew their machinery and place the money abroad 
instead they begin to shift the capital of the country 
abroad, and as old plant is constantly being scrapped 
labour is thrown out of employment. This is not 
all, for a great part of the population is dependent 
on the spending of capital for their employment. 
In fact, it is often forgotten that capital almost 
entirely represents money spent in wages. Thus 
the capital of a coal pit mainly represents the wages 
spent in sinking the pit, driving the galleries, 
building the winding and pumping engines, building 
the works in which these engines were made, &c.,&c. 
So if no coal pits are sunk all the people employed 
in these occupations at once cease to have any work. 
The same applies to every other trade which makes 
plant. A cessation of building throws the brick- 
layers and others engaged in the building trades 
out of a job as well as the brickmakers, &c. Those 
who make machine tools, looms, spinning machinery, 
locomotives, ships, marine engines, agricultural 
engines and machinery and a very great number of 
other things, are all dependent for their living on 
the investment of capital. 

Now there are many parts of the world where the 
amount of plant in use is very small, and is very 
primitive, but where wages are a small fraction 
of those ruling in this country. These offer very 
good opportunities for investment. There are also 
very highly organised countries in which the systems 
of taxation and legislation are arranged to encourage 
the investment of capital and where the “ workers ” 
are anxious to have the most up-to-date machinery 
and make the most of it. On the other hand, in 
this country, a very considerable section of the 
Labour Party openly object to capital being invested 
here, and the taxation system is framed in such a 
way as almost to lead to the conclusion that the 
Government prefers that it should be invested 
abroad. 

Would the lowering of the rate of interest here 
result in a greater proportion of our capital being 
invested abroad, and if so, would this benefit the 
worker? These are points on which it would be 
very interesting to have the author’s views. 

There is another point on which it would be 
interesting to have his ideas. It is assumed that 
if the workers liked they could increase the pro- 
duction of the country by some two thousand million 
pounds a year. It is also assumed that this would 
increase the amount of capital in the country 
to such an extent that the price of capital would 
fall and so capital would get a very much smaller 
share. But if production were increased to this extent 
the share of the “ workers’ even at their present 
proportion would be about a thousand millions a 
year more than it is now, and as they live on what 
they have now it is quite clear that they could 
save this if they liked. Now a thousand millions 
a year would be enough to buy out the whole of the 
works employing labour in a very few years, or 
alternatively to put up works to employ all the 
labour. Why should not the “ workers” do this 
and own the whole industry, and get the whole of 
the profits ? ; 

There are many points which we should like to go 
into but space forbids. There are two, however, 
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which it would be well for “labour” to consider 
carefully. The first is that the author points out 
that the less the work turned out per man in a 
factory the greater is the proportion spent in 
overhead charges. Hence the smaller the produc- 
tion the smaller the part of the purchase price 
which can be paid to the labourer, and the more 
he must pay for interest on capital and manage- 
ment expenses. 

The second is that the majority of the large 
employers of labour are wealthy men who have a 
considerable amount of money invested in gilt- 
edged securities, often abroad. Such men suffer 
very little from the complete stoppage of the 
industry they are engaged in. Even if the country 
went quite bankrupt and the majority in it starved, 
such men could often go abroad and live very well 
on their wealth invested abroad, and with their 
capital, experience and brains they would very 
soon work up a good business there if they wanted 
to. The people hurt by stoppage of industry are 
not men of this class, but the working men and 
small shareholders. 

There are so many questions raised in this book 
that we cannot deal with them here, but we 
strongly recommend the volume to those who are 
concerned with labour matters. A study of its 
contents will be found to be of great interest. 
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THE AIRSHIP R, 38.(Z.R. 2). 


Berore giving some particulars of the airship 
R. 38, which has been purchased by the United States 
Navy Department and renamed Z.R. 2, it may be of 
interest to explain the circumstances which led up 
to the design of this -vessel. It will probably be 
remembered that in the early days of the war it was 
decided to form an airship design staff from the Royal 
Corps of Naval Constructors in pursuance of the 
Admiralty policy of employing airships in connection 
with naval operations. The staff formed commenced 
work in 1915 by making a number of trial designs, 
and soon after obtained much useful information from 
German airships brought down in France and else- 
where. At that time airships were required by the 
Admiralty to accompany the-Grand Fleet in the North 
Sea, but the existing R. 23 class of vessels had not 
sufficient endurance for this work. The R.27 and 
R. 29 were therefore designed by the Admiralty staff 
on similar lines to the R. 23 class, but’ with improved 
endurance and other features, these designs being 
the first for which the staff were responsible. The 
R. 29 did much useful work, but was never called upon 
to oe the Grand Fleet in action. In the 
autumn of 1916 an example of the new German L. 30 
class of airship fell in France, and although very badl 
wrecked, it was carefully examined by the design sta 
and found to represent a very considerable advance 
upon its predecessors. From the information obtained 
the R. 33 and R. 34 were produced, and both these 
vessels were highly su The former is still 
in existence and in good condition, while the latter, 
which completed the double journey across the Atlantic, 
was badly damaged at Howden early this year and 
afterwards dismantled. The next designs produced by 
the Admiralty staff were the R. 35, R. 36 and R. 37, 
which were lightened versions of the R. 33 class. 
Of these, R. 35 was cancelled, while R. 36 has recently 
been completed by Messrs, Beardmore and fitted with 
passenger accommodation; it was illustrated and 
described in detail on page 454 of our issue of April 15 
last. The construction of the R.37 was entrusted 
to Messrs. Short Brothers, and the ship was put 
in hand at their Cardington Works, near Bedford, 
in December, 1917. Work proceeded normally 
until February last, when it was stopped owing 
to the Admiralty’s decision to abandon the use of 
airships, a decision which, it is perhaps hardly necessary 
to explain, was arrived at_on economical grounds only 
and not because the value of airships to the naval 
service was questioned. Structurally the R. 37 is 
practically completed, and no great expenditure of 
time or money would be required to finish it off 
entirely. 

The R. 38, or, as we had better now call it, the 
Z.R. 2, represents the latest and, presumably, the 
final, work of the Admiralty airship design staff. 
Its design was decided upon in the Spring of 1918, by 
which time war experience had indicated the necessity 
for airships to be able to rise to great heights. Four 
ships, of which the Z.R. 2 was one, were therefore 
designed for a maximum ceiling of 25,000 ft. In 
general, these ships were intended to be employed for 
naval work under more stringent conditions than the 
German vessels of the same period. The German 
ships, it should be remembered, were mainly used for 
night bombing raids under selected weather conditions. 
Another point affecting the design of the British air- 
ships was that for work in the North Sea they would 
have to return against the direction of the prevailing 
winds, whereas the German ships would generally have 
the wind in their favour on the return journey. It was 
therefore necessary, among other things, to provide 
for a greater reserve of petrol in the British ships. 
The Z.R. 2 was the first vessel of the class to be put 
in hand, it being intended to complete and try this ship 
so that any improvements found necessary by ex- 
perience could be included in the others. The inter- 
vention of the Armistice, however, caused the other 
three ships to be cancelled, and it is likely that the 
vessel we now pro to describe would have shared 
the same fate but for the fact that an offer for its 
purchase was received from the United States Navy 
Department. Actually the work commenced by 
Messrs. Short Brothers at Cardi n, in November, 
1918, proceeded slowly until these works were taken 
over by the Air Ministry in April of last year. The 
greater part of the work of construction has been 
carried out since that time at what are now known 
as the Royal Airship Works, Cardington. The vessel, 
which by the courtesy of the Air Ministry we were 
able to inspect on Friday .Jast, is practically complete, 
and its preliminary trials will take place within the 
next few days if the weather conditions prove suitable. 
Further trials will be carried out later, and the vessel, 
when finally accepted by the American naval authori- 
ties, will be taken across the Atlantic in -the ‘late 
summer by an American crew now -being trained in 
this country. nag aye et 

To comply with the requirements briefly outlined 





above it was decided to construct airships of the largest 
dimensions’ which conld be accommodated in. existing 
sheds, and the Z.R. 2 was accordingly made 695 ft. 
long and 85 ft. 4 in. in diameter, Its gas capacity 
is 2,700,000 cub. ft., which is 300,000 cub. ft. more than 
that of the ex-German airship L. 71 surrendered to 
Great Britain under the terms of the Peace Treaty, 
and now housed at Pulham. The Z.R. 2 is thus the 
largest airship so far constructed in this, or in any 
other, country, and its completion therefore marks an 
important stage in the development of aircraft of the 
lighter-than-air type. The gas capacity, above men- 
tioned, gives the vessel a gross lift of 83 tons under 
normal conditions, and the disposable lift, i.e., the lift 
available for fuel, stores, armament, , &c., was 
50 tons, as originally designed. The latter figure, 
however, has been slightly reduced by various additions 
of which we may mention the bow-mooring gear similar 
to that fitted on R. 33 and R. 36, and described on 
page 423 ante. Neglecting this reduction, the ratio 
of disposable lift to gross lift amounts to just over 
0-6 in the case of Z.R. 2, a figure which shows a very 
notable improvement on that for R. 34. The latter 
ship had a gas capacity of 2,000,000 cub. ft., giving 
a gross lift of 59} tons, with a disposable lift of 24 tons, 
so that the ratio disposable lift/gross lift was about 0-4. 

The Z.R. 2 is So semrge by six Sunbeam “ Cossack ” 
engines, each eloping 350 h.p., which give the 
vessel a maximum speed of 70 m.p.h. and a normal 
cruising of 60 m.p.h. When fully equipped for 
service, tons of petro! will be carried, and this 
would be sufficient for a voyage of 5,000 miles at full 


oe and 6,500 miles at cruising eS Each engine The 
rives a two-bladed air screw, and all are carried in 


separate wing cars symmetrically disposed in pairs 
on either side of the centre line. This arrangement, it 
may be mentioned, was adopted in preference to that 
employed in R. 33, R. 34, and other vessels, in 
which a combined power and control car is mounted 
on the centre line of the ship forward, in order to 
bring the overall height within the capacity of the shed. 
In Z.R. 2 the overall height is but little more than the 
diameter of the hull, the actual figure being 92 ft. 
The control car in this vessel is smaller than usual and 
is situated near the bows: It is placed on the centre 
line, but is rigidly connected with the hull structure 
and not suspended below it as is usually the case. 
The car is divided into three compartments, of which 
the foremost -contains the control mechanism and 
navigating appliances, the central one forms the 
wireless cabin, and the after one is reserved for the 
personal use of the captain. 

In general, the hull structure is similar to that of 
the R. 33 class of vessel, which we have recently 
dealt with in the illustrated description of the R. 36, 
appearing on page 454 ante. A number of improve- 
ments in detail have, however, been made, and these, 
together with the re-distribution of the loads due to 
the engine cars, have been largely responsible for the 
high ratio of disposable lift to gross lift above referred 
to. The transverse frames and longitudinals are 
composed of Duralumin lattice girders of triangular 
section, but each member of the main transverse 
frames is trussed on the outside, as well as on the 
inside, instead of on the inside only. This arrangement 
gives a better support to the intermediate longi- 
tudinals and produces a lighter and stiffer structure 
generally. The main frames divide the hull into 14 
compartinents, each of which contains a gas bag fitted 
with the usual gas release and automatic escape valves. 
The corridor, which runs along the whole length of the 
hull structure, gives access to all parts of the vessel, 
and is also used to accommodate the petrol tanks 
and water-ballast bags. The petrol is stored in 50 
cylindrical tanks of aluminium containing 190 gallons 
each, and the ballast bags have an aggregate capacity 
of about 10 tons. The living and sleeping quarters 
for the officers and men, who number 28 to 30 
in all, are also situated in the corridor, the forward 
portion of which is formed into a staircase leading to 
the bow-mooring gear and also to an opening near the 
nose through which the crew enter and leave when the 
ship is moored to a mast. It should be mentioned that 
the corridor is of trapezoidal section and 10 ft. in 
height ; it is therefore much more commodious than 
the triangular corridors of earlier vessels. 

Both vertical and horizontal fins are triangular in 
section and are formed by lattice frames rigidly 
attached to the hull structure. They are therefore 
mainly self-supporting and very little external bracing 
is required. The design of the control surfaces clearl 
shows the hand of the naval architect, since bot 
elevators and rudders bear a strong resemblance to 
balanced rudders of the cruiser type. In elevation 
the rudders are of the shape of a very thick letter L, 
or perhaps a better idea of their shape would be con- 
veyed by the statement that they are practically 

uare with a square portion removed from one corner. 
They are pivoted on the inner’ vertical side of the 
L-shaped figure formed, and the’ forward, extension 
of the horizontal portion thus acts as a” balancing 








surface. This particular design for balanced control 

surfaces is, we believe, a new feature in airship work. 
As the Z.R. 2 is intended for naval service it is 
provided with a fairly extensive armament, which 
comprises 14 Lewis machine guns, a 1-pounder auto- 
matic gun, four bombs of 520 Ib. each, and eight bombs 
of 230 lb. each. Gun positions are provided on the 
top of the ship and at the extreme tail end, the former 
reached through vertical, trunks running up 
from the corridor between the gas bags. A gun plat- 
form is also provided under the corridor near the stern 

for dealing with the attacks of aeroplanes from below. 
Doubtless there are other interesting features in the 
design of the vessel which may have escaped our 
notice in the somewhat hurried inspection we were 
able to make, but enough has, we think, been said to 
justify the statement that the Z.R. 2 represents a very 
distinct advance on earlier airships. The results of the 
forthcoming trials will, of course, be awaited with 
interest, but we have little doubt that the performance 
will come up to requirements, since it is now possible 
to predict results with almost the same degree of 
accuracy as can be done in the case of a surface ship. 
In conclusion, it is perhaps hardly necessary to add that 
British interest in the performance of the vessel will 
by no means cease when she leaves this country, and 
her behaviour under service conditions may quite 
y affect the decision of our naval authorities to 

with the use of airships. 





Trunk TELEPHONE CABLE ON THE CONTIVENT.— 
first trunk telephone cable to be installed in the 
Grand Duchy of Luxemburg has recently been laid 
between Luxemburg and Diekirch. It is a composite 
cable of 36 pairs in multiple twin formation, and is 
balanced and loaded for phantom working. A ver 
high standard of freedom from cross-talk was specified, 
a characteristic which depends very largely upon the skill 
and care exercised in the joining in of the loading coils, 
and on the balancing of individual loading coil sections. 
It is claimed that the cable in question far excels any 
other Continental cable in freedom from cross-talk, 
and hence it is gratifying to note that an English firm, 
the British Insula’ and Helsby Cables, Limited, of 
Prescot, Lancashire, were responsible for the results 
obtained. The loading coils were of the latest dust-core 
type, supplied by the Western Electric Company, 
Limited, of Woolwich. 


SweDEN AND TRADE wiTH Ruvussta.—Accordi to 
Swedish Export, the body known as the Swedish ‘Trade 
Committee in Russia, which transferred its activity 
from Russia to Sweden in December, 1918, has resolved 
once again to resume more actively its work as an 
advisory body for Swedish trading connections in the 
Russian lands, owing to the greater stability which the 


East European markets have of late to show. 
The committee, whose name was origi y the Trade 
Committee of the Swedish Association of Petrograd, 


consists of 20 persons, who have appointed as honorary 

resident Mr. K. W. Hagelin, director-general of Nobel 

rothers Naphtha-producing Company, and as chairman 
Mr. C. G. von Heidenst In ti with the 
same idea a number of Swedish firms and industries 
having interests in Russia have formed a combination 
with the object of trying to bring about more active 
trade communication with Russia. The combination, 
whose name is “ Exportkonsortiet,” is to centralise the 
business of the parties interested in the Russian market 
and by means of its own organs, without middlemen, 
to facilitate the inauguration and completion of trans- 
actions with the Soviet, and assist members in the 
realisation of currency or goods which have been given 
in exchange by Russia for articles of Swedish manu- 
facture. 








Wark Time Fine Risxs.—-The British Fire Prevention 
Committee has just issued a Red Book entitled “ Fire 
Prevention during the War.”’ On the outbreak of war 
the committee’s offer of scientific assistance was aceepted 
by Government Departments, Colonial Governments, 
police forces and the British Red Cross, At the request 
of the War Office, the committee surveyed various 
types of camps, about 35 camps in different commands 
being inspected, and as a result fresh regulations for 
fire prevention were issued, practically the whole of the 
committee’s recommendations being adopted with great 
saving to the nation. Altogether over 2,500 surveys 
were made, free of charge, including hospitals, some 
containing more than 350,000 beds, depots, wareh 
work rooms, factories, camps, barracks, garages and 
huts. Warnings for the prevention of fire in 30 kinds 
of establishments were specially drawn up, and over 
550,000 copies were issued tis. Some of these 
warnings were translated into Urdu and Panjabi for our 
Indian troops, into Arabic for use in Egypt and P. ine, 
into French and Flemish, and even printed in Braille 
for the blind. The warning dealing with air raids was 
issued as a poster. The Ministry of Munitions in their 
notices adopted the committee’s recommendations and 
the War Office repeated them in Army Orders. At the 
committee’s testing station 80 important tests were 
undertaken at the instigation of the Government 
Research Department during 1917, 1918 and 1919. 
The Government made a grant to cover the expenses 
of these tests, but the members of the committee who 
supervised the carrying out of each test did so in an 
honorary capacity. 
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WEB-THINNING ATTACHMENT FOR TWIST 


CONSTRUCTED BY MESSRS. 








Fig. 1. 


AN interesting and novel attachment for sharpening 
and thinning the web of a twist drill after grinding 
has been introduced by Messrs. Herbert Hunt and 
Sons, of Elsinore-road, Old Trafford, Manchester, 
in connection with their twist-drill sharpening machine. 
The machine itself was dealt with by us in connection 
with the Machine Tool and Engineering Exhibition at 
Olympia last year, and an illustrated description will 
be found in our issue of September 24 Jast. The new 
web-thinning device is illustrated in Figs. 1 and 2 
above. In the first of these figures the drill is shown 
in position for sharpening the two cutting lips, this 
work being carried out by the main emery wheel. 
The drill is mounted in a chuck in which it remains 
during the whole of the grinding and thinning opera- 
tion without any resetting. The drill is constantly 
rotated, and by a cam action, which repeats itself twice 
in every revolution, the correct clearance is given to 
the cutting edge. The drill is fed forward a pre- 
determined amount during each revolution. A full 
description of the cam mechanism and other details 
will be found in our earlier description. 

The special point-thinning attachment with which we 
are now more particularly concerned, is shown in 
operation in Fig. 2. The arrangement consists of an 
auxiliary grinding wheel mounted on an arm swinging 
round the main spindle. The position of the wheel 
when swung down can be adjusted by a knurled screw 
which comes in contact with a stop. 
carried in ball bearings and the drive is by means of 
friction rollers from the main spindle, and can 
be engaged, or disengaged, at will. The drill is 
stationary during the thinning operation and remains 
in the chuck and centralising bush in which it was 
ground. No resetting is required, and it is only 
necessary to move the cross-slide from one position 
to the other, when the drill will correctly engage the 
auxiliary wheel for thinning. Behind the chuck which 
holds the shank of the drill there is a notch plate 
and latch giving two positions 180 deg. apart, and as 
the drill is originally set with the lip in a horizontal 
position while the latch is engaged with one of the 
notches, an accurate means is furnished for obtaining 
an equal depth of thinning on the two sides of the drill. 





Taxes tv Swepen.—The Taxpayers’ Association, 
founded on the initiative of Mr. M. Wallenberg, the 
leading spirit of Stockholm’s Enskilda Bank, was con- 
stituted at a well-attended mesting of representatives 
of manufacture, trade and other industries at Stockholm 
on March 30, says Swedish Export. It was emphasised 
that present taxation had already passed the breaking 
point; the taxes had crippled industry in the remy 
and rendered impossible the accumulation of capital. 
The new association, amongst whose members are 
representatives of all political parties, is to work for the 
formation of an opinion in the country in favour of a 
more thrifty tax policy and, with this object in view, 
is to make use of effective measures of agitation, such 
as the publication of a periodical, promoting lectures, 
and establishing a permanent office, which is to follow 
the tax policy of both the Central Government and the 
Local Government authorities and point out unnecessary 
outlay as occasion arises, 
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DRILL GRINDERS. 


HERBERT HUNT AND SONS, ENGINEERS, MANCHESTER. 
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A NEW CURVE. 
To THe Eprror or ENGINEERING. 

Srr,—I have discovered a new curve, “ The Tin Hat.” 
Bernoulli has already discovered ‘The Ribbon.” 
Let this be an encouragement to others to try and find 
the rest of the uniform. 


x! 





x 
“THE TIN HAT “y?-209+9. 


(6913) 


Using }-in. units my cadets were drawing the curve 
y2 = 25 + 9 from its intersection with the z axis 
up to x = 3. When we joined up the points (3, 6), 
(3, — 6), the christening of the result ‘‘The Tin Hat” 
was vociferously acclaimed. 

Yours faithfully, 
B.S. Wore. 
Royal Naval College, Dartmouth, June 3, 1921. 





«A RE-DISCOVERED PHYSICAL 
PHENOMENON.” 
To THE Eprror or ENGINEERING. 

Srr,—In your leading article of this week’s ENGINEER- 
ING, you credit Edison with the original discovery of the 
Johnsen and Rakbek phenomenon. LEdison’s electro- 
motograph as it was called, depends upon electrolytic 
decomposition, and this is proved by the device being 
efficiently operated by only a few volts. 

If you will refer to an old book ‘‘The Telephone 
Electric Light and other Recent Electrical inventions,” 
by G. B. Prescott, 1879, published by Spon, page 155, 
you will find that this phenomenon was the thing that 
first caused Elisha Gray to study telephony. He used 
a rotating metallic dise, and the badly conducting body 
was his dry fingers. He states :— 

‘**From the foregoing experiment I find the following 
conditions necessary to ee es musical tones through the 
medium of animal tissue by means of electric waves 
transmitted through a telegraph wire. 

“Ist. The electrical impulses must have considerable 
tension in order to make the effect audible. 

“2nd. The substance used for rubbing the receiving 
plate must be soft and pliable, and must be a conductor 
of electricity up to the point of contact, and here a resis- 
tance must be interposed very thin, neither too great 
nor too little. 

“3rd. The plate and the hand, or the tissue, must 
not only be in eontact, but it must be a rubbing or 
gliding contact. 

“ 4th. The parts in contact must be dry 
preserve the necessary degree of resistance. 

He goes on to say: ‘‘ May not the whole solution of 
the phenomenon, that each wave as it arrives at the 
receiving end becomes for a moment static, which results 


in order to 





in a momentary attraction between the plate and the 
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finger, and this immediately ceasing when the wave is 
gone, releases the finger with a noise or sound.” 
Yours faithfully, 
8. G. Brown. 
52, Kensington Park-road, London, W. 11, 
June 4, 1921. 





“THE SHIMIZU-WILSON CLOUD- 
CONDENSATION APPARATUS.” 
To THE Eprror or ENGINEERING. 

Srr,—The article on the above apparatus in your 
issue of June 3 is of great interest, and should be read 
by all readers interested. In my paper before the Iron 
and Steel Institute of May which was reproduced in 
your issue of May 13, on page 600 and 601, the following 
occurs: ‘This was the first step that led to the cooling 
of gas by drawing it through the coolers and not allowing 
the coolers to be under pressure. This considerably 
reduced the temperature of the gas to be dealt with, and 
was found beneficial to the plant in many ways. 
It further proved that the most efficient and effective 
way for cooling gas is to draw it out at a low pressure 
pom phn gain the full effect of skin cooling.” 

This enables the coolers to be kept under a slight 
suction from the main fans, as after numerous experi- 
ments it was proved that gas under positive pressure 
could not deposit dust as easily and consequently as 
quickly as gas under expansion. This method has, 
therefore, been resorted to with very favourable results, 
both as to moisture and dust deposit.” 

It is very pleasing to see such an apparatus as described 
by Mr. C. . R. Wilson, M.A., Sir J. J. Thompson and 
Mr. Takeo Shimizu, when one has been developing on 
these lines for over two years. [I have proved in practice 
that this theory is correct, although many are very 
slow to realise the principle. 

It has many advantages in gas cleaning and is un- 
doubtedly the true theory of cleaning. 

It is one direction in which we have advanced beyond 
other countries, and a cleaning plant not developed on 
these lines is obviously wrong. 


Yours, &c., : 
8. H. Fowres, A.M.I.Mech.E., A.M.Inst.E.E. 
13, Croft-terrace, Jarrow-on-T yne. 








Pexinc Gtiass Inpustry.—In Peking, the glass 
industry was originated in the Ching Dynasty, when a 
company known as the Peking Glass Company was 
started, but which had to suspend operations after a 
very short period of activity. In 1914, a Japanese, 
in co-operation with several Chinese merchants, estab- 
lished a company near the Chienmen under the name 
of “Mong Shen.” Business went well for four years 
and then differences arose in the management. After a 
law suit, the Japanese had to retire. Towards the 
end of 1917, the old employees of the firm raised some 
capital and established a new company under the name 
of Kung Ming Glass Ware Company, Limited. The 
authorised capital was 50,000 dols. in 50 shares; but 
the paid-up capital was only 28,000 dols. The employees, 
who number 50, use no machinery of any kind, all the 
work being done by hand. The daily output is seven 
boxes of pince-giues (144 ft. per box), valued at 112 dols. 
General is also among the manufactures but 
in rather a small quantity. The consumption is mostly 
confined to the Metropolis and the neighbouring districts. 
Occasionally, a certain quantity is sent to Kalgan with 





a view to opening up the market there. 
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CLEANING AND DRESSING CASTINGS.* 
By F. W. Wrirsoyn. 


fF In dealing with this matter the first thing to be 
considered is how the work affects the health of the 
worker. The fettling shop is by no means an ideal 
place to work in on account of the large amount of dust 
and heat usually met with. The dust comes chiefly 
from the sand cores whieh have to be removed by hand 
work ; these cores rye eo well baked before puttin, 
into the mould, and further heated by the molten me 
in casting, powder up in fine dust during removal, often 
resembling a cloud of smoke when large cores are bei 
removed, Sometimes the cores have to be remove: 
whilst the casting is still hot, and this adds to the un- 
pleasantness of the work. All this dust must affect the 
health of the worker, and no one watching fettlers at 
work, especially on medium and heavy castings, can 
help but reflect on the injury caused to their respiratory 
organs. Often the shape of the casting demands that 
the head of the worker must be close to the cores whilst 
they are being removed, and no escape from the dust 
is possible. The grinding wheels used for dressing 
castings give off dust which is regarded as more dangerous 
than core dust, owing to the sharpness of the particles. 
The Factory Act (1901) requires mechanical ventilation 
where dust is generated to an injurious extent. Stringent 
regulations drawn up by the Home Office are in force 
to suppress this danger in grinding of cutting implements 
in iron and steel, and these regulations ought to extend 
to foundries. 

Foundry dust does not usually contain any germs 
injurious to health, but to quote Dr. Oliver,+ he states 





work is obtained when the men are made comfortable, 
but this point is often overlooked in the foundry. Slow 
combustion stoves instead of open fires would be better, 
cheaper and more healthy. 

The lay-out of plant indicated in Figs, 1 and 2 shows 
several pits A, covered with perforated steel floor plates 
with hoppers beneath, connected to an exhaust fan B. 
This arrangement is s as a means of dealing with 
the dust during the coring of castings, The castings are 
placed on these perforated floors, and all the sand and 
dust is drawn downwards away from the worker. Canvas 
sheets N placed round the pits would improve the down 
draught and make the arrangement more efficient. The 
sand would be drawn to a closed chamber E (say near 
the sand shed for convenience in mixing), the light dust 
being drawn through the exhauster oa deposited in a 
water tank F, A perforated floor, say, 12 ft. by 9 ft., 
would require an exhauster capable of dealing with 
2,500 cub. ft. of air per minute, requiring 5 brake horse- 
power when maintaining a vacuum of 4 in. in the water 
gauge, and this would draw the dust down from a height 
of ut 6 ft. and transport about 1 cub. ft. of sand per 
minute. 

Incidentally the sand off the castings would be taken 
away automatically, and against the cost of operating 
the arrangement must be allowed the hand labour— 
wheeling the sand away. Similarly, when the work is 
carried out on benches these might Ms perforated tops 
with hoppers beneath, connected with the exhauster. 
After the bulk of the sand cores and as much of the 
grids and irons have been knocked out of the castin 
as is convenient, with the bars and chisels, the —— 
outside the castings is roughly removed by the same 
tools. Steel foundry practice varies somewhat from that 


Fig.1. ARRANGEMENT OF FETTLING SHOP FOR IRON CASTINGS. 
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regarding dust that: ‘‘its influence is inducing respira- | of iron at this stage, as, with the former, it is sometimes 


tory diseases of a purely mechanical and irritative 
nature is considerable.’’ ‘This leaves the organs of the 
worker in such a state that they more easily contract 
the more serious diseases of the lungs, and if the figures 
published by Dr. Oliver represent the actual facts with 
any degree of accuracy it is time further steps were 
taken by engineers to suppress the dust danger entirely. 
In many iron and steel foundries the most elementary 
provisions for dealing with the dust are lacking, nothing 
being done beyond wetting the sand after removal from 
the casting. In a foundry handling small, medium 
and heavy work, the best position for the fettling shop 
is perhaps at the end of the foundry, The overhead 
travelling cranes can then be used for bringing the 
castings direct from the moulds to the fettling shop, 
and can be utilised for turning over the heavy work. 
The design, Figs. 1 and 2, shows a suggested lay-out 
for a a shop dealing with iron castings up to, say, 
20 tons, and could with the usual additional plant be 
used equally for steel. The heavy castings are brought 
into the left-hand bay, and the light ones into the right 
hand, all castings being sent out at the right hand. 
Ample overhead craneage should be provided for the 
heavy work, and jib cranes on the walls and columns, 
to deal with the lighter work, should cover as much of the 
floor as possible. Runways in the light bay are much 
favoured. and found extremely useful. The warmin 
and ventilation of the shop to suit the seasons woul 
pay, but often open fires made on the floor in winter, and 
open doors in summer are the only provision made for 
the comfort of a very hard-working body of men, As 
with other departments of the works more and better 





* Paper read before the Manchester Association of 
Engineers, February 26, 1921. 
T Dr. Oliver's “Diseases of Occupation.” 


: See also 
appendix, 





found necessary to put the casting into the annealing 
furnace practically as it leaves the mould, and before it 
cools, whilst other classes of castings are thoroughly 
cleaned before and after annealing. With iron castings 
after the risers have been knocked off, the casting passes 
to the sand blast room where the remaining sand and core 
are removed. Where sand blast is not used the casting 
must be cleaned by tumbling barrel, hand scraping, 
brushing, grinding, pickling or a combination of these 
rocesses, 


Pickling is now not used as much as formerly, and few 
carry on the process to any extent, sand blasting 
having superseded it. The process of pickling is slow 
and consists of wetting or dipping the castings into vats 
containing dilute sulphuric or other acid, afterwards 
washing in boiling water and drying. The fumes from 
the acid are reported to injure the skin, eyes and throat, 
turn the teeth black and cause the hair to fall out, 
Pickled castings machine nicely owing to the absence of 
scale, but some engineers object to the use of acid, 
claiming that the acid damages the metal. This view 
appears reasonable as corrosion may continue unless 
the washing is very thorough. . 
Tumbling or Rumbling.—Usually small castings u 
to 56 lb. weight are cleaned in bulk in a revolving barrel. 
With this method the castings are loosely packed in the 
barrel together with a proportion of small odd pieces of 
hard metal having jagged edges or “ stars”’ as they are 
termed, When the barrel revolves the castings are 
thrown against each other, and the tumbling motion, 
together with a slight abrasive action of the “stars” 
removes the sand on the outside of the casting, giving 
a dull glazed finish. As the barrels revolve at a fair 
speed, care has to be taken that frail castings are not 
broken, but usually the work is graded and the light and 
heavy work are “barrelled” separately. Tumbling 
or rumbling is a slow process, liable to break some of the 





castings and spoil the sharp edges, but the machine is 


very simple and is in use, The barrels are 
usually 18 in, to 36 in. dimeter, S20 bin. bo BT 6 in 
in length, and of many shapes from a circle to a 


decagon, the idea hing to obtain the best t 

effect on the castings, Larger barrels are in use for 
special work such as pipes for rain water and sanitary 
use. Some t of barrels run ly immersed in 
water, heated by a steam pipe or jet, and castings are 
therefore more or less cleaned in a mud bath, The 
castings dry rapidly owing to the heat absorbed from the 
water, and this method is in use for certain classes of 
textile machinery work, The barrelling of castings is 
much more expeditiously done in a sand blast barrel, 
see Figs. 3 to 7, which shows one type in common use. 
This type of barrel revolves very slowly (about 2 r.p.m. 
to 4 r.p.m. for most work), and breakages are therefore 
avoided even when light and heavy work are dealt with 
together. When speaking of “‘ sand blast,”’ ‘‘ shot blast ** 
is meant unless stated otherwise, as the term “sand 
blast ’’ is generally used in this sense. The barrel, which 
is perforated, revolves in a closed chamber with a hopper 
b th, an exhauster being connected to the hopper 
for drawing away all sand and abrasive, The barrel is 
circular, but a segment is made removable to act as a 
door for charging. Attached to the inside of the barrel 
are a few bars running longitudinally, which cause the 
castings to tumble over slowly. No stars are used, but 
blast jets fixed at one or both ends of the barrel are 
arranged to guide the abrasive against the castings, 
which are thus thoroughly and expeditiously rid of sand 
on the outside, and rid also to a great extent of the cores. 
Cleaner castings are obtained by this process in about 
one-third the time or less lun with an ordinary 
rumbler. The arrangement shown on Figs..3 to 7, 
renders possible the re-use of the abrasive, as this is drawn 
up into the settling chamber and automatically 

and separated from sand and dust before re-use, This 
arrangement is described more fully later. 

Small delicate or intricate castings are cleaned in a 
closed chamber, see Fig. 8. The 0} tor holds the 
casting in one hand and directs the fet with the other. 
The larger castings which cannot be “barrelled”’ are 
usually cleaned by hand, or sand blasted in a chamber. 
The former process needs no description, but the latter 
has now become so much used in both iron and steel 
foundries Gaticseny p> latter) that a description of 
a modern plant ma of interest. 

Abrasive.—tThe abrasive used is generally chilled iron 
shot, the globules being graded in size from i in, to 
finest dust. This material can be obtained in almost 
any degree of fineness, but for cleaning iron, globules 
measuring 0-035 to 0°040 diameter are best, and for steel 
0 -045 to 0-050 diameter. 

Every founder has different ideas on this subject, 
some using crushed shot of large size, which is certainly 
very destructive. This crushed shot is becoming 
popular with steel founders, but is liable to “‘ pit mark’ 
the work, and it causes rapid wear on all pipes conveying 
it to the jet. It is made by crushing shot which is too 
large for ordinary work, and so utilises a waste product. 
The abrasive must be used absolutely dry. If allowed 
to get damp or wet it cakes and causes stoppages in the 
distributing apparatus. Care must therefore be taken 
to use dry air for the sand blast process, and this some- 
times presents difficulties. Atmospheric air always 
contains more or less water in suspension, ‘This enters 
the compressor along with the air and is changed into 
steam during compression, and unless ey in the air 
receiver enters the air main, Cooling the air to con- 
dense the steam before it enters the air receiver usually 
prevents this trouble. 

p sand cuts quicker than shot, and is sometimes 
used for soft metals, such as brass, &c., or when cleaning 
castings in the open where the abrasive cannot be 
collected. In the past. it has been much used, chiefly 
on the score of cheapness, but the large amount of dust 
caused by the particles of sand breaking up on impact 
with the castings makes it difficult to handle successfully. 
The sand, being softer than the casting is quickly 
4 nae ge into fine dust and this dust is useless for sand 

lasting. ‘To separate the dust from the useful sand is 
not practicable, without special apparatus. Coarse 
silver sand, suitable for sand blasting, costs 30s. per ton, 
on rail Leighton Buzzard. Chilled shot costs 25/1. per ton, 
delivered on rail Manchester ; and crushed or ‘‘ cornered’’ 
shot,. as it is called, about 10 per cent, more than shot ; 
but as shot lasts 20 times as long as sand there appears 
little advantage in the use of sand. 

*Air Pressure—The most popular plant used in 
England requires comparatively low air pressure, this 
being the original process, invented by the late Mr. 
Matthewson of Tilghman’s Patent Sand Blast Company 
Limited. In this arrangement the abrasive is fed direct 
into the air main and so obtains a high velocity with 
low pressure and low power consumption. For iron 
castings 15 lb. to 25 lb. pressure is satisfactory, and for 
steel 25 Ib. to 30 Ib. 

Beyond these pressures the blast pipe becomes un- 
wieldy, difficult to control, and might be dangerous 
to the operator if the nozzle became stopped up. It 
should be pointed out that a separate air compressor 
suitable for these low pressures is necessary, otherwise 
if air at higher pressure is used and passed through a 
reducing valve, considerable loss of power must result. 
Some sand blast plants use a higher pressure of air to 
produce a vacuum for drawing the abrasive into the 
stream of air. This idea was patented in 1870 by 
Mr. Tilghman, the only difference being that he used 
steam instead of air, but this was superseded by the 
more efficient scheme previously mentioned, 

Sand-Blasting Plant.—The sand blast room, Figs. 











* See Appendix. 
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9, 10 and 11, should be built of metal (cast-iron plates 
preferably) and with a metal roof, Glass roofs are a 
source of worry through breakage. Electric light from 
the roof gives good results, but care must be to 
prevent the shot hitting the bulbs. If the pit under the 
room can be made 6 ft, deep so much the better, as the 
operator can then comfortably work under the room 
when cleaning the hoppers. ‘The rooms can be made 
practically any size, the smallest being 6 ft. square 
usually, and the largest 30 ft. by 20 ft. Figs. 3 to 7 
show the sand blast apparatus for collecting, sieving and 
separating sand and shot, and distributing the shot 
to the jet. The apparatus consists of a settling or 
cyclone chamber co ted to the exhauster into which 
the sand and abrasive is drawn from the hoppers beneath 
the room, the very light dust going direct to the exhauster. 
The heavier material collects in the conical hopper at the 
bottom of the cyclone chamber and falls through a 
aa tunnel, where the remaining sand is separated 
rom the shot. The shot then falls in to the sand- 
distributing chamber placed vertically beneath the 
cyclone separator. This distributing apparatus is 
divided into three compartments. The top one collects 
the shot after it has been separated from the sand, 
and passes it by means of a hand-operated valve into 
the centre compartment. A valve arranged in the 
bottom of the centre compartment regulates the flow 
of shot to the mixing tube, where it falls in to the stream 
of compressed air and is driven to the blast jet. A 
vacuum of 4 in, water is quite enough to ventilate the 
room and to elevate the shot as it returns to the collecting 
apparatus, but the exhauster must be capable of re- 
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smaller jet as the shot spreads and covers the surface 
equal to 30 times area of the nozzle, and considerable 
waste must take place on very narrow surfaces. 

Surface Cleaned.—A }-in. bore nozzle will clean 12 sq. 
ft. of iron, or 3 sq. ft. of surface on steel castings, per 
minute, where the scale is of an average character, using 
in the former case 200 cub. ft. free air per minute at 
15 1b. to 25 lb. and in the latter case 250 cub. ft. of free 
air per minute at 25 lb. to 30 lb. The character of the 
sand on castings varies considerably, some being ex- 
tremely difficult to remove, and trial is the only satis- 
factory method of determining the average output. 
Smaller or larger nozzles require air in proportion to the 
area, and the surface cleaned is likewise proportional. 
Many designs of sand blast plants are in use here, on the 
Continent and in America, which permit the operator to 
stand outside the sand blast room and direct operations. 
Flat revolving tables, sometimes half inside and half 
outside the sand blast room are used for flat work, the 
jets or nozzles being either fixed or moved mechanically 
to approximately cover the surface of the castings as 
they are carried round on the table, but considerable 
handling is necessary for examining and turning the cast- 
ings over. Moving parts should be avoided in sand blast 

lants as far as possible, owing to the destruction caused 

y the shot. tary tables wholly inside the room 
are in use for miscellaneous work and many other 
combinations are seen, but few are dustless or protect 
the operator thoroughly. None of these (in the author’s 
opinion) give such expeditious and satisfactory work 
as is obtained by the operator inside the room where he 
directs the jet on the work as required by the varying 


Fig. 5. 
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moving the air in the room three or four times per minute. 
Under these conditions the operator’s view is not obscured 
by the sand and dust removed by the blast. 

Blast Pipe.—The shot is conveyed from the apparatus 
to the blast nozzle inside the sand blast room by a rubber 
tube about 10 times the area of the nozzle, and this tube 
being flexible the operator is able to direct the blast on 
any part of a casting within his view. A point not to 
be overlooked is that the blast can be concentrated on 
any portion of the work, and hard patches of sand thus 
cut away in a thoroughly satisfactory manner. The 
levers for controlling the air and shot are located at the 
side of the room, and two operators are frequently 
accommodated in rooms of large size. The operator is 
provided with a leather helmet to the bottom of which is 
attached an ample skirt, the skirt being loosely drawn 
around his neck by a band to prevent ingress of dust. 
A renewable celluloid window is attached to the front of 
the helmet. Into the top of same a compressed air 
—_ ly from the air main is conveyed by means of a small 
rubber pipe. This compressed air supply maintains the 
air inside the helmet at a slightly higher pressure than 
that outside, co uently the operator cannot breathe 
the dust. In fact, the sand blast operator has by far the 
healthiest job in the fettling shop, and this view is borne 
out by the small amount of sickness observed amongst 
men working in sand-blast rooms., The air supply to 
the helmet passes through a valve adjusted y the 
operator, is kept free from germs by the heat of compres- 
sion, and is passed through a water filter to trap any oil. 
As the sand blast process quickly destroys everything it 
touches, except perhaps rubber, the operator should be 
provided with a long canvas coat kept clean and free from 
dust, and, in addition, protective spats for his boots, 
also rubber gloves to protect the hands. Stress should 
be laid on keeping the helmet and coat clean in the 
interest of health and comfort. 

Nozzles.—These are made from the hardest cast-iron 
(preferably chilled) and vary in bore from about } in. 
to fin. For the general run of iron and steel foundry 
work § in. bore nozzles are generally used. On work 
having narrow surfaces, it is more economical to use a 








nature of the scale, In passing it should be noted that 
the operator wearing a helmet as described, can work 
for hours without coming out of the room and without 
inconvenience or injury to health. 

After sand blasting it is of the utmost importance 
that all the shot be blown out of any pockets in the 
castings if these are to be machined, as shot is not good 
for machine tools. 

Dressing Castings.—Owing to the toughness of steel 
and brass as compared with cast-iron, considerably more 
work is required to dress the former, and generally the 
dressing plant in steel foundries is far in advance of that 
found in iron foundries. 

Grinding.—With the improved abrasives now used for 
wheels, grinding is economical and the grinding away 
of the fins and gates on castings up to 56 Ib. can be 
handled expeditiously on bench or + ne grinders. The 
machines must be of heavy design to absorb vibration 
due to any unbalanced revolving parts, and the machines 
should be securely bolted down for the same reason. 
The wheel soon becomes more or less out of round 
in working, and should be trued-up frequently. If 
vibration occurs it causes hammering, and as the operator 
cannot hold the work securely against the wheel, the 
wheel wears very rapidly out of truth. The rim speeds 
of the wheels should be kept constant between 4,500 ft. 
and 5,000 ft. per minute, and a ments provided for 
speeding up as the wheels wear, or alternatively for run- 
ning machines at different speeds and changing the worn 
wheels on to faster running spindles. If the wheels run 
below speed, excessive wheel wear takes place and less 
metal is removed per unit of time and per cubic inch of 
wheel. With a suitable wheel 1 cub. in. of cast-iron 
is reported to have been removed in half a minute, but 
this result seems much better than can be normally 
obtained. For heavy work which cannot be handled 
at the floor or bench stands, the swinging grinder is much 
used, In this case the work lies on the floor and the wheel 
carried in a swinging frame, is brought over it. The 
wheel is arra to work at any angle from vertical to 
horizontal, and all the movements are by hand. Some 
very handy electrically-driven sets are seen in the steel 


foundries where this type of grinder is popular. Exhaust 
ventilation is not used. td 

The , question of suitable abrasives and bonds for 
grinding wheels has been extensively dealt with by 
English and American firms. The Carborundum Com- 
pany, and the Norton Company suggest the following 
grades as a rough guide :— 

Carborundum Company. 


Grain. Grade. Bond. 
Cast-iron 16to24 Gtol Vitrified. 
Steel ... .. 10t024 EtoH Vitrified. 
Bronze and brass 16to50 Htol Vitrified. 
Malleable iron... 10t0o20 GtoH Vitrified. 
Aluminium 16to 70 2 Shellac. 

Norton Company. 
Cast-iron 16t030 I toS Abrasive 
Crystolon. 

Steel ... -- 10t030 PtoR Alundum. 
Bronze and brass 20 to 36 PtoR Crystolon. 
Malleable iron... 16t030 QtoS8S Crystolon. 
Aluminium 20 to 24 PtoR Crystolon. 


but experiment seems to be the only way of definitely 
settling the best wheel for any particular work. With 
wheels running at the high speeds necessary for econo- 
mical work, substantial wheel guards must be provided, 
strong enough to prevent serious accident should a wheel 
burst, and should preferably be of steel strongly secured 
to framework. If wheels are carefully mounted the 





Fig.6 


danger can be avoided, as defective wheels are usually 
found in tests made by the makers, but with cramping 
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discs of unsuitable design a wheel can easily be made 
unsafe, reful mounting does not obviate the constant 
danger of breakage caused by castings becoming jammed 
between the rest and the face or side of the wheel. 
The dust from grinding wheels is very injurious, and the 
opera! regulations issued by the Home Office deal with 
the precautions necessary, These regulations do not 
cover foundry work, but they should be applied to this 
department. It is stated in Dr. Elliott’s book that the 
average age of men engaged on dry grinding in one 
locality is 39-4 years, iron-workers 48-3 years, and the 
rest of population 54-4 years. These figures if only 
approximately correct as regards fettling shops, emphasise 
the need of special precautions. As much of the wheel 
as possible should be enclosed in a metal guard, and 
connected to an exhauster. This should be given 
sufficient vacuum to draw away from the worker all 
worn abrasive sand and dust. The exhaust arrange- 
ments provided are often hopelessly inadequate, and the 
question arises why dry-grinding machines are sold, 
without having embodied in the design a complete 
exhaust equipment, including water tank for settling 
the dust. Figs. 12 and 13 show how this could be 
arranged, ° 
Dressing.—Cast-iron can easily be dressed by hand 
hammer and chisel, and, in fact, the bulk of the heavier 
casti are dressed at the present time with these 
rimitive but effective tools. Pneumatic chipping 
ammers are not generally favoured in iron dressers, 
probably on account of the jar on the arm caused by 
hammer when the brittle chips break away ; but they 
are used in some iron foundries for chipping and clearing 
cores, This point, é.e., the suitability of pneumatic 
hammers for dressing cast-iron requires investigation, 
and the author regrets that time has not permitted 
collecting the available data. When steel castings are 
with pneumatic chipping hammers much 
laborious hard chipping is avoided, and a man using 
a pneumatic hammer absorbing about 4 brake horse- 
power in compressed air will get through a great deal 
more work than is possible with hand hammer. The 





risers and gits on steel castings are usually very large. 
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and take much time and power to cut off. Circular 
saws of all sizes up to 5 ft. diameter are used for this 
work, and many fine tools of this kind are seen in the 
steel foundries. In most machines the saws are vertical, 
but in others the saws lie horizontally. The upkeep of 
saws must be a serious item, as apart from sharpening 
they are easily broken if a casting moves under the cut. 
Often the shape of the casting and position of the riser 
necessitate using other t of machine tools for this 
work. Vertical slotters with tools cutting on both u 

and down stroke are coming into favour in Scottis 

steel foundries, and a fine example of this machine 
was to be seen at the recent show at Olympia. The 
wages paid per ton for cleaning and dressing castings 
vary considerably, depending largely on the nature of the 
work, the degree of cleanliness demanded and class of 
labour employed. To do the work by hand, the wages 
paid per ton at the present time are reported as follows :— 


Tron Castings. Per Ton, 
8. d. 
For engine and agricultural machinery 20 10 
For printing machiner 70 62 
General work ... 900 24 4 


On rough work where comparatively unskilled labour 
can be utilised the cost would be less. Fettlers in this 
district are paid 82s, 6d. per week of 47 hours ; labourers 
about 70s.; and on work where the latter can be 
employed a saving should result. By using the sand 





























& repetition of the process finally come to rest and cl 
up tube. For this reason the r the diameter 
the hose and the less the velocity of the mixed stream of 
shot and air pas Sane it, the less is this loss, 
because the larger hose the greater the ratio of its 
cross-section to the area of its walls, and therefore the 
fewer are the impacts of the shot grains passing thro 

it within its walls, and also, owing to the low velocity, t' 
less is the loss at each such impact. The force n 

to give velocity to the air is in itself without effect in sand 
blasting. y the force which is imparted to the shot 
is useful, One other point in regard to the propor- 
tioning of the velocity to the work to be done. One 
might readily imagine from the above reasoning that a 
still lower pressure would be still more economical, 
In general this is so, for when sand is used on work 
like the depolishing of glass, where the removal of any 
of the substance is not desired, but only the roughening 
of the surface, where the effect will be produced at a 
very low velocity, it is most economical to use air pressures 
as low as about | lb. to the square inch, the reason being 
that at that pressure each grain of shot completes the 
work by striking the surface, and the same surface does 
not require another blow from another grain of shot. 
The same with cleaning and casting of forgings. At 
10 lb. to 20 Ib. to the square inch, depending upon the 
nature of the shot or scale to be removed, each grain of 
shot cuts down to the clean metal, and the same spot 
does not require another blow to complete the work. 
If the blow were weaker, too weak to finish the work at 






































blast process 25 per cent. and upwards of the fettlers’ 
wage bill can be saved, the saving being greatest on 
SAND BLAST ROOM. 
Fig.9. i} Fig.0. 
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intricate work, For example, small and medium-weight 
iron castings used for high-speed light internal-com- 
bustion engines are cleaned at wage cost of less than 
27s, per ton, and machine tool work of medium weight 
at about the same figure. 





APPENDIX. 


The Milroy lectures of 1915 on “ Industrial Pneu- 
monoconioses,”’ by Edgar L. Collis, N.B., H.M. (Medical) 
Inspector of Factories, contain valuable information on 
the diseases caused by dust in the various trades, and 
give some striking data bearing on the mortality of iron 
dressers. The following information is extracted from 
these lectures. 

Only non-viable dust is considered, and it is stated that 
dust particles to be inhaled must be sufficiently small to 
remain suspended in moving air. Of all dusts silica 
dust is the most injurious, poe | the dust of dressing shops 
contains 79 per cent. of free silica. At every age period 
dressers of iron castings show a high percentage of deaths 
from bronchitis and pneumonia, and the statement of 
their trade union secretary that information of a member 
suffering from pneumonia is nearly invariably followed 
by news of his death, is very striking. Similar deadly 
effects are observed in other trades where this dust is 
present. It is further pointed out that the mortality 
amongst dressers from dust — is not high, this also 
being the case in other dusty trades where a high 
mortality from pneumonia is observed. Superadded 
influences which lower the resistance of individuals, 
i.e., illness, over-fatigue or alcohol, may determine the 
onset of pneumonia. Summing up these lectures there 
seems no room for doubt that serious da’ e is done 
by the dust in dressing shops to the workers’ lungs, and 
so greatly reduces the resistance of these organs to 
attacks of pneumonia and bronchitis. 

Air Pressure for Sand Blast.—One pressure of air is 
not the most economical for all uses. The grain of shot 
must deliver a blow of a force properly proportioned to 
the work that it is expected to do. A given horse-power 
of compressed air will impart a certain velocity to a 
given weight of shot per minute and no more. If this 
velocity is sufficient, then doubling the velocity of the 
shot will reduce the factor of economy of the machine 
to 25 per cent. of its former efficiency for these reasons. 
At double the velocity, each grain of the flying shot will 
contain four times the energy as the same grain at the 
lower velocity. There is more slip, so to speak, between 
the shot and the impelling air at higher than at lower 
velocities. At lower velocities the comparatively lower 
pressure air imparts more nearly its own velocity to the 
shot than does the higher pressure air moving at a 
greater velocity. These conclusions are true of any type 
of sand blast machine, but with the flexible hose type 
of machine they are still more intensified for the following 
reasons :— 

In any event, the long flexible hose is a source of loss 
of power for the plain and obvious reason that every time 
a gain of shot strikes the soft elastic lining of the hose 
it loses @ very considerable portion of its velocity and 
drops back into the current at a reduced velocity, which 
must be again imparted to it if it is not to drop, and by 


each impact, so that a second and third blow were required 
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to complete it, then that process would be less economical 
than when it was finished at one blow. But it can 
readily be seen that even this would not be so wasteful as 
making each blow several times as hard as is necessary 
to clean down to the metal each time it is struck, for if 
this is done a great proportion of the force of the blows 
would be wasted on the clean metal beneath the sand 
and scale which you want to get rid of, instead of being 
practically all expended in removing the sand and scale 
which it is desired to remove. 





Locomotive Buritpinc 1n SwepeNn.—According to 
Swedish Export, the Munktell engineering workshops 
at Eskilstuna is going to co-operate closely with Nydqvist 
and Holm’s locomotive works, Trollhattan. Some time 
ago the Trollhattan works received an order for 1,000 
locomotives from the Soviet Government. It is in 
conjunction with this and other orders that the co- 
operation has been effected. Part of the Munktell 
works is consequently to be adapted for locomotive 
building ; it is also announced that the interests which 
control Nydqvist and Holm have largely been able to 
extend this control to Munktell. 


Evecrriciry at SHancHat.—The annual report of 
the electricity department of the Shanghai Municipality 
for 1920, shows that the amount of current sold last year 
amounted to the very respectable total of 144,539,632 
units, an increase of over 41 per cent. over the figures 
for 1919. The plant epee! at the end of the year was 
38,600 kw., the capital expenditure amounting to 323 
taels per kilowatt installed. The maximum demand 
was 36,742 kw. A 10,000-kw. Parsons’ turbine was 
started last April, but this increase of plant was offset by 
the scrapping of two German A.E.G. machines, each of 
5,000-kw. capacity, on account of their repeated and 
serious breakdowns. 














RONTGEN SPECTROGRAPHIC INVESTIGA- 
TIONS OF IRON AND STEEL.* 
By Dr. ARNE WestGREN (Gothenburg, Sweden), 


Tue following Rént spectrographic investigations 
of iron and steel have Son made in Stee Physical rstitu. 
tion of the University of Lund, Sweden, and were made 
possible by a liberal grant from the SKF Ball i 
Company (Aktiebolaget Svenska Kullagerfabriken) 0! 
Gothenburg, Sweden. 

The investigations have shown that the atoms of iron 
at ordinary temperature and at 800 deg. to 830 deg. C. 
are oriented in exactly the same way, which must be 
considered a conclusive proof of the fact that iron, 
contrary to the view of certain scientists, does not 
undergo any allotropic transformation at 768 deg. C. 
The crystal lattice of austenite and of pure iron at 
1,000 deg. is different from that of iron at ordinary 
temperature. In martensite the iron atoms are grouped 
in exactly the same way as in a-iron. 

The Theory of Crystal Investigations according to Debye 
and Scherrer.—A complete account of the rapid develop- 
ment of the Réntgen spectrographic investigation 
methods cannot be given here. It may be sufficient to 
recall the fact that M. von Lauet was the first to show 
that Réntgen rays passing through a crystalline system 
must cause interference phenomena. Later the British 
investigators, W. H. Sal W. L. Bragg,t made use of 
these phenomena in developing a method of greater 
practical usefulness by investigating Réntgen rays 
reflected against eryttal, surfaces. 

According to Bragg’s method the crystal is oriented 
in a certain way in relation to the direction of the 
radiation at each experiment. we and Scherrer§ 
and, independently, A. W. Hull,|| showed that when 
illuminating in the same manner a sample consisting 
of a t many minute crystals irregularly ’ 
one obtains at one exposure all the interference lines 
which, according to the Bragg method, are developed 
in a series of exposures. If a very great number of 
different orientations of the crystal elements of symmetry 
relative to the direction of light are given, at least some 
crystals should be so located that interference radiation 
will arise, If enough different crystal positions are 
present, all interferences possible must occur. 

Debye and Scherrer made their experiments in the 
following way: The sample, compressed into the shape 
of a cylindrical rod, was placed along the axis of a 
cylindrical camera made from lead, the inner walls of 
which were covered with a photographic film, The 
Réntgen light fell into the camera through a narrow tube 
and was directed towards the centre of the cylindrical 
specimen, 

After an exposure lasting a few hours the film, when 
developed, showed lines which were obviously lines of 
intersection between the film cylinder and conical 
surfaces of radiation, which have their apexes in the 
illuminated specimen. 

The lines are symmetrically arranged round the centre 
of the spectrogram, By ing the dist between 
two co-ordinated lines, the radius of the film cylinder 
being known, it is possible to find the apex angles of the 
interference cones, 

If d equals one-half of such an apex angle, one finds, 
according to Bragg : 
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(1) 
2Sin ” 
2 





where d is the distance between the two consecutive 
atom planes in the plane series, which give rise to these 
interference lines, \ is the wave-length of the Réngten 
light, and n = 1, 2,3,. . ., according to whether the 
interference is of the first, second, third, or highest order. 

From each Debye spectrogram a series of values for 


sin ois obtained, from which the lattices of the crystals 


can be calculated, Let hy, ho, hs be the crystallographic 
indices of a crystal surface, i.e., the inverted values 
of its intersections on the axis of a co-ordinated system, 
defined by three crystal edges, intersecting at one point ; 
the relative lengths of the crystal axes taken as units. 
If the crystal haones to the regular system, obviously all 
existing atom plane distances d of the lattice are com- 
prised in the formula : 


bs at 
hy? + hg? + hz? 
where a is the side of the elementary cube. Hence 
qt — A (hi? + he? + hs?) 


(2) 
4cins 
2 





If the lattice be a simple cubic one, all groups of planes 
corresponding to these distances will, when suitably 
illuminated, give rise to interference radiation. i, 
however, the cubic lattice be built up in a more com- 
plicated way, for instance cube-centred, face-centred, 
or 8o on, certain interferences are eliminated on t 








* Paper read at the meeting of the Iron and Steel 
Institute, on Friday, May 6. , 

+ Miinchen. Ber., 1912, 8. 303. Jahrbuch der Radio- 
aktivitdt und Elektronik, 1914, vol. xi, page 308. 

t “‘ X-Rays and Crystal Structure,” London, 1916, 

§ Nachrichten der K. Ges. d. Wiss. Gottingen Math. 
phys, Klasse, February 27, 1915; Phys. Zeitechr., 1916, 
4 xvii, page 277; 1917, vol. xviii, 291, 483. 

Physical Review (II), 1917, vol, ix, page 84; 1917, 
vol, x, page 661. 
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of atom planes being inserted between those of the simple 
cube. 


For cubic lattices the values of sin2 : are, therefore, in 
penpenyion to each other as the members of a series 


ormed by the consecutive values of (hj2 + he? + hz®), 
where each of hi, ho and hz can be 0, 1, 2, 3, 4, &c. 


the simple cubic lattice the sin? 4 values correspond with 
the series 1, 2, 3, 4, 5, 6, 8, 9, &c., for the cube-centred 
lattice 2, 4, 6, 8, 10, 12, 14, &c., and for the face-centred 


lattice 3, 4, 8, 11, 12, 16, 19, &.* Consequently the 
first step in trying to interpret a Debye spectrogram 


For 


should be to examine if the sin? 4 values, belonging to a 


certain wave-length, are in proportion to each other as a 
series of numbers, formed by three squares. If this be 
found to be the case, there is a high probability that the 
examined substance crystallises in the cubic system. 
The special lattice type can then be determined with the 


aid of the values found missing in its sin? : series, when 


it is compared with the complete (hj? + h22 + hz?) 
series, where hj, hz and hz; can have any integer value. 

The correctness of a determination carried out in such 
a way can be checked by calculating from other data the 
volume of the elementary cube ; for the mass contained 
within the elementary cube can be expressed in two ways, 
either as the product of the volume of the elementary 
cube and the specific weight of the substance, or in the 
form of the total absolute weight of the atoms forming 
the elementary cube. The absolute weight of an atom 
ean be obtained in grammes by multiplying its atomic 
weight with 1-664. 10-24 (the absolute weight of the 
oxygen atom being 26-630. 10-24 grammes), If this 
calculation of the elementary volume leads to the same 
result as that obtained from the spectrogram, this 
obviously gives a strong support to the assumption that 
the spectrogram is correctly interpreted. 

For crystals belonging to other systems than the 
regular, the interpretation of the spectrograms is con- 
siderably more complicated. In all cases, however, 


4 sine ® should be a homogeneous square function of 
hj, ho and hg-¢ Hence: 
4 sine § c=: keayhy2 + kggho? + keghet + 2kyphahe + 
Qkishyhs + B2koshghs « (3) 


All lines in the spectrogram are thus arranged according 
to such a formula. The six constants completely 
characterise a unit parallelepiped, containing a so-called 
base group of atoms. 

Experimental Methods.—The Réntgen tube used in the 
experiments made in Lund has been exhaustively 
described by A. Hadding.t During the experiments 
the tube was run with a current of 15 milliamperes to 
20 milliamperes at a voltage of 40,000 volts. The anti- 
cathode consisted of iron. Around the anticathode were 
arranged three aluminium windows, through which the 
Réntgen radiation emerged, allowing exposure to be 
taken simultaneously in three cameras. 

In general the cameras were of the same type as those 
used by Debye and Scherrer, that is, they consisted of 
cylindrical thick-walled lead vessels, which could be 
closed by a lead lid. By means of a rubber band the 
film was fixed round a circular shoulder on this lid. 
Fig. 1 shows a section of a camera constructed for 
exposures at high temperature. A camera of the common 
type, such as a lead vessel with entrance tube H and 
outlet I, was provided with special devices for cooling 
the camera, for heating the specimen, and for intro- 
ducing an inert gas so as to prevent oxidation of the 
specimen, Gy, is an annular and Gp a cylindrical brass 
vessel, which are cooled by running water through the 
inlet pipes E. Through a hole in the camera lid and the 
annular vessel a brass tube fitting accurately into the 
hole can be inserted. The upper part of this tube is 
heavier and rests against the lid by means of a flange. 
In the lower part of the tube an annular portion is cut 
away, only two brass bands (not shown on the figure) 
being left. These hold the lowest part of the tube, 
which is inserted into a cylindrical recess in G27. Through 
a fibre plug, closing the top opening of the tube, are 
drawn two copper wires, which pass through holes in 
a fibre plate D and end ir. two copper blocks E, through 
which are drilled two vertical holes (dotted on the 
figure) and also two fine horizontal holes. By means of 
the screws C a 0-2 mm. iron wire (Merck, Darmstadt, 
99-9 per cent. Fe) is clamped and then twisted round 
the blocks and drawn through the vertical holes, The 
copper wires are kept in suitable positions by the screws 
at A so as to stretch the iron wire between the blocks B 
and place its centre in front of the opening of the entrance 
tube. In arranging the camera for exposure the tube K 
is turned to such a position that the longer of the two 
copper wires A is placed ou side the Réntgen beam, 
so that only the iron wire is exposed to the Réntgen 
radiation. Seen from the iron wire, however, narrow 
portions of the film are shadowed by the copper wire 
and by the narrow brass bands which join the upper 
and lower parts of the tube. By suitably arranging the 
copper wire in relation to these bands its shadow can be 
made to coincide with one or the other. Furthermore, 
the two shadowed parts can be placed unsymmetrically 
on the film, so that the whole spectrogram may be still 
well defined. On the front of the outlet a cover glass 





* Compare with A. W. Hull, loc. cit, 

+ Debye and Scherrer, Phys. Zeitschr., 1917, vol. 
xviii, page 294. Compare also with C. Runge, Phys. 
Zeitsche., 1917, vol. xviii, page 509. 

iii, page 369. 


t Zeitschr. f. Physik, 1920, vol. 








is cemented as a window, through which the wire can be 
observed during the experiments. Through the tube F 
during the experiments from tee ae sulphide carefully 
purified hydrogen gas is inj under some pressure, 
whereby the camera is kept permanently filled with the 


Fine film, enclosed in an envelope of black paper to 
protect it against ordinary light, ‘was fastened by a 
rubber band around the cooling cylinder G,. In order 
to allow the undefiected light to pass undisturbed out 
of the camera, and also to permit observations of the 
wire specimen, a circular hole was punched in the middle 
of the film and the envelope, the film being so placed that 
this hole coincided with the window. 

The wires A were connected with the poles of a storage 
battery. By means of an adjustable resistance coupled 
in the circuit the current could be so regulated that 
the specimen attains the desired temperature. This 
temperature was approximately determined by means of 
an optical pyrometer of the Holborn-Kurlbaum type. 
An exact temperature determination was not possible 
in this way, since evidently the glowing wire in the 
camera does not radiate as an absolutely black body. 
By the a pyrometer, however, a lower limit for 
the actual temperature is determined, which was found 
by special checking experiments to be not more than 
30 deg. too low. 

Debye and Scherrer have pointed out the necessity 
for pulverising very finely the substance to be investi- 
gated according to their methods. Accordingly, in their 
metal investigations filings or folded fine-drawn wires 
have mainly been used.* 

Since, however, most metals jconsist of aggregates 
from’small crystals, it appeared probable to the author 
that*continuous metal specimens ought to give as good 









interferences as finely divided metal. ThisZsupposition 
Fig.7. | 
EK 
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was fully confirmed by experiments. The iron and steel 
samples therefore were investigated in the form of 
cylindrically ground rods of the dimensions 10 mm, by 
2 mm, 

Crystal Structure of Iron Modifications.—Having 
worked out the new method for determining the crystal 
lattice of a finely-divided substance, Hull tested this 
method on some metals; the crystal structure of iron 
at ordinary temperature -was also determined. This 
lattice was found to be a cube-centred cubic one and the 
edge of the cube was 2-86 A. (1 Angstrém 10-8 em.) 
This result was verified by some measurements on 
Bragg’s method, made on a well-developed iron crystal 
containing about 34 per cent. silicon. 

The results found by Hull with soft iron at ordinary 
temperature were also verified by the investigations 
in Lund. In the first column of Table I, under the 
heading r, are given the shortest distances in millimetres 
from the centre to the lines in a spectrogram of a 0-25- 
mm. iron wire with a carbon content of 0-15 per cent. 
d is half the apex angle of each radiation cone. 

In the radiation emitted from an iron anticathode the 
so-called Ka-line predominates. Its wave-length is 1 - 932 
A. The kind of radiation nearest in strength is Kg 
of the wave-length 1-754 A. In this case only these 
two lines in the Réntgen spectrogram of iron have 
sufficient intensity to cause interference radiation, 
The interference lines produced by Ka should be con- 
siderably clearer than those originating from Kg. In 
column I of Table I an estimate of the intensity is given 
for each line. 

In Table 1 St. indicates a strong line, me. a line of 
medium strength (i.e., somewhat less prominent), w. a 
weak line, and v.w. a hardly visible one. As seen from 
Table I weak and strong lines alternate. The weak lines 
may originate from Kg, the strong lines being caused by 
Ka. If this be the case, according to Bragg’s formula 
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d= 
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2sin — 
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the ratio between the sin 4 values for co-ordinated lines 


| 1-754 
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1-033 = 0-908. The quotients of the sin ¢ values 
of two consecutive weak and strong lines in the table 
are: : 











0-445 _ 9.912; 0-624 = 0-909: 
0-488 0-686 
0-760 _ , 0-872 _ 9.999. 
0-836 0-959 


Hence it is proved that each line in the spectrogram 
produced by K, is accompanied by a weaker line pro- 
duced by Kg. 


The sine @ values for K, are found to be in the pro- 


portion 1-02, 2, 2-99, 3-95, and the corresponding 
values for Kz are 1-03, 2-02, 3, 3-96. Accordingly 
the crystals of the iron wire should belong to the cubic 
system. From these figures alone, however, it is not 
possible to decide whether we are dealing with a simple 
cubic lattice or a cube-centred one. As already men- 
tioned, Hull, who used a Réntgen light of short wave- 
length and consequently obtained a greater number of 


TasBLeE I.—Iron Wire, 0-25 mm. Carbon content, 0-15 


























per cent. Diameter of Film Cylinder, 50 mm. Time 
of Exposure, 2 Hours. 
| d. | 
2 Oa: 5 @ Radia- 
r 5. 6. om — hy, ho, hy. tion. 
| Obs. | Comp. 
i | ' 
23-1 | w. | 52-9/0-445/0-198) 1-98 | 2-01 110 | Kg 
25:5 | st. | 58-4/0-488/0-238) 1-98 | 2-01 110 | K, 
33°7 | Ww. | 77°2/0-624/0-389| 1-41 | 1-42 100 | Kp 
37-8 | me.| 86-6)0-686)0-471/ 1-41 | 1-42 100 K, 
43-2 | w. | 99-0/0-760/0-578| 1-16 | 1-16 211 | Ke 
49-4 | st. |113-2/0-835)0-697| 1-16 | 1-16 211 K) 
53-0 | v.w.|/121-5/0-872/0-760) 1-01 | 1-00 |110(n=2) Ky 
64-2 | st. |147-1/0-959/0-920) 1-01 | 1-00 | 110(m=2) K. 











interference lines, found that the lattice in question is 
cube-centred. On the basis of the figures in Table I 
we arrive at the same conclusion. If the unit cubes of 
the iron crystals are simply cubic, they must contain 
one atom, but if they are cube-centred, two atoms.* 

In the manner described above the edge of the cube 
can be calculated from the specific weight and the atomic 
weight of iron under the two conditions above-mentioned. 
The specific weight of iron is 7-86 and the atomic weight 
weight of iron under the two conditions above-mentioned. 
The specific weight of iron is 7-86 and the atomic weight 
55-8. For the simple cube we have : 


Gi — 55*8 . 1-664 . 10-28 
i 78-6 
which gives d, = 2-29 A., and for the cube-centred one 
gi — 2. 55-8. 1-664 . 10-2 


7°86 
which gives d- = 2-87 A. 

From the figures in Table I the medium value for the 
edge of the unit cube is found to be d = 2-83 A. Thus 
from the spectrogram of the iron wire a verification 
has been obtained of the result found by Hull, namely, 
that pure iron at ordinary temperature has a cube-centred 
cubic lattice. 








(To be continued.) 





ANGLO-DANISH ASSOCIATION IN COPENHAGEN.—The 
Commercial Secretary to H.M. Legation at Copenhagen 
has notified the formation of an association in that city 
under the name of the Anglo-Danish Technical Society. 
The object of the association is to further Danish-British 
co-operation in commercial and industrial directions. 
Captain H. Ewald, director of the Danish cable factory, 
has been elected president of the association, and the 
vice-president is Sir Martin Abrahamson, of the firm of 
Tvermoes and Abrahamson Akts. 





Levy on Raw Corron.—The Empire Cotton Growing 
Committee announce that the assent of the owners of 
more than 90 per cent. of the spinning spindles in the 
United Kingdom has now been obtained to the proposed 
levy of 6d. per bale of 500 Ib. on all raw cotton used in 
the country, the proceeds of which levy, says The Board 
of Trade Journal, are to be devoted to the purposes of 
the Empire Cotton Growing Corporation. The com- 
mittee are gratified that so high a degree of unanimity 
has been reached with regard to this proposal, and the 
successful completion of the levy has been reported to 
the Liverpool and Manchester Cotton Associations. 
who have undertaken to consider the methods that should 
be adopted to enable the associations to collect the 
amount represented by the levy on imported cotton. 
When the associations have reached a decision on this 
point, steps will at once be taken to apply through the 
President of the Board of Trade for the grant of the 
charter, under which it is intended to establish the 
corporation. 











caused by Kg and Ky should equal the ratio between the 





wave-lengths of these kinds of radiation, i.e., equal to 





* Compare also A. W. Hull, loc. cit. 


*In the cube-centred cube there are eight corner 
atoms, one-eighth of each belonging to the cube, and one 
atom in the centre of the cube, which makes a total of 
two atoms. In the simple cube there are only eight 


corner atoms, which together equal one atom only. 
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THE ACTION OF REDUCING GASES ON 


HEATED COPPER.* 


By H. Moors, 0O.B.E., B.Sc., F.I.C., Member; and 
S. Becxrnsauez, B.Sc. A.I.C., Member. (Communicated 
from the Research Department, Woolwich. ) 

E. Heryw found that copper heated in hydrogen above 
600° C. developed fine cracks, owing to the formation 
of steam within the metal by the action of the hydrogen 
on the cuprous oxide commonly present in copper. 
The effect began at the surface and penetrated more 
deeply as the temperature was raised or the time of 
heating prolonged. The density fell from 8-9 to 8-4. 
On subsequent heating in air the fine cracks became 
filled with cuprous oxide. L. Archbutt showed that the 
whole of the oxygen could be removed from arsenical 
copper bar by heating to redness in hydrogen for several 
hours. 
between the crystalline grains, and increased in apparent 
volume. Similar results were obtained with copper free 
from arsenic. G. D. Bengough and B. P. Hill found that 
hydrogen and carbon monoxide, separately or together, 
seriously injured copper containing oxygen and not more 
than 1 per cent. of arsenic at temperatures above 650° C. 
The formation of steam or carbon dioxide was regarded 
as the cause of injury, and was rendered possible by the 
diffusion of hydrogen or carbon monoxide into the copper. 
It was formerly thought that arsenic had some reducing 
action when added to copper, but this view was shown 
to be erroneous by E. F. Law and by F. Johnson. The 
simultaneous presence of considerable quantities of 
arsenic and oxygen in copper had been noted by 
Bengough and Hill, R. H. Greaves, and others. It is 
well known that “‘tough-pitch”’ arsenical copper invari- 
ably contains a certain proportion of oxygen, apparently 
in the form of cuprous oxide, as in copper free from 
arsenic. F. Johnson showed that arsenical copper 
deoxidised by additions of ferro-silicon was not injured 
by heating in hydrogen at 780°C. The use of deoxidised 
copper was mentioned by others in the discussion on his 











The copper became fissured by cracks passing | 





minent at the exterior. It was evident that the cracks 
in the brittle skin had been produced by the disinte- 
grating action of reducing gases on heated copper con- 
taining oxygen, and had subsequently become oxodised 
when the atmosphere of the muffle changed from a 
reducing to an oxidising atmosphere. More recently 
extensive experiments have been carried out to deter- 
mine more closely the conditions in which copper is 
injured by heating in reducing gases, and to confirm 
that copper may be rendered immune from this kind 
of injury by the total removal of its oxygen content. 


of some of the lots. The material was all made by 
manufacturing thods from ct cial electrolytic 
copper of high purity. The method used for the estima- 
tion of oxygen was that described by R. H. Greaves,* 
with slight modifications introduced by Mr. A. T. 
Etheridge of the Research Department, Woolwich, 








TasBie IIl.—Cuemicat ANALYSEs OF MaTerrats Usep. 
(The Figures are Percentages). 


Several check estimations, closely agreeing, were made 
in each case. 

Preparation of the deoxidised Material.—This was all 
prepared from the same lot of electrolytic copper. 
each melt the charge consisted of 40 lb. electrolytic 


For 












































| Selen- 
, | } Oxy- | Anti- Bis- Man- jium and 
Material. | Mark. Zine | gen. | mony. | muth. |Arsenic.) Lead. | Tin. Iron, | ganese. — Nickel. 
} um. 
| | 
a —~ : nr ee 
A | nil 0-07 | 0-01 0-0025| 0-045) nil — | 0-010 | trace nil a 
Copper containing B nil 0-04 | 0-002 | 0-0015) trace nil trace | 0-02 nil — trace 
different propor-) | © nil 0-026 | 0-002 | 0-O015| trace nil nil 0 03 nil — trace 
tions of oxygen | | D nil 0-06 0-002 | 0-0008) trace nil nil 0-01 trace -- nil 
| E nil | 0-08 0-002 | 0-0010) trace | 0-05 trace | 0-03 trace -- trace 
Copper deoxidived | 
with— | | 
f F 2-60 | — | 0-002 | 0-0015| trace nil trace | 0-02 nil . trace 
Zinc. 4 | @ | 0-48 — | 0-008 | 0-0004|<0-01 | trace | trace | 0-10 | trace nil - 
L| H | 0-10 | — | 0-003 | 0-0006|<0-01 | trace | trace | 0-12 | trace | nil m 
Manganese | K | nil | —= | 0-008 | 0-0005)<0-01 | nil nil | 0-06 | 0-10 | nil — 
Aluminium | L nil aluminium | 0-003 | 0-0014)<0-01 | trace | trace | 0-05 trace nil trace 
0-09 | 
Phosphorus | M nil phoephorus | — | 0-002 | 0-0004|<0-01 nil trace | 0-03 trace nil — 
0-019 | 
A and D were electrolytic copper, melted and cast. D was used in the ingot form. 
E was electrolytic copper, melted, cast, and rolled into round rod 0-75 in. in diameter 


4 was electrolytic copper, melted under borax, and cast 
crucible 


which after mixing 


without the addition of any deoxidizer. 
F.—A charge of electrolytic copper was melted under borax without addition of a deoxidizer. One-half of the contents of the 
was cast and marked B. Zinc was added to the copper remaining in the crucible, 


was cast and marked F 






































; oa ide, and bon dioxi , H, K, L, M.—Particulars of preparation are given in the paper. All these, as well as A, B, C and F, were rolled into atrip 
ey cane wr Fy ae ee 2 prone om aa a 0-10 in. thick, which was annealed for 1 hour at 700 deg. C. in a non-reducing atmosphere. “o 
s re, OF ; —- cases the a rolling, and annealing were carried out in manufacturing foundries and rolling mills ; the usual methods 
Taste I. of operation were employed. 
Taste III.—Tensite Tests or Rounp Copper Rop (E) arrer HEeatIne tn Repucine ATMOSPHERES. 
Mark of | Weight of Deoxidiser Deoxidising Element 
Material.| added to 40 Lb. Copper. remaining in Copper. Pieetensnt. | : Depth to 
Ss ee Reduc- | Description of which 
F | — 2-60 per cent. zinc. Mark. | in Area | mum Elonga- | tion in |Test-Piece after} Description of Test-Piece Reduci 
G 3 oz. zine .| 0-48 per cent. zinc. . - | > of tion. Area. Lt meg pe Ry after Breaking. Gas A 
H 0-75 oz. zine ..| 0-10 per cent. zinc. ‘emp.| Time.| sphere. | Section. ‘ore . penetrated. 
K 2-5 oz. cupro-manganese | 0-10 per cent. manganese. | | 
L | 0-65 oz. aluminium 0-09 per cent. aluminium enum 
eM | 1-25 oz. phosphor-copper | 0-019 per cent. phosphorus | | | tons per 
| deg. C.| hours.| jper cent.) sq.in. |per cent.|per cent. in. 
. _ E12 Bar as received ; — 14: 58 73 _ Fracture fibrous ; whole cup - 
A. Sieverts and W. Krumbhaar. The solubility of 9 1 | Hydrogen| 0-4 13°1 47 55 No cracks Numerous transverse cracks. 0-029 
hydrogen increased from 0-08 mg. at 623° C. to 1-35 mg. visible| Fracture fibrous, sur- 
at 1520° C. in 100 grms. copper at atmospheric pressure. a by ® granular 
W. E. Ruder observed that the development of brittleness | ,, | wy =a = 5.9 Prt - | Longit umerous 0- 
in commercial copper began at 400° C. in dry and 600° C. lee tt (eg. : = ‘pad wet . a ae Frac- = 
in wet hydrogen, at 800°-850° C. in carbon monoxide, | ture fibrous, 
and at 700°C. in steam. Copper previously deoxidised | | by a ular border 0-2 
by the addition of boron remains unaffected at all 7 — Broke outside 
temperatures in a reducing atmosphere. N. B. Pillin, _*. = - | length 
found that injury of copper containing acetone E7 800 : | myenga} 66°65 ons oo a oa ny ee ae Sees) Tee 
cide b Cone ro d - heatd longitudinal transverse cracks. Frac- 
oxide began between 400°C. and 500°C. on heating} » 1 | 900 6 | Hydrogen| 5-4 | 6-7 8 10 | cracks ture granular Through 
in hydrogen, and suggested that the injurious effects| _ 3 | 600 1 | Carbon 0-1 | 14-0 61 70 | No cracks Numerous fine transverse| 0:00 
of reducing gases were due to the formation, by reduc- | monoxide ble| cracks. Fracture fibrous 
tion of cuprous oxide, of gases less soluble in solid copper. | FE 6 800 | 1 | Carbon 1°5 10-8 49 23 No cracks Numerous large transverse 0-133 
The cracks developed by heating in hydrogen or carbon | | monoxide ble} cracks. Fracture ees 
monoxide were intercrystalline. The following figures } | —— NifA. saga 
were given for the relative rate of diffusion of gases| 5 | 999 | 6 | Carbon 13 | 6-0 - 7 | No cracks Transverse cracks. Fracture | 0-271 
through copper at 700° C. :—Hydrogen, 1,000; water | monoxide | visi fibrous, with wide granu- 
vapour, 65; carbon monoxide, 17; carbon dioxide, 0-6. | lar border. Broke outside 
Diffusion of hydrogen began between 400°C. and 500°C.| | oF. — . : gauge length 
W. C. Hothersall and E. L. Rhead showed that solid| E13 | 600) 1 | Coal-gas | 0:5 | 12-4 48 50 No cracks Numerous transverse cracks. 0-030 
. sand | visible Fracture fibrous, with a 
copper was capable of retaining hydrogen permanently 
in solution, T. A. Bamford and W. E, Ballard found re on 
solution. . A. mford an . BL a oun E11} 800; 1 Coal-gas 6-0 3-0 4 6 Fine longitu- | Longitudinal and numerous 0-232 
that hydrogen dissolves in 70: 30 brass in large quan- | | } dinal cracks transverse cracks, Frac- 
tities between 500° C. and 900°C., the major portion ture granular 
being retained on cooling. E 2 900 1 | Coal-gas | 5:5 2-3 5 3 ae Large om ate a4 0-332 
; me years ago the injurious effect of heating in nal eco 6 | Cutan | 60 2-0 5 ° N = tadidel.-deoacies i 
reducing atmospheres came under observation in the longitudinal from them. Fracture | Through 
case of two lots of half-inch round copper rod obtained granular 
from two different sources and containing respectively| #16 | 600 1 Reducing | —0-5 14-1 62 73 No cracks visi- | Small cracks near fracture. ail 
0-06 per cent. and 0-7 per cent. of oxygen. The material atmosphere ble. Surface| Fracture fibrous. Si 
was free from arsenic, and other impurities were present | in semi- ot test-plece | diminution of dia 
only in traces. The rod was tough and ductile, and the| E10 | 800 1 | muffle gas| —0-9 13°38 33 46 coated caused by scaling 
microstructure was normal in size of crystals and in farmace oGipenite oot ey a ila 
: tee ; J - scale racture. Fracture fibrous, 
size and distribution of the oxide globules. Specimens | 7 narrow 
annealed in coal-gas for one hour at 700° C. were found border. Slight diminution 
to have a brittle skin and a tough core, the skin showing of diameter caused by 
innumerable cracks when a test-piece was strained. | sealing 
Microscopic examination of unstrained sections revealed | E15 | 850 1 Reducing 0-5 12-0 30 22 wee cracks visi- | Wide seneetee cracks 0-029 
the presence of fine cracks in the skin. Further heating |atmosphere +» Surface — 5 
7 ” cieeea | in semi- of test-plece | granular border 0-03 in 
of such specimens in an oxidising atmosphere caused | muffle gas coated with a le 
internal oxidation of the cracks. Tensile test-pieces | furnace thin oxide 
previously heated in a gas-muffle for one hour at 700° C. scale 
in an atmosphere alternately reducing and oxidizing also ; 


showed a brittle skin and a tough core. The core gave 
@ large elongation in the usual manner, while the skin 
developed innumerable circumferential cracks at an 
early stage in loading. The broken test-piece presented 
the appearnace of a much-stretched central core having 
a fibrous fracture enclosed in a sheath in which no plastic 
flow had taken place. At the fracture the core had 
drawn out with a considerable reduction of diameter and 
had parted circumferentially from the skin, which was 
in the form of a loose shell. “Microscopic examination of 
sections of these test-pieces cut before straining revealed 
in the outer layer a network of oxide films, most pro- 


bd Paper read at the meeti of the Insti . f 
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The simplest way of deoxidising copper is to add a slight 
excess of a deoxidising element capable of alloying with 
copper ; a method by which more pure deoxidised copper 
may be obtained is described at the end of the paper. 
The work to be described consisted mainly in the 
exposure of specimens of copper containing different per- 
centages of oxygen, together with specimens completely 
deoxidised and containing a small excess of zinc, man- 
nese, aluminium, or phosphorus, to the action of 
ifferent reducing gases at different temperatures and for 
varying lengths of time. The effects of the treatments 
were studied in the treated specimens. The chemical 
composition of each material used is given in Table IL., 





to which is added a brief description of the preparation 


was used 


dising a; 
vigoro' 
centage of the deoxodising element remaini 
copper are shown in Table [. 
earlier date; some particulars of its preparation are 
given at the end of Table TI. 
The cupro-manganese contained 30 per cent. of man- 


copper, which was melted in a coke furnace, 

as a flux, but no charcoal was added, 
crucible was withdrawn from the furnace and the deoxi- 
nt added to the molten copper, which was then 
y stirred. The additions made and the per- 


“Pp” was 


Borax 
The 


in the 
at an 








containi 
tute of 


Jo 


* R. H. Greaves, “‘ The Influence of Oxygen on Copper 
Arsenic or Antimony,’’ 
etals, No. 1, 1912, vol. vii, page 218. 
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, the phosphor-copper 10 per cent. of phosphorus. 
Fhe m ds 3 


metal was cast in chill moul in. by 1-5in. in cross- 
section, standing at a small angle from the vertical. The 
0-10 per cent. zine alloy rose in the mould, while the 
0-48 per cent. zine alloy did not rise so much. The 
copper to which aluminium had been added rose in the 
mould, while the ingot deoxidised with manganese was 
piped to a depth of about 4 in. A discard was sheared 
rom the top of each ingot, sufficient to remove all un- 
soundness, though small blowholes persisted after final 
discard in the sheared surface of the copper deoxidised 
with aluminium, A portion of each ingot was a ed 
and cold-rolled with intermediate annealings into strip 
0-10 in. thick, which was finally annealed at 700° C. for 
one hour. Precautions were taken to avoid reducing 
atmospheres in all annealings. 

Methods of examination and testing.—The injury 
caused by heating in reducing atmospheres consists in 
the formation of cracks which start from the surface, 
and at first are extremely fine. As the conditions 
causing the damage are more severe or prolonged the 
cracks grow in number, width, length and depth. Injury 
of this kind is most readily detected by tensile tests. 
The finest cracks in the surface of a ductile tensile test- 

iece are opened out by the stretching of the piece under 
oad and become visible. The elongation and also the 
breaking load are adversely affected by the presence of 
cracks, and are a useful index to the extent of the injury 
which has resulted. The fracture, having typically a 
fibrous core surrounded by a granular border, is a guide 
to the depth to which the cracks have penetrated. The 
test-pieces cut from strip had the dimensions shown 
in Fig. 1. The large surface relative to the thickness 
favoured the action of gases. The test-pieces prepared 
from rod E (0-75 in. in diameter) were 6 in. long and 
were turned down to a diameter of 0-564 in. over the 
middle 2-5 in., the reduced section being connected with 
the full-diameter ends by a radius of 0:lin. After test- 
pieces of these dimensions had been subjecied to the 

action of reducing gases, sections were cut from each end 
for microscopic examination, and the enlarged ends were 
turned down to the diameter of the central portion, 
which had been 0-564 in. before treatment. The test- 
piece of uniform diameter thus prepared had its central 


acting length in the condi‘ ion resulting from treatment | 


in reducing gases, while the ends to be gripped in the 


1g]. 
* ¢ 


S S 
-—f*. wes 

y! 5. $;.25+->| 
(6762. A) 3-5" 


testing machine were usually free from cracks, since the 
affected copper had been removed in turning off a com- 
paratively thick layer. The swelling which accompanies 
the disintegrating action of the reducing gases was 
gauged by measurements of all test-pieces before and 
after treatment. ‘The breaking load was calculated on 
the dimensions of the treated piece. ‘I he elongation was 
measured on a length equal to 4 y area. Wedge 

were used for all tensile test-pieces. Brinell ie 
tests were frequently made before and after treatment, 
all tests being made with a ball of 2 mm. diameter and a 
load of 40 kg., but the results are omitted in most cases 














to reduce the bulk of the tables. Microscopic examina- | 


tion was extensively applied. 

Heating in reducing gases.—Treatments in hydrogen, 
carbon monoxide, and coal-gas were carried out in a 
silica tube in an electrically heated tube furnace. Tem- 


peratures were indica by a platinum-platinum.- | 


rhodium thermocouple encased in a silica tube, the end 
of which was in contact with the test-pieces. The strip 
test-pieces which were to undergo the same treatment 
were made rs into bundles, but were kept out of con- 
tact with each other by means of wire to ensure that all 
surfaces would be acted upon by a current of reducing 


gas, and were placed in the furnace together. The | 


reducing gases were through a washing bottle 


containing concentrated sulphuric acid, this serving the | 
double purpose of indicating the rate of flow and of | 


drying the gas. At the end of the time of treatment stated 
in the tables, the reducing gases were swept out of the 
tube by a stream of pure nitrogen, which was maintained 
while the test-pieces were cooled. Some treatments were | 
carried out in a -fired furnace of the semi-muffle type, 
in which the flame had access to the interior, The 
furnace was arranged to give as reducing an atmosphere 
as possible, the door being shut and the air cut down to 
& minimum at the burners. Carbon monoxide was pre- 

by passing dry carbon dioxide through a tube 
urnace packed with powdered wood charcoal, maintained 
at a temperature of 1,050°C. The very small propor- 
tion of carbon dioxide (less than 1 per cent.) remaining 
unchanged at this temperature* was removed by towers 
— anhydrous soda lime. 

The average percen composition of the coal- 
used was as follows erCesbon diexide, 2-8; oxygen, 10; 
olefines, 2-0; hy . 50-0; carbon monoxide, 7:0; 
nitrogen, 10- 03 me ane, 27- 2, 

The results of the tests of round specimens prepared 
from copper rod F. containing 0-08 cent. oxygen are 
given in Table III. The depth affected by the action 
of reducing gases is shown in the table, and was deter- 
mined by measuring the radial distance between un- 
reduced oxide and the circumference. For this a 





* T. F. E. Rhead and R. V. Wheeler, “‘ The Effect of 


Temperature on the Equilibrium 2C OS CO» + ©,” 
Journal of the Chemical Society, 1910, vol. xevii, page 
2178. 


TABLE IV.—Tenstte Tests or Stare Test-Preces arrer Heating In REDUCING ATMOSPHERES. 








Treatment. 


































































































Increase Results of Tests. 
Deoxidised 
of oe - 
Material. } Section, } ja to 
ri Treat’ | Elongati eNO Tajury 
at. ongation 
& 5 Atmosphere. ment (per Cent.). a, 
- (per 
Copper containing— | £A Cent.). or otherwise. 
per cent. | 
A7 0-07 oxygen \ — / *3 55-0 —_ 
B7 0-04 oxygen.. | od “4 57-0 ~s 
C1A 0-026 oxygen — +2 60-0 —_ 
H 46 0-10 zine == 5 52-0 -- 
G 46 0-48 zinc +> — As received — 4 6 61-0 = 
F7 2-60 zinc -- | 8 61-0 | a 
K 46 0-10 manganese | — -0 51-0 —_ 
L 45 0-09 aluminium | _ | 15-8 39-0* _ 
M 45 0-019 — ) — \ 1 51-0 — 
A8 0-07 oxygen. ) ; ( 1:8 : 18-0 — 
B8 4 oxygen L “4 ° - _— 
C 1AB | 0-026 oxygen rf, | Conk-gus “19 9-2 2 56-0 —_ 
F8 2-60 zinc J { ni 5 60-0 we 
C6B_ | 0-026 oxygen 600 | Hydrogen aie. 5:9 51-0 @,H,K,L,} 
Al4 0-07 oxygen. . 1} @00 {i Retadeg (semi-muffie sf 0-6 0 26-0 — 
Bl4 0-04 oxygen s ‘urnace) ’ 4 56-0 F, G, H, K, 
A4 0-07 oxygen.. iT | f 1-6 “0 18-0 
B4é 0-04 oxygen 650 | Coal-gas ai nil “0 48-0 F. 
C2BH | 0-026 oxygen | nil 4 48-0 
A5 0-07 oxygen. . L | 650 Reducing (semi-muffle | f 1:6 2-6 18-0 } F 
B5 0-04 oxygen J gas ace) l— “9 48-0 i, 
C 4E 0-026 oxygen 650 Hydrogen od 0-4 4 43-0 = 
A9 0-07 oxygen. . 1 f 5-1 6 15-0 \ 
BO 0-04 oxygen >| 650 Coal-gas ‘ 0-8 7 38-0 + F. 
C1AD | 0-026 oxygen j lL os 6 52-0 |S 
Al12 0-07 oxygen.. L 650 | Reducing (semi-muffle | { 1-8 “1 16-0 } F 
B12 0-04 oxygen j 2. | gas furnace) L 0-6 ‘0 54-0 4 
C8CF | 0-026 oxygen 700 Coal-gas ne 1-4 “5 49-0 
0-07 oxygen.. 1} f 8-5 2 7-0 - 
0-04 oxygen , 700 Coal-gas od 4°3 3 18-0 F. 
0-026 oxygen J L 22 0 20-0 
0-026 oxygen 700 Hydrogen . 3-0 2-2 19-1 — 
0-026 oxygen | 700 Carbon monoxide pe 0-4 8 | 59-6 
0-07 oxygen.. | 700 Reducing (semi-muffle { 1-4 ea.4 17-0 } F = 
0-04 oxygen . s || gas furnace) 0-8 6 | 35-0 . 
0-1 zine | -2 | 42-0 _— 
0-48 zine | | | 6 | 52-0 — 
0-1 manganese +; 700 Coal-gas nil 8 42-0 — 
0-09 aluminium | | ‘7 | 48:0 — 
0-019 phosphorus / | “5 47-0 —_— 
0-1 zine \ | 9 53-0 — 
0-48 zinc | 8 58-0 -- 
0-10 manganese >| 700 Hydrogen nil 8 52-0 — 
0-09 aluminium | ‘7 | 48-0 — 
, 0-019 phosphorus / 3 70-0 — 
A6 0:07 oxygen. . L} 799 | | Reducing (semi-muffle { 8-6 . oe 9-0 } F 
B6 0-04 oxygen j | gas furnace) 7:0 11-8 17-0 
C 3CG | 0-026 oxygen 750 Coal-gas r 4-0 12-2 | 15-0 — 
C 2GF | 0-026 oxygen 750 Coal-gas 8-0 77 | «211-0 — 
C1AC | 0-026 oxygen 800 Coal-gas 5-8 81 | 11-0 ne 
B17 0-04 oxygen.. . 11-2 78 } — 
C 3CE | 0-026 oxygen | oe Coal-gas 12-1 6-9 oo |} F 
C5E 0-026 oxygen 800 Hydrogen oe 8-8 6°5 7-0 G, H, K, I 
C 6E 0-026 oxygen 800 Carbon monoxide ; nil 15-6 54-0 — 
= 0-026 oxygen 850 Coal-gas ae 8-0 7-6 ona _- 
16 0-04 oxygen.. \ s 10-4 8-3 2° 
C 2BD | 0-026 oxygen p| 850 Coal-gas }{ 78:3 6-9 0 |} F 
A3 0-07 oxygen | f 8-0 4-6 9-0 
B3 0:04 oxygen f 900 Coal-gas --14 68 7-5 10-0 F. 
C 2BE | 0-026 oxygen L 8-0 7-6 9-0* 
Al 0-07 oxygen. . } j 6-3 5-6 9-0 \ 
Bl 0-04 oxygen f 900 Coal-gas ‘14 11+4 8-0 11-0 F, G, H, K, L 
C4A | 0-026 oxygen J L 4-7 7-4 u-0 jf 
C 5A 0-026 oxygen 900 Hydrogen P i 3-8 9-4 14-0 G, H, K, L. M. 
Cc 6D 0-026 oxygen 900 Carbon monoxide om 2-4 12-0 4 G, H, K, L, M. 
A115 0-07 oxygen \ ¥ 6°3 6-4 0-0 
B15 | 0-04 oxygen f| 900 Coal-gas lq $3 7-9 10-0 \ F. 
A2 0-07 oxygen ) { 7:3 6-7 10-0 -- 
B2 0-04 oxygen 10-1 7-3 10-0 -= 
C 2BG | 0-026 oxygen | 10-4 8-2 10-0 — 
H 22 0-10 zinc nil 2 40-0* _— 
@ 22 0-48 zinc +! 900 Coal-gas -|4 nil “4 43-0 as 
F2 2-60 zinc nil “5 42-0 — 
K 22 0-10 manganese | nil *6 43-0 os 
L 22 0-09 aluminium nil 1 46-0 a 
M 22 0-019 phosphorus / \ nil “0 49-0 a 
H 35 0-10 zinc } “6 42-0 — 
G 35 0-48 zinc | “3 46-0 — 
K 35 0-10 manganese +| 900 Hydrogen nil “5 37-0* — 
L 35 0-09 aluminium 3 37-0* _ 
M 35 0-019 J eae } 0 40-0 a 
H 138 0-10 oe } “6 39-0* - 
G13 0-48 zinc | “4 44-0 - 
K 13 0-10 manganese +} 900 Carbon monoxide nil 4 46-0 _ 
L13 0:09 aluminium | “4 41-0 _ 
M 13 0-019 phosphorus / *2 48-0 _ 
C 4B 0-026 oxygen 950 Coal-gas a 3-8 “5 12-0 _ 
Cc 4c , o- -026 oxygen 950 + ar onl a0 4-6 5 _ atte 
Cc 5C 0-026 oxygen 950 Hydroge ond 1-6 8 13-0 _ 
C 6C 0-026 oxygen 950 Carbon monoxide 3% 2-6 ‘7 24-0 _ 
c 4D 0-026 oxygen 1,000 Coal-gas Fe 2-6 8-9 16-0 _ 
A18A | 0-07 oxygen.. ) 7°5 “0 14-0 _ 
B18 0-04 oxygen 6-8 *2 15-0 _ 
. 16 0-10 a | nil 8 38-0* - 
16 0-48 zinc nil 3 42-0 _ 
F18 | 2-60 zine } 1,000 Conl-gne “* . { nil 8 48-0 — 
K 16 0-10 manganese nil ‘1 46-0 _ 
L16 0-09 aluminium | nil 1 42-0 _- 
M 16 0-019 paras ) \ nil ‘1 39-0 _ 
H 36 0- ae oe ) { 2 35-0* — 
G 36 0-48 zinc | | 2 38-0 _ 
K 36 0-10 manganese }/ 1,000 Hydrogen nil 4 6 44-0 _ 
ibe [Siete | ts | ae | 9 = 
rus / \ . ° atin 
Hi4 | 0-10 ene / 14+5 44-0 -- 
G14 0:48 zi | | “4 46-0 —_ 
Kl4 0-10 f 1,000 Carbon monoxide nil 4 4 44-0 _ 
Li4_ | 0-09 al um | 14°7 42-0 — 
M14 ena amr } \ “4 44-0 — 
Hi 21 0-10 | “1 47-0 < 
G 21 0-48 zine | “1 46-0 ane 
K 21 0-10 t 1,000 Coal-gas é nil 4 3 46-0 - 
L 21 0-09 alu | “4 41-0* — 
M21 0-019 phosphorus / \ “9 42-0 —_ 











* Broke near shoulder. 
In all cases in which the elongation is omitted from the table the test-piece broke outside the gauge length. 
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Fic. 2. Rotuep Rop as REcsEIvep. 





Fie. 3. 
HypDROGEN. 


NEtTworK oF Cracks. xX 100. 


PHOTOMICROGRAPHS OF SEcTIONS CuT FROM PIECES 
SUBMITTED TO DIFFERENT TREATMENTS 


Rounp Copper Rop E, Contarnine 0.08 


PER Cent. OXYGEN. 
Fig.6. ROUND GOPPER ROD & (OXYGEN-0-08 
PER CENT.). TENSILE TESTS OF PIECES 


SUBMITTED TO TREATMENT IN 
DIFFERENT REDUCING ATMOSPHERES. 


0 100 200 
6728) Temperatare of Treatment (Deg$ Cent). 


measuring microscope was used, on a transverse section 
0-75 in. in diameter ee for microscopic examina- 
tion. The results of tensile tests of strip test-pieces 
heated in reducing gases are given in Table IV., together 
with tests on untreated specimens. The oxygen, zinc, 
manganese, aluminium, or phosphorus content of each 


OF REDUCING 


TREATED FOR 1 Hour at 900 pra. C. IN 
SHowrnc CrystaL GROWTH AND 





GASES ON HEATED COPPER. 






x 250. 


ay 
ee D 
Fig. 5. 
Fics. 4 anp 5. Treatep For 1 Hour at 900 pee. C. my Coat Gas. 
SnHowrne Larcer Crystat GrowTH AND Fewer CRACKS, WHICH 


ARE FREQUENTLY INTERCRYSTALLINE. X 93. 
Fig.7. ROUND COPPER ROD E 
C00 PER CONT): Fig.8 TENSILE TESTS OF STRIP 






jnouRs 


Depth of Penetration (Inch). 
Load (Tone per 5g .Inv.). 


(A) 


Temperature of Treatment{Deg! Cent9, 


piece is shown, and the table also includes the particulars ; tative test-pieces in the case of the deoxidised material. 
of the treatment and the expansion observed. The | These illustrate the absence of injury, but effects due to- 
treatments to which the deoxidised specimens were sub- wth of crystals at high temperatures may be noted. 
mitted are fully described in each case, but as noinjurious | The softening effect of the treatments at the higher 
action could be detected in these the detailed results of | temperatures were clearly indicated by Brinell hardness 
the tensile tests are given only for a number of represen- | tests made before and after treatment, the results of © 


Temperature of Treatment (Deg! Cent*). 
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which have beenfomitted from the table. The appear- 
anee of the surfaces of the test-pieces after treatment, 
both before and after breaking, and the appearnace of 
the fractures, gave much information upon the effeet 
of the reducing and the depth to which they had 
penetrated, which may be summarised as follows :— 
Copper A, containing 0-07 per cent. oxygen, treated in 
coal-gas.—Blisters appeared after treatment at 600° C. 
These increased in number and size with higher tem - 
tures and longer treatments. After treatment at 900°C. 
longitudinal cracks were visible to the eye. Fibrous 
fractures were obtained after treatment at 600°C. and 
650° C., but after treatments at higher temperatures the 
surfaces of the broken test-pieces contained numerous 
cracks and the fractures were granular. 
\ Copper B, containing 0-04 per cent. oxygen, treated in 
coal-gas.—This behaved in much the same way as copper 
A, but the blisters were not so numerous after similar 
treatments, and a longer time at 900° C. was required to 
produce visible cracks. A and B were also similar in 
the surface and fractures of the broken test-pieces, 
though the cracks were somewhat smaller and less 
numerous in the B test-pieces after the same treatments. 
Copper C, containé 0-026 per cent. oxygen.—(1) 
Treated in coed gene —ainien first appeared after treat- 
ment at 700°C. Visible cracks were produced only by 
one treatment, six hours at 900°C, In the broken test- 
pieces cracks were observed after treatment at 700° C., but 
the fracture remained fibrous until a treatment of one 
hour at 750°C, had been applied. After the same treat- 
ments, the blistering and the surface cracking of the 
broken test-pieces were much less than in A and B. 
2) Treated in Hydrogen.—Slight blistering was observed 
after treatment at 600°C. No visible cracks were pro- 
duced by any treatment. In the broken test-pieces 
cracks were found after treatment at 700°C. and above, 
and the fractures became granular at 800°C. (3) T'reated 
in carbon monowide.—Slight blistering was found after 
treatment at 800°C. and above. Granular fractures 
were obtained only after treatment at 900° C. and 950°. 





of hydrogen in molten than in solid copper, resulting in 
a large evolution of gas on solidification. Ultimately the 
fo ing method was found to be successful. . Pieces of 
copper D were miélted in a large fireclay boat placed 
in a wide silica tube, heated in an electric tube furnace, 
through which a stream of pure dry hydrogen was 
The temperature of the copper was raised to 1,140°C., 
and this - ure was = for 30 min. The 
pressure of hydrogen was then reduced to 10 in. of 
mercury. The copper was allowed to cool slowly to 
980° C. and was then reheated to 1,140°C, and kept at 
that temperature again for 30 min., after which it was 
to cool very slowly. The reduced pressure was 
maintained hout the treatment after it was first 
lowered to about one-third of the atmospheric pressure. 
The ingots obtained were free from cavities, and no 
cuprous oxide could be detected in them microscopically. 
They were rolled to strip 0-10 in. thick (identification 
male N), which was annealed in the same way as the 
strip of the same dimensions used in the main series 
of tests. The treatment in reducing gases and the results 
of the tests are given in Table V. The treatments were 
carried out in an electric tube furnace. . Only the more 
severe treatments were applied ; as no injury whatever 
resulted from treatments which included six hours at 
1,000° C. in hydrogen and in coal-gas, it is evident that 
shorter times, lower temperatures, or other gases would 
have no injurious action. 

Conclusions.—The results obtained have confirmed the 
work of previous investigators in showing that the 
injurious effect of reducing gases on heated copper is the 
result of their interaction with the cuprous ones always 
present in commercial copper. A markedly injurious 
effect is produced even en the oxygen content of 
the copper does not exceed 0-026 per cent., and consi- 
deration of the microscopic evidence and of the mode of 
action of reducing gases on cuprous oxide globules sug- 
gests that copper containing even lower percentages of 
oxygen would still be susceptible to injury if any globules 
of cuprous oxide were present. 


























Taste V. 
‘Treatment. | Tests. 
| Brinell Hardness No. 
= Ti Maxi Load. | Elongati 
T ©). me here. aximum b tlongation 
emperature (Deg. C.) (Hours). Atmosphere Before. 4 (Tons per Sq. In.)| (per Cent.). 
Annealing.) Annealing. 
| 
N As annealed -- — — _ 14-8 46 
N2 900 .. én 1 Coal-gas 52 39 12-9 48 
N38 900 .. 1 Hydrogen 52 39 13-1 46 
N4 900 .. 6 Coal-gas 52 39 13-2 46 
N5 990 .. 6 Hydrogen 50 38 13-1 53 
N 6 1,000 .. 6 I-gas 52 39 11-9 40 
N7 1,000 .. 6 Hydrogen 53 39 11-8 43 








No increase of dimensions occurred in the treatments. 


The surfaces after treatment were free from blisters 


or cracks and al! the test-pieces broke with fibrous fractures. 


In all the three materials, A, B, and C, the blistering 
and cracking became more pronounced as the temperature 
was raised and the time prolonged. The deoxidised 
test-pieces were entirely free from blisters after all treat- 
ments applied, and no cracks were found before or after 
breaking. The fractures were fibrous in all cases. The 
fractures of the untreated test-pieces were fibrous. The 
results of some typical series of tensile tests are shown 
graphically in Figs. 6, 7 and 8. 

Microscopie examination.—The proportion of cuprous 
oxide observed in the microscopic examination of the 
various lots of copper used confirmed the oxygen content 
found by chemical analysis. In all sections the cuprous 
oxide was uniformly distributed as small globules. No 
eutectic was present, and there was no concentration of 
oxide at crystal boundaries or in a network formation. 
In much-worked copper of moderate oxygen content a 
uniform dissemination of cuprous oxide as small globules 
is common. Cuprous oxide could not be detected in any 
of the lots of copper containing small amounts of deoxi- 
dizing elements. The depth affected by the action of 
reducing gases, determined in transverse sections of 
treated specimens by measuring the distance from the 
edge of the section to unreduced oxide, as indicated 
above, rapidly increased with rise of temperature. The 
first observed diene of the ager ¢ — gases was 
an apparent t expansion of the envelopes of the 
oxide globules, leaving a small annular space surrounding 
the oxide ; this was followed by the formation of cracks. 
It was frequently observed that several cracks radiated 
from one ule. As the cracks extended they formed 
a network. Not infrequently they followed an inter- 
crystalline path. With the same time and temperature 
of treatment h produced more numerous cracks 
than coal-gas, but the weakening effect of the long cracks 
formed by the action of coal-gas seemed to be even 

ter than that of the network of branching cracks 
ound after treatment in hydrogen. Crystal growth 
was greater in coal-gas treatments, doubtless b 


The solubility of gases in copper at high temperatures 
permits their diffusion into heated copper, and thus pro- 
vides the conditions nec for the reduction of the 
oxide. The high rate of diffusion of hydrogen accounts 
for the rapidity of its action and its deeper penetration 
in similar conditions as compared with carbon monoxide. 
Coal-gas is intermediate between hydrogen and carbon 
monoxide as regards depth of penetration in a given time, 
but its actual weakening effect seems to be greater than 
that of either of these . 

In copper containing 0-07 per cent. oxygen the effect 
of reducing gases begins to be important at about 600° C. 
The lower the oxygen content the higher is the tempera- 
ture required to cause similar injury. 

The higher the temperature the more rapid is the 
action, and the more deeply does the damage penetrate 
in a given time. These effects are consequent on the 
more rapid diffusion of the reducing gases into copper 
as the temperature is raised. 

The longer the time of action.of the reducing gases at 
any given temperature, the more deeply does their effect 
penetrate, Depth of penetration of the action of reducing 
gases is readily determined by measuring microscopically 
the distance of unreduced oxide from the surface. 

The injurious action of reducing gases is accompanied 
by a considerable increase in the apparent volume of the 
copper, co ent on the formation of internal fissures. 

partially intercrystalline character of cracks 
caused by this action may be due either to the spreading 
eracks following the crystal boundaries or to the growth 
of crystals after the formation of cracks. Copper crystals 
grow at the temperatures at which the injurious action 
of reducing gases takes place, and their growth is naturally 
limited by a network of cracks. It seems probable that 
in some cases at least the crystals have grown until they 
were bounded by cracks. 

Copper containing a small percentage of zinc, man- 

ese, aluminium, or phosphorous is entirely free from 





the fewer cracks gave greater scope for growth of crystals. 
Cracks are illustrated in Figs. 3, 4 and 5. 

The preparation and treatment of pure copper free from 
cdepen 20 teas been shown above that copper contain- 
ing so little oxygen as 0-026 per cent. is susceptible to 
serious injury on peeking in reducing atmospheres, while 
copper alloyed with small amounts of deoxidising elements 
and free from cuprous oxide detectable by the mene, oe 
is not injured by any treatment in reducing gases. T 
first © iments in the production of oxygen-free pure 
copper by heating the metal above its melting point in 








a stream of pure dry hydrogen yielded ingots containing | deo 


large cavities. This is ascribed to the greater solubility | 


globules of cuprous oxide, and is not affected injuriously 
when heated in reducing atmospheres. Copper prepared 
in this way is completely immune from injury even under 
the most severe conditions, ¢.g., six hours at 1,000°C. 
in @ current of coal-gas. 

Copper completely deoxidised with hydrogen when 
molten is equally immune from the injurious effect of 
reducing gases. 

In view of the frequent occurrence of reducing atmos- 
pheres in annealing and other furnaces, and in some 
circumstances of <a articles and parts, the 
immunity to injury by a small percentage of a 
xidising element remaining in the copper may merit 
further consideration in connection with the use of 








copper for some purposes. Of the elements tried, zinc 
appears to be the most generally suitable, and 0-10 per 
cent. of zinc is sufficient to confer complete immunity. 
For purposes for which a somewhat higher zinc content 
is free from objection the pr of 2-5 o 3 per 
cent. of zinc in the copper confers useful properties 
in addition to the immunity from injury resulting from 
heating in reducing atmospheres. This alloy behaves 
particularly well in hot- and cold-working operations of 
all kinds, and will endure very severe treatment without 
failure. It casts better than pure copper; 3 per cent. 
of zinc has no oppesnepie influence on the colour of 
copper, and the oy, like copper, is not subject to 
season-cracking. For some purposes, other than 
electrical, an alloy of copper with 3 per cent. of zinc 
appears to be a better material than commercially pure 
copper. 








CATALOGUES. t 
Inubrication.—A small pamphlet explaining the “ germ 
process” of modifying mineral lubricating oils has been 
received from the Henry Wells Oil Company, 11, Hay- 
market, London, 8.W. 1. 


Chucks.—An interesting booklet describing the con- 
struction and operation of many kinds of chucks for 
lathes and other machine tools comes from the Skinner 
Chuck Company, New Britain, Conn., U.S.A. 


Dynamos and Motors.—A clearly illustrated catalogue 
of dynamos and motors giving tables of horse-power or 
kilowatts, speeds and all nece dimensions comes 
from Messrs. Todman, Ryall onl Co., Limited, 38, 
Grosvenor Gardens, London, 8.W. 1. 


Domestic Electrical Appliances—A catalogue con- 
taining illustrated descriptions of a large range of 
domestic electrical appliances, including irons, cookers, 
kitchen ranges, water ters, radiators, &., is to hand 
from the Westinghouse Electric International Company, 
East Pittsburgh, U.S.A. : 


Feed-Water Filier.—A filter for separating oil, ase, 
&e., from condensed steam is described yd a antalogns 
received from the Griscom-Russell Company, 90, West- 
street, New York, U.S.A. The filters are of Terry 
cloth made up in independent unit form for ease in 
changing. A wide range of sizes is listed. 

Automatic Contactor Gear.—A 50-page quarto catalogue 
from the British Thomson-Houston Company, Limited, 
Rugby, deals very clearly and fully with control gear 
for automatically starting, stopping or reversing heavy 
electric motors, either locally or from a distance. All 
the technical details are discussed in plain terms with 
numerous illustrations. 


Valves, &c.—A very large range of many kinds of 
valves with illustrations, dimensions and prices is shown 
in a small 72-page booklet received from Messrs. Jenkins 
Brothers, Limited, Canada, whose London office is at 
6, Great Queen-street, W.C. 2. Injectors, lubricators 
and steam traps, and tools, parts and materials for 
renewals, are also dealt with. 


Foundry Sand Mizer.—A catalogue of a belt-driven 
sand-mixing machine from Messrs, Alfred Herbert, 
Limited, Coventry, describes a very compact appliance 
which will reduce clogged sand and mix and aerate it 
as fast as two men can shovel in the supply. Two 
cages revolve in opposite directions on the same axis and 
the sand is thrown downwards by a dome-shaped shield. 
Steel case-hardened gears and ball bearings are fitted. 


Oil and Steam Separators.—The separation of water 
from live steam and oil from exhaust are dealt with in 
three catalogues received from the H.S.W.B.-Cochrane 
Corporation, Phil., U.S.A., who are represented in this 
country by the De Laval Steam Turbine Company, 
150, Southampton-row, London, W.C, Full descrip- 
tions of the separators with dimensions of standard sizes 
and some useful explanatory matter are given in the 
catalogues. 


Oil Cooling in the Heat Treatment of Steel.—A concise 
and clearly worded summary by Mr. Kenneth B. Millett 
of the reasons for the heat treatment of steels and the 
properties of various quenching liquids for hardening 
forms an instructive. introduction to a catalogue 
describing the oil-cooling plant made by the Griscom- 
Russell Company, 90, West-street, New York. The 
cooling plant is used, in this case, to maintain a given 
temperature in the quenching oil, so that treatment of 
successive batches of work will be uniform. 


Oil -Engines.—Crude oil engines of the stationary 
and marine types made in a large range of sizes from 
10 brake horse-power to 450 brake horse-power, are very 
fully illustra and described in a handsome 50- 
—— issued by Messrs. Vickers-Petters, Limited, 
Ipswich. These engines will run on crude, refined or 
residual oil, and have a special device to enable them to 
run in light load or no load when required; starting 
is either by a paraffin burner or a new electrical device. 
The fullest details of dimensions, &c., are given with clear 
illustrations of parts and complete engines. 


Electric Motors.—New editions of two catalogues, one 
of direct-current motors and the other of alternating- 
current motors, have come to hand from the General 
Electric Company, Limited, Queen Victoria-street 
London, E.C. 4. ese catalogues are carefully p 
and they contain terse explanatory matter, careful 
descriptions of parts and tables of capacities, dimensions, 
and all the particulars that a prospective customer 
would usually require. The direct-current motors are 
made in 19 standard sizes, ranging from } h.p. to 125 h.p., 
while the alternating-current motors range from } h.p. 
to 130 h.p.; both are supplied with various special 


fittings. 
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SPUR GEAR EROSION. 
By F. W. Layousster, LL.D., M.Inst.C.E. 

Ir is generally assumed in mechanical test books, 
when treating of the subject: of spur gearing, that 
it is desirable to secure as far as possible rolling 
contact in contradistinction to sliding contact. 
It is sometimes put forward for example that one 
of the advantages of helical spur gear is that there 
is always a region in engagement in which pure 
rolling contact is taking place. 

In the present article I point out that there are 
decided limitations to the conditions under which 
it is desirable to make use of rolling rather than 
sliding contact, and to demonstrate certain difficul- 
ties which are liable to be associated with rolling 
conditions. 

The idea sometimes expressed that rolling may 
be substituted for sliding in gears by adopting a 
suitable design of tooth is based on a misconception 
of the problem, The amount of sliding depends 
implicitly on the position of the point of contact 
in relation to the two axes, for a gear of any given 


Fig. i. Fig.2. 


publication. of the results obtained with the Daimler- 
Lanchester dynamometer installed at the National 
Physical Laboratory, the certified accuracy of which 
is within one-fifth of 1 per cent of the truth. It 
is clear, therefore, that sliding in gear tooth contact 
is not the bugbear that it has sometimes been 
represented to be. 

At different times during recent years my 
attention has been called to a peculiar form of 
failure in the spur gear of motor-car change-speed 
boxes. One point struck me forcibly as characteris- 
ing the form of failure in question in nearly all its 
manifestations namely, that there appeared to be 
a complete breakdown of the gear in the region of 
the pitch line, Now considering that the pitch 
line is the region in which the teeth engage in rolling 
contact, and is the one region in the whole of the 
tooth face at which there is no sliding, this fact, as 
concerns the nature of the gear failure, appears the 
more remarkable. Usually the examples brought 
forward from the repair shops or elsewhere are in 
a very bad or advanced state of erosion and in these 
cases, taking the ordinary involute tooth, the 


Fig.3. 
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ratio. The only point in spur gearing at which 
there is no sliding or slipping between the teeth is 
that situated on the pitch line and its instant of 
contact is when crossing the plane containing 
the two axes. In the case of worm gear every point 
of engagement is one of sliding contact, and the 
velocity in this class of gear is exceptionaally high. 
When and to what extent rolling takes place: in 
any gear is additional to sliding and not in sub- 
stitution for sliding.* 

The behaviour of worm gear and the very low 
coefficient of friction found to exist’ between the 
worm and wheel teeth, in spite of the very high 
relative velocity, shows at least that sliding contact 
is not inconsistent with high efficiency and that 
under certain circumstances of high’ velocity the 
conditions as to lubrication are singularly favour- 
able. We must remember that in worm or screw 
gearing the rubbing velocity as between the teeth 
is higher than the individual peripheral speed of 
either element ; in spite of this the high water-mark 
of efficiency for worm gear is approximately 97 per 
cent., at which the coefficient of friction between 
the rubbing surfaces is approximately 1} per cent., 
or » =0-015. ‘That such a low coefficient was 
possible under apparently such adverse conditions 
was not generally credited by engineers until the 





* Compare Proc. Inst. A. E. Vol. XI; pp. 162 et seq. 








curvature of which is everywhere convex, there 
is on each tooth a marked depression, a concavit 
or groove in fact, running along the tooth about the 
middle part of its face. When a pair of gears so 
affected are mounted up at their correct centres it 
is found that these depressions are not exactly 
opposite each other; they are not symmetrical 
with regard to the pitch line. Indeed this could not 
well be the case since if the cavities were exactly 
opposed in this position there is no conceivable 
possibility of them having been produced. Generally 
speaking the width of the groove covers that portion 
of the tooth face from a little below the pitch line 
considerably outwards towards the point of the 
tooth, and it would appear that when the gears are 
in action it is, as it were, the shoulder of one groove 
that eats into and produces, and progressively 
increases the trough of the other. 

For some considerable time it was not. my 
good fortune to meet. with a pair of gears in the 
early stages of this “disease,” but during the last 
twelve months several examples have been put before 
me in which there is only an incipient erosion, 
but clearly of a kind that if continued would result 
in a fully developed grooved condition, as above 
described. In this erosion in its incipient form 
there is that which appears to be an irregular pitting 
of the gears in the pitch line region with a certain 
amount of radial grooving from each pit, a feature 





more noticeable where the pitting is severe, The 
appearance of such gears suggests a probable 
explanation of the phenomenon: This is as 
follows :— 

Where gears are under heavy duty, whether 
worm gear or spur gearing, the local pressure 
between the contact lines or areas is so great that 
no oil film can stand for any appreciable length of 
time. If, as in worm gear, the oily surfaces sweep 
rapidly past one another the lubricant has never 
time to escape, in escaping it only leaves one part 
that is under pressure to find itself in another part 
that forthwith comes under pressure, that is to say 
as the pressure region moves it pushes the oil 
before it and as the oil-swilled surfaces sweep 
rapidly past one another the essential lubricating 
film is never lost even for an instant. The same 
applies to spur gear at points remote from the pitch 
line region and consequently the tips and roots 
of the tooth do not show any tendency to failure. 
On the pitch point itself, too, where the rolling 
contact is perfect, that is to say where there is no 
sliding or rubbing, it is conceivable that although 
the oil film may break down there is no reason to 
anticipate injury if the tooth surfaces are properly 
hardened, the conditions being -precisely those 
which obtain in a roller bearing. But adjacent 
to the point of actual rolling, and far more important 
inasmuch as it is an area rather than a theoretical 
line, we have regions or bands in which the motion 
is very slight and where, whilst there is insufficient 
relative movement between the surfaces to drag 
in lubricant in adequate quantities, there is at the 
same time a measurable degree of sliding. Here we 
have definite metallic contact, the oil film having 
broken down, and at the same time slow rubbing 
motion under heavy pressure. Under these condi- 
tions we must expect a seizure between the contact 
surfaces, or at least we must regard a seizure 
between the surfaces imminent, and the consequent 
tearing of the one surface away by the other. 

Furthermore it is quite clear that if we follow 
the conditions during the passage of a line of tooth 
contact over the pitch line region we have, before 
the rolling point is reached, a slowing up of the sliding 
motion that is symmetrical and in the reverse direc- 
tion to the subsequent motion after the rolling point 
is past. Since an oil film takes a certain time to 
squeeze out, it is evident that the actual metallic 
contact will tend to take place at or near the rolling 
point or immediately after that point; the seizure 
or welding together of the surfaces follows and the 
tearing away of these surfaces, which causes the 
phenomenon of erosion, will therefore take place 
when the rolling point has been passed. 

Let us follow this process more intimately by the 
aid of a few diagrams. In Figs. 1, 2 and 3 we have 
on a greatly magnified scale a region of tooth 
engagement in which Fig. 1 is a brief interval prior 
to the rolling point, Fig. 2 represents the gears at 
the rolling point, that is when contact is on the 


Y| pitch line, and also on the plane containing the 


axes of the gear pair, and Fig. 3 is a short period 
after the rolling point. If, as according to the above 
argument, we assume that the seizure or welding 
of points on the gear teeth takes place at or about 
the instant of zero relative motion (Fig. 2) then, 
in operating, either a gear tooth A may detach and 
carry away a piece of gear tooth B, or vice versa, 
gear tooth B may detach and carry away a piece 
of gear tooth A. It is evident that, assuming a 
seizure, either may happen, and it is immaterial for 
our purpose which we take by way of example. 
Assuming that the gear wheel A attaches to itself 
a particle from the gear wheel B the next step is to 
consider the path of this particle relative to the 
gear wheel B in course of its removal. As it has 
now become virtually a part of the gear wheel A, 
and as the gears A and B are rolling on each other 
on their imaginary pitch cylinders the detached 
particle will describe a cycloidal curve (Fig, 4) and, 
so long as we are dealing with a small scale phenome- 
non we only have to consider the part of this cycloid 
which is adjacent to its point of origin where we 
know it to be radial. Consequently the path of 
withdrawal of the detached particle from gear B 
will, as marked on the tooth gear B, be radial as 
a first degree of approximation ; hence the particle 





being removed will wipe away with it, or cut into 
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the gear wheel B, during its removal a groove in the 
manner shown in Fig. 5 ;* every initial abrasion 
will consist of a focal point where the seizure is 
taking place with an outwardly extending radial 
groove precisely as observed in the examples caught 
in the earlier stages of the seizures, Fig. 6. 

As abrasion continues the isolated foci with 
their radial groove continuations will develop 
into a line of pitting with a region of tearing away, 
and such line of cutting with its region of tearing 
away might reasonably be expected to become a 
groove such as in the examples found in the later 
stages (Fig. 7). 

These grooves when developed form a modifica- 
tion of the original tooth shape of a most detrimental 
character, inasmuch as they introduce a serious 
and measurable angular irregularity in the motion 
of the gears. Moreover, the regions in which the 
gears continue to bear on one another may still 
be described as regions of rolling and approximately 
rolling contact, so that the erosion continues in- 
definitely with its welding and tearing away of 
particles. 

It may be asked why this particular phenomenon 
of gear erosion is one that has been only observed, 
or at least caused difficulty, of recent years. The 
main reason I think is to be sought in the fact that 
it is only of late years that gears have been called 
upon to perform the amazingly high duty asked 
of them at the present day. In the motor-car 
gear-box we have 100 h.p. passing through a pair 
of gears of about 4 in. or 5 in. centres and with 
possibly 1 in. or thereabouts of tooth face. When 
we compare this with the size of gear that would 
have been put down by a millwright of the old school 
for the transmission of 100 h.p. in a factory or 
rolling mill we realise the extent to which conditions 
have changed. 

It is sometimes easier to find the cause of a 
trouble than to prescribe the cure, and in the present 
case it is difficult to see a clear and unquestionable 
way out of the difficulty. It is, of course, a simple 
matter to suggest that the pitch line region of gear 
engagement should be abandoned and only the 
regions above and below, where there is adequate 
sliding contact should be made use of. I should 
certainly be inclined to advocate this system if 
and when conditions permit, but the gear-box of a 
motor car would require to be made of much larger 
size and with an increase in the gear shaft centres 
if any such plan of gear design were to be attempted. 
However, where the conditions render it possible 
there is another advantage that might be found to 
accrue from working either on the entering or 
leaving side of gear engagement only and abandoning 
contact considerably before the rolling point is 
reached, or alternatively entering into engagement 
only after it has passed. I have for a long time 
suspected that gear noise in well-cut teeth is in part 
traceable to the sudden change in direction of the 
frictional component at the rolling point. Up 
to the rolling point the direction of re-action as 
between the teeth is normal to the faces plus the 
angle of friction and during the recess it is normal 
to the faces minus the angle of friction. In brief, 
at the instant of reversal there is a sudden change 
in the radial component between the gears repre- 
sented by twice the coefficient of friction ; however 
accurately the gears are cut, we might expect noise 
as due to this periodic sudden changing force 
which must manifest itself on the gear housings 
rather like a series of light hammer blows. When 
we remember that the production of sound by a 
violin bow, or the squeak which is produced by a 
failure of lubrication is due merely to variations 
in the coefficient of friction under the conditions 
of “stiction” and (moving) iriction respectively, 
aided by resonance, it is to be expected that a 
complete reversal of the frictional component will 
produce a noise of very great magnitude, especially 
if it should happen to synchronise with some 
particular period in the gear-box construction or 
mounting. Now this source of noise would be 
obviated if the point of reversal were abolished, 
and therefore it might be considered a great advan- 
tage from two points of view to adopt a system of 





* In Fig. 5 the sectioned area represents a small piece or 
particle of gear B torn out, and the blackened area the 
consequent groove. 





gear in which the function of transmission is confined 
either to the period of active approach or the period 
of active recess of the teeth relatively to one another. 
However, any such ideal in the matter of gear design 
is only possible in its application to purposes in 
which the question of weight is relatively unim- 
portant. It might possibly apply in the case of 
gears for turbine transmission where some similar 
difficulty has been experienced. 

If it is not possible to adopt a modified form 
of gear as above suggested then it would appear 
that the most promising channel for improvement 
is to employ materials which are not prone to 
seizure. There are two avenues of approach to the 
problem from this point of view, one in which the 
materials of wheel and pinion are the same, and the 
other in which dissimilar metals are employed. 
It would appear that for the purpose of the auto- 
mobile engineer there is practically no choice of 
material, but it may turn out on investigation that 
certain classes of steel are more prone to seizure than 
others. Possibly also two different grades of alloy 
steel might be found mutually incompatible and not 
to pick up or adhere to one another even under the 
worst conditions. As far as my personal experience 
goes, I am disposed to think that the cure is to 
be sought in a high carbon percentage, either 
in the stock or attained by carbonising, in con- 
junction with a glass-hard surface. There are 
many applications of hardened steel where heavy 
loads are carried and where for other reasons 
seizure is to be feared. For example, a practice 
formerly existed of employing piston pins in motor- 
car engines of hardened steel working in hardened 
steel bushes. It was found that seizure did not take 
place between the one and the other provided the 
surfaces were glass-hard, but a soft patch was fatal. 
When seizure took place there were times when it was 
almost like a melting and running together of the 
metal. Again, in connection with bearings I have 
found that carbon, apart from hardening, is a great 
protection against seizure. In all probability also 
the difficulty that smiths find in welding a high 
carbon steel is another manifestation of the same 
negative property. Therefore from the point of 
view of getting rid of the difficulty under existing 
conditions of practice high carbon content and 
glass hardness may be regarded as desirable. 
This conclusion is rather confirmed by com- 
parison of the experience that has been obtained 
on well case-hardened gears, and those made with 
alloy air-hardening steels. The latter appear to be 
much more prone to become “ diseased ” than when 
a high carbon water-hardened surface is opposed 
to one of like character. 

One objection that may be raised to the arguments 
put forward in the present article is that there are 
usually two or three teeth in engagement at once, 
and consequently it is difficult to see how undue 
pressure can come on to the particular tooth that 
happens to be in the region of its rolling point. 
As a matter of fact in a high duty gear-box the 
elasticity of the gears and the individual teeth is so 
great that arguments based on an assumption of 
complete rigidity are of no weight. Without a 
doubt, however, a wheel with a large number of 
teeth simultaneously in mesh is less prone to develop 
erosion, but again the conditions under which the 
motor-car gear-box is used preclude fancy diameters 
of gear wheels, or alternatively the fine pitch such 
as that necessary to divide the duty continuously 
between several teeth. 





PERCOLATION AND TUBE WELLS. 

In “recent” alluvial deposits the ground 
water does not flow along underground fissures 
or conduits but percolates along through beds of 
permeable material which have been laid down by 
running water, the fineness or coarseness of the 
deposit depending on the velocity of the flood 
water. Most of our large rivers rise in hilly or 
mountainous country. High up in its course among 
the hills where the river flows with torrential 
velocity it tears away earth, sand, stones and 
boulders from its bed and banks, and carries them 
along to the plains; when the river debouches 
out of the hills into the plains the velocity of its 
current is checked, the river is no longer able to 
transport the material which it holds in suspension, 





or rolls along its bed, and it deposits the heavier 
material chiefly along its sides and at its concave 
bends. As the course of the river in its valley 
wanders from side to side it leaves behind it broad 
flats or terraces of alluvial soil, which are at first 
overflowed periodically when the river is in flood, 
but eventually by successive deposits rise above the 
flood level of the river. Or the land rises and the 
river carves out a new valley, leaving its original 
bed as broken banks or terraces alongside its new 
valley. Or the river continually shifts its course, 
forming new valleys adjacent to its old ones, as 
in the case of the Indus in North India, and the 
Palar in the Madras Presidency. The end of a river 
is usually the sea, to which it transports, and in 
which it deposits its finer sediments, forming 
new land which is continually being pushed seaward, 
ultimately ending in its delta. Asa rule the gradient 
of a river diminishes towards its mouth, conse- 
quently the velocity of its flood water continues 
to diminish as it leaves its source, causing the 
coarser material to be deposited in the upper 
reaches of the river, and the finer material to be 
carried, and deposited lower down, or ultimately 
deposited in the sea. Accordingly we may expect 
to find that the subsoil in the alluvial plains near 
the hills contains boulders, pebbles, or coarse sand, 
whereas at a distance from the hills the deposits 
will be generally alternate layers of fine sand and 
clay, or a mixture of fine sand and clay. At the 
delta, where the finest material is deposited, clay will 
predominate. Owing to the strong current in the 
river channel itself, the bed of the river channels 
of most large rivers, even in their deltaic areas are 
composed of sand, often extending to a considerable 
depth ; the texture of the sand depending on the 
rock formation of the country the river drains.: }-; 

In prospecting for a water supply from wells, 
the coarseness of the subsoil will be an indication 
that the material was deposited when the river was 
flowing at a comparatively considerable velocity, 
consequently beds of clay are not likely to be found 
interstratified with the sand; while lower down 
the alluvial valley, the fine sand met with in the 
subsoil is an indication that beds of clay are possibly 
interstratified with the sand. As we approach the 
deltaic area of the river valley, clay is more in 
evidence in the subsoil, and strata of sand or sandy 
soil are often not struck except at considerable 
depths. 

In the great Indo-Gangetic plain, which in 
past ages formed an arm of the sea separating 
peninsula India from the mainland, and in which 
the alluvial deposits extend to unmeasured depths, 
beds of clay are not generally found interstratified 
with the sand in the subsoil of the upper reaches 
of the Indus and the Ganges, while lower down 
the valleys of these rivers beds of clay interstratified 
with sand are obtained. A striking evidence of 
these conditions is that in the Panjab the local 
cultivator uses a percolation well as a source of 
irrigation, while lower down the valleys of these 
rivers the local cultivator constructs a Mota well 
(see ENGINEERING, page 168, vol. cx), whenever 
conditions enable him todoso. As pointed out* by 
Mr. Malony, 1.C.S., even if the local cultivator in 
the Panjab did strike a stratum of clay in sinking 
his well, not having seen or experienced the possi- 
bilities of a “‘ Mota” well he would not be alive to 
the advantages of the clay stratum overlying the 
sand and would probably sink his percolation well 
through the clay to the sand stratum below. 

Mr. Malony states that from the River Sutlege 
to Behar, except in the sub-mountain districts, the 
“* Mota ” or “ spring well,”’ as he calls it, is practic- 
able also in the alluvial tracts of Guzerat ; while 
owing to the coarseness of the sand in the subsoil in 
the Panjab west of the Sutlege percolation wells 
generally obtain. In South India, in the deltaic 
portions of the great river valleys, irrigation is 
carried on by means of river channels or canals. 
Above the deltaic portion, percolation wells are used 
for irrigation, as the subsoil sand is coarse and the 
local cultivator has never seen a “ Mota” well. 
It may be observed that in South, or peninsula 
India, the alluvial tracts form a comparatively 
narrow fringe along the coast. 


*« Manual of Irrigation Wells,” Department of Land 
Records and Agriculture, United Provinces, India. 
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As already pointed out (see “ Percolation Wells 
in India,” ENGINEERING, page 153, vol. cx, it 
it is impossible to obtain from a percolation well 
sunk into sandy soil more than a definite discharge 
whatever the depth to which the steining (if imper- 
meable) is sunk, and any attempt to obtain more 
than the critical discharge endangers the stability 
of the well; also once the critical head is increased 
and the sand has begun to move, it becomes “‘ super- 
saturated”’ and is easily moved by a head less 
than the critical head. Sand so disturbed takes 
considerable time to consolidate again. The critical 
discharge per square foot of sand depends on its 
coarseness and its specific gravity. If from a yield 
test the “ specific yield” of a stratum of sand, into 
which it is proposed to sink a well as a source of 


irrigation, is found to be = = }, and the critical 


head is observed to be 6 ft.; then the critical dis- 
charge per square foot area of the well will be 
3 cub. ft. per hour. If a cultivator requires 300 
cub. ft. per hour the area of the well will have to be 


100 sq. ft., or diameter about 12 ft. If i for the 


stratum is found to be } cub. ft. per hour, the sand 
being finer, the critical head will be less, say, 4 ft. 
The critical discharge will be 1 cub. ft. per hour 
per square foot area of the well, and a well of some 
20 ft. in diameter will be required; which will 
probably be more than the cultivator can finance. 
Many attempts have been made to overcome the 
difficulty of sand blows. One method is to construct 
orifices covered with fine-meshed gauze in the 
well steining ; steam under pressure is then forced 
through these orifices and allowed to escape outside 
the well, thus blowing the fine sand away from the 
strainer and forming a reverse filter. The operation 
has to be repeated at intervals, as the flow towards 
the orifice carries back the finer particles of sand. 

As shown in the article on “ Percolation Wells in 
India,” the maximum velocity of entry into a 
percolation well is at the well curb, and this is the 
weak spot ; as the sand under the well curb may be 
moved when the velocity in the centre of the well 
has not yet reached the critical velocity. If a more 
or less impermeable cylinder of wood or iron is sunk 
inside the masonry steining leaving an annular 
space of about 9 in. between the masonry steining 
and the subsidiary well, a portion of the flow is 
diverted from passing under the subsidiary cylinder 
and the risk of undermining is less. Mr. Beresford 
(Technical Paper 97, Government of India), in 
experiments to determine the effect of a partial 
obstruction to flow found that when he contracted 
a portion of the cylinder he was using for his experi- 
ments to one-ninth of its original section, it consumed 
8} and 9} times the head required to produce flow 
in the uncontracted cylinder. The effect of con- 
tracting the area at x, vide Fig. 1, will be to reduce 
the velocity at the well curb, and the well can be 
worked to a greater head than would be otherwise 
possible, until the critical discharge in the subsidiary 
well is reached. 

Another method is to construct the well steining 
with open joints, pervious to flow, and to plug the 
well with a layer of concrete so that no flow enters 
the well from below the well curb, all flow towards 
the well being radial. If the openings in the steining 
are sufficiently small or close enough to keep out 
fine sand, the well will have to extend for a con- 
siderable depth into the water-bearing soil or be 
of considerable diameter, in order to obtain an 
adequate supply of water. 

Where the water-bearing soil is of great 
depth a tube well can generally be successfully 
installed. In a tube well the flow into the well is 
radial through a strainer of such dimensions that 
all but the finest sand is kept out of the tube; the 
required area of discharge being obtained by the 
length of the tube. The lower end of the tube is 
closed so that no flow comes vertically upwards 
through the tube. In sinking a tube well an ordinary 
or “casing” pipe of such an internal diameter that 
the tube well strainer with its joints can easily 
pass through it, is first sunk to the required depth 
into the water-hearing soil. It is advisable to 
sink the casing pipe to a slightly greater depth 
than that required for the strainer in order to 
allow for any rise of sand into the casing pipe 
when it has been finally settled. The casing pipe 





should be allowed to stand for some days to permit 
the sand to consolidate, and be then sludged clean. 
The tube well strainer with its connecting pipe 
is then lowered into the casing pipe, and held sus- 
pended ‘at its correct depth while the casing pipe 
is removed, leaving the tube well strainer embedded 
in the sand. The supply from a tube well is con- 
siderably greater than from an ordinary percolation 
well, so that tube wells are generally used in con- 
junction with pumps, the strainer being connected 
directly to the pump suction or by an intermediate 
length of plain pipe. A tube well may, however, 
lead into a masonry sump well to enable leather 
buckets or other methods of raising water to be 
used. The sump well must be sunk well below 
ground water level to obtain the required head, 
and in order to prevent sand blows into the well 
if the critical head of the sand is exceeded, as it 
generally is in the case of tube wells, the floor of 
the sump well must be made watertight by a con- 
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crete plug of suitable thickness ; the pipe connect- 
ing the strainer with the sump well passing through 
the concrete. 

The discharge from a tube well depends on the 
nature of the water-bearing soil into which it is 
sunk, and on the length of the strainer. The 
resistances to flow into the well are :— 

(1) Resistance of entry. 

(2) Loss of head (necessary to produce velocity 
in the tube. 

(3) Frictional resistance of the tube. 

It is obvious that the greater the head the greater 
will be the velocity entering the tube and hence the 
greater the resistances of entry. Mr. Brownlie 
(Panjab Engineering Congress, 1918) fixes the 
economic head at 7 ft. for a 5-in. tube and 14 ft. 
for a 10-in. tube for Punjaub soils. Mr. Ashford 
fixes the length of strainer as 150 times the diameter 
of the tube. He also states that when starting 
a tube well it is advisable to at once apply the 
maximum infiltration head by pumping to the full 
capacity of the well. This action washes out the 


fine sand and clay from the zone surrounding the | 


strainer and cleans it for its work. If this cannot 
be done without drawing in coarse sand a smaller 
gauge strainer must be used (Panjab Engineering 
Congress, 1918.) Heads of 20 ft. have been applied 
to the Ashford patent tube wells without harm. 
Tube wells vary in design from a strainer of per- 
forated vitrified pipe inserted into a casing pipe 
of somewhat larger diameter, the annular space 





being then filled with gravel, and the casing pipe 
removed ; to the Ashford patent tube well Ad 
the strainer consists of a framework of bars round 
which wire is wound at high tension, giving the 
wire a wedge-like shape, so that when in use the 
wire presents a flat surface to the water-bearing 
soil, surrounding it, with a slit between adjacent 
strands of about ,}, in. in width, The casing 
pipes are standard casing tubes with swelled and 
cressed joints of the following diameters :— 
Nominal diameter of tube well, 5 in. Diameter of 
casing pipe, 7} in. 
Nominal diameter of tube well, 7 in. Diameter of 
casing pipe, 9} in. 
Nominal diameter of tube well, 10 in. Diameter of 
casing pipe, 124 in, 

Fig. 2 represents a tube well of diameter 2r 
sunk H into water-bearing soil. As no flow enters 
into the well from below the tube we may assume 
that the stratum immediately below the level to 
which the tube is sunk is impermeable so far as the 
well is concerned. Accepting the conditions that 
the flow towards the well is radial, and to be flowing 
through a series of concentric cylinders y,, y, Yp. . . 
measured above the assumed impermeable stratum 
at distance r, z, R . . . from this axis of the well ; 
as the discharge is constant the velocity through any 
cylinder y multiplied by its distance x from the 
axis of the well is constant or 


% X= Cc} 


vz also equals M 2 where M is the modulus of 
the water-bearing soil 
Cc} ae =d y M 
« 
and 
¢ logea = My +C2 


¢ loge r = M yr + Co 
¢ loge R = M yx + Co 


The velocity at the wall of the well 
(ye — Yr) M 
= mcm 
r loge — 
r 


The discharge 
Q= 2a ryr(yx — yr) M 





r loge R 
r 


_ 24 Myr (yx — yr) M 
log. 
r 





If his the amount, the water is lowered in the 
well or the head when equilibrium is established 


Q = 27 M(H —h h—») 





loge ni 
r 


Where H is the depth of the water-bearing soil to 
the assumed impervious layer, or depth of water in 
the well before pumping operations were started ; and 
z is the drop in the subsoil water level at radial 
distance R from the axis of the well, due to the 
draught from the well when equilibrium is estab- 
lished ; or z is the depth of the cone of depletion 
below the original ground water plane at radial 
distances R from the axis of the well, due to the 
head h in the well. If D is the distance where the 
draught from the well shows no appreciable effect 
on the ground water plane 


2” Mh(H — A) 
eS ae 
loge — 
r 


And this is the maximum when 
' a=H 
2 

It is obvious, therefore, that under such condi- 
tions the strainer portion of a tube well, which is 
the most expensive part of the installation, need 
only be half the depth the well is sunk into the 
water-bearing soil; the remaining portion of the 
well being a plain pipe. 

If conditions are artesian and the water-bearing 
soil is overlaid and underlaid by horizontal strata 
of impervious soil the flow towards the well is 
radial. If a be the depth of the water bearing 
stratum, or the depth to which the tube well has 
been sunk into the water bearing stratum; A the 
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head pumped to when equilibrium is established ; 
and 2r is the diameter of the tube well. 


sa Mek 
loge D 

Where D is that radial distance from the axis 
of the well where the variation of pressure in the 
water bearing strata is uninfluenced by the draught 
from the well; generally assumed to be 600 ft. 
It is obvious that in such cases the strainer portion 
of the tube well need be only of length a. Vide 
Fig. 3. 

Mr. Farrant (Panjab Irrigation Paper 63, Govern- 
ment of India), from experiments made by him 
with a tube well 4} in. diameter and strainer 42 ft. 
long closed at its lower extremity and pumped 
to a head of 12 ft. found that the discharge Q = K, 
x h cubic feet per hour, when 4 was the head 
and K, the transmission constant for radial flow, 
not to be confused with K for vertical flow (see 
“Percolation Wells in India”). For the well in 
question, t.e. 44 in. diameter and strainer 42 ft. long 
sunk into Panjab sand, K, was observed to be 72 
cub, ft. per hour for a head of 1 ft. The area of the 


strainer was about 48 square ft., so that = 2, 


for Panjab sand. Vertical flow for @ masonry 


well for the same soil is $ so that a tube well is 
equivalent to about 4 masonry percolation wells, 
but as a tube well can be pumped to a greater 
head than a masonry well the advantages are 
considerably on the side of the tube well. Mr. 
Brownlie gives the following figures for tube wells 
for Panjab sand :— 
Internal diameter of pipe, 3}in. Length of strainer, 
34 ft. Discharge, 0-25 cub. secs. 
Internal diameter of pipe, 5in. Length of strainer, 
42 ft. Discharge, 0-5 cub. secs. 
Internal diameter of pipe, 5in. Length of strainer, 
54 ft. Discharge, 0-75 cub. secs. 
Internal diameter of pipe, / in. Length of strainer, 


54ft. Disc , Leub, sec, 
Interna] diameter of pipe, 7 in. Length of strainer, 
74{t. Discharge, 1-25 cub. secs. 


Internal diameter of pipe, 9 in. 
95 ft. Discharge, 2 cub. secs. 
The yields are those under favourable conditions. 
(Panjab Engineering Congress, 1918.) Turning 
again to Mr. Farrant’s experiments, the discharge 
into the well 4} in. diameter and strainer 42 ft. 
long under head 1 ft. would be :— 


Length of strainer, 


2eM x 42x 1 
600 x 48 
9 


Q= - 33M 


loge 
and this from Mr. Farrant’s experiments 


== 72 x 24 cub, ft. per day of 24 hours. 
M = 52 cub. ft. in 24 hours. 


which approximate to the values of M obtained by 
Colonel Olibborn and Mr. Beresford for Panjab 
sands. M is the discharge of a solid column of 
water of the same area as that through which per- 
colation occurs, which will deliver the quantity of 
water which actually percolates through the soil. 
The porosity of sand varies from 26 per cent. to 
47 per cent. The net area of the strainer is given 
as about 15 sq. ft., which is 33 per cent. of the 
gross area of the strainer. Consequently if the 
head pumped to, in a tube well is restricted so as not 
to cause too great a velocity through the strainer 
and increase the resistance of entry, the water 
should percolate as easily through the strainer as 
through the pore spaces of the soil, provided the net 
area, of the strainer is the same per cent. of the gross 
area as the per cent. of the porosity of the water 
bearing soil into which it is sunk. Mr. Brownlie 
(Panjab Engineering Congress, 1918) states that 
the actual velocity of entry should not exceed } in. 
per second, and that in Amritsar sand it is not 
economical to obtain more than two cusecs per 
tube. Turning to Fig. 2, 





which gives the equation to the cone of depletion 
when equilibrium is established. It will be seen 
that the curve depends on the head required to 
obtain a definite discharge and is not dependent 


on M or the nature of the soil. D is generally 
assumed to be about 600 ft. The diagram, Fig. 4, 
gives the calculated values of the cone of depletion 
for a 6-in. tube well for heads of 7 ft. and 10 ft. 
It will be seen that they eventually merge into one 
another. Mr. Brownlie states that from observa- 
tions made by him on the cone of depletion of tube 
wells that for a head of 7 ft. the following values 
were obtained :— 

50 ft. from well depth of cone of depletion, 3-25 ft. 
100 ft. from well depth of cone of depletion, 2 -00 ft. 
230 ft. from well depth of cone of depletion, 1-00 ft. 

For a head of 10 ft. the cone of depletion merged 
into the cone of depletion for a head of 7 ft., at 
250 ft. from the well where the depth below the 
normal ground water level was 0°75 ft. He also 
states that in a masonry lined percolation well of 
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about 100 sq. ft. area yielding 2,000 gallons per 
hour under a head of 6 ft., at a distance of 50 ft. 
from the well the cone of depletion was only 6 in. 
below normal ground water level. As the cone of 
depletion depends on the amount of water abstracted 
from the soil, and as in the case of masonry lined 
percolation wells, the water has to pass downwards 
under the well curb and vertically into the well, 
the loss of head due to resistance of entry must 
be great, so that the head inside the well required 
to give the necessary discharge is greater than the 
head outside the well required to overcome the 
resistance in the soil, vide Fig. 5. 

It is obvious that a tube well can only be 
installed when there is a considerable depth of 
water bearing sand; and economically when the 
water bearing strata is at a comparatively moderate 
depth below the surface. 

In some cases it may be necessary to penetrate 
several strata of impermeable soil before a stratum 
of sufficient depth of water bearing soil, for installing 
@ tube well, is obtained. If the cost and difficulty 
of boring increases with the depth, it may be more 
economical, if a stratum of clay of sufficient thick- 
ness is struck overlying a layer of water-bearing 
sand of a moderate depth, to install a “‘ Mota” well. 





MANGANESE Mine in Catna.—The Chinese Govern- 
ment Bureau of Economic Information states that a 
Manganese mine has been discovered at Haichow. 





Tae Bremincoam Metatturcicat Socrery,—The 
rt presented to the members at the annual general 
meeting at the Birmingham Chamber of Commerce stated 
that the membership at that date had reached the total 
of 874, showing an increase of 44 on the previous session. 
During the session, 11 papers were read, of which five 
had been given by members, The society had not 
increased the subscriptions. Next i a b h 
will be inaugurated at Wolverhampton. The second 
annual award of the society’s bronze medal and prize 
was made to Mr. C. W. Yearsley, Burslem, for his paper 
= “A Physico-Chemical Interpretation of the Effects 
Strain w Metals.” The ident elected for next 





session is 


THE DALMARNOCK POWER STATION. 
(Continued from page 707.) 
As we stated in our previous article, the No. 1 
main generating unit was supplied by the Fraser 
and Chalmers Engineering Works, of Erith, the 
alternator being by the Metropolitan-Vickers 
Company and the condenser by the Mirrlees- 
Watson Company, Limited, of Glasgow. This set 
is illustrated in Figs. 57 to 63, on Plate XLII. Its 
rating is the same as that of the Metropolitan- 
Vickers’ units which we have already described. 
The turbine is designed to work with steam at 
250 lb. per square inch, a total steam temperature 
of 650 deg. F., and a vacuum of 29-1 in. (barometer 
30 in.). The turbine runs at 1,500 r.p.m., and its 
most economical load is at 15,000 kw. The 
maximum continuous load is 18,750 kw. and the 
maximum overload 23,500 kw. All loads are 
automatically obtained. 
The general lay-out of the complete unit with its 
condenser and circulating water connections is well 
shown in Figs. 57 to 60, on Plate XLII. The air-duct 
arrangements for the alternator cooling air may also 
be seen in these figures. The turbine and alter- 
nator are illustrated separately in Figs. 61 and 62, 
while a cross-section through the turbine is given in 
Fig. 63. The turbine is of the impulse multi-stage 
type with a single horizontal cylinder. The first 
wheel is built as a velocity wheel with two rows of 
blades, but all the following wheels have single 
rows of blades only. After the velocity wheel the 
steam is expanded in ten single stages and then 
splits up into two portions, one portion passing 
direct through three successive stages to the con- 
denser, and the other portion being collected by 
means of a volute, the smallest area of which is at 
the bottom and the largest at the top. On the 
top of the turbine there is a passage leading from 
this volute to another similarly formed volute at 
the end of the exhaust from which the steam passes 
through two stages of larger diameter. These two 
stages work in parallel with the three preceding 
stages of smaller diameter. The arrangement is 
clearly shown in Fig. 63. 

The turbine casing is split horizontally, the high 
pressure portion being made in cast steel and the 
low pressure in cast-iron. The low-pressure casing 
is provided with a foot on each side for bolting 
to the bedplate, while the high-pressure casing is 
bolted to the pedestal of the bearing at the high- 
pressure end. This pedestal is allowed to slide 
on the bedplate in a longitudinal direction so that 
the casing can expand freely. The turbine dia- 
phragms are made in halves with a horizontal 
joint of the spigot and socket type, while the guide 
blades are cast into the diaphragms. A number of 
diaphragms in the high-pressure portion of the 
machine are made in cast steel, the guide vanes 
being cast into cast-iron rings which are riveted 
to the cast steel diaphragm bodies. The glands in 
the diaphragms are of the labyrinth type and consist 
of soft brass rings with sharp edges which practically 
touch the rotor. In the high-pressure portion the 
strips are of mild steel turned out of a solid ring 
which is attached to the diaphragm by dovetailing. 

The turbine wheels are made from solid steel 
forgings and are machined all over. The blades, 
which are of nickel steel, are milled from solid 
bar and have a fork for fixing them astride on the 
wheels to which they are attached by countersunk 
rivets. The shaft is made from a solid steel forging 
and is dimensioned so that the critical speed of the 
turbine rotor is about 30 per cent. above the normal 
running speed. The wheels are pressed on to the 
shaft and are held in position by sunk keys. A 
view of the turbine during erection in the makers’ 
works is given in Fig. 71, on page 748. This illus- 
tration clearly shows the arrangement of the wheels 
and the volutes giving the parallel flows at the low- 
pressure end of the turbine. A view of the machine 
complete and ready for test in the maker’s works 
is given in Fig. 72, on the same page. 

The steam before entering the turbine passes 
through a main stop and emergency valve and 
through a steam strainer into the steam chests 
which are situated on either side of the high-pressure 
end bearing. These chests contain the throttle 
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valves. These various arrangements can be seen 




















JUNE 17, 1921.] 


ENGINEERING. 


737 








in Figs. 57 to 62, on Plate XLII, and in Figs. 64 
to 66, on this page. Each throttle valve is con- 
nected to a cast steel nozzle-box fixed inside the 
casing. Each nozzle-box extends over a con- 
siderable part of the periphery and carries nozzle 
segments bolted to it. The boxes are extended, 
in the form of a short pipe, through a circular hole 
in the casing to the external pipe which admits 
steam from the corresponding throttle valve to 
the nozzle boxes. A metallic packing is inserted 
between the nozzle-box extension and the external 
pipe, and the result of the arrangement is tliat live 
steam does not come in contact with the turbine 
casing proper. 

The nozzle-box is rigidly secured to the casing 


Fig 64. 


approximately in the plane where the nozzle 
segments are fixed to the nozzle blocks, so that 
the nozzles always remain in the same position 
relative to the casing. As, moreover, the rotor is 
held in a definite longitudinal position by a Michell 
thrust bearing there is practically no alteration 
in the clearance between the nozzles and the moving 
blades whatever the load or steam temperature 
may be. The Michell bearing, as can be seen from 
Fig. 63, is fixed to the high-pressure end pedestal 
and this pedestal, as before explained, slides on the 
bedplate according to the expansion of the casing, 
and so maintains the relative positions of the nozzle 
and moving blades. The throttle valves are 
automatically operated by relays in accordance 
with the load. One throttle valve with its pipe 
connection to the nozzle-box and nozzle block 
form a separate unit. 

, As shown in Figs, 64 to 66, each throttle valve 
is enclosed in a separate cast steel casing connected 
4 a Pipe oe = steam strainer on the inlet 
side, and a y a pipe to the corresponding 
nozzle block. The valve body is carried on spring 
supports and is free to give way to any expansion. 








The main glands at the high and low-pressure 
ends of the turbine are of the steam-sealed labyrinth 
type, both of similar design. They consist of 
mild steel sleeves fitted on the shaft and mild steel 
cylindrical boxes fitted to the casing. The sleeves 
and boxes are provided with thin rings with sharp 
edges, the rings on the boxes practically touching 
the gland sleeve and the rings on the sleeve practi- 
cally touching the bottom of the groove between 
two rings of the gland boxes. A portion of the 
gland packings can be dismantled without lifting 
the top half of the casing. The gland boxes are 
provided with an annular space in which a pressure 
just above the atmosphere is maintained, thus 
preventing air being drawn into the turbine casing. 
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The annular, space of the high-pressure gland is 
connected by a pipe with the annular space of the 
low-pressure gland, so that the low-pressure gland 
is sealed with the leakagé steam from the high- 
pressure gland. If both glands should simul- 
taneously work under vacuum they would auto- 
matically receive a supply of live steam. Any sur- 
plus steam from the high-pressure glands passes 
into the low-pressure stages of the turbine. 

A speed governor is mounted on a horizontal 
shaft under the main turbine shaft from which 
it is driven by worm gear. The governor is 
of the centrifugal spring type and the governor 
shaft is hollow, the governor spindle passing 
through it and operating the oil relay through 
links. The speed-adjusting gear can be operated 
by hand as well as electrically from the 
switchboard. The oil relay is designed on the 
usual lines, the main power piston receiving oil 
pressure underneath and being balanced above 
by a spring. Any particular load corresponds to 
a definite position of the main power piston operating 
the main throttle valve and consequently to a 
definite oil pressure underneath that piston. This 








fact is utilised for the automatic control of the three 
other throttle valves. There are two emergency 
governors, operating in parallel, fitted at the high- 
pressure end of the shaft. Each alone is capable of 
tripping the turbine. They are connected to the 
stop and emergency valve by levers, and in case of 
tripping they release the main spring which shuts 
this valve, which is of the double-beat type. 
Simultaneously with the closing of this valve, the 
oil pressure underneath the power pistons of the 
throttle valves is released. e space under the 
pistons is connected to drain, and the space above 
them is put under oil pressure with the result that all 
the throttle valves will be closed by the combined 
oil pressure and the force of their springs. The 





turbine can also be tripped by hand from the engine- 
room floor level. 

The main bearings are of the white-metalled 
self-aligning type with forced lubrication. The 
thrust bearing at the high-pressure end of the 
shaft is of the Michell type. e flange at the low- 
pressure end, which is solid with the shaft, carries 
a worm wheel which is used for barring purposes. 
This is well shown in Fig. 71, on page 748. The 
system of lubrication consists of two main oil pumps 
of the rotary valveless type working in parallel. 
They are separately driven by worm gear from 
the main shaft. The pumps deliver to two oil 
coolers of the surface type, working in parallel. 
The pumps deliver oil at the pressure necessary for 
operating the power pistons, but this pressure is 
reduced to that required for the bearings before 
the oil passes through the coolers. From the 
coolers the oil passes to the various bearings of 
the turbine and alternator, and thence drains 
back into the oil well in the turbine bedplate. It 
there passes through strainers which can be inter- 
changed while the turbine is running. There 
is a steam-driven turbo oil pump which acts as a 
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SURFACE CONDENSER AT THE DALMARNOCK POWER STATION, GLASGOW. 


CONSTRUCTED BY THE MIRRLEES WATSON 
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standby and automatically comes into operation 
if the oil pressure drops below a definite limit. 

The condenser, as we have already stated, was 
supplied by the Mirrlees Watson Company, Limited, 
of Scotland-street, Glasgow. Its arrangement in 
the station is shown in Figs. 67 to 69, annexed. 
The condenser is of the standard Mirrlees wedge- 
shaped design and is bolted directly to the exhaust 
flange of the turbine. It is further supported, 
however, by a series of Belleville spring washers, 
which allow of any necessary expansion taking 
place. The main shell of the condenser is of cast- 
iron and is built up of heavily-ribbed plates bolted 
together. The hood at the top is made in two parts 
only and is also of heavily-ribbed section. The 
water heads and end covers are also of cast-iron and 
the latter are provided with inspection doors. The 
water heads are arranged to give two passes to 
the circulating water. The bottom of the con- 
denser is designed to collect the condensate so that 
it does not come in contact with the bottom row of 
tubes and become cooled. The special feature of 
the condenser design is the arrangement of the 
tubes. These are so placed that lanes are left 
to give the steam easy access among them, and are 
arranged in nests with a continually decreasing 
pitch. This construction, combined with the wedge 
shape, gives the necessary decrease in area corre- 
sponding with the decrease in volume of the steam 
as it is condensed. 

The air-extraction equipment consists of six 
Mirrlees Leblanc multijector air pumps, together 
with rotary centrifugal type condensate and lift 
pumps. The ejectors, one of which is shown in 
cross-section in Fig. 70, annexed, are i 
to operate down to a pressure of 85 Ib. per square 


























17.6, 


inch, and as it will be remembered that the station 
pressure is 275 lb. per square inch, it will be realised 
that a very large working margin is available. 
The arrangement of the multijector pumps is shown 
in Figs. 67 to 69, while the condensate and lift 
pumps, which are driven by an electric motor, can 
be seen in Figs. 68 and 69. There is a rotary air 
pump of the Mirrlees Leblanc type, which acts as 
a standby to the ejectors. This set has its own 
condensate and lift pumps, and the whole unit is 
driven by a single electric motor. Its position 
will be clearly 
are in an inverted position with the air 
inlet at the lower end and the discharge at the top. 
They are connected in lel to the air suction 
main, and valves are provided so that one or more 
of the multijectors may be put into, or out of, 
operation according to the load or air leakage. 

The arrangement of the circulating pump is 





seen in the figures. The multijectors | of 
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similar to that of the No. 2 generating unit, which 
we described in our last issue, and it is not necessary 
that we should again refer to the matter in detail. 
The pump is fixed in the pit alongside the inlet 
culvert which can be seen in Fig. 57. The other 
arrangements in connection with the passing of the 
condensate to the Lea recorder and from thence 
to the feed-water heater are also similar to those 
already described. The feed-water heater takes its 
heating steam from the exhaust of the ejectors, 
the arrangement being highly efficient thermo- 
dynamically, as practically the whole of the heat 
in the steam used in the ejectors is recoverable in 
the feed water. The lift pump collects the water 
from the heater and delivers it to the hot-well. 
The condenser has 26,000 sq. ft. of cooling surface 
and has a normal steam duty of 161,000 lb. per 
hour. The steam duty at overload is 210,000 Ib. 
per hour. The vacuum with 30-in. barometer and 
condensing water at 50 deg. F. is 29-1 in. 
(To be continued.) 





Pr AEROPLANE ENGINE PERFORMANCE.—Report No. 108 
which has reached us from the United States National 
Advisory Committee for Aeronautics is based upon an 
analysis of a large number of aeroplane-engine tests 
made at the Bureau of Standards, and it contains the 
results of research to determine the fundamental relations 
between many variables of engine operation. The data 
used have been taken from over 100 groups of tests 
made upon several engines, including the Liberty 12 and 
three models of the Hispano-Suiza. The tests were made 
in the altitude chamber, where conditions simulated 
altitudes up to about 30,000 ft., with engine speeds 
ranging from 1,200 r.p.m. to 2,200 r.p.m. The com- 
pression ratios of the different engines ranged from under 
5 to 1 toover 8tol. The data taken on the tests were 
exceptionally —— including variations of pressure 
and temperature, besides the brake and friction torques, 
rates of fuel and air consumption, the jacket and exhaust 
heat losses. With the Liberty engine operating at from 
500 r.p.m. to 2,000 r.p.m., and with the 300-h.p. Hispano- 
Suiza operating from 1,400 r.p.m. to 2,200 r.p.m., it was 
found that the friction torque increases approximately 
as a linear function of engine speed at a given air density, 
and approximately as a linear function of density at a 
constant speed. From this it follows that the friction 
horse-power increases approximately as the square of 
the speed. Actually the relation of torque and speed is 
such that the friction horse-power increases with 5; 

raised to a power between the first and second, this 
power — with speed, and approaching the 

. t lati a a 7. ; 





q ; P upon the engine . 
the and the density of the air. Statements as to 
the distribution of the friction losses are based upon 


incomplete evidence, but the indications are that the 
awe losses are about half of the total friction. 
here is no doubt that for a given p of combusti 
and at a constant speed, the engine power is directly 
proportional to the weight of charge supplied ; in other 
words, proportional to the charge density at the beginning 
compression. As a uence, if operating con- 
ditions are fairly constant, except for altitude, the engine 
— will be closely proportional to the air density. 
he volumetric i with i - of nao 
temperature at constant pressure, so that power does no 
decrease as rapidly as the air density when the tempera- 
ture is raised, due to c in vaporisation and heat 
transfer. A y of this report No. 108 can be obtained 
upon sequent feean the National Advisory Committee 
for Aeronautics, Washington, D.C., U.S.A. 
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SUCTION GAS-PRODUCER PLANT FOR MOTOR VEHICLES. 


CONSTRUCTED BY PRODUCER GAS PLANTS, LIMITED, ENGINEERS, LONDON. 





As a fuel for the comparatively small internal- 
combustion engines used in motor vehicles of all kinds 
petrol is, in most respects, practically ideal, and, if 
an ample supply of this commodity at a reasonable 
cost could be relied upon, there would be little object 
in searching for substitutes. The growth of the motor 
and aviation industries has, however, created such an 
enormous demand for petrol that the supplies, even 
now, are hardly adequate to meet it, in spite of the high 
price, and the future prospects are uncertain, to say 
the least of it. Abroad, especially in some of our 
overseas Dominions, the situation has been relieved, 
to some extent, by the manufacture and use of power 
alcohol, and, if the existing legislative restrictions to 
the use of alcohol in this country could be removed, 
the solution of the fuel problem would be considerably 
nearer. For driving the so-called “‘ pleasure” cars, for 
operating aircraft, and for other applications in which 
considerations of convenience, cleanliness and weight 
are of more importance than the actual cost of fuel, 
some form of liquid fuel appears to be essential. With 
these applications we are not concerned at the moment, 
but we wish again to draw attention to the use of solid 
fuel for operating heavy commercial motor vehicles, 
for which class of work a material reduction in fuel 
cost would more than compensate for any slight 
sacrifice in the three desiderata above mentioned. 
Solid fuel is, of course, already largely employed for 
steam-driven road vehicles, and by means of specially- 
designed suction gas-producer plants, it has also been 
used in motor lorries, and other commercial vehicles, 
originally intended to run on petrol. 

A plant of this kind was described by Mr. D. J. 
Smith in a paper read before the Institution of 
Automobile Engineers and reproduced in ENGINEER- 
ING, vol. cix, pages 59 and 92. The solid fuel 
used in that plant was anthracite or coke, and 
the figure given for its consumption on a 5-ton 
lorry was such that, with anthracite at 55s. per ton, 
petrol would have to be supplied at 2-6d. per gallon 
to give an equal fuel cost. It seems fairly safe to 
prophesy that this figure could never be reached by 
power alcohol or any other form of liquid fuel, so that, 
as far as fuel cost is concerned, producer gas is without 
a rival for road transport work. The questions are, 
therefore, whether the plant can be made sufficiently 
reliable for use by an ordinary driver, and, if so, 
whether and to what extent, the low fuel cost is counter- 
balanced by any inherent drawbacks of the producer 
plant. It must be admitted that the latter is not 
so easily started up from cold, or after a long stoppage, 
a8 1s @ petrol engine, and the fuel for the producer plant 
is heavier and more bulky, although much cheaper, than 
the equivalent quantity of petrol. Moreover, the 
weight of the plant itself must be taken into con- 
sideration, as also must be the fact that a certain 
amount of time and labour is required for cleaning 
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the scrubber and any other accessory apparatus. 
Although these drawbacks are not perhaps of primary 
importance in connection with the operation of heavy 
commercial vehicles, the most successful plant will 
undoubtedly be that in which they are reduced to a 
minimum, provided that the essential feature of 
reliability in service is retained. 

The plant above referred to was, at the time we 
described it, of a more or less experimental though 
certainly very promising character, and we are at 
present without information of the extent to which 
it has since been developed commercially. We have, 
however, recently inspected another suction gas- 
producer plant for motor vehicles, which is the 
invention of Mr. J. W. Parker, and has been fitted 
to a number of different lorries with entirely satisfac- 
tory results. We are now able, by the courtesy of 
Mr. H. W. Bamber, who has himself worked out the 
whole of the details of the design, to publish repro- 
ductions of the working drawings of the various details 
of the equipment, and these, in view of the importance 
of the subject in connection with the development of 
road transport, will doubtless be studied with consider- 
able interest. The plant is made by Producer Gas 
Plants, Limited, 166, Piccadilly, London, W. 

The main components of the Parker gas plant are 
the producer, a dry gas cooler and dust extractor, 
and a wet scrubber, all of which can be distinguished 
in the photograph reproduced in Fig. 1, above. 
This illustration shows a 3-ton A.E.C. lorry owned by 
the Great Western Railway Company, and the pro- 
ducer can be seen mounted on the near side of the 
vehicle in line with the dashboard. The cooler is 
placed on the same side, just below the front end of 
the body, while the scrubber is mounted transversely 
between the main frames at the rear end. Since this 
vehicle was equipped, however, it has been decided to 
mount the scrubber longitudinally on the off side of 
the vehicle in line with the cooler, in order to reduce 
the length of the pipe connections, and consequently 
number of joints required, to a minimum. Figs. 
2, 3 and 4, on 740, show the arrangement adopted 
on a 4-ton J-type Thornycroft lorry, but the exact 
positions of the components are not, of course, of great 
importance, and they naturally vary according to the 
type of chassis. 

The most important detail of the equipment is the 
producer, of which a vertical section is given in 
Fig. 5, on page 340. Fig. 6, on the same page, is 
mainly an elevation, but the lower part gives a section 
through the grate and ash pit, taken at right angles 
to the plane of the section given in Fig. 5. From 
these figures, with the view given in ie. 1, the design 
and copstruction of the producer will be clear with 
but little explanation. It will be seen that the upper 
portion is in the form of an inverted and truncated 
square pyramid, which is used as a fuel hopper and is 





provided with a cast-iron screw-down cover. Below 
the hopper is a flat rectangular gas chamber, in which 
is situated a perforated conical plate which serves to 
prevent the fuel from getting into the gas main. The 
fire-box is formed by a sheet steel cylinder with a 
tapered lining of highly refractory material, and it is 
suspended from the gas chamber by bolts i 
through a flange welded on near the upper end. The 
length of the fire-box is 16 in. and its mean internal 
diameter 11} in. Surrounding the fire-box, and 
supported by the same bolts, is a sheet steel cylindrical 
casing, and to the bottom of this the cl ash pit 
is secured by means of four screwed lugs best shown 
in Fig. 1. The grate is a single steel casting pivoted 
on @ cast-iron bracket on the bottom of the ash pit, 
and held in its normal position by means of a hinged 
strut. Ry opening the ash pit door and pushing back 
this strut, the grate can be dropped down into the 
position indicated by the dot lines in Fig. 6 to 
enable the fire to be raked out. 

The steam required for gas production is supplied 
from an annular water trough formed in the grate, 
and to prevent the trough from becoming choked with 
ashes, a loose ring, of T section, is placed in it. The 
whole arrangement will be clear from our illustrations 
Figs. 5 and 6, and the latter figure also shows the 
float-feed regulator employed to keep a constant 
water level in the trough. Air enters the producer 
through an inlet on the side of the casing, and first 
passes round the annular space between the casing and 
the fire-box; by this arrangement the air is heated 
and the casing cooled. The air afterwards travels 
down into the ash pit, up through the grate and fire-box 
and finally leaves through the rectangular outlet on the 
side of the gas chamber; the yoy" of the air and gas 
is indicated by the arrows in Fig. 5. 

To start the fire, an operation which takes less than 
15 minutes, the usual hand blower is provided, and the 
position of this blower is indicated in Fig. 2. The 
smoke and weak gas produced at first, is allowed to 
escape through a vertical chimney connected to the 
gas main between the producer and the cooler. ' 
7 and 8, page 741, show the rectangular flange formed 
on the gas main for this purpose, and 9 and 10 
the branch pipe leading to the bottom of the chimney, 
The full lines in Fig. 9 show the arrangement for an 
A.E.C. lorry, while the dotted lines indicate the ht 
modification necessary for a Thornycroft lorry. To 
open the chimney to the atmosphere while berg: | 
up and to close it when ready for work, the plug coc 
illustrated in Figs. 11 and 12 is fitted into the branch 
pipe at the base of the chimney. The plug and body 
are of cast-iron, and the construction and method of 
operation will be obvious from the . 

Considerable importance is attached by the makers to 
drying the gas cooler and dust extractor through which 
the gas passes on its way to the scrubber, since the 
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former serves to relieve the scrubber of some of its work 
and also reduces the water consumption of the latter. 
Transverse and longitudinal sections of this component 
are reproduced in Figs. 13 and 14, and from these its 
design and construction can easily be followed. The 
upper part of the body, it will be seen, is cylindrical, 
and is fitted with a number of horizontal tubes, while 
the lower part is wedge-shaped as will be clear from the 
transverse section. The gas enters the upper part of 
the body near the centre and first passes round in the 
space between the body and an inner shell, which 
terminates about half-way down, into the lower wedge- 
sha: portion of the body, where any ash, or other 
solid particles, are deposited owing to the reduction in 
the velocity of the gas. Openings, normally closed 
by screw lugs, are provided at both ends of the 
body to enable the ashes, &c., to be raked out. The 
gas afterwards passes up inside the inner shell between 
the air-cooling tubes and leaves through the outlet 
indicated in Figs. 13 and 14. The cooler is mounted 
longitudinally on the chassis with the open ends of the 
tubes forward, so that the motion of the vehicle tends 
to induce a flow of air through the tubes. The flow 
obtained in this way, however, is insufficient, and it is 
therefore augmented by means of an ejector fitted 
on the end of the engine exhaust pipe. Fig. 15 is a 
longitudinal section of the ejector for an A.E.C. lorry, 
and serves to show its e.:treme simplicity. The 
ejector, which is of welded sheet, steel, is connected to 
a conical hood bolted on to the rear end of the cooler 
over the tubes, as shown in Fig. 14. 

The design and construction of the scrubber are 
‘llustrated in Figs 16 and 17, which are, respectively, 
a transverse section and a longitudinal section through 
this unit. It consists of a cylindrical body with an 
inner shell similar to that in the dry cooler, but extend- 
ing downwards for about three-fourths of the diameter 
of the body. To the lower of the inner shell, 
which are serrated as shown in Fig. 17, angle irons are 
riveted, and these carry a grid plate which supports 
a bed of pebbles about } in. in diameter; a atles 
plate is shown on top of the bed to prevent movement 
of the pebbles due to the jolting of the vehicle, but 
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this has now been found to be unnec 


» and 18 
omitted. The thickness of the pebble bed has also 
been reduced from that shown in our illustration, 
















































































about 4 in. having been found to be quite sufficient ; 
the weight is therefore considerably reduced. The 
scrubber is filled with water through a plug on top, up 
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to the level of the bottom of the pebble bed, as shown 
in Fig. 16, the level being adjusted by the tube and 
cock shown, and being maintained while working by 
means of an automatic float feed similar to that used 
with the producer. Gas enters the scrubber through 
the inlet on top, and, after round the annular 
space between the body and the inner shell, bubbles 
under the serrated edges of the latter and up through 
the pebbles. The latter being wetted by capillary 
action retain on their surfaces any tarry matter or 


























The only other\detail of the equipment remaining to 
descri is an air valve which is fitted on the 
dashboard and connected to the gas main between the 
scrubber and the engine. The connections relating 
to this valve are shown in Figs. 2 and 3, and the 
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dust which may have passed the dry dust extractor, 
and the purified gas leaves through an outlet on top 
of the scrubber and goes straight to the engine. It is 
desirable to wash out the scrubber after each day’s 
work, and this is done by means of a hose into 
the filling plug opening, a similar plug in the bottom 
of the scrubber being removed to allow the water to 
escape. Occasionally it is necessary to subject the 
pebbles to a more thorough cleansing, and for this 
— they are removed by taking off the end cover 
of the scrubber, shown on the right-hand side of Fig. 17. 
To facilitate its removal and replacement, this cover is 
secured by flynuts, and in the latest models the pebbles 
are contained in a wire basket. One other point in 
connection with the scrubber may be mentioned. 
It will probably be noticed that when the vehicle is 
travelling on @ steep incline it is possible for the gas 
to pass through the pebble bed without first bubbling 
through the water. We are , however, that 
no culty is experienced from this cause since the 
water retained in the pebble bed is quite sufficient to 
cffect the necessary purification of the gas. 
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valve itself is illustrated in Figs. 18 and 19. By means 
of this valve, the driver can, if necessary, adjust the 
mixture to get the maximum power, but adjustment 
of any kind is very seldom required. No other adjust- 
ments of the apparatus are n during running, 
so that except for the fact that the fuel in the hopper 
must be replenished from time to time, the work of 
driving is exactly the same as that for a petrol lorry. 
Having now completed our description of the 
coneuem, we may give some particulars of the 
results of its performance in practice, which have 
been communicated to us from the makers. The 
fuel employed is hard foundry coke, broken and 
screened to approximately l-in. pieces. It is 
possible, in an emergency, to employ gas coke, but 
the former fuel is found to give much better results 
in continuous use. The guaranteed fuel consumption 
for a 3-ton lorry, fully loaded and running under the 
same conditions as with petrol, is 300 lb., for a 100-mile 
journey, and the cost of this, taking 4/. per ton as the 
price of the graded coke, would be 10s. 9d. The same 
vehicle running on petrol would require about 17 








gallons of that fuel for the same amount of work, 
so that for equal fuel cost the petrol would have to be 
supplied at just over 74d. per gallon. Materially lower 
consumptions have, however, been recorded in prac- 
tice, as mentioned in the paragraph on 530 ante, 
and these, it should be noted, have fom obtained 
with the same compression ratio as was used when 
running on petrol. 

It would be quite possible to increase the compres- 
sion pressure from, say, 75 lb. per square inch to about 
125 tb. per square inch when running on producer gas, 
and by this means a further reduction in fuel consump- 
tion could be effected, together with a material increase 
in power. 

e amount of water used in the producer and 
scrubber on the road is very small. The supply 
is usually carried in what was formerly the petrol 
tank, the latter being connected to the float feeds 
by means of copper piping. If, as usual, the tank has 
a capacity of about 20 gallons, one filling will be 
sufficient for about a week's running. 

The only wearing part of the equipment is the 
fire-box, the life of this averaging over six months. 
The fire grate is made of a special heat-resisting alloy 
and is said to be practically indestructible. New fire- 
boxes are supplied complete, so that they can be 
replaced in a few minutes. 

he weight of the whole equipment, we are in- 
formed, including piping, amounts to 4} owt, for 
a 3-ton lorry with a 45 h.p. engine, so that, with the 
300 lb. of fuel required for a 100-mile journey, the 
additional weight to be carried amounts to some 800 Ib., 
or less than 5 per cent. of the total weight of the lorry 
and its load. It should, moreover, be noted that 
neither the fuel nor the equipment occupy any of the 
useful load s of the vehicle and do not therefore 
materially affect its carrying capacity. The fuel for an 
ordinary journey can easily be carried in bags under 
the canopy beside the driver, where they are in a 
convenient position for use. The fuel capacity of 


Fig. 15. AIR EJECTOR FOR A.E.C. LORRY. 
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the hopper, we may add, is 75 lb., so that it needs 
replenis once for every 25 miles run. 
conclusion, we may refer to the remarks made 
on 233 ante in our report on the discussion on 
the motor-fuel problem held in connection with the 
Efficiency Exhibition at Olympia in Fe last. 
We there mentioned that suction gas plants for motor 
vehicles only needed perfecting in details to render 
them suitable for use on commercial motor vehicles, 
and pointed out that none of the alternatives 
could compare with the suction producer in the matter 
of fuel costs. The practicability of suction producer 
plants has, it appears, now been demonstrated, and 
the figures given for the fuel costs obtained with the 
plant described above, we regard as fully justifying 
the second statement. 

Another class of work for which suction pee plants of 
the Parker type appear to be well adapted, is for operat- 
ing agricultural tractors. The economies which these 
a are able to effect when running on petrol or 

ffin would obviously be very materially increased 





y using coke in place of the expensive liquid fuels. 
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NOTES ON NEW BOOKS. 


Tue characteristic feature of the civilised life of 
to-day is the ample supply of energy, and the present 
might much better be known as the age of energy 
than as the iron or steel age, as it is quite commonly 
called. An iron age did indeed supervene on pre- 
existing stone and bronze ages, but a’ new era was 
inaugurated with the discoveries of James Watt. 
Recent experiences have emphasised the all-importance 
of our supplies of energy, and the great need there is 
for sources, which cannot be cornered by a numerically 
considerable and highly-organised section of the com- 
munity. Our remote posterity may no doubt b> able 
to draw upon the internal energy of the atom which 
appears to have been definitely tapped in recent 
experiments at Cambridge, but on an almost infini- 
tesimal scale, and by a process of extraordinarily 
low efficiency. In the meantime we are dependent 
mainly on a supply of solid fuel, which, amongst other 
disadvantages, has the drawback that a large personnel 
has to be engaged in winning it and is thus tempted to 
try and exploit the community in a way that would 
scarcely be adventured by a smaller body. This con- 
dition of affairs threatens to be permanent unless and 
until alternative sources of energy are readily available. 
Failing the successful development of the late Sir 
William Ramsay’s suggestion that coal should be 

asified in situ, it is natural to consider the possi- 
ilities of Tidal power. A small volume on the 
subject setting forth the main facts, and discussing 
the merits of different modes of procedure has just been 
issued at a price of 2s. 6d., by Sir Isaac Pitman and 
Sons, Limited, under the title ‘“‘ Tidal Power,” the 
author being Mr. A. M. A. Strueben, 0.B.E., A.M.I.C.E. 
The volume will be found useful as a concise statement 
of the considerations involved. Of course there is no 
question as to the mechanical feasibility of obtaining 
8 practically unlimited supply of energy from our tides, 
but so far it has not been shown that the cost of the 
plant and works can be reduced to any reasonable 
figure. The rise in coal costs, however, has diminished 
materially the gap between the cost of steam and tidal 
ower, and it is certainly significant that the Water 
Seon Resources Committee have decided that a 
prima facie case had been made out for the proposed 
Severn scheme. In view of the all-importance of 
finance it is to be regretted that Mr. Strueben should 
have so inadequately represented the cost of power 
generation by steam. He takes the capital cost of 
steam stations to be 40/. to 501. per kilowatt, basing 
this figure on the relatively small and to a large extent 
antiquated installations now existing in this country, 
and he observes on page 86 that “‘compared with 
steam-driven plants, the cost of tidal control works 
including sluices is likely to be less than that for 
boiler and condensing plants, and that turbines are 
far less costly than steam engines for equal output. 
Hence he credits the tidal plant with turbines, but 
assumes that steam engines and not steam turbines 
will be used in the steam power station. At American 
prices (pre-war) the 26,000-kw. turbines, condensers 
and pumps at the Interborough station, New York, 
cost only 9 dols. per kilowatt, a figure which is 
prob»bly far below that possible with any turbine 
utilising tides, as such turbines must be slow speed 
machines. We emphasise this defect in Mr. Strueben’s 
book because the financial question is the question in 
respect to tidal power. 


For a good many years there have existed in the 
United States certain large volumes dealing with special 
branches of railway work. One of these was originally 
compiled for the Master Car Builders’ Association and 
formed a dictionary of all matters concerning American 
car practice. The other was compiled for the Master 
Mechanics’ Association and covered the same ground 
as regards locomotives and their ——- These 
volumes have constantly been re-edited and brought 
down to date, and they are now joined by a third, which 
has been entitled the “ Maintenance of Way Cycelo- 
pedia.’ All three volumes are published in this 
country by the Simmons-Boardman Publishing 
Company, of 34, Victoria-street, §.W. 1, at the uniform 
price of £3 net. The “ Maintenance of Way Cyclo- 
pedia,” like the others, is mainly concerned with 
American practice. For instence, in the section on 
inspection cars, the existence of the very serviceable 
Drewry car is not even mentioned as far as we can trace, 
though many American types are treated at length. 
However, the field embraced by American practice 
is certainly covered in a comprehensive manner. The 
most recent specifications adopted by various American 
associations are given, and the volume is lavishly 
illustrated. The work proper is divided into sections 
dealing with track, bridges, buildings, water service 
(in which by the way track tanks are rather inadequately 
reviewed), signals, wood preservation and so on. 
A catalogue section of several a supple- 
ments the main work and gives additi information 
of many specialities. The work should rank with its 








; predecessors of locomotive and car building fame, 


and will probably be equally welcome to a section of 
railway engineers for whom nothing has till now been 
done in this way. . 





A treatise which has reached its fifth edition seldom 
requires an extended review. The value of the work 
has in such a case been adequately established, by the 
very fact that so many readers have found it useful 
to them as to necessitate a new edition. Few technical 
treatises are perfect as first published, and the call 
for new issues provides a valuable opportunity for 
both author and publisher to eliminate possible over- 
sights in earlier editions and to bring the text up to 
date by the incorporation of new matter. These 
desiderata appear to have been adequately borne in 
mind in the fifth edition of “‘ Engineering Construction,” 
just issued by Messrs. Longmans and Co., in two 
volumes, priced at 30s. and 36s. net respectively. The 
author is Professor W. H. Warren, of Sydney University. 
The most noteworthy feature in the history of construc- 
tion during the period which has elapsed since the first 
edition of the treatise was published in 1894, has been 
the steadily increasing importance of concrete, whether 
plain or reinforced. In this connection, Australian 
engineers have been responsible for some highly 
interesting and important experiments in the construc~ 
tion of arched dams. These it would seem have been 
as successful as they were audacious, and we had hoped 
that Professor Warren might have discussed these 
structures somewhat fully. Probably his neglect to 
do so is due to the fact that the theory on which they 
have been designed is not above criticism, though 
experience seems to indicate that the structures are 
nevertheless safe. The older types of dam are, how- 
ever, dealt with, in considerable detail; though the 
experimental researches of Wilson and Gore might 
well have received a somewhat fuller discussion. 
The author’s treatment of reinforced concrete problems 
will probably be found adequate for most normal needs, 
though a discussion of the stresses on rectangular 
columns unsymmetrically loaded would, we think, have 
been of service to many students. Probably at least 
one-half of them would give the wrong answer if asked 
to draw the neutral axis for a rectangular column bent 
in the plane of one of its diagonals. The difficulty, 
however, in writing a treatise of this kind, is perhaps 
less to know what to include than what to leave out. 
As it is the two volumes run to a total of over 900 
pages, covering practically every branch of engineering 
construction, whether in steel, brick, stone or concrete. 
Each section could no doubt be expanded into an 
independent book, but the work would then be both 
too voluminous and too expensive to find more than a 
restricted circle of readers. Selection, therefore, was 
necessary, and the issue of this fifth edition is in itself 
sufficient proof of the wisdom of the choice made. 





INDUSTRIAL NOTES. 

Arter a series of conferences held last week-end 
ballot papers have been issued to the miners. The 
miners are invited to decide— 

Whether they are in favour of fighting on for the 
principles of the National Wages Board and National 
Pool, with loss of the Government subsidy of 10,000,0001. 
for wages if no settlement is reached by the 18th inst., 
or 

Whether they are in favour of accepting the Govern- 
ment and owners’ terms. 

The ballot took place on Wednesday, and the result 
is to be announced to-day. 





Dr. Macnamara introduced in Parliament last week 
a Bill to vary, owing to trade depression, the rates of 
contributions and the rates and periods of benefit 
under the Unemployment Insurance Acts, 1920 and 
1921, and otherwise to amend those Acts. He said 
that at the present time the percentage of unemploy- 
ment amongst insured persons was 23. The State was 
now paying benefit at the rate of two millions per week, 
with an income from contributions of less than 350,0001. 
The insurance fund, which in March last stood at 
224 millions, now stood at 8} millions. As things were 
going it would last only for about another month. 
He had, therefore, to make serious alterations in* his 
scheme to meet a most serious situation. He was thus 
compelled to reduce benefit as from July 4 to the rates 
of the 1920 Act, 15s. for men and! 12s. for women 
(instead of 20s, and 18s. respectively), with propor- 
tionate reductions for boys and girls. On the other 
hand, the contributions as from July 4 would have to 
be, men 7d., their employers 8d., the State still adding 
one-fourth. The Bill was read a first time. 





Representatives of the engineering trade unions 
held a meeting at York to deal with the proposed de- 
crease in w and to discuss the report of the 
deputation which waited on the Minister of Labour. 
At the close, Mr. Brownlie, who presided, stated that 





no communication could be made as it might prejudice 








the negotiations . Further meetings have 
been held, and after the one last Tuesday it 
was announced that negotiations had broken down. 
The Engineering and National Employers’ Federa- 
tion, after referring to the numerous conferences 
which had been held on the subject, stated that 
recognising the necessity of securing a joint recom- 
mendation with the unions, and also the desirability 
of avoiding if possible a stoppage of work which 
the unions had intimated would start on Wednes- 
day, June 15, the employers had examined the whole 
position from all points of view and made many 
suggestions to the unions. These suggestions involved 
modifications of the original prop with a view to 
making the application of the reduction as easy as 
possible for the men. None of these suggestions 
having been accepted by the union representatives the 
employers felt compelled, in the interests of the industry 
and with a view to reducing unemployment by being 
able to quote for contracts at lessened cost of pro- 
duction, to enforce the notices posted at the works. 
On behalf of the men, Mr. Brownlie said that the trade 
union representatives were willing to enter inte a joint 
recommendation to their memBers to accept the 
shipyards’ agreement arrived atin Carlisle on April 19, 
namely, a reduction of 6s. a week in time rates and 
15 per cent. on piece-work prices, in two instalments, 
provided the employers withdrew their demand for the 
abolition of the 124 per cent. day workers’ and the 
7 per cent. piece-workers’ bonus under the Churchill 
award. The employers did not agree, but submitted 
the modifications of their proposals referred to above ; 
as these, however, contained a reduction of wages 
ombodying the same principles and the same amount, 
but extending over a longer period, the unions were 
unable to accept them. They were prepared to submit 
the employers’ modified proposals to a ballot vote of 
their members, provided the employers would suspend 
their notice for a fortnight. The employers at first 
declined, but after further discussion they agreed to 
suspend the notice until the end of June. The trade 
unions will now ballot on the employers’ offer, namely : 
The reductions shall take place as follows: (1) The 
12} per cent. and 7} per cent. bonus shall be with- 
drawn : 4} per cent. and 2} per cent. at the commence- 
ment of the first full pay in July, 1921 ; 4} percent. and 
2} per cent. at the commencement of the first full 
pay in August, 1921; 44 per cent. and 2} per cent. 
at the commencement of the first full pay in September, 
1921. (2) 3s. off time rates and 7} per cent. off piece- 
work rates at the commencement of the first full pay 
in October, 1921. (3) 3s. off war bonus and 26s. 6d. 
when the Ministry of Labour index number of the 
excess cost of living arrives at 115 per cent., but not 
earlier than the commencement of the first full pay 
in November, 1921. In the meantime the trade unions 
instruct their members to continue at work. 





A statement was issued last Friday by the Ministry 
of Transport showing the railway companies’ claims 
against the State for the month of April. The Govern- 
ment liability as claimed of over 9,500,0001. is much 
above that for any previous month of control. Apart 
from the already existing depression in trade the 
stoppage in the coal mines has had a most disastrous 
effect upon railway receipts. The total passenger 
train receipts were 7,542,634/., and the goods train 
receipts 6,978,4401., making together 14,521,074/., and 
after adding mileage, demurrage, &c., a total gross 
receipts of 14,696,1501. Under the goods section. 
merchandise contributed 5,391,7521. to the total, 
live-stock 232,9911., coal, coke and patent fuel 350,3961., 
and other minerals 1,003,301. On the expenditure 
side there is a balance of 5,494,9781. of expenditure 
over receipts, the total being 20,191,128/. A standard 
year’s proportion of net receipts under the Government 
guarantee is given at 3,582,000/., and the interest on 
capital works brought into use (estimated) 104,000/., 
making together 3,686,000]. The net Government 
liability as claimed is 9,544,4601., the proportion of 
that total for Ireland being 184,6561. 


The Scottish Master Printers’ Federation have put 
before the men’s union a claim for an immediate 
reduction of wages of 15s. per week, stating that owing 
to the present high cost of printing, customers are 
using typewriting and duplicating machines, instead 
of printed matter. 





The joint conference on wages in the cotton trade 
took place in Manchester last Friday, as announced 
in our last issue. It sat all day, but little progress 
was made, and it was ultimately decided to adjourn 
further joint discussions to Tuesday, the 14th inst. 
At Friday’s conference the employers put forward a 
reduction of 70 per cent. on piece lists, equivalent to 
4s. 5d. in the pound on current earnings, whilst the 
operatives stated they were prepared to agree to a 
reduction of 55 per cent., equivalent to a reduction 
of 3s. 6d. in the pound on earnings. As will be seen 
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the difference between the two parties is only 11d. 
in the pound. At Tuesday’s meeting no decision was 
arrived at, and an adjournment was made to 
Wednesday, when the negotiating committees re- 
presenting both sides reached the following terms 
of settlement: A reduction of 70 per cent. on the 
standard piece price list rates of wages, with a pro- 
portionate reduction to those classes of workers not 
paid on the basis of the standard piece price list, the 
reduction to be arranged as follows: (1) A reduction 
of 60 per cent. on standard piece price list rates to come 
in operation forthwith. (2) A further reduction of 
10 per cent. to take effect at the end of six months. 


The reduction in the case of tapers, dry tapers, warp. 


dressers and loom overlookers to-be proportionate to 
the above, but to a: only 55 per cent. on list 
prices. At any time after the expiration of six months, 
either side desiring an alteration in the rates of 

shall give three months’ notice to the precip 
Meetings are being held to-day for the ratification of 
these terms. 





In the-report for May of the United Patternmakers’ 
Association a member writes concerning an invitation 
which was made in the report, namely, an 
invitation to the members “to think, and to think 
hard.” The remarks made every month by 
general secretary are referred to as being doses 
** quack medicine.” | The member then adds: “. . . 
Yes, fellow members, think! Think of 
interest comes from on our funds which we 
invested.in the Co-operative Bank and other 
ments... . Does anyone think that any 
lords, dukes. or earls, have choice of birth any m 
than ourselves? Is it natural for anyone to forfeit 
his rights ? Let us have less of this twaddle and more 
expounding of the ways and means that all 
alterations, so desirable to some, can be brought about 
in a fair’ and honest manner, bearing in mind the 
divergent “views of the many political 
socialist, L.L.P., communist and true La See 
more space was taken up expounding schemes instead of 
continual with the Government, 
it would be much better for the poor unintelligent 
workers like myself. Men must serve their time to 
every trade save censure. Critics are all ready-made.” 

This is the most sensible letter we have in trade 
union monthly reports for many a long day. 


F 


Vauues or 2 





Interesting information on the revival of German 
shipbuilding is given in The Times for last Saturday, 
from the correspondent of that journal in Berlin. 
It is stated, among other facts, that there is hardly one 
yard that does not lean upon some great industrial 
undertaking. The shipyard companies, for their part, 
have o i themselves not only to reconstruct 
the German mercantile marine but also to meet foreign 
competition and are building for foreign account. 
Labour difficulties have been largely over. Piece- 
work had been abolished by the 1918 revolution, and 
the output of labour showed a marked decline, but it 
has again been introduced and improvement has 
followed. The price of material and labour rose 
enormously, but since May 1 last it has begun to fall. 
The rise was the natural result of inflation. To meet 
it the companies have been compelled to raise large 
amounts of new capital. The association of the ship- 
yards with the industrialists has resulted in the in- 
creasi standardisation of vessels. As much as 
possible of the work is standardised and reaches the 
shipyards ready for the fitter. All the yards are 
busy except the Ferro-Concrete Shipyard, Hamburg, 
which is in liquidation. Of 23 other companies, 
20 pay substantial dividends, the three exceptions 
being due to a policy of greater caution followed. 
The Atlas Works, Bremen, paid 18 per cent., the 
Bremer Vulkan Yard, 30 per cent., the Howald Works, 
Kiel, 20 per cent., and the Turbinia Company, Berlin, 
also 20 per cent. The total profits of the com- 
panies for the year amounted to about 196,000/. 
Under the Treaty of Versailles the obligation remains 
upon Germany to build for the Allies 200,000 tons 
annually for five years, but the German yards are 
proceeding more or less in the certain calculation that 
the fulfilment of this clause will not be pressed. They 
see allied tonnage laid up, and they realise also that 
allied shipyards will not desire German yards to be 
kept occupied while they themselves are idle for want 
of orders. Even if conditions should so that 
the demands were pressed, the German ders 
are convinced they could meet the situation without 
seriously hampering their own . Their 
problems are of another kind. Coal, r and raw 
material are the principal items with which they are 
preoccupied and in these there is lately an enormous 
improvement. Their worst time is over. 
announcements of new launches have become an 


almost everyday affair. Vessels of heavy tonnage 
leave the shipways and go on their vo to foreign 
ports with anf abeene of comment is the best 


possible illustration of the German revival. 


The brief} sency 


THE DISCHARGE THROUGH VENTURI 
TUBES. 


To rae Eprror or ENGINEERING. 

Srm,—In a very interesting article entitled “A New 
Hydraulic Paradox,”’ dealing with the Venturi tube, which 
appeared on page 639 of your issue of May 27, 639, 
it was mentioned that certain observers, working on 
small a tubes, had be ee coefficients of dis- 
wr w were ter than unity. Our experience 
at Messrs, George Kent's, after bres Al and calibrating 
some thousands of Venturi tubes is, that the most 
common causes of such erratic coefficients being obtained 


are: 
(1) Imperfect contouring of the tube between the up- 
stream and throat pressure holes. 
(2) the pressure holes themselves. 
(3) Imperfect upstream conditions which cause the 
(a) to spin. 
(6) to travel with a high velocity core. 
Of these, the .most suitable. cause is the imperfect 
contouring of the tube between the upstream and throat 





ws VALUES OF Qi IN CGS UNITS 


pressure holes. To eliminate this, we at Kent’s have 
spent a very considerable amount of time and money. 
The accompanying curve, which has been obtained 
in our test shop during the past week, shows a typical 
i curve for a “well-formed” Venturi tube. 
The downward slope of the curve, which in this par- 
ticular case becomes marked at values of square ./Qp/dou 
which are less than 120, is due to viscosity. The point 
at which this downward trend becomes marked varies 
with different tubes, and depends upon their relative 
hness, and upon their throat ratios. 
* "the curve refers to a Venturi tube which has an up- 
stream diameter of 5-08 cms., a throat diameter of 
1-667 ems., and a “throat ratio” of approximately 
1: 9}. 


Q is the discharge in cu. cms. per second. 
p is the weight of 1 cm. of water in grammes. 
dg is the throat diameter in cms. 
p is the viscosity of water in C.G.S. units (taken as 
0-113). : 


It will be noticed that the range of flow over which 
the coefficient of discharge deviates by less than 1 per 
cent. from its limiting value of -98] is about 1 : 60. 

Yours faithfully, 
Joun L. Hopeson, B.Sc., Assoc. M.Inst.C.E., 
Assoc. F. Cie. Soc. 
June 14, 1921. 





Swepisa Natronan Farr, GorHensurc.—It_ is 
announced that the fourth Swedish Industrial Fair is to 
be held in Gothenburg from July 4 to 19. The Intelli- 

ment of the Royal Board of Trade and the 
General Export Association of Sweden will each have 
their official information offices at the fair. 

Rupee-Warrworte Trrete-Sroke WHEEL PATENT 
1537/09.—Messrs. Rudge-Whitworth, Limited, Coventry, 
state that in an action brought inst the Madison 
Motor Car Company, U.S.A., by the Wire Wheel Corpora- 
tion of America, for infringement of the American 
equivalent of this patent the patent was declared to be 
valid, and the wheel, in spite of the fact that it was a 
four-spoke wheel and not a three-spoke wheel, was 
declared to be an infringement. This decision which is 
believed to be final, follows the upholding of the patent 
in France and Germany in actions which have been 
fought in those two countries. 





DEVELOPMENT oF Cross-CHANNEL Arr SERVICES.— 
The Air Ministry announces that it is now empowered 
to put into operation the recommendations of Lord 
Londonderry’s Committee on cross-Channel aeroplane 
services which are that: Firms should be approved by 
the Air Ministry on certain conditions for the operation 
of cross-C. routes agreed upon ; that orders should 
be placed by the Air Ministry for modern commercial 
machines to be hired out to approved firms; and that 
a subsidy of 25 per cent. should be paid on an approved 
firm’s earnings. Applications are now invited from 
firms who wish to be recogni as approved and to 
participate in the scheme decided on. With the approval 
of the Treasury the sum of 200,000/. will be set aside 
annually for the next three years for the purchase of 
machines and the granting of subsidies, with the proviso 
that if the firm’s net profite, lusive 0! d 





would it a payment of over 15 per cent. on the 
subscri capital, the balance shall be refunded to the 
Air Mi to the limit of the subsidy received. 


The Air Ministry will provide meteorological information 
and ground wireless services free of charge at the Govern- 
ment aerodromes and also provide terminal and emer- 
aerodromes in Great Britain with all facilities, 


such as lighting, &c., as far as the funds permit and 
subject to the payment of the recognised c’ . Full 
particulars can be obtained from the Secretary ( -G.C.A.), 


Air Ministry, Kingsway, London, W.C. 2,.and proposals 
should be submitted = consideration not later than 





August | next. 


ROYAL METEOROLOGICAL SOCIETY. 


THE last monthly meeting of this society for the present 
session was held on Wednesday, the 15th inst:, at the 
Society’s Rooms, 70, Victoria-street, Mr. R. H. Hooker, 
M.A., President, in the chair, 

Mr. G. M. B. Dobson read a 
Causes o Errors in Forecasting Pressure Gradients and 
Upper inds,’’ The usual method of checking the 
accuracy by finding their absolute error, é.¢., the difference 
between the forecasted and actual value is misleading 
in certain cases, particularly when the weather is very 
settled. It is suggested that it would be better to find 
the improvement obtained by ‘“‘forecasting.’’ Ono 
method of checking forecasts of wind direction, for 
example, would be to compare the absolute error of the 
forecast, made for, say, 24 hours ahead, with the actual 
change of direction in the 24 hours. Trial forecasts of 
the pressure gradient when checked by this method 
showed an improvement which was surprisingly small, 
and an attempt has been made to discover the chief 
causes of error involved, It is found that the inaccurac 
in estimating the future positions of centres of high and 
low pressure (i.¢., the general pressure distribution) is 
a factor, but an even greater error is due to the 
small irregularities of pressure which are quite local and 
transitory, and which therefore seem almost impossible 
to forecast. 

A second paper was read by Mr. R. Francis Granger, 
entitled “‘ The Physical Structure of Cloud Form in the 
Lower Atmosphere.” The paper deals with the physical 
structure of clouds as revealed by their formations and 
transformations, Beginning with a constructive criti- 
cism of the theory of cumulus formation, it goes on to 
discuss the behaviour of eddy formed stratus sheets, 
particularly those which give rise to rain; and the 
tem erat of outward radiation at night causing cloud 
ormation ; reference is mate to the Toemation of sub- 
strata underneath various types of cloud sheet. The 
last part of the paper is devoted to cyclonic nimbus, and 
describes the cloud structure of a cyleone while rain is 
falling, holding that actual rain-producing cloud is formed 
by the ascent en masse of the eddy-formed damp layer. 
Tt is shown that a cirrus-like cloud forms at low altitude 
during the passage of one air current over another, 
if the waves and vortices set up by friction causes the 
elevation of a damp layer in the upper air current. 
It is the author's opinion that the interpretation of cloud 
form in terms of physical structure will have a place in 
the weather forecasting of the future. 

A third paper, by Mr. N. A. Comissopulos and Mr, J. 
Wadsworth, entitled “‘ Variability of Temperature over 
Europe and North America (1900-1909),” was brought 
forward by Mr. Wadsworth. The variability of tempera- 
ture is measured in this paper by standard deviations 
from the mean of ten values of the annual mean tempera- 
ture from 1900 to 1909 for a large number of European 
and North American stations. The small number of 
years considered is an objection to this paper, but con- 
sistent results have been obtained which, regarded as 
preliminary to further research, may be of considerable 


paper entitled “ The 


value. The following correlations coefficients were 
obtained :— 
America, Europe. 
Latitude and tempera- 
ture variability «+ +0°6140-03 +0-5340-02 
Altitude and tempera- 
ture variability +0-1140-05 0-2340-04 


No correlation therefore exists between altitude and 
temperature variability, but a fair connection is indicated 
between latitude and temperature variability, Charts 
of isopleths representing variability of temperature 
show generally an increased variability towards the 
north, Sout a decrease towards the coasts. Secondary 
maxima and minima occur whose positions with reference 
to geographical features are not quite clear in the United 
States, but which chiefly follow the configuration of the 
land in Europe, when the maxima occur over North-East 
Russia and over West Germany, France and Spain, 
and minima over the Atlantic and Mediterranean. 
A chart of South-West Europe for the decade 1890-1899 
showed the same general features as that for 1900-1909, 
but with different absolute values for the various 
isopleths, 





Avromosite Sranparprsation.-—A further step in 
the movement towards the standardisation of Auto- 
mobile, motor cycle and cycle has been taken by 
the British Engineering Stan Association in the 
formation of seven Sub-Committees to undertake the 
following sections of the work: (1) Nomenclature 
(chairman, Major C. Wheeler, O.B.E.); (2) Steels 
(chairman, Mr. A. A. Remi n, O.B.E,); (3) Small 
Fitti (chairman, Mr. W. D. Williamson); (4) Elec- 
trical Fittings (chairman, Mr. E. Garton); (5) Shafts 
and Shaft Details (chairman, Mr. L. A. Legros, O.B.E.) ; 
(6) Wheels, Rims and Tyres (chairman, Lieutenant- 
Colonel D. J. Smith; (7) Cast-Iron (chairman, Dr. L. 
Aitchison). A conference of the chairmen ided over 
by Mr. H.C. B. Underdown, the chairman of the Sectional 
Committee, was recently held at which the personnel 
of each of the sub-committees was bigs Sse gone 
into and provisionally agreed upon. fore the sub- 
committees actually embark upon the detailed work, 
the various organisations concerned are being consulted 
in order to ensure 4 ~ proposed a meets oa 
their roval as y representing their respective 
inpouechs. In ~ meantime, in yng! a: Pgs ey 
matters, technical data in to specific subjects 
to be taken in hand in rollctaly are being collected, 
and this should much facilitate the progress of the work 





as soon as the membership of the sub-committees is 
officially approved. ‘ 
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SOME RECENT DEVELOPMENTS LN WATER- 
DRIVEN CENTRIFUGES. 


By F. J. Broapsent, B.8c., M.Sc., Assoc. M.Inst.C.E. 


In Encineerine of February 7, 1919, there was 
published a paper by the author on “ A Pelton Wheel- 
Driven Centrifuge.” Since that date certain improve- 
ments and modifications have been introduced which 
are the subject of this article. It is satisfactory to 
note that the general principles laid down in the previous 
paper have been justified by experience and that no 
modification has been found necessary in the design 
of the Pelton Wheel itself. Machines of the under- 
driven t have now been manufactured up to 
72 inches diameter of cage, and both bolted down and 
suspended machines have proved equally successful. 
Fig. 1 shows a suspended type of machine, and Fig. 2 
shows this machine in section. Several pointe are 
noteworthy. First, in order to secure the advantages 
of suspension ; that is, in order not to interfere with 
the free swinging of the centrifuge when running; a 
flexible armoured hose connection is made between the 
starting valve and the operating jet, For the same 
reason the exhaust from the Pelton Wheel casing is free 
and delivers into an open chamber. Secondly, as 
there is plenty of room underneath the centrifuge, 
and the water discharge is always down and therefore 
away from the machine, a large am ple casing is arranged 
for the Pelton Wheel chamber, thus presenting no diffi- 
culties in getting the water well away. Even with this 
however, a radial baffle plate is also cast into the dis- 
charge casing to prevent the swirl of the exhaust water 
from forming a wall up the sides and possibly interfering 
with the jet. Thirdly, an important feature in the 
design is that the Pelton Wheel is overhung below the 
bottom bearing of the spindle. This effectually 
prevents water from lodging in the lower bearing and 
displacing the grease and deteriorating the ball bearings. 
It will be noted that the bearings are all of the ball- 
bearing type and that a considerable distance is allowed 
between the top and the bottom bearings. This, of 
course, enables any bending action which may be set 
up by an out of balance load in the cage to be readily 
taken without unduly stressing the spindle. In tests 
made on a 72-inch machine of this type with a load 
of about 8 cwt., the quantity of water used during the 
accelerating and running periods was 9} lb. per second 
at a pressure of 150 lh. per square inch, that is, 6 horse- 
power; an excellent performance, though it should be 
added that rapid acceleration was not required. 

The design of over-driven Weston centrifuges 
presents difficulties which do not occur with the under- 
driven type. First, there is clearly a limit to the size 
of Pelton Wheel chamber to be used. Secondly, the 
exhaust must be so arranged from this chamber, and the 
parts so designed that there is no possibility of the 
water flooding the central portion and so escaping down 
the central spindle, nor of interfering with the jet or 
the Pelton Wheel buckets. Thirdly, if the wheel is 
fixed relatively to the jet, there must be a flexible 
coupling between this wheel and the spindle of the 
centrifuge since the latter must be allowed to swing, 
or, alternatively, if the wheel be rigidly fixed to the 
spindle, it will move relatively to the jet during any 
swinging which may take place. This principle has 


been used by Messrs. Watson Laidlaw and Co., | 


Limited, for preventing too great a speed when an out- 
of-balance load causes a considerable swing of the cage 
as the jet then becomes inefficient and will not acce- 
lerate the machine. The other principle of fixed 
Pelton Wheel axis and therefore of fixed position of jet 
in the line of maximum efficiency is used in the designs 
of Messrs. Pott, Cassels and Williamson, Limited, and 
Messrs. T. Broadbent anc Sons, Limited. The flexible 
couplings in these machines present no great difficulty 
in design nor do the designs present any novel features 
to an engineer; but Messrs. T. Broadbent and Sons, 
Limited, have designed and patented a hydraulically- 
operated valve and mechanism for automatically 
cutting off the accelerating jet when the machine has 
réached its proper speed which is a considerable 
departure from previous designs and which presents 
several points of interest. A general exterior view of 
the machine is shown on Fig 3, while the mechanism 
of the control valve is clearly shown in Fig. 5. A 
sectional illustration of this velve is given in Fig. 6. 
Referring to this figure the water supply pipe is 
coupled to A and when the valve is open as in the illus- 
tration and this water passes through the hollow piston 
valve B and is delivered through the upper and 
lower parts ©, which each consist of 4 openings each 
1 inch in diameter, to the accelerating and running 
jets D respectively, hence playing. on the Pelton 
Wheel buckets E. It will be clear that when 
the piston valve B is in its lowest position both sets 
of ports are completely cut off from the water supply 
pot when the lower edge of the piston valve reaches 
the space between the two sets of ports the supply 
water is delivered through the lower ports only. The 
piston valve is attached to the spindle end of a differ- 








ential plunger G the lower and larger end of which, 
is in a separate hydraulic cylinder. If pressure water 
is admitted to this latter cylinder through the small 
supply opening H, the plunger rises carrying with it 
the hollow mee valve B, thus starting the machine, 
If, on the other hand, water from the lower cylinder be 
allowed to escape through H, the supply pressure 
water on the upper part of the differential plunger in 
the ~ ported cylinder will cause the plunger to 
descend and close the ports. The principle of opera- 
tion now becomes clear. The starting lever L 
operates a small 3-way relay valve, which either 





L into the neutral position cutting off the supply 
to the lower cylinder, which is thus full of water and 
isolated. At a certain point in this cylinder there is a 
small outlet port in such a position that when the 
plunger descends and covers it the upper in the 
upper cylinder are cut off by the & piston valve. 
This small port leads through a tube to a small tank 
clearly shown in Fig. 5, and the outlet is kept closed 
by an ordinary flush tank valve operated by a ball or 
float, which is so arranged that when the float rises, 
the outlet is opened, thus allowing the water to escape 
from the plunger chamber until the small port is 
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admits water from the supply system through H or 
cuts off the supply completely, or allows water to 
escape from the plunger cylinder through H to 
waste. When the lever L is placed in the position 
for starting ; the plunger and the hollow piston valve 
rise, but since they are operated hydraulically, the 
rate of rise is absolutely regulated by the size of supply 
opening and hence, the ports being circular, can 
be arranged to be so gradual that water hammer due 
to the water first reaching the jets and being then 
suddenly retarded, may be entirely eliminated. The 
operation of automatically cutting off the upper set of 
ports and hence the accelerating jet is as follows. When 
the plunger approaches the top of its stroke, it lifts 
the eocsinel omental igidly by rods to a 
lower crosshead I. The latter throws the lever 








Water-Driven CENTRIFUGE, UNDER-DrRIvEN TYPE. 


covered by the leather of the plunger. The tank is 
supplied by water from the Pelton Wheel chamber and, 
by suitably placing the supply pipe, it is found that no 
water flows through it until 80 per cent. of full speed 
is reached, and that at this speed water is delivered 
through it with considerable velocity. This makes 
it an easy matter to arrange for the float to rise 
and the accelerating jet to be cut off at the proper 
speed. In the actual valve the timing is arranged by 
varying the drain opening from the small tank, the 
filling of which is due to the difference between the 
delivery and the drain flows. Thus the drain is always 
open and when the machine is stopped, the tank is 
rapidly — ; the ball float falls, closing the small 
port, and the machine is ready for a fresh start. It 
will be noted that there is only one lever L to manip- 
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WATER-DRIVEN CENTRIFUGES. 
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Fic. 5. Contront VALvE. 





ulate, and that, by moving this to the “ off” position | for exposing the ports in the 
at any time, the water supply to the jets is cut off. upper chamber. The reason 

In addition to this, a small pressure tube is led from | is that with the hollow piston 
the “running” jet supply pipe to the underside of a| valve the supply pressure 
plunger in cylinder J. This plunger holds off the | water is always tending to 


Fia. 6. ContTrot Vatve ror Over-Driven Type CENTRIFUGES. 


handle, K, of the brake, which cannot therefore be 
applied until the water supply is cut off from the jeta. 
A similar device can be easily used for interlocking 
machines, so that only certain machines can be run at 
the sametime. It is not perhaps obvious why a hollow 
piston-valve should be used rather than a solid plunger 





close it, and it is only opened by the differential pressure 
in the lower cylinder, and hence, with any failure or leak- 
age in the supply to this cylinder, the valve automatic- 
ally closes. The Pelton Wheel, its casing and the flexible 
coupling are clearly shown in the Fig. 6, and, although 
different in details from any previous designs, do not 


present sufficient novelty to warrant afdetailed descrip- 
tion. Tests on this type of machine proved in every 
way satisfactory, but, as the general features of these 
tests are very similar to those described in the article 
of February 7, 1919, previously referred to, the author, 
does not propose to publish the results here. 
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THE ENGINEERING CONFERENCES. 
Tue Institution or Civ. ENGINEERS. 


Tue Engineering Conference of the Institution of 
Civil Engineers, to be held on Wednesday and Thursday, 
June 29 and 30, and on Friday, July 1, gives promise 
of being of a highly interesting character, in view 
of the great variety of the subjects to be treated. 
The conference will be preceded by the delivery of 
the twenty-seventh “James Forrest”’ lecture, which 
this year is to be by Sir George T. Beilby, F.R.S., and 
will be given on Tuesday, June 28, at 9 p.m., the 
subject being “ Fuel Problems of the Future.” The 
conference proper will be inaugurated, at 10 a.m, 
on Wednesday, the 29th inst., by the president, 
Mr. John A. Brodie, M.Eng. In addition to delivering 
a short inaugural address, the president will welcome 
the delegates from the great engineering societies of 
the United States of America. Following this, there 
is to be a message of goodwill from American to British 
engineers, and the “John Fritz’’ medal will be pre- 
sented to Sir Robert A. Hadfield, Bart. All the 
seven sections will afterwards meet separately. 
Section No. I, which deals with Railways, Roads, 
Bridges and Tunnels, will be presided over by 
Mr. William Barton Worthington, vice-president of 
the Institution of Civil Engineers; Section II, on 
Harbours, Docks, Rivers and Canals, by Sir Maurice 
Fitzmaurice, C.M.G., F.R.S., Past President; Section 
ILI, on Machinery, by Captain H. Riall Sankey, C.B., 
C.B.E.; Section IV, on Mining and Metallurgical 
Processes, by Sir Robert A. Hadfield, Bart, F.R.S. ; 
Section V, on Shipbuilding, by Engineer Vice-Admiral 
Sir Henry. J. Oram, K.C.B., F.R.S.; Section VI, on 
Waterworks, Sewerage and Gas works, by Dr Chas. C. 
Carpenter, C.B.E.; and Section VII, on Electricity 
Works and Power Transmission, by Sir John F. C. 
Snell. In each section four distinguished engineers 
will also act as vice-chairmen, and others as honorary 
secretaries, An interesting feature will be the showing, 
by lantern slides, of a series of photographs of the 
war areas in Flanders and France, from Zeebrugge to 
Verdun, specially taken by Sir Alex. B. W. Kennedy, 
Past President of the Institution. These slides. will 
be shown in the theatre of the Institution at 9 o’clock 
on the evening of Wednesday, the 27th inst. A series 
of visits has been arranged for each of the three days, 
and we append a complete programme of the pro- 
ceedings of each section and of the visits. The order 
in which the subjects dealt with will be taken is at 
present subject to modification. As is generally 
known, the contributions to be read are rather in the 
form of introductory communications, designed 
specially to stimulate discussion, and it is hoped that 
those attending the meeting will contribute as largely 
as possible from their own experience to the several 
discussions. 


PROGRAMME OF PAPERS AT EACH SECTION. 
Section I.—Rattways, Roaps, BripgEs AND 
TunneEts.—Wednesday, June 29, 11.30 to 1: ‘“ The 
Structural Outlines of our Home Railways,” by 
Mr. Alexander Ross; ‘“ Tunnel Maintenance,” 
Mr. O. G. C. Drury. Thursday, June 30, 10 to 1: 
“The Use of Reinforced Concrete on Railways,” by 
Mr. W. W. Grierson, C.B.E.; ‘Impact Tests and 
Allowances,’ by Mr. H. J. Fereday. Friday, July 1, 
10 to 1: “ Road Vehicles and their Relation to Road 
Surfaces,” by Mr. R. G. H. Clements; “ Advantages 

of Bituminous Macadam,” by Mr. A. land. 
Section II. Harzpovurs, Docks, AND 
Canats.—Wednesday, June 29, 11.30 to 1: “To 
what Dimensions should Docks be Constructed to 


Provide for Future Requirements,” by Mr. C. R. 8. 


Kirkpatrick ; “Ship and Harbour Design and Equip- 
ment as Affecting the Rapid ing and Dischargi 
of Cargo Vessels,” by Mr. A. R. T. Woods ; 
Development of Cranage Facilities for Discharging 
Vessels of the Largest Size,” by Mr. H. J. Dean 
(Joint discussion with Section V.) 2.30 to 5: “ Rein- 
forced Conerete for Wharves and Breakwaters,” by 
Mr. G. FitzGibbon; “The Best Way of Protecting 
Reinforced Concrete from Marine Deterioration,” by 
Mr. F. E. Wentworth-Sheilds, O.B.E.; “ Reasons 
for the Deterioration of Reinforced Concrete Structures 
above Mean Tide Level,’ by Mr. L. H. Savile. 
Friday, July 1, 10 to 1: “The Conservancy and 
Maintenance of Rivers from the Foint of View of Land 
Drainage,” by Mr. C. H. J. Clayton; “The Effect 
of Sluices and on the Discharge of Tidal 
Rivers,” by Mr. R. F. Grantham; “The Utility of 
Models for Estuarial Experiments,” by Mr. G. E. W. 
Cruttwell; “The Relative Advantages of Dredging 
and Training-Walls in Estuaries,’ by Mr. H. Cart- 
wright Reid, C.B. 2.30 to 5: “The Use of Inertia 
Gauges in Pile Driving,” by Mr. E. Latham; ‘“ The 
Bearing Power of Soils,” by Mr. A. L. Bell. 

Section III. Macutnery.—Wednesday, June 29, 
11.30 to 1: ‘Comparison between Reciprocati 
Pumping Engines and Turbo-Driven Centrifug 
Pumps,” by . H. Lupton. “Exhaust Steam ; 





Yy | Sludge,’ by Mr. J. D. Watson. 





Its Emp!oyment for Power, Heating, &c.,” by Mr. E.R. 
Dolby. 
of =< h Automatic and Semi-Automatic Machine on 
the Skill and Resourcefulness of the Mechanic and 
Operator,” by Mr. A. H. Hall, C.B.E.; ‘* Mechanical 
Appliances and Labour in Loading and Unloading 
Ships’ Cargoes,” by Mr. A. Musker. Friday, July 1, 
10 to 1: “ Internal-Combustion Engines with Large 
Cylinders,” by Sir James McKechnie, K.B.E.; “‘ The 
Mechanical Advantages of Electric Locomotives 
Compared with Steam,” by Sir Vincent L. Raven, 
K.B.E. (Joint discussion with Section VII). 

Section IV. Mrininc anp METALLURGICAL PrRo- 
cEssEs.—Wednesday, June 29, 11.30 to 1: “The 
Employment of Water Power in the Development 
of the Mineral Industry,” by Mr. J. W. Evans; 
“Recent Developments in Coal-Cleaning Processes,” by 
Mr. R. Nelson; ‘“‘ The Frangois Cementation Process,” 
by Mr. H. S. Ball. 
“The Elastic Limit,” by Professor W. E. Dalby, M.A., 
F.R.S.; “The Effect of Scratches in Materials,” by 
Professor E. G. Coker, M.A., F.R.S.; “ 

to Tyres and Rails caused by Brakes or Slippi 
Wheels,” by Mr. C. P. Sandberg, C.B.E.; ~ 
Existing Practice of Inspecting Work and Materials,” 
by Mr. G. Hatton, C.B.E. Friday, July 1, 10 to 1, 
“The Effect of the War on Mineral Supplies,” by 
Mr. T. Crook; ‘“‘ The Utilisation of Exhaust Steam 
in Turbines,” by Mr. M. Deacon; “Steam versus 
Electric Winding,” by Mr. W. C. Mountain; “The 
Relative Values of tective Metallic Coatings for 
Iron and Steel,” by Mr. 8. Cowper-Coles. 

Section V. Suipsuitpinc.—Wednesday, June 29, 
11.30 to 1: “Ship and Harbour Design and Equipment 
as Affecting the Rapid Loading and Discharging of Car- 
go Vessels,” by Mr. A. R. T. Woods ; ““ To What Dimen- 
sions should Docks be Constructed to 


charging Vessels of the Largest Size,” Mr. H. J. 
Deane (Joint discussion with Section IT).; “The 
Necessity for and the Possibility of Development of the 
Coasting Trade,” by Mr. W. L. Roxburgh. Thursday, 
June 30, 10 to 1: “The Design of Fabricated Shi 
from the Labour-Saving Point of View,” by Mr. M. E. 
Denny, C.B.E.; ‘‘Economy of Labour on Ship- 
building as Effected by Fabricated Ships, &c.,” by 
Mr. J. C. Telford, O.B.E.; ‘“ Recent Tank Research 
in Serew Propellers,’ by Mr. E.R. Mumford. Friday, 
July 1, 10 to 1: “ Recent Progress in Large Diesel 
Engines for the Mercantile Marine,” by Mr. J. Richard- 
son; ‘Experience with Marine Turbine Reduction 
Gears,” by Mr. R. J. Walker, C.B.E., and Mr. 8S. 8. 
Cook. 


Section VI. Waterworks, SEWERAGE AND Gas 


Works.—Wednesday, June 29, 11.30 to 1: “The 
Utilisation of Waste Heat in Gas Works,” bY Mr. 
E. G. Stewart ; “‘ Desiderata in the Qualities of Town’s 


Gas,” by Dr. J. 8. G. Thomas. Thursday, June 30, 
10 to 1: “Straw Filters for Sewage Purification,” 
by Mr. E. H. Richards and Mr. M. G. Weekes ; “ Acti- 
vated Sludge,” by Mr. J. Haworth; ‘ De-watering 
Friday, July 1, 
10 to 1: “Compensation Water,” by Mr. Edward 
Sandeman; ‘Pipes for Pressure Conduits,” by 
Mr. F. W. Macaulay; ‘The Relation of Run-off to 
Rainfall,” _ H. Lapworth, D.Sc. 

SEcTION . Exxorriciry Works anp PowErR 
TRaNsMIssion.—Wednesday, June 29, 11.30 to 1: 
“Low Power Factor,” by Mr. R.O. Kapp. Thursday, 
June 30,10 tol: ‘ Battery Locomotives,” by Mr. J. 
Dalziel. Friday, July 1, 10 to 1: “ Economic Limits 
of Distribution from Coal-Fired Stations; Low- 
Voltage Overhead Distribution,” by Mr. B. Welbourn ; 
“The Mechanical Advantages of Electric Locomotives 
compared with Steam,” by Sir Vincent L. Raven, 
K.B.E. (Joint discussion with Section III). 


Visits To Works. 
On Wednesday, June 29, the following works will be 
visited: (A) The National Physical Laboratory, 
Park, Teddington ; (B) the Stonebridge Park 
Power Station, London and North-Western 
Railway ; (C) the works of Messrs. Siemens Brothers, 
Chariton; (D) the locomotive works of the Great 
Eastern Railway at Stratford; (E) the works of 
Messrs. Vickers, Limited, at Erith. 

On Thursday, June 30, the visits are to: (F) The 
Thames Deep-Water Wharves at Tilbury; (G) the 
Victoria Dock, Royal Albert Dock, and the Royal 
Albert Dock Extension (South); (H) the Littleton 
Reservoir of the Metropolitan Water Board at Ashford, 
Middlesex ; (J) the Lots-road Power Station of the 
London Electric Railways; (K) the Fuel Research 
Station, East Greenwich. 

On Friday, July 1, the visits are to: (L) The works 
of the Associated Equipment Company, at Waltham- 
stow ; (M) the works ot ¥ 
Limited, at Erith ; (N) the Wimbledon Power Station 
and Repair Shops of the London and South-Western 








Railway ; (O) the London County Council’s Becontree 


Thursday; June 30, 10 t0 1: “ The Influence } | 


wide for 
Future Requirements,” by Mr. C. R. S. Hirkpatriek ' 
‘*The Development of Cranage Facilities ‘for Dis- 


Messrs, Fraser and Chalmers,. 


Housing Estate, Dagenham ; (P) Automatic and trunk 
ine’ telephone exchanges of the General Post Office. 
The following works will also be open to inspection 
by members, at 3 o’clock on the days mentioned, on 
presentation of a card to be obtained (with the excep- 
tion indicated) from the secretary: On Wednesday, 
June 29: The British Thomson-Houston Company's 
Switchboard Works at Willesden ; the Neasden Power 
Station of the Metropolitan Railway Company ; 
the General Electric Company’s Lamp Works at 
Hammersmith; the British Electric Transformer 
Company’s works at Hayes, Middlesex. On Thursday, 
June 30; Chlorination Works of the Metropolitan 
Water Board (for permission to visit these application 
should be made directly to the Chief Engineer, Metro- 
litan Water Board, Rosebery Avenue, E.C.); 
amg Whitbread and Co.’s Brewery, Chiswell-street, 
E.C.; Messrs. Aveling and Porter's Works, at 


Thursday, June 30, 10 to 1:} Roc 


Institution oF MECHANICAL ENGINEERS. 


Simultaneously with the Conference of the Institu- 
tion of Civil Engineers there ‘will be held the London 
summer meeting of the Institution of Mechanical 
Engineers, at the Institution Building, Storey’s Gate, 
St. James’s Park, 8.W. There will be meetings on 
Thursday, June 30, at 10.15, and-on Friday, July 1, 
at 10.30, when contributions will be made with a view 
of discussing the “‘ Means of Increasing the Thermal 
Efficiency of Heat Power Plant,” but we have not yet 
received a detailed programme of the contributions 
to be so made. At thesame time there will be held at 
the Institution an exhibition of models, drawings, &c. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—An unusual contrast is to be found 
in quotations for raw and semi-finished materials. 
The underlying reason is that merchants are anxious 
to unload stocks and are competing keenly in a market 
practically stripped bare of new business. Potential buyers 
are — &@ wait-and-see policy. Many of the current 
offers, ing purely artificial in character, afford no 
reliable indication as to the current cost of production 
or the future trend of the market. Sheffield’s monthly 
average of iron and steel production last year was 
100,000 tons, but it is doubtful whether at the moment, 
owing to suspension of fuel supplies, 1,000 tons a week 
are being a The biggest deficiency is in acid 
open-hearth steel. Steel scrap is available at 30s. per 
ton, as compared with the record price of 12/. per ton 
reached during the boom of last year. Wheels, tyres 
and axles are on order for India, South Africa and South 
America. Much of the steel uired for the 300,000/. 
contract secured by the Metropolitan Vickers Electrical 
Company for the supply of turbo alternators for shipment 
to Melbourne, will Be furnished by Sheffield. Messrs. 
Thomas W. Ward’s purchase of 113 obsolete ships will 
provide dismantling work for many months ahead. 
Constructional parts will be broken up for scrap and 
re-melted, and some of the machinery will be adapted, 
probably for marine and industrial purposes. Valuable 
contracts have this week been secured for the supply of 
hot water heating installations to the Government and 
a northern institution. A considerable volume of work 
is awaiting competition in textile machinery for shipment 
to France, Japan, China, India and the United States. 
There is a marked slump in agricultural machinery, but 
makers of ——— implements are moderately booked 
forward, ilway carriages, cast and sheet steel, and 

are under order for des) to India. The 
slump in ferro alloys is one of the most acute in the 

i of the trade. Business with special ‘steel makers 
for the time being is non-existent. 

South Yorkshire Coal Trade.—With the prospect of 
an early resumption of coal-getting, collieries in this 
district are taking steps to get’ workings into order. 
A large amount of clearing up must be done before the 

its are in a safe working condition. In’some districts 

vy falls have taken place. Output will necessarily 
be restricted urtil these have been removed. Sheffield 
gas works are still supplying half the normal gas power 
or manufacturing purposes. Local electrical under- 
takings have so far to maintain practically a 
full service, though tremendous i ve been made 
into stocks. Railway companies are on the market 
for blast furnace coke to supplement reduced reserves. 
Business in house coal is practically suspended. Nominal 
quotations are unchanged. 





Tue Joun Fritz Mepau.—Mr. Schneider, the well- 
known French ironmaster and past-president of the 
Iron and Steel Institute, has been awarded by the 
National Societies of American Engineers the John 
Fritz gold medal in recognition of his work in connection 
with the development of artillery. 





Barrrish Propuction or Pic-tron anp StreEeu.—The © 
National Federation of Iron and Steel Manufacturers, 
Temple Bar House, 23-28, Fleet-street, E.C. 4, state 
that owing to the continuance of the coal strike, the 
production of pig-iron and steel in May was negligible, 
amounting only to 13,600 tons of pig-iron and 5,600 
tons of steel. Of the pig-iron prod 2,800 tons were 
hematite, 3,400 tons basic, 6,900 tons foundry, and 500 





tons forge. 








JUNE 17, 1921.] 


ENGINEERING. 





747 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

The Trade Position—The depression which has 
come over the different industries throughout Scotland 
following on the miners’ strike has been rather a serious 
affair, and at the present time busi is practically 
at a standstill. The outlook is just a trifle uncertain, 
for boy A miners are now balloting as to whether 
or not ti will accept the owners’ revised wages offer, 
and thus qualify for the Government millions to make 
up a better wage, it is difficult to know what the result 
will be. There are many who are dead against accept- 
ance, but the general opinion here is that Friday’s 
result will mean a resumption of work at the mines 
next Monday. Such a state of affairs cannot come too 
soon or the industries of the country will be in a perilous 
condition, The books of the Unemployment Exchanges 
are full to overflowing with names of workmen of all 
kinds of trades, and it will be many months after the 
miners’ strike is over before the majority of them can 
be absorbed into trade. There are very few industries 
still able to carry on, and, in those that are, short time 
is all too general. 


Scottish Iron and Steel Trades.—In the iron and steel 
trades of the West of Scotland no change of any kind 
can be reported. Business is almost entirely absent 
and inquiries for forward deliveries are not yet of an 
very particularly large dimensions. After the strike 
over it is anticipated that business will settle down 
quickly and that there will be a good demand for material 
of all kinds. Stocks are not v heavy, but every 
endeavour will be made to mao’ requirements with- 
out any undue delay. Export merchants have some 
fair shipment inquiries on hand but little can be done 
at the moment. Foreign markets are very bare for 
stuff and a good demand is anticipated, but buyers say 
that prices must be eased cousineabhy if business is 
to be effected. Cheap fuel is the necessity if we are 
to recapture our old markets, because makers in America 
and the Continent have been offering very much cheaper 
prices than the home producers name, 


Scottish Pig-iron Trade.—No movement can be made 
in the pig-iron trade of Scotland until the coal miners 
return to work, and even that will not be sufficient for 
the trade, as lower prices for coal will need to prevail 
before the foreign competition can be met.. This 
matter is viewed rather seriously by some producers 
who openly state that they are not likely to rekindle 
their blastfurnaces until they can be assured of cheaper 
coal. Business still consists only of small lots ex- 
stock at firm prices. Foundry iron is very scarce and 
certain grades are now sold out, with the result that 
it may be some considerable time before these sorts 
are again available. 








NOTES FROM THE SOUTH-WEST. 
Carvirr, Wednesday. 

The Coal Trade.—Though it is believed that the ballot 
of colliery workers will result in a majority against 
acceptance of the owners’ proposals it is thought that 
the adverse majority will not reach the two-thirds 
required to continue the strike. Acting on this assump- 
tion tentative inquiries for supplies after a resumption 
of work have been fairly numerous, but actual business 
has been extremely 1, salesmen on the one 
hand were not to commit themselves before 
having something like a reliable estimate of the cost of 
production under the proposed settlement terms, while 
buyers were reluctant to complete transactions without 
knowing the prospects of securing delivery. Until the 
collieries are actually working it is impossible to sa 
what outputs are likely to be raised, as everything will 
depend on the condition of the pits. In fact, it is more 
than likely that some will not be in a coal-raising position 
for a couple of weeks, owing to falls and other causes. 
For the best Admiralty steam large colliery ideas ranged 
from 47s. 6d. to 50s., seconds from 45s., and inferiors from 
40s., while for good throughs 32s. 6d. to 37s. 6d..was asked, 
and for best steam smalls 25s. Buyers, however, were not 
inclined to pay these prices, their ideas being from 
2s. 6d. to 58. less. Should the strike be ended it is 
anticipated that all the restrictions at present in force 
in respect to the shipment and delivery of coal will be 
immediately removed, and that export and inland 
business will be entirely free. That the export trade 
should be given complete freedom is regarded as vital 
by exporters and colliery owners, for it is only by absolute 
freedom that traders will be in a ition to secure 
markets lost to the Welsh coal trade, oy experience 
has shown that importers will hardly consider offers 
of Welsh coal unless sellers are able to guarantee delivery, 
without such guarantees being subject to licences and 
other restrictions. Shi also require to be in a 
position to guarantee the qualit of the coals... Given 
Sent ae — confidently believed. that in time 
Sou ales will regain its former -eminent position 
as the greatest coal e i eelitietnae world. It is, 
however, recognised that a hard fight lies before shippers 
to secure trade, while colliery owners, too, ise that 
for the next couple of power b at least they will be com- 
pelled to work without’ profit to secure orders. The 
average f.o.b. price of steam coal exported from 
Cardiff in May worked out at 66s. 2d. per ton, compared 
with 608. 3d. in and 74s, 11d, in January, while 
= an — ogee at = inst 4s. 5d. and 
O28, - or steam : i 
240, Gd. calane Ja smalls 15s, compared with 


Traders and the Railways a Railways Bill was 


considered by the Cardiff of Commerce -on} 
Monday, when resolutions were passed “that this 


Chamber is of opinion that the railways should be handed 
back to the companies with the same freedom to manage 
their own affairs as existed before the war, and that 
a@ short measure should be introduced into Parliament 
authorising the companies to charge such reasonable 
rates as will give a fair return on their capital.’’ Another 
resolution adopted was “‘ that in the event of the Bill 
becoming law, this Chamber is of opinion that un- 


ualified safeguards for any particular district or port 
should be incorporated and become part of the main 
y 





Bill, and that ted whereby 
traders of any icular district may be heard on 
questions of and tolls, and that the necessary 

y 


wena te Es peal to an im ial tribunal b 
traders also me part of the Bill.” These 
resolutions have also received the support of the Cardiff 
City Parliamentary Committee. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBRouUGH, Wednesday. 

The Cleveland Iron Trade. There is certainly a some- 
what improved feeling in the market, due to the turn of 
events in the coal eode, but as yet little effort is put forth 
to do business, and traders take anything but a cheerful 
view of the outlook, pointing out t' conditions do not 
promise to be such in the near future as to justify the 

ighting of many idle blast furnaces, The opi 
prevails that revival in trade and return of prosperity 
eannot be looked for until costs of production have been 
very materially lowered, chiefly by substantial reductions 
in prices of fuel. The better qualities of Cleveland 

ig-iron are now all but unobtainable, only one firm 

ving a little stock of foundry No. 3 to dispose -of, 
but the inferior grades are abundant and very slow of sale. 
For home p' ses, No. 1 is 135s., No. 3 G.M.B. 130s., 
and No. 4 foundry 129s.; and for shipment to foreign 

rts No. 1 is 140s., No. 3 .G.M.B. 1356., and No. 4 
Soundey 134s. Both for home use and for shipment 
abroad, No. 4 forge and mottled are 117s. 6d., and white 
iron is 115s. 


Foreign Ore.—There is absolute stagnation in feovign 
ore, and consumers stocks are still being added to by 
arrivals of in fulfilment of old contracts. Several 
firms now that they cannot provide any more 
storage room and they are refusing to accept delivery. 


Manufactured Iron and Steel.—There is very little 
passing in finished iron and steel, but settlement of 
the fuel trouble might be followed by the placing of a 
fair number of orders for some descriptions of steel. 
Common iron bars are 19/.; iron ship rivets, 241. ; 
packing iron (parallel), 12/.; packing iron (tapered), 
18/. ; steel boiler plates, 25/. ; steel ship, bridge and tank 
plates, 19/.; steel angles and joists, 17/. 10s.; heavy 
steel rails, 157. ; fish plates, 20/.:; steel billets, 14/. 10s. 
to 15l.; and corrugated galvanised sheets, 241, 





Conrracts.—The Civil Engineering and Contractin 
Department of Sir W. G. Armstrong, Whitworth and 
Co., have secured, in competition, the contract for the 
Apapa Wharfage Scheme, Lagos Harbour, Nigeria, 
from the Crown Agents for the Colonies. This work will 
be carried out for the Nigerian Government, and forms 
= of the general scheme for the improvement of —— 

bour. The work consists of deep-water berthage for 
ocean-going steamers, and comprises the construction of 
a concrete block-work quay wall some 1,800 ft. in 
affording, in the first instance, 26-ft. of water at low 
water ordinary spring tides, which may subsequently be 
increased to 30 ft.; the supply erection of five 
transit sheds, reclamation of foreshore, and dredging for 
steamer berths in front of the quay wall. 





German anp Betotan Exports to Inpra.—While 
American prices in themselves are at about the same 
level as those of Germany and Belgium for iron and steel 
products, American exchange is so unfavourable that 
American material is too high 
exporting about 90 per cent. of the 
iron and steel going to India rar toa report 
conveyed to the Bureau of Foreign Domestic 
Commerce by Trade Commissioner Batchelder, mentioned 
in The Iron Age, New York. These exports apply to 
structural steel, wire rails, and similar products. Much 
- the fo 3 pages — it is stated, is 
of poor ity, y manufactured, cheapness being 
the only panarn Ze 


two countries are 


Tae Untapen Wercut or Heavy Motor Cars,— 
The General Secretary of the Commercial Motor Users 
Association (Inc:) draws attention to the importance 





of that. the unladen weight which is on 
the off of every heavy motor car corresponds with 
- a ete 
n by ti ice in t 
7 wiiue ti weights shows on hn dieunéoewe 


vention of the of Transport at the instance 
of the association. The Heavy Motor Car Order, 1904, 
has now been amended by increasing the maximum 
unladen weight of heavy motor cars to 7} tons and the 
maximum combined unladen weight of a heavy motor 
car and trailer to 9} tons, Users of heavy motor, 
vehicles who desire further information are recom- 
mended to communicate with Mr. F. G. Bristow, General 





Secretary, Commercial Motor Users Association (Inc.), 
50, Pall Mall, London, 8.W. 1. . 





NOTICE OF MEETING, 

Tue Farapay Socrery.—Wednesday, June 22, at 
8 p.m., at the Rooms of the Chemical Society, Burlington 
House, Piccadilly, W. 1. Papers to be read : «* High- 
Temperature Phenomena of Tungsten Filaments,” by 
Mr. C. J. Smithells (for G.E.C. Research Staff); “A 
Simple Apparatus for Determining the Coagulations 
Velocity of Gold Sols,’ by Mr. Emil Hatschek, ‘‘ Varia- 
tion of surface Tension with Temperature,” by Professor 
Alfred W. Porter; ‘The Influence of the Solvent 
upon Ionisation and the Accom: ing Heat Effect,”’ 
x Mr. 8S. M. Neale; “The Poten of thé lodine 

lectrode and the Activity of the Iodine Ion at.25 C.,”’ 
by Mr. A. McKeown. Mr. E. Kilburn Scott will give a 
demonstration of ‘‘ The Transmission of Sounds by means 
of Rochelle Salt Crystals.” 








Roya Socrery or Arts.—The Albert medal of the 
society for 1921 has been awarded by the council, with 
the approval of the nt, H.R.AH. the Duke of 
Connaught and Strat K.G., to Professor John 
Ambrose Fleming, M.A., D.Se., F.R.S., im recognition 
of his valuable contributions to electrical science 
and its applications, and specially of his original invention 
of the thermionic valve, now so largely 7! in 
wireless telegraphy and for other purposes, The 

was instituted in 1862 as a memorial of H.R.H. the 
Prince Consort and is awarded annually for “ dis- 
tinguished merit in promoting arts, manufactures and 
commerce,”’ 





Tue vate Mr. Acnuitre Fournrmr.—We regret to 
have to announce the accidental death whieh occurred 
early on Sunday evening, the 5th inst., of Mr. Achille 
Fournier, the Director-General of Messrs. Schneider and 
Co.’s Works. Mr. Fournier was only thirty-eight years 
of . He had been for a long time past oe ire 

rator of Mr. Schneider, who had early discerned 
his capabilities. During the war, Mr, Fournier took 
a —t part in de ing French industry 
for manufacture of munitions of all classes ; 
since the armistice he had worked unremittingly in the 
organisation of the Schneider establishments for the 
carrying out of peace work, and was intimately associated 
with the expansion taken by these establishments both 
in France and in foreign countries. Mr. Fournier 
was one of the most striking personalities of the;French 
industrial world; his facile mastery of all the most 
intricate problems concerned with trade, industry and 
finance commanded the regard of all who came in contact 
with him. He was a knight of the Legion of Honour, 
President of the Comptoir des Téles, Member of the 
Direction Committee of the Comité des Forges and of the 
Direction Committee of the Union des Industries Métal- 
lurgiques et Miniéres; he.was also on the Board of 
Directors of various industrial and financial companies. 
Mr. Fournier was accidentally killed on-his way to the 
Caen Iron and Steel Works, his motor car having been 
run down at a level crossing by an express train from 
Paris. His loss will be greatly felt by a wide circle 
of friends, all of whom had received constant proofs 
of his genuineness and extreme kindness, 





Tue British Assocration.—The British Association 
will assemble at Edinburgh on September 7, once more, 
as in the olden days, for a full week's meeting from 
Wednesday to Wednesday, under the presidency of Sir 
T. Edward Thorpe, C.B., F.R.8., a past- ident of the 
Chemical Society. He will deliver address on 
“Some Aspects and Problems of Post-War Science, 


The sectional presidential addresses will not. always be 
given on the first Thursday morning of ‘the sectional 
proceedings, and some of m will form subjects for 
joint discussions. This is a novel feature, ich does 
not ee. eres: to any of the sections with which 
we have dealing in particular. In the Engineering 
Professor A. H. Gibson, D.Sc., will devote his 
a address to ‘‘ Water Power” ; in Section A, 
thematics and Physics, Professor O. W. Richardson, 
F.R.8., will deal with ‘ Problems of Physics,’’ and in 
Section B, Chemistry, Dr. M. 0. Forster, F.R.8., will speak 
on “The Laboratory of the Living Organism.” ‘The 
recorders of these three sections, with whom ,authors 
of papers should communicate, are: A, Dr. A. O. 
ine, Imperial College of Science, South Kensing- 
ton; B, Professor C. H. Desch, D.Se., The University, 
Sheffield ; G, Professor G. W, 0. Howe, D.8c., Elmswood, 
Malden, Surrey. The preliminary programme, issued a 
few days . does not say much about rs to 
be read, Of the joint discussions those on “‘’The Age 
of.the Earth,’ ‘‘ The Structure of the Molecules,’’ and 
on “The Mid-Scotland Canal ’’ will be of direct interest 
to our readers. The two evening discourses are on 
gaye peas b col se ograph o be 
on “ mburgh an an y,”’ by 

Professor W. A. , the retiring president of the 
association. The reception room will be in Parliament 
Hall, and all the sections will meet in the university, 
but in different buildings, situated at less than half a 
mile from one another, yet less conveniently placed 
than they had been at recent meetings. Lord 
Provost will hold a reception on the Thursday evening, 
and excursions are ed for the Saturday of the 


week, Se are to be made for motor journeys 
to and from Edinburgh; the two days’ jo from 
London (following routes via Oxford ‘ ridge) 
is to start on September 5. Enquiries ad 





he ad. 
dressed to the Assistant Secretary, The. British 
Association, Burlington House, W.1, . a, 
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Pure and Applied,’’ on Wednesday evening, September 7. 
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NOTICE. 


The Publisher begs to announce that from the 
ist of July the price of “ENGINEERING ”’ will 
be reduced to 





1s. per copy. 


NOTICES OF MEETINGS. 


Notices of Meetings to tal take place during the 
-utomtineetnranmrhr queen neta beasts sete 1a. 
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RESEARCH IN THE FOUNDRY. 


In many respects the foundry has been the most 
neglected department of engineering works. Mould- 
ing has almost been regarded as the Cinderella of 








ofr | the trades, to be carried on by grimy men in a dark 


and dirty building suitable for nothing else. Even 
though the reputation of many a firm is largely 


-| traceable to the excellence of its castings, the 


moulder rarely gets either the credit or the con- 
sideration which his skill deserves. The reason 
for this is not far to seek. Moulding, like smithing, 


-|is one of the fundamental trades, the finished pro- 


duct of which is the raw material for other classes 
of workers, so that when a casting commences 
its useful life it is merely a part of a machine and 
has lost its identity by becoming a portion of some 
more or less elaborate mechanism. How many 
people, in inspecting the cylinder of an engine or 
the headstock of a lathe ever give a thought to 
“the pit out of which it was digged.” The design 
may be commented on and the machine work 
praised, but the skill of the moulder which made 
the very existence of the machine possible passes 
unnoticed. 

Another reason why moulding fails to receive 
its proper share of attention lies in the nature of the 
trade. It can hardly help being more dirty and 
less pleasant than most of the other engineering 
trades, and so it is unattractive to the class of 
youths from whom professional engineers are mostly 
drawn. Consequently among the men who rise to 
position of responsibility, or who contribute to 
the proceedings of technical Institutions or to the 
press, those who really understand the details of 
practice at first hand are few as compared with 
those who possess a working knowledge of other 
trades. Our technical colleges, moreover, do little 
to correct this want of knowledge. Even if it 
could be taught in a college the art of the moulder 
does not lend itself to academic treatment, and it has 
little interest for such teachers as estimate the 
importance of engineering work largely according to 
the facility with which it may be made the subject 
of mathematical disquisitions. Hence moulding 
has been neglected both from the practical and the 
academic points of view, and niany foundries to-day 
are little better either in respect of equipment or 
processes than were those of a generation ago. 
The modern cupola is very little different from 
that which has been in use for over a century, and 
though, possibly, it may not be susceptible of much 
improvement, the fact is certainly suggestive. 

Since the discovery of cast-iron, the two great 
advances in the foundry, so far as material is con- 
cerned, have been the invention of malleable iron 
castings, and the production of what is called 
semi-steel. When we compare this record with that 
of the steel maker, with his enormous variety of 
alloy steels, each with its own special and well- 





5) | defined properties, we realise that the cast-iron 


s2| foundry has progressed very slowly. 
® 253 | NOt even holding very securely the ground it has 


Indeed it is 


gained, for the development of stampings and 
drop-forgings has been largely at the expense of 


°°! malleable castings and the modern improvement of 


steel castings is bound to limit the field for semi- 
Cast-iron, nevertheless, is the basis of the 
engineering trades and must always be of funda- 
mental importance, not only as regards its direct 


759] uses but also as the source of our steel products. 
eo | Hence an 


improvement which may be brought 
about in blast furnace or foundry work is bound 
to have so far-reaching an effect that the investi- 
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ion of. a avenues of | progress is worth 
every consideration. The formation of the Cast- 
Tron Research Association, which was incorporated 
on June 1 last, shows that those interested in this 
material are now alive to the necessity of a systematic 
study of the subject. This body, like the kindred 
associations in other trades, is representative of 
the principal firms engaged in the industry, and 
being approved by the Government it is entitled to 
receive financial assistance from a fund placed at the 
disposal of the Department for Scientific and 
Industrial Research. 

The work of the Cast-Iron Research Association, 
as explained in an address by its secretary and 
organiser, Mr. Thomas Vickers, before the West 
Bromwich Engineering Society, will start by “a 
general scientific research on the materials and 
methods in the industry, with the object of in- 
creasing our knowledge of existing facts,” pene: 
side this work “there will be carried out 
into problems that arise in the course of everyday 
work.” Later a full statement was issued to the 
effect that the Association “ may, possibly take in 
hand at once” some nineteen problems separately 
specified, and including the grading of pig-iron by 
analysis, melting and annealing furnaces, tests for 
coke and sand, the growth of cast-iron, the influences 
of silicon and sulphur, the effect of superheated 
steam on cast-iron fittings, the resistance of cast-iron 
to corrosion by sea water, and many others. Such 
a@ programme is ambitious enough for the most 
enthusiastic research worker, and if any one of the 
questions can be definitely and satisfactorily settled, 
the association will have justified its existence, 
No hint is given as to how or where the researches 
are to be carried out, but we are assured that they 
“ will be conducted in such a way as to enable the 
full value of the investigations to be infused into 
works practice, so as to make the results of com- 
mercial value.” This, of course, is the chief object 
of research associations such as the one in question, 

The President is Lord Weir and there are seven 
vice-presidents and a council of management com- 
prising 31 members, three of whom represent the 
Department of Scientific and Indus Research, 
and eight who are nominated by various technical 
societies. There is also an Executive Committee of 
12, a Research Committee of 15, and an Education 
Committee of 21 members, so that, so far as man- 
power is concerned, the association would appear to 
be abundantly equipped. The Director of Research, 
upon whose personality and ability will so much 
depend the successful working of the whole scheme, 
has apparently not yet been appointed. He is to 
be responsible to the council for the organisation 
and supervision of the whole of the research work 
and it is sincerely to be hoped that the position 
will be filled by a man whose business capacity 
and practical knowledge of the requirements of 
the industry are commensurate with the importance 
of his duties. 

What these aims are, we have already indicated. 
They are now set forth officially in the publication 
to which we have referred, and they suffer from no 
lack of comprehensiveness. The problems which 
the association would investigate are classified under 
18 heads, each really comprising many investiga- 
tions, usually of indefinite magnitude, To make a 
start with the work the council have appointed four 
Research Committees, and others will be appointed 
in due course. The four committees *deal respec- 
tively with the subjects of (1) Pig-Iron, (2) Malle- 
able castings, (3) Grey and chilled castings, and 
(4) Fuel, sands and other refractories. The 
Educational Committee is to consult with educa- 
tional authorities in various parts of the country and 
to make recommendations as to suitable courses 
of study in foundry work to be pursued in technical 
schools. Another activity of the association will 
be the establishment of a central bureau of technical 
information, wherein will be collected, abstracted 
and indexed all the world’s literature and data upon 
Foundry work. Any member may send a statement 
of his technical and other difficulties to the bureau, 
and if the knowledge he wants is available, it will 
be supplied to him. 

There is one clause in the Articles of Association, 
which appears to have such dangerous possibilities, 
and to be such a questionable one for any. body 








750 
enjoying large grants of public money, that we must 
draw particular attention to it. It runs, “ An 
important provision is made whereby any member 
who considers that any work which is being under- 
taken by the association is likely to damage his 
business can appeal to the Research Department, 
who will at once decide, after an independent 
investigation, whether the work shall be continued 
or not.” If this means anything at all, it means 
that any member can object to the development 
of any improved process or method of manufacture 
which will render any of his stock or machinery, 
or methods obsolete. It would also prevent the 
Research Committee endeavouring, for example, to 
discover the best acid-proof iron, for the only 
reason that one member already made silicon-iron 
and feared to lose his trade in it. There is ample 
provision in the Articles of Association to safe- 
guard the interests of any firm or group of firms who 
commission the association to carry out any investi- 
gations for their own exclusive benefit. This is 
reasonable and right, but that one firm should be 
able to veto investigations desired, and specially 
paid for, by other firms, is contrary to public 
interest. 

In view of the importance of the cast-iron industry 
and of the very large field it affords for improved 
methods we hope the Cast-Iron Research Associa- 
tion will receive the fullest support from all who 
stand to benefit by its labours. The day of foundry 
secrets has passed, and the industry will be on a 
far healthier basis when it is generally realised 
that knowledge should be as generally distributed as 
possible, and that competition should find its scope 
in the most efficient application of knowledge to 
practical ends. An industry can only advance very 
slowly when every firm engaged in it has to waste 
time and money in solving all its difficulties for 
itself. Moreover, many problems are of such 
magnitude that their proper solution is beyond the 
resources of any individual firm, and can only be 
effected by systematic research on a large scale. 
It is here where the associations come in, and if they 
conduct their researches and express their results 
in & manner which commands the confidence of 
practical men, their success is amply assured. 
Otherwise they will be failures, and the position 
will not be even as satisfactory as before they were 
started, for their failure will be adduced as evidence 
that the co-operation of firms for the purposes of 
research is productive of no good results. It is 
important not only for their own advantage, but 
for that of British industry generally, that all 
firms interested in foundry work should join the 
Cast-Iron Research Association and take an active 
part in its affairs, To sit back and see what it is 
going to do, instead of joining it and compelling 
it to do what the industry needs, is the surest way 
of allowing its activities to be controlled by 
doctrinaires and its practical value to be insignificant 
compared with its possibilities. 





DOCTORS AND INDUSTRY. 

Ir is of course a truism to say that the establish- 
ment of satisfactory and harmonious relations 
between capital and labour is necessary in the in- 
terests of each, and that all schemes promoted for 
the attainment of this end are worthy of considera- 
tion and support. The improvement of the home 
conditions, health and habits of the worker, is 
naturally a main factor in the general problem, 
and it is hopeful to note that those best informed 
of the varying relations between work on the one 
hand and health and disease on the other have 
recently met in conference, to discuss the importance 
of the human factor in industry and to consider the 
efficiency of the means designed to improve its 
conditions and fitness. This does not imply that the 
human element, the workman, is to be treated as 
a piece of mechanism, trained to fulfil his functions 
with greater ease and less friction. The exhibition 
of greater sympathy with his worthy aspirations, 
the increase of opportunities for his social advance- 
ment, and the removal of the hindrances and 
disabilities by which he is surrounded, formed 
a main theme in the discussion, and found sympa- 
thetic expression in the utterances of the speakers. 

The important meeting to which we refer was 
one held on the 2nd inst. under the auspices of the 





ENGINEERING. 


Industrial Welfare Society, the chair being taken 


by Mr. Robert Hyde. The gathering was com- 
posed. of varied elements, and included doctors 
who were engaged on full time with industrial 
concerns as well as certifying surgeons keenly 
interested in the movement. The Home Office 
Medical Department was represented, and others 
interested in the promotion of the work of. the 
Welfare Society were present. The members were 
welcomed by the Duke of York, who expressed 
hearty approval, of the movement and evidently 
regarded the scheme of bringing together the doctors 
engaged in fighting industrial disease as one likely 
to be attended with fruitful results; The object 
of the meeting was more closely defined by Mr. 
Robert Hyde, the chairman, who pointed out that 
the meeting was tentative and preliminary, that 
there was no programme or agenda, and that the 
meeting must decide its own procedure. “ We 
must let the thing take its course, as all we have 
done is to use the machinery of the Industrial 
Welfare Society for bringing about this meeting. 
If we achieve nothing else during the day or decide 
on no definite course, we shall have increased our 
knowledge and I hope we shall have increased 
our circle of friendship.” 

Dr. R. M. Wilson, who, at the chairman’s request, 
opened the discussion, explained what had been 
effected by enlightened propaganda, commented 
on the interest awakened in the public, and the 
response made by the great employers of labour 
to meet legislative requirements and the urgent 
appeal of an interested public. Leaving on one 
side the technical questions of industrial fatigue, 
industrial well-being, ventilation, dust, &c., he 
dwelt on the problem of unrest, and invited the 
conference to draw the conclusion “that just 
when everybody prophesied that now the danger 
was coming, now labour and capital were at death 
grips, the danger seems to have melted away.” The 
danger is still there, “ but that great catastrophe 
which was prophesied even so recently as a few 
weeks ago, has not materialised, and everybody 
who thinks that this country is on the eve of a 
revolution has misread his facts.’”” This anodyne, 
however soothing, is scarcely convincing, and the 
speaker endeavoured to strengthen his contention 
by a reference to the Marxian theories, and by 
contrasting favourably the position of the exploited 
operatives of years ago, of his wife and children, 
with the condition they occupy now, but these 
remarks were scarcely necessary before such an 
audience. Everybody is agreed that fifty years 
ago the industrial conditions were absolutely 
deplorable, but the grievance among the disaffected 
still remains, that the disproportion between the 
comfort and emoluments of the two classes, whom 
it is convenient to define as workers and capitalists, 
is still too great, and can, according to some views, 
only be removed by violent means. This apparently 
is the danger to which the speaker referred. 

Dr. Wilson was on safer grounds when he traced 
the improvement in industrial conditions to the 
honest and fearless manner in which factory 
inspectors had fulfilled their duties. These factory 
inspectors, when they began to report, had to face 
the most violent attacks that it is possible to 
imagine. They had to fight the grasping and 
avaricious men who feared the means of wealth 
would pass from them. The struggle was long 
and bitter, for it was between selfishness and 
enlightenment. But bit by bit new conditions 
were introduced. Bit by bit child labour was 
prohibited, up to a certain degree, and fenced round 
with restrictions; bit by bit, the Factory Acts 
were passed with the object of saving and pro- 
tecting human life. The battle was fought slowly, 
foot by foot, but it was won. There came about the 
same time the Public Health Acts, in which sani- 
tation, ventilation, and other preventive measures 
for the health of employees were carried through, 
and so was lifted away the real shame that existed 
in Marx’ day, and gradually was given to every 
man in this country rights which became part of the 
national life. This, we believe, is strictly true, 
but some of the audience may have asked them- 
selves, whether so many rights and privileges had 
not been given to every man, that there were not 
sufficient left to govern him by. Appetite grows 
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| with what it feeds upon, and it is difficult-to enforce 


restraint. From being compelled to deliver too 
large a tale of bricks may be traced the determina- 
tion to deliver too few, or none. In the place of 
being ruled, comes the desire, but not necessarily 
the capacity, to rule, and the unknown future 
contains elements of misgiving that cannot be con- 
templated without alarm. 

To this able work of the inspectors in mitigating 
evils and creating an enlightened opinion, the 
doctors have contributed in no small.,measure. 
They have earned the gratitude.of those to whom 
they have administered without stint,. and no 
doubt it has been: rendered: | But..we doubt if 
Dr. Wilson is equally justified in claiming that the 
profession has won the confidence of the class to 
whose interests it is devoted. “If a doctor gets 
up and demonstrates, as he can demonstrate with 
perfect clearness, that the interests of capital and 
labour are always'and must always be the same, 
then he is believed.” It may be, but too often 
the loud assertiveness of the glib delegate, with 
narrow and selfish views, outweighs the thoughtful 
utterances of science, informed by experience 
and history. And it may further be questioned, 
if propaganda, peaceful, tranquilising propaganda, 
is the function of the doctor. His disinterestedness 
might be suspected and the opportunities for the 
exercise of his good services diminished. The 
speaker, in a later sentence, intimated how suspicion 
of the honesty of his actions might be created. 
The doctor “‘ can show the employers that they can; 
get far more work out of a man if they treat him 
better. We know that the fatigued man cannot 
work well, and that a man working on shorter time 
can produce more. We say to-day that the healthier 
your workpeople are and the better the surroundings 
in which they work, the better care you take of 
them, the more cheerful they are, the brighter their 
surroundings, the more actual money and output 
you will receive.” Is not the operative mistrustful 
of the very care taken of him, because he believes 
it is directed, not to his benefit, but to that of the 
employer whose object is to make him a’ more 
perfect tool,,a more proficient worker, who will 
give a higher output at a smaller cost. “It should 
be proved that there is no disparity of interests 
anywhere between the employer and the employee 
as what helps one must help the other.”” A patent 
truth, but the worker says the help is not in the 
same proportion, he wants a quantitative demon- 
stration, and we are not convinced that it is the 
province of the doctor to “ go in and stand between 
the two contending parties and prove to them that 
their interests are identical, and show them that 
the particular thing they are quarrelling about is 
against the interest of both of them.” 

Dr. Wilson’s remarks on the proper function of 
medicine were both weighty and pertinent. In 
the great task of preventing rather than curing 
disease, industry can benefit the profession as much 
as medicine can improve industrial conditions. 
His broad exposition of the views of Sir James 
MacKenzie was illuminating and raised the question 
of medical attendance above all sordid and mer- 
cenary motives. He pointed out that-medicine had 
advanced a long way towards curing disease, 
which is established in the human body, bit the 
disease is only detected when it is planted in an 
organ of the body. That disease may have been 
present for quite ten years, and consequently all 
those years have passed before that physical change 
occurred in the disease whereby it was detected, 
and these changes may not be the original disease, 
but something arising out of it. The signs of the 
loss of power to resist approaching disease may be 
easily detected. It is of no use treating these 
patent signs, but what has to be contended against 
is what may arise on account of the reduced 
resistance, and it is the problem of raising the 
vitality that has to be attacked. “The real 
relation of a man’s work to his health is.a tre- 
‘mendous thing, very much bigger than any, of us 
imagine.” After quoting some interesting instances 
in particular trades in which experimental inquiry 
might be efficacious, Dr. Wilson concluded by 
affirming his opinion that in industrial medicine 
there is enormous opportunity to carry on the work 
of eliminating disease, and expressed his belief that 
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the same means was destined to illuminate many 
matters about which we are now entirely ignorant. 
Dr. Legge, who at a later period showed his 
impatience of pious expressions of opinion that bear 
little practical fruit, proposed a series of questions 
for discussion, questions which demonstrated the 
entire range of inquiry, showed how necessary 
was the interchange of expert opinion, and in what 
direction the usefulness of the conference could 
best manifest itself. These questions, which raise 
the whole need and direction of preventive medicine 
in industry, and suggest the aim of those who would 
extend its beneficent purpose are best expressed in 
Dr. Legge’s own words. “T should like to ask 
what do you do, how do you do it, when do you 
do it and where do you do it? Does your practice 
cover men, women and young persons in the factory ? 
What are your relations, and by relations I mean 
your doubts and difficulties really, in regard to, first, 
the panel doctor? Do you leave the treatment to 
the doctor and just advise him, or do you ask him 
to come to you when you find there is something 
wrong, or do you do the actual treatment yourself ? 
Then what is your relation to the certified factory 
surgeon to carry out the obligation which is placed 
on every employer, to have the young persons 
examined by the certifying factory inspector, and 
do you assist him by being present or seeing that the 
nurse or the welfare supervisor is there to help 
him, and get the benefit of any observations he may 
make on the young person who is presented to him. 
Then what is your relation to the welfare superin- 
tendent ? I take it that the welfare superintendent 
would have nothing to do with the health of the 
workers, but would refer them all to you. What is 
your relation to the worker himself, do you find 
him reluctant to consult you as distinct from the 
panel doctor. Are you brought into contact with 
the committees, suggesting matters which works 
committees should see to, and put right themselves, 
as a result of accidents, injuries or disease? Have 
you a panel yourself arising out of persons employed 
in the factories and are there additional services 
such as dental clinics, ophthalmic clinics, and 
clinics run in connection with your position ? 
Can you show results in £ s. d. to the employer ? 
Would a course of special training before you came 
to your employment have been of any value to you, 
and, lastly, and most important of all, do you 
see in any way, recognising as you must do the 
value of your own work and desiring its extension, 
do you see any way in which a part time factory 
medical service can be created, which can be linked 
up with the National Health Insurance Scheme ? 
Because while I look upon you as the acme of 
perfection, I do not look upon you quite as a practical 
proposition in this count. We are for weal or woe 
wedded to the National Health Insurance Act, and 
what we must do is to make the very best we can 
out of it. I think many more persons like you 
would have come into existence if there had been 
no National Health Insurance Scheme, but now 
I think, general practitioners must be utilised. 
Probably workmen would not consent to undergo 
periodical examinations by a doctor who was paid 
by the employer, as they would think that the 
doctor would work more in the employers’ interests 
than their own, but the workman would consent 
to an examination at stated intervals, if it were 
done by State medical service which he paid for, 
just as much as the employer contributed, and as he 
does now under the panel system, but which at 
present is only available when he becomes ill.” 
_ _ These questions are put out saliently and fully, 
because they embrace the whole system of industrial 
preventive medicine, so far as the problem can be 
practically considered at the present moment, 
and they show not only the mutual duties of the 
employer and the employee, but also what the 
community expects from each. Such questions 
could not be adequately discussed at the time, 
and some were not even answered, but the views 
of some of the members may be quoted. 

_Dr. Mather, of Messrs. Cadbury Brothers, Bourne- 
ville, complained that in his experience the average 
working man was very reluctant to submit to 
anything in the nature of compulsion. The solution 
of the problem, he considered, rested on the success 
attendant on persuading people to come to the 


doctor, and discuss their ailments or anything in 
connection with their employment, A surgery was 
maintained to which the sufferers from illness or 
accident could come for aid, and he could work 
harmoniously with the panel doctors. There was 
also a dental clinic, and arrangements were made 
for special cases to go to the hospitals, the firm 
paying the fees. Particularly would he urge a 
special training before commencing industrial 
preventive work, and he had felt his own inex- 
perience to have been a misfortune. He was assisted 
by a lady doctor, and together they had the care 
of 8,000 or 9,000 operatives. The factory was 
inspected from the point of view of sanitation, 
and inspection of the workers was practised as far 
as possible, but compulsory examination was 
impossible, because the workpeople resented. The 
applicants were examined before engagement at 
the works, and the percentage of definite rejections 
was very small, but since the examination was a 
necessary preliminary for employment, no objection 
could be raised. Hernia and ven disease 
were particularly referred to, and those suffering 
from the latter disease had to show a clean bill of 
health, before being re-employed as chocolate 
workers. 

Dr. I. A. Sellars, Blackburn, hinted that tact 
was needed to avoid trouble with the panel doctor, 
and urged that more time was needed for the 
examination of children before they started work 
at the mills. To attempt systematic examination 
was impossible and led to friction. He considered 
the great need to be the devotion of more time 
to this side of the work, and the introduction of a 
plan whereby the factory surgeon, the certifying 
surgeon and the welfare medical man, might work 
hand in hand. The treatment of patients corre- 
sponded with that adopted in other places, and was 
directed to placing the sufferers under competent 
advice as soon as possible. 

Dr. N. F. Williams, certifying factory surgeon, 
Chiswick, was the only speaker to urge amendment 
or alteration in a definite direction. He held that 
the payment of a fee to panel doctors for the 
notification of lead poisoning was a great mistake, 
as it encouraged excessive notifications without 
sufficient reason. Exaggerated reports were spread 
to the annoyance of the firm, who took all necessary 
steps to prevent infection. Dr. Legge, while 
sympathising with the troubles experienced, was 
fully convinced that such notification was of 
enormous value. 

Dr. E. L. Collis, taking a much broader view of 
the object of the conference, directed attention to 
the question of industrial unrest and strikes, urging 
the existence of a close connection between strikes 
and public health, for it was necessary to have a 
healthy body to have a healthy soul. “If you are 
to have health then you must have a healthy mind, 
and only when you have healthy thought are you 
going to avoid industrial unrest. I am perfectly 
convinced, that if we have the health of this nation 
sound then this nation will think soundly. What 
the result of that thought is I do not care, because 
I know it will be sound thought and healthy thought, 
and all will be well.” The conclusion drawn was 
that the profession had in its hands “ the foundation 
and the very basis of the whole civilised structure 
to-day. Itliesinhealth.” This view is exaggerated. 
It did not seem to occur to the speaker in his 
enthusiasm, that he was dealing with a complex 
function of which health was only one of the 
variables. Similarly his figures are not convincing, 
and his contention that medical supervision and 
improved hygienic conditions, together with the 
saving of time lost in illness and convalescence, 
could benefit industry to the extent of 150,000,000/. 
a year is probably unwarranted. Dr. Collis’ 
invitation to the conference to consider the best 
means for making industry grasp the value of the 
work that the profession had to give it, was not 
generally accepted. 

Dr. E. Halford Ross, of the Home Office, was 
eminently practical and directed attention to the 
important point of care of eyesight. A firm 
in the printing of bank notes admitted that they 
were saving hundreds a year by employing an 
ophthalmic surgeon, who attended at their works 





twice a week to examine the workers’ eyes. It 





appeared that if a worker goes into a firm with 
an absolutely normal eye, then norma! vision remains 
unimpaired, but if there is the slightest defect, 
this defect is aggravated. Constant su 
diminishes this aggravation, but the o 
methods of testing were scarcely efficient. 
and apparently expensive, apparatus was necessary, 
and Dr. Ross was doubtful if the installation of 
new tests would be effected. Messrs. De la Rue 
was quoted as a model firm, employing adequately 
trained and scientific assistance, the necessary ex- 
penses being defrayed under an arrangement 
between the employees and the firm. This question 
of fees was an important one, and raised the whole 
question of creating the best machinery to secure 
medical supervision throughout industry. After 
referring to the Health Committees set up by the 
Industrial Councils, the speaker intimated that the 
ultimate scheme might take the form “that each 
firm will be able to consult a paid medical officer, 
and that medical officer will be the ex-officio member 
of the Works Committee. But the question arises, 
who is to pay? My opinion is that both sides of 
the Whitley Council should pay, the federation of 
the masters and that of the workers should each 
pay their moiety of the expenses of organisi 
their own health measures.” There would be over- 
lapping among the various Industrial Councils, 
requiring some definite control, probably from some 
State Department. “ My idea is that each should 
pay one-third of the cost, the State one-third, and 
the federation of masters and of workers each one- 
third, because the trade unions are intimately 
concerned with their own health, the masters are 
equally concerned with the health of the workers, 
and the State with the health of the people.” 

Mr. R. E. Cree, of the firm of Messrs, Swan, 
Hunter and Wi Richardson, Limited, who is 
engaged entirely on accident work, gave interesting 
statistics on the accidents occurring in all the 
trades that are employed in the shipbuildi 
industry. It appeared that the iron trade prov 
the most dangerous, and that boys suffer the 
greatest number of accidents, due probably to 
youthful recklessness, A number of men are 
employed of greater age than is desirable, and he 
recommended that welfare work should see that 
such men are retired from hard manual work in 
order to prevent severe accident. 

Sir Thomas Oliver (Home Office) was in agreement 
with Mr. Cree, and fully endorsed the remarks of 
other speakers who had demonstrated that the 
introduction of medical supervision and inspection 
into workshops and factories had saved the owners 
much expense, and as a practical contribution 
to the object of the conference suggested that the 
facts and statistics accumulated in the Industrial 
Department should be made fully accessible to the 
public. Moreover, he wanted provision to be made 
whereby a man might, after illness, be brought 
gradually back to his work. It was too severe a 
strain on returning convalescence to resume full- 
time work immediately. 

Dr. James R. Kerr (St. Helens) was able to assure 
the conference of the increased attention that the 
subject of industrial accidents and disease was 
receiving from firms and employers. He was in 
charge of a large hospital, and was continually 
approached by employers and insurance companies 
for special treatment, and this latter application 
had convinced him that the treatment of industrial 
accidents was a paying proposition, as insurance 
companies were not philanthropists. The 1 
made no profit, the actual cost was ly 
estimated and charge was made accordingly. 
There was no trouble with the general practitioner, 
nor the panel doctor. The patient who wished 
his own medical adviser was at libery to select him, 

Dr. Ranton, of Messrs. Vickers, pleaded for more 
co-operation between the various branches of the 
medical profession, with the view of greater 
efficiency. He recommended that the 
practitioner should have the entry into the factory 
in order to obtain some experience as a certifying 
factory surgeon. He believed that many a certifi- 
cate had been written by a panel doctor, stating 
that a man was unable to follow his occupation, 
when the panel doctor really had but a very hazy 
notion of that occupation. Dr. Ranton was followed 
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by Dr. T. L. Llewellyn, Newcastle, medical officer 
to the North Staffordshire Coal and Iron Masters’ 
Association, who gave details of the work carried on 
under his supervision, and spoke of the readiness 
with which the employers had met his suggestions. 
Dr, I, W. Coles, Gas Light and Coke Company, also 
gave encouraging details of the work of his depart- 
ment, and as was the case with Dr. Llewellyn, 
incidentally demonstrated the necessity of tact 
in dealing with the cases under his care. 

Mr. P. 8. Rowntree was able to speak from 
fifteen years’ experience of the results of medical 
work in industry. He regarded its operation as 
indispensable, and of all the welfare work carried on 
with different experiments, medical work had been 
the most satisfactory and encouraging. An educa- 
tional campaign amongst employers was necessary 
to make the scheme successful and progressive. 
The medical service in his firm was threefold, a 
doctor engaged on general health work, a dentist 
with dental mechanics to provide dentures, and an 
oculist and an optician. The most valuable work 
the conference could do was to educate employers 
on the value of medical services. It was difficult 
to show the pecuniary gain, either to the patient, 
or to the firm. He and his staff had tried, but 
had found too many disturbing factors. ‘“‘ I believe 

at all that can be done is to go through the 
number of cases, and then describe the improve- 
ment that took place in the man’s work, and if 
possible to show the increased earnings which he 
had been able to make after treatment. The cost 
of maintenance is extremely small in comparison 
with the wage bill. The total cost to us is only 
2,000/. a year on a wage bill of 1,250,000/. It needs 
but a very small increase in the output and efficiency 
to make up for this, especially when you have 
7,000 workers.” 

An interesting discussion followed on the best way 
of organising and deriving some permanent tangible 
result from the deliberations. It was finally agreed 
that a small committee consisting of Dr. I. W. Coles 
(Gas Light and Coke Company), Dr. E. E. Mather 
(Messrs. Cadbury Brothers) and Dr. (Flight- 
Lieutenant) F. I. P. Saunders (Royal Aircraft 
Establishment) should explore the ground, ascertain 
what was feasible, and report to a conference which 
is arranged in connection with the Welfare Society 
at Balliol, Oxford, in September next. 





THE LAW COURTS AND TRADE UNION 
PRACTICES. 

THat trade union officials and executives are 
not entirely exempt from the control of the Courts 
of Justice in dealing with members whose views 
do not coincide with their own is shown by the 
judgments delivered by the Court of Appeal on 
June 13 in two cases, Braithwaite against the 
Amalgamated Society of Carpenters and Joiners 
and certain of its officials, and Ashley against the 
General Union of Operative Carpenters and Joiners, 
&c. As was explained in our article of March 25 
on the subject, the plaintiffs, who were threatened 
with expulsion from their unions, maintained that 
their proposed expulsion was not warranted by 
the rules of the unions, and applied to the Court 
for an injunction. The defendants pleaded that 
their societies were illegal at common law on the 
ground that their objects were in restraint of trade, 
and that in view of the terms of the Trade Union 
Act, 1871, the actions could not be maintained. 
Mr. Justice Eve came to the conclusion that the 
Court had no jurisdiction to entertain the actions, 
and dismissed them without giving any judgment 
on the question whether the proposed expulsion was 
warranted by the rules of the unions or not. As 
indicated in our previous article, the judgment 
appeared to be open to criticism, and the Master 
of the Rolls and Lords Justices Warrington and 
Younger have unanimously reversed it. Holding 
that the Court has jurisdiction to deal with the 
cases, they have decided on the facts that the 
proposed expulsion is. wrongful, and that the 
plaintiffs are entitled to an injunction, 

Lord Justice Younger drew attention to the fact 
that the plaintiffs had been members and had 
contributed to the funds of their unions for many 
years; that they were staunch supporters of 
trade union principles ; that if they were expelled 





they would lose all the benefits to which they were 
entitled from their contributions; that trade 
unionists would probably refuse to work with them, 
and they would become odd lots in the labour 
market, and that, in short, their expulsion would 
mean industrial death for them. Nevertheless, 
if Mr. Justice Eve’s judgment were to stand, they 
would be without remedy in the Courts, and the 
members of trade unions would always be at the 
mercy of the dominating section of their unions, 
and, if they happened to come into conflict with 
their executives, they might be expelled and suffer 
great hardship without having any redress. 

While drawing attention in this way to the 
importance of the case, Lord Justice Younger, 
like the Master of the Rolls and Lord Justice 
Warrington, based his judgment not on the hardship 
which would result from Mr. Justice Eve’s judgment 
in the Court below, but on purely legal grounds. 
In addition to the fact that the two unions were 
admittedly illegal societies at common law, the three 
main factors involved were (1) the rules of the 
unions, (2) Messrs. Lever Brothers’ so-called co- 
partnership scheme, and (3) the provisions of the 
Trade Union Act, 1871. We shall deal with these 
three factors separately. 

(1) The Amalgamated Society of Carpenters and 
Joiners proposed to expel the plaintiff Braithwaite 
under Rule 32 of their rules, which, so far as material, 
was: “‘(i) It shall be competent for any district 
council, managing committee, branch committee or 
branch at a special or quarterly meeting to fine or 
expel any member from the society upon satisfactory 
proof being given that such member has refused 
to comply with their decision or by his conduct 
brought the society into discredit, wilfully violated 
the recognised trade rules in the district in which 
he is working, or working on a co-partnership system 
when such system makes provision for the operatives 
holding only a minority of the shares in the concern.” 
The union maintained that the plaintiff was working 
on a co-partnership system such as is referred to in 
this rule. 

The General Union of Operative Carpenters and 
Joiners’ founded mainly on their Rule 31, which 
is :—‘‘ Any member proved to the satisfaction of the 
executive, district committee or lodge, to be working 
against the interests of the society by working on 
the premium bonus system, or taking piecework or 
sub-contracting may be fined or expelled, 
as the executive, district committee or lodge may 
determine such fine not to exceed 21.” 
This union maintained that the plaintiff, Ashley, 
by participating in Messrs. Lever Brothers’ scheme, 
was working on a premium bonus system. 

(2) With regard to the so-called co-partnership 
scheme or trust, the Master of the Rolls said that 
Messrs. Lever Brothers’ employees were paid at 
full trade union rates and worked not more than 
trade union hours. Some years ago Lord Lever- 
hulme instituted a scheme under which meritorious 
workers in the company’s employment had a chance 
of obtaining from the trustees of the scheme what 
were called “ partnership certificates.” In order 
to come under the scheme they had to be not less 
than 22 years of age, and of good character, and to 
have been in the service of the company for not 
less than four years. They had also to undertake 
not to waste time, labour or materials in the dis- 
charge of their duty, but the allocation of the shares 
was not in any way based upon output, and a quick 
workman was in no better position in regard to 
participation in the scheme than a slow worker. 
They could not demand as a matter of right to be 
nominated for certificates. The nomination was 
in the discretion of the trustees. Having obtained 
the certificates the workmen became entitled to 
receive a sherr in the profits on the company’s 
ordinary shores in respect of them, and they had 
the option of investing these profits in the pur- 
chase of shares in the company but were under no 
obligation to do this. There was also no limit to 
the amount of shares which the workers might 
acquire in this way. 

(3) The third factor was the provisions of Section 4 
sub-section 1 of the Trade Union Act, 1871. The 
Act provided that the purposes of a trade union 
should not, by reason merely that they were in 
restraint of trade, be deemed to be unlawful so as 





to render any member of the union liable to criminal 
prosecution for conspiracy or so as to: render void 
any agreement or trust, but Section 4 provided that 
nothing in the Act should enable any Court to 
entertain any legal proceedings instituted with the 
object of directly enforcing any agreement between 
members of a trade union as such concerning the 
conditions on which any members for the time being 
of such trade union should or should not sell their 
goods, transact business, employ or be employed. 
As already indicated, the unions considered that 
participation in the company’s scheme was in- 
consistent with their rules, and they gave the 
plaintiffs notice that they would be expelled if they 
continued to participate in the scheme. As the 
parties were in dispute as to whether the rules of 
the unions permitted the plaintiffs to participate 
in the scheme or not, Mr. Justice Eve held that the 
plaintiffs, by applying for an injunction, were 
seeking directly to enforce their construction of the 
rules, and were thus seeking directly to enforce an 
agreement between members of a trade union 
concerning the conditions on which they might be 
employed. He accordingly held that in view of the 
terms of the Trade Union Act he had no jurisdiction 
to entertain the actions. The Court of Appeal, 
however, held that this was a wrong view of the 
object of the actions. No doubt the rules of the 
unions as to the conditions on which their members 
might be employed could not be enforced at law, 
but the plaintiffs were not attempting to enforce 
them. They were not attempting to compel the 
defendants to do anything, and when the Court 
endeavoured to ascertain from the defendants’ 
counsel what agreement which would fall under the 
ban of Section 4 of the Trade Union Act the 
plaintifis were supposed to be trying directly to 
enforce, no satisfactory answer had been forth- 
coming. The object of the actions was merely to 
protect the plaintiffs’ rights of membership, and 
in the view of the Court there was nothing in the Act 
to prevent the Court from entertaining the actions. 
The Court therefore proceeded to consider whether 
the plaintiffs were contravening the rules of their 
unions by participating in Messrs. Lever Brothers’ 
scheme. Lord Justice Younger pointed out that 
while the one union claimed that the scheme was 
a co-partnership system, the other union maintained 
that it was a premium bonus scheme. Both of these 
contentions failed. Even if the scheme were a 
“* co-partnership system,” it was not a co-partnership 
system which made provision for the operatives 
holding only a minority of the shares in the company, 
because the scheme contained no such restriction. 
Therefore participation in the scheme was not 
struck at by Rule 32 of the rules of the Amalgamated 
Society of Carpenters and Joiners. Neither was it 
struck at by Rule 31 of the rules of the General 
Union of Operative Carpenters and Joiners, because 
it was in no sense a premium bonus system. The 
plaintiffs were therefore entitled to an injunction 
against the threatened expulsion in each case. 





THE ROYAL SOCIETY SOIREE. 
Laprgs’ Niaeut. 

Not many of the objects and apparatus ex- 
hibited last Wednesday at the second soirée of 
the Royal Society (the Ladies’ Night) were of 
direct interest to the engineer, and some of these, 
moreover, had already been shown at the first 
soirée a month ago. As to these, we refer our 
readers to our issue of May 13, pages 591 to 593. 
There were, however, a few novelties, and the 
very first item of the descriptive catalogue could 
not but attract considerable attention. 

It was another of Professor Coker’s beautiful 
apparatus for studying stress distribution by 
means of polarised light, an experimental appar- 
atus being exhibited on behalf of the Cutting 
Tools Research Committee of the Institution of 
Mechanical Engineers by Sir James Dewrance, 
Chairman of the Committee, and Professor E. G. 
Coker, F.R.S., designed for investigating the 
action of cutting tools and constructed by Pro- 
fessor Coker. Some preliminary measurements 
have already been obtained with this apparatus 
in the Engineering Laboratory of University 
College. Briefly, the apparatus consists of an 
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a vertical steel bar, bent to a fiddle-bow not 





“7 aos 
New among the exhibits of the National Physica ] 


material is turned at a definite speed by an electric | to obstruct other devices, and three wooden levers, | Laboratory were the photomicrographic trans- 
all joined together by three pins and one pivot; , parencies of the metallurgical department shown by 


motor operating through a worm reduction 
gear, and the turning tool, of glass or steel, is 
clamped in a slide rest and receives a determinate 
radial feed from the main drive, so that a cut of 


any thickness can be taken, up to the limits of the. 


strength of the machine. 

A beam of polarised light passed through both 
work and glass tool reveals the stresses which 
are caused by the cutting action, and the kind of 
effect observed is shown in the accompanying 
photograph (Fig. 1), in which a steel tool, having 
a cutting angle of 45°, a clearance of 5°, and no 
side rake, is taking off a shaving about -025 in. 
thick from a disc 6 in. in diameter. -In the 
actual experiment three orders of colours are 
clearly visible (these being represented in our 
engraving by variations of shading), and there 
are, in fact, others close up to the tool, which 
enable the stress distribution to be determined to 





Fic. 1. Optican INVESTIGATION OF THE ACTION 


or CuTtine Toots. 


within a short distance of the intensely black 
area just above the cutting edge, where the 
material is so much deformed that its structure 
is destroyed and light fails to get through. 

As will be observed, the colour effects divide 
themselves into two well-marked lobes, of which 
the upper one denotes an area mainly in com- 
pression, and is separated by a dark band, observ- 
able in the photograph, from a second lobe, in 
which the material is mainly in tension. It is 
found that, with larger cutting angles, the lobes 
tend to move round in a clockwise direction, 
and the dividing band also moves into a less 
inclined position. The preliminary measurements 
indicate that there is not likely to be very great 
difficulty in determining the stresses to which 
cutting tools give rise to in the regions in which 
colour bands are visible, and also that it will be 
possible to apply this method to study the action 
of tools when used for planing, drilling and like 
operations. 

The second novelty, the Recording Extensometer 
for Textile Yarns, of Mr. Percy J. Neate, M.Inst.M.E., 
of Hampstead, was designed for the University of 
Leeds and presented to it by the exhibitor. The 
machine, of which our photograph, Fig. 2, shows 
a froht view, has a height of about 6 ft. It 
stretches a vertical thread between an upper grip, 
suspended from a calibrated spring, and a lower 
grip which applies the tension through the action 
of dead weights (up to 20 Ibs.), gradually lowered 
by a hydraulic cylinder. To the lower grip is 
attached a system of links and levers which halve 
the downward motion and then transfer it to a 
platen of brass (bearing the card) which lies in the 
vertical plane of the instrument, but is inclined 
60 deg. to the vertical. This system consists of 





these parts are at the back of the instrument | Dr. W. 


Rosenhain, F.R.S. The specimens were 


as illustrated. The style is attached to a light , alloysof aluminium with magnesium, copper, silicon, 
guide rod parallel to the thread; the upper end iron and zinc, and in some of the photographs 


of the rod hooks on the lower end of the cali- 
brated spring, the lower end of which forms the 
upper grip. 
balanced by a counterpoise. 


The weight of the style arm is, structure, The 


the presence of liquid at the moment of quenching 
was recognisable by a characteristic fine micro- 
other exhibits, including | the 
Paterson-Walsh Vertical Height Finder, have been 


Three different, interchangeable, springs are pro- described on a former occasion. 


vided, giving each a 3-in. ordinate representing 


The Darwin-Hill Mirror Position Finder, exhibited 


loads of } Ib., 3 Ib. and 12 Ib. respectively. The ; by the Cambridge and Paul Instrument Company, 
records the position of an object moving in the air 


peculiarity of the calibration is that the springs 
carry the load at an extension of 3 x 2/,/3 = 
3-464 in., representing the length of the side of an 
equilateral triangle of height 3in. Since the motion 
of the platen is half that of the lower grip, a load 
of } lb. on a rigid (not-stretching) thread would 
extend the spring by 3-464 in., and the style would 
travel the same distance; owing to the peculiar 
link system, the vertical ordinate will be 3 in. high. 
When the same load of } Jb. stretches the thread 
2 in., the platen will travel 1 in., and the style will 
not draw a vertical ordinate, but will be deflected 
by the component acting in the direction of the 
platen travel, at right angles to the stress ordinate. 
The diagram produced will, therefore, record stresses 
as ordinates and extensions (half actual length) as 
abscissae. The spring extension is eliminated from 
the abscissae and the excess spring extension from 
the ordinate, and friction is practically absent. 
To avoid the scattering of the ink when the 
thread breaks, the pen is itself suspended by a 
very light coiled spring from the upper part of 
the carrier, and it is lightly pressed against an upper 
stop; when the carrier bounds upward, the pen 
lags behind owing to its inertia. A large number 
of cards exhibited exemplified the work done 
with the new machine, both by the inventor and 
by Professor A. F. Barker, head of the Textile 
Department of Leeds University, on which the 
Clothworkers’ Company recently spent the sum of 
100,000/. 

The astronomical exhibits by the Royal Observa- 
tory, Greenwich, and by the Rev. A. L. Cortie, 
8.J., of Stonyhurst, were the same as last time. 
Greenwich, however, made a special exhibit also of 
sun spots of regular and irregular types and of 
“streams of sun spots,’ which look as if they 
belonged to a stream. The extraordinary fluctua- 
tions of the magnetic intensity during the sun-spot 
display and magnetic storm of May 13 to 16 last 
were shown by the Meteorological Office. At Kew 
the intensity suddenly rose, after a preliminary fall, 
through 1,500 y (1 y = 0-00001 gauss); on quiet 
day the intensity curves mark peculiar tremors as- 
cribed to the tram lines and also fairly regular 
bigger fluctuations, possibly due to the trains on 
the railway lines. The most interesting feature of 
Dr. Owens’ records of atmospheric pollutions 
(mentioned last time) was perhaps the close con- 
nection between fog and vertical electric force in 
the air brought out during the foggy days of Febru- 
ary 2 to 4 last winter; the electric force rose to 
2,000 volts per metre, dropping again to 200 volts 
as the fog cleared up. 

Mr. William Barlow, F.R.S., exhibited paper 
models of crystals describing his exhibit as ‘ methods 
of chemical graphic formule modified so as to 
interpret crystal structure by models.” The idea 
is that the crystal space can be partitioned into 
cells, and that the monovalent atom requires one 
cell, the divalent atom two cells and soon. That, 
if we understood rightly, would help one to see the 
similarity between atomic grouping as revealed by 
X-ray examination and crystal shape on the one 
side, and graphic formule on the other side. 

Of optical exhibits we again mention Mr. J. E. 
Barnard’s beautiful microscopy in ultraviolet 
light, showing the marked differentiation in animal 
tissues depending probably on differences in the 
chemical constitution of the parts of the specimen, 
and not on differences possibly introduced by the 
mode of preparation, staining, &c. The specimen 
is, or may be, living and unaltered. Apart from 
biological interest this observation of the fluorescent 
image is of value also for testing the optical qualities 
of microscopic objectives. 


in terms of three rectangular co-ordinates, Two 
horizontal mirrors, each ruled in squares, are placed 
one at each end of a common base line ; the object 
is observed through a fixed, but adjustable, aperture 





NEATE’S RECORDING EXTENSOMETER, 


sight, and the position in each image is marked on 
the glass surface either continuously or at simul- 
taneous moments (controlled by signal), Each 
mirror gives two co-ordinates for any position of 
the image, from which the three co-ordinates can be 
calculated for successive positions. The instrument 
has been used for high-angle gun fire, for pre- 
paring range tables and for recording air-craft 
movements. The Instrument Department of the 
Air Ministry also had a variety of instruments 
on view. 

The system of Mr. Franklin Kidd, M.A., of 
Cambridge, for the cold-storage and gas-storage 
of apples, was referred to in May, but deserves a 
few additional words, not only because it formed 
one of the main exhibits. It illustrates the attempt, 
made by Mr. Kidd on the instigation of the Food 
Investigation Board, to preserve English-grown 
apples simply by ventilation in the atmosphere of 
their own respiratory activity. The apples should 





be stored within a fortnight of gathering. We must 
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distinguish between air assimilation, which, in the 
case of plants, means absorption of the CO, from the 
atmosphere (the CO, being converted into chloro- 
phyll and other products), and respiration, which 
in the plants as in animals, signifies that one 
volume of oxygen is converted into one volume of 
CO,. That respiration continues in the sound 
apple, and the ventilation has so to be regulated 
that this respiration is maintained. The air origin- 
ally contains about 80 per cent. of nitrogen, 20 per 
cent. of oxygen and some CO,. If all the oxygen 
were removed so that nitrogen alone were left in 
the storage chamber, the apples would spoil in 
six months ; a deficiency both of O and CO, retards 
the decay. As the respiration proceeds, the oxygen 
percentage decreases and that of CO, increases, 
and the ventilation aims at maintaining about 
8 per cent. of oxygen and 12 per cent. of CO,. 

The Fading of Museum Specimens, exposed to 
light, was illustrated by Sir Sidney Harmer, F.R.S., 
of the Natural History Museum. His experiments 
were made especially to test the efficacy of “ anti- 
fade ’” glasses in protecting specimens from fading. 
The specimens were butterfly wings, various furs, 
leathers of different colours and strips of painted 
paper and wood. The conclusions so far arrived at 
are that nothing fades in the dark even when warm, 
that direct sunlight is more injurious than diffused 
sunlight or electric light, and that antifade glasses 
offer but slight protection against the latter two, 
and none against direct light with long exposures. 
Exposures had been made for days, months and 
years, and one point upon which we should have 
liked to have more information was, why the half- 
watt lamps had destroyed various dyes in two years 
more thoroughly, apparently, than direct sunlight 
had done in four years. 

We cannot do more than mention a few biological 
exhibits. Among these were the ancient skull from 
the Transvaal, found in 1913, remarkable for its great 
length and parietal width; the jaw of the skull is miss- 
ing, The obscure Life History of the Eel, which 
Mr. C, Tate Regan, F.R.S., explained by models, &c., 
has finally been cleared up by Dr. J. Schmidt, who 
found that the common eel breeds far out in the 
Atlantic and passes from a larva, looking like a 
flat fish (formerly known as leptocephalus) into the 
elver or young eel. The Marine Biological Associa- 
tion, generally represented on these occasions, had 
not sent any imens. But the Protozoological 
Laboratory of the Rothamsted Agricultural Station, 
near , had a variety of interesting 
exhibits, demonstrating the presence in the soil 
both of bacteria and of protozoa; the latter feed 
on the former, but whether or not either are wholly 
desirable (some bacteria certainly are) or undesir- 
able for the fertility of the soil, is still an open 
question. The arrangements for the soirée did not 
include any evening discourse. 





NOTES. 

Tue EvxecrricaL Trapges RESEARCH ASSOCIATION. 

A very large field is covered by the industries 
which are represented in the British Electrical and 
Allied Industries Research Association, and for 
many years there should be no difficulty in finding 
industrial problems with which the activities of the 
Association may profitably be concerned. Any 
difficulty there may be is likely to arise more from 
the choice among the number of problems demand- 
ing examination than from any lack of problems to 
deal with. That the Association is very actively 
taking up the work which lies in front of it is clearly 
shown by the last quarterly progress report, from 
which it may be seen that researches, or enquiries, 
are in progress concerning fibrousinsulating materials 
and paper; composite insulating materials, includ- 
ing the tooling of ebonite ; porcelain, mica, insulat- 
ing oils, conductors, and control apparatus. Several 
researches are being carried out under most of these 
headings and the total work in hand is very con- 
siderable. It is not possible in this note to specify 
details of all that is being done, but as an example 
it may be said that under “control apparatus ” 
an investigation is in hand with the idea of obtaining 
more precise information than is now available on 
the rupturing capacity of switchgear and the 
various phenomena accompanying the breaking of 
a circuit. The design of mining switchgear is also 





being dealt with in co-operation with the Home 
Office, while work is being done in connection with 
the design and operation of heavy-duty fusible cut- 
outs and direct current circuit breakers. The con- 
ductivity of bolted, screwed and clamped joints in 
heavy conductors is also a matter of investigation. 
Much of the research in hand is being carried out 
at the National Physical Laboratory and work is, 
for instance, being done there on insulating materials 
and on insulating oils: The research in this latter 
covers vapour pressures, thermal transference 
coefficients and thermal conductivity, while re- 
searches are being arranged on specific heats at 
high temperatures, the effect of catalysers on sludg- 
ing, &c. The programme in hand certainly covers 
some very important questions, and under the able 
direction of Mr. E. B. Wedmore the Association is 
likely to prove of great value to the electrical 
industry. 
INTERNAL-CoMBUSTION ENGINES FOR SHIPS. 


Tue American Society of Naval Architects and 
Marine Engineers have recently been discussing the 
relative merits of oil engines as against steam 
engines for the propulsion of cargo vessels, The 
subject was brought before them by a paper entitled 
“The Internal-Combustion Engine as Applied to 
Marine Propulsion,” read by Messrs. John F. 
Metten and J. C. Shaw at their meeting on May 26 
last, in New York. The authors appeared to 
be far from satisfied with the development of 
the motor ship in America as compared with 
the progress made in Great Britain and in the 
Scandinavian countries, and pointed out that 
the country found itself in the possession of a 
large Government-owned fleet, almost wholly steam- 
driven, which private owners were reluctant to 
purchase or operate. The advantages of the 
internal-combustion engine were taken for granted, 
and the question was presented as to whether it 
would be preferable to convert some of the existing 
steam vessels or to build new motor ships. No 
direct answer was given to this question, the authors 
devoting themselves principally to the question of 
the relative costs of operating comparative vessels 
of 13,000 tons deadweight capacity and 3,500 shaft 
horse-power, one driven by geared turbines and the 
other by Diesel engines. The steamer was supposed 
to burn oil in the furnaces. Very complete estimates 
were presented, which may be summarised by saying 
that the motor ship was calculated to earn 16-65 per 
cent. on the capital invested as against 10 per cent. 
in the case of the turbine vessel. The William Penn, 
a vessel of 12,375 tons deadweight, the first large 
oil-driven vessel to be owned by the United States 
Shipping Board, has a pair of six-cylinder Diesel 
engines, of 3,500 shaft horse-power, the bore of the 
cylinders and the stroke being 740 mm. and 
1,150 mm. respectively. The vessel will have a 
service speed of 10-5 knots to 11 knots and will be 
operated over the same route and by the same 
company as the electrically-driven ship Eclipse, 
recently put into service. This should enable very 
useful comparative figures to be obtained, and we 
may fairly presume that in due course they will be 
published, in accordance with the open-minded 
policy which is characteristic of American engineers. 


PASSENGER TRANSPORT BY AIRSHIP. 


Having recently illustrated and described the 
design and construction of the passenger carrying 
airship R. 36 (G.FAAF.) which was built by 
Messrs. Beardmore at Inchinnan, it may be of 
interest to make a brief reference to some features 
of aerial transport as experienced in a 14-hour 
flight in that vessel. The G.FAAF. was used on 
Tuesday last to assist the police in regulating the 
road traffic to and from the Ascot races, and by the 
courtesy of the Air Ministry we were able to be 
present on board. The vessel was moored to the 
mast at Pulham and the passengers embarked by 
means of a vertical iron staircase inside the mast. 
A certain amount of agility is necessary in this 
operation, and it would obviously be essential to 
provide a lift in a mast used for a commercial 
passenger service ; lifts are, we understand being 
provided in the mast now under construction 
at Croydon. We have already described (see 
page 423 ante) the operation of releasing the ship 
from the mast, which was, of course, invisible from 





the passenger cabin, but we may mention that it 
was accomplished with such ease and celerity that 
the passengers were quite unaware of the exact 
moment of departure. This took place at about 
7.30 a.m., and the vessel proceeded via London to 
Windsor at about 50 miles per hour and at a height 
round about 2,000 ft. This part of the journey 
occupied rather more than two hours. The vessel’s 
duty was to circle over the main routes to Ascot 
and keep the police informed by wireless telegraphy 
of any stoppage or other irregularity in the flow 
of traffic. Instructions could then be given to 
the police on point duty for the diversion of traffic 
where necessary to relieve the congestion. Appa- 
rently the arrangements worked satisfactorily, as 
there was certainly no congestion of traffic towards 
Ascot. The traffic from Ascot in the evening 
was certainly heavy and somewhat congested 
near the course, but doubtless the information 
obtained would be useful for ‘future occasions. 
The journey, however, served to confirm our 
views that airship travelling over long distances 
is a perfectly practical proposition provided that the 
financial difficulties can be overcome. The cabin, 
which could doubtless be improved in some respects, 
is quite comfortable, and although well ventilated 
is by no means draughty and certainly was not 
cold. The motion of the ship, except in turning 
or in rising and descending, could hardly be detected 
but for the noise of the engines. Certainly the 
movement is no greater than that of a large steamer 
on a smooth sea. The windows, as arranged on 
G.FAAF., give a good wide view downwards, and 
in the present state of aerial travel the novel aspect 
presented by the country is sufficient to maintain 
interest when flying over land, but it is by no 
means unlikely that a long journey overseas would 
be found rather tedious under existing conditions. 
Smoking is not, at present, permitted in the cabin 
owing to the possible access to it of petrol vapour 
The cabin will, however, probably be fitted with 
double ceilings, between which a circulation of air 
would be maintained. All possible risk from petrol 
vapour would then be eliminated. The feature 
that has been made perfectly clear to us is that it 
would be possible to convey passengers for very 
long journeys in continuous flights by day and 
night, which is not at present practicable with 
aircraft of the heavier-than-air type. The airship 
returned to the mast at Pulham, the rope being 
picked up at 9.45 p.m., and the ship being secured 
about 17 minutes later—a further demonstration of 
the efficiency of that appliance. No trouble was 
experienced with any of the engines, the Maybach 
engines running for 5 hours and the Sunbeams for 
13 hours. The consumption of petrol was 450 
gallons, and as the vessel covered a total distance 
of 556 miles, the consumption works out at 0-81 
gallons per mile. For the greater part of the time 
the engines in use were run at about three-quarters 
full power. The gas consumption amounted to 
40,000 cubic feet, and the number of persons 
earried, including the crew, was about 60. 





MIDDLESBROUGH Pic-IRoN SurpMents. — Messrs. 
William Jacks and Co., 5, East India-avenue, London, 
E.C., state that the pig-iron shipments in May, from 
Middlesbrough, including Skinningrove, were 475 tons 
inland and 10,402 tons foreign, a total of 10,877 tons, 
“Ay me 31,913 in May, 1920, and 22,622 tons in May, 
1919. 





Heat TRANSFER IN FLUEsS—ERrratum.—Mr. Umanski, 
the author of the article on this subject, in our issue of 
the 11th inst., writes to say that the formule (3) and (4) 
on page 703 should be— _ 

log. (B + 1°3) = 1-71 -—0°5 + log.d . (3) 
and ¥ 

log. m = 1°36 + 0°37 log.d . . (4) 
In the print “T-71” and “T-36” have been put.instead 
of “1-71” and “ 1-36.” 

Lonpon’s BACKWARDNESS IN TELEPHONES.—Accord- 
ing to the Electrical Review of Chicago, the telephones 
in that city exceed in number the whole of those on the 
Continents of Asia, Africa and South America taken 
together. The Illinois Bell Telephone Company, which 
owns and operates the system, have 586,633 instruments 
within the city, or one to every. five persons, and the 
average daily number of calls is 2,750,000. In London 
there is only one telephone to every 23 persons. In 
Paris, with a population nace | identical with that 
of Chicago, there is one telephone to every 24 persons. 
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LITERATURE. 


Electric Welding. By Eran Vriaur. New York and 
London: McGraw-Hill Book Co.,Inc. {Fiice 22s. net.] 
Gas Torch and Thermit Welding. By Eruan VIALL. 
New York and London: McGraw Hill Book Co., Inc. 
[Price 22s. not.] 
THE appearance of these two books will be very 
welcome to many engineers who to their many other 
necessary attainments are being called on nowadays 
to undertake the welding of engineering parts and 
structures, and in many other ways are willingly 
adopting welding methods as an aid to production 
methods. 


Welding has always been employed as a manu- | 


facturing operation, and the methods employed 
by the blacksmith have remained unchanged for 
centuries—they are successful since they achieve 
the desired end without too great an element of risk. 
It is certainly the case that the ability of wrought 
iron to weld easily without the exercise of great skill 
has been almost the whole advantage which has 
retained it in use against the competition of mild 
steel, so that welding has considerable economic 
importance. The invention of fusion welding, 
however, has given a great impetus to the extension 
of the uses of material joined in this way, and every 
day brings news of some novel application of the 
method. We have no sooner heard about the great 
saving in cutting and welding methods for ship- 
repairing work than we hear of the launch of a 
ship’s hull welded from end to end and held together 
without rivets. There are in existence too steel 
buildings iollowing the conventional methods of steel 
structures, but in which the sections are welded 
together to form the members, and the members 
are welded together to form the whole. With their 
freer outlook, the Americans have developed arc- 
welding to a greater extent than we have, and they 
look with a certain amount of tolerance on risks 
which would not be faced in this country. In the 
first book for instance, photographs are shown of 
the attempts to weld up the machinery of the 
damaged German ships in New York Harbour, 
which were taken over after America entered the 
war, but the success of the operation was only a 
very temporary affair in many cases, and the opinion 
formed on this side of the job was not so uniformly 
laudatory as the author of this book would have 
us believe. We are well advised, however, to get 
acquainted with the methods and the theory of a 
process which is developing in its applications so 
rapidly. 

To this end the books given above can be 
thoroughly recommended. They deal, it is true, 
wholly with American practice, and they view 
their subject-matter with an enthusiasm which 
laughs at difficulties and so forgets to mention that 
they exist, which may be all very well as a method 
of commercial campaign, but it inevitably leads to 
reaction and retards progress. But when the 
reader has been warned against the tendency he will 
derive a great deal of profit from the study of these 
pages. 

The first book opens with a short and very sketchy 
history of the process of fusion-welding, and then 
devotes two chapters to a description of are-welding 
equipment which are not altogether free from the 
suggestion of having been largely copied from the 
makers’ catalogues. The chapters on the training of 
welders and an 64 electrode, cutting and welding 
contain a great amount of useful information, they 
are profusely illustrated so that the terms are 
free from dubiety and can be clearly understood, 
and they are altogether excellent. The micro- 
structure and physical properties of welds are 
considered in some detail, although too much 
is said of the good welds and too little of the bad 
ones, which is not good for the man who is going 
to try it out after reading the instructions. There 
is also quite a full discussion on the probable 
presence of nitrogen in welded metal, which is 
sound and up to date. The remainder of the book 
is devoted to descriptions of special butt welding 
and spot-welding machines which have all been 
developed in America, but which are not without 
‘interest and suggestion to British readers. Quite 
& number of machines for special operations are 
highly i ingenious, and are well worth studying for this 


| feature alone. The author looks at the subject from 
every angle, and, it is this broad\treatment which 
will give his book more than a temporary value. 

The same author deals with gas-torch welding— 
generally called acetylene welding on this side 
—and he treats this branch in an equally thorough 
manner. The production of the gases required 
jand the generators employed for this purpose are 
described fully and illustrated with photographs 
and diagrams, and the burners or torches used are 
dealt with in two chapters and a considerable space 
is given to the principles on which the pressure 
regulators ‘are designed and the points which 
should be attended to when they are in use. 

The methods to be followed for successful welding 
are gone into very completely, but it is to be re- 
gretted that the completeness refers particularly 
to the benefits and excellences of good welds only, 
very little stress is laid on the ease with which bad 
welds can be made by this method, and porosity 
as an especial source of trouble is no more than 
mentioned in passing. They may have got over 
such troubles in the States, but if so the change 
has been effected rapidly and with silence—a 
feature not usually associated with American 
progress. A special chapter on defects in welds 
would have greatly increased the value of the 
volume to the majority of its readers. 

A great many examples of welded work of different 
classes are featured in the last chapters, which 
describe Thermit welding and which close what 
is really a first-class book on the subject of acetylene 
and gas-torch welding. 

In appearance these books are clean cut and well 
printed, and everyone interested in the subject- 
matter will welcome them. 





The Universal Sheet Metal Pattern Cutter. By W1tt1aM 
NeEvuBEcKER. London: Henry Frowde, Oxford Uni- 
versity Press, and Hodder and Stoughton, Warwick- 
square. 1921. [Price 42s. net.] 

LEAVING out of consideration sheet metal work 
produced by spinning, stamping or hammering, the 
variety of articles built up from flat sheets or from 
a combination of such sheets with simply curved 
pieces: is much greater than is often recognised. 
They range from the hot-water cans, stove pipes 
and ventilators of our domestic life to machinery 
guards, air-ducts, &c., in our factories, and comprise 
an almost infinite variety of work, much of which is 
of a special nature demanded by some particular 
circumstances. We have sheet metal pipes or ducts 
of round, elliptical or rectangular cross section, 
often tapering, curved or offset and provided with 
branches of various shapes and sizes led off at all 
angles. Transition pieces, where the pipe changes 
in cross section or in size also have to be provided, 
and the whole of the work is expected to be neatly 
and well carried out. To do sheet metal work of 
this kind in a cheap and satisfactory manner calls 
for a very considerable degree of skill on the part 
of the workman. He has to decide where the seams 
can be most economically arranged, and must be 
able to cut out pieces from the flat sheet which, 
when bent, will fit together to make the shape 
required. The art is akin to that of tailoring, 
except that the variety of forms is vastly greater 
| while sheet metal is also less tractable than cloth. 

The basis of the art is the geometrical develop- 
ment of the surfaces on a plane, and the methods 
of doing this are very fully described in the work 
above mentioned. The mere fact that the volume 
contains 681 illustrations within its 370 pages is 
evidence of the extent of the ground covered. The 
articles to be made are as a rule shown by perspec- 
tive sketches which afford a workman a far better 
idea of their shape than ordinary drawings. Then 
the geometrical methods of projecting the various 
parts are illustrated, and described and really there 
is little more to be said about the book. It is an 
extremely complete treatise on the subject, and one 
would have difficulty in finding any problem which 
could occur in practice, of which the solution is not 
given or indicated. Indeed alternative solutions 
are frequently given. The price of the work, how- 
ever, is likely to restrict its circulation among 
ordinary workmen, and it might be said that students 
and draughtsmen properly conversant with geo- 
metrical work, could dev’. their ‘own solutions. 
Few, however, have such knowledge at their finger 








tips, and in any case the volume makes a valuable 
work of reference when an unaccustomed job has 
to be done. Although bearing the imprint of the 
Oxford University Press, it is printed in the United 
States and is obviously an American work, as the 
words “center,” “ miter,” “hight,” &c., show. 
This, however, is no drawback. Readers, however, 
should beware of calculations of capacity as the 
American values of the gallon and the bushel are 
used. It is also rather a shock to find such a state- 
ment as “Thus 216 gallons multiplied by 231 
cubic inches = 49896 cubic inches” in a volume 
apparently emanating from the Oxford University 


Elements of Fuel Oil and Steam . A Practical 
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The Lancashire and Cheshire Coal Research Association. 
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Copper Refining. By Lawrence Appicxs. First 
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edition. New York and London: McGraw-Hill 
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SQUIRREL CAGE AND WOUND ROTOR 
INDUCTION MOTORS. 

Ir has many times been proved that when a firm 
devotes itself seriously to the manufacture of any 
particular article and concentrates its energies upon 
economical production, it has little to fear either from 
foreign competition or from that of the larger 
tions whose enterprise is diffused over a multiplicity 
of products and whose standing charges ere almost 
inevitably heavy. Some years ago the manufacture of 
small continuous-current motors was taken up by 
Messrs. Higgs Brothers, of Sand-pits, 
who laid themselves out to produce a standard line of 
machines which could be profitably sold at a price 
substantially lower than usually asked, To attain 
this object the partners did not rely on ult: 
single-purpose machine tools, the provision of which 
involves a large capital expenditure and consequently 
heavy interest charges, but depended rather mpon 
securing a high labour efficiency by a close study of 
the details of management, and a continuous 8 
of manufacturing costs. The success of the 
was demonstrated by the rapid development of the 
business, and the firm have recently put themselves 
in a position to meet the demand for alternating 
current as well as continuous-current motors. 

Economical production must be based upon a design 
which is not only efficient and reliable, but which 
lends itself to simple and cheap methods of manu- 
facture. These conditions have been given full t 
in the design adopted by Messrs. Higgs Brothers for 
their alternating-current motors. The firm make 
these both of the squirrel cage and slip-ring type, 
in 12 sizes, from 1 brake horse-power to 35 brake 
horse-power, this range covering all ordin com- 
mercial requirements. The machines are built . 
out to British standardisation rules for 
machinery. Figs. 1 to 3, on page 756, illustrate the 
general appearance of the wound rotor type. A special 
point about these machines is that the slip rings are 
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CONSTRUCTED BY MESSRS. HIGGS BROTHERS, ENGINEERS, SANDPITS, BIRMINGHAM. 











Fig. 2. 
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in a vertical 
the brushes to 
by a single motion of the handle. Details of the 
mechanism are illustrated in Figs. 4 and 5. When 
the handle is moved from the up to the down position, 
the pinion which it actuates withdraws the rack-piece 
sufficiently to move the brushes clear of the slip rings 
by means of the insulated cross-bar, and at the same 
time to cause the spring plug to be drawn from its place 
on the hollow shaft into contact with the central 
extensions of the slip rings, which it therefore short- 
cirouits, The whole of the gear is housed in a totally- 
enclosed case provided with a screwed conduit hole 
for the rotor leads. 

On the 7 of the ping cane is fitted a box of 
spares, so that these may kept in readiness for 
emergencies. The contents include sufficient grease 
for twelve months, sparé brushes, running instructions 
and lubricators. The reason for supplying the grease 
is to attempt to obviate the trouble caused by customers 
using inferior bearing greases which are on the market, 
and particularly to discourage the use of graphite, 
which is so injurious to ball bearings. 

All the firms’ induction motors are provided with 
a fan mounted at the pulley end of the rotor shaft 
and running in a chamber outsitle the overhang of the 
stator coils, as shown in Fig. 2. The air is drawn in 
through the perforated band at the other end of the 
machine, through the end windings of the 
stator and rotor, then through the core, and finally 
through the other end win and out through 
the other perforated band. The fan has radial blades, 
so that it is equally effective whichever the direction 
of rotation of the motor. The thoroughness of the 
cooling permits the best use to be made of the active 
material, and thus enables the machines to be light in 
weight for their output. The external diameter of 
the stator core is exposed to the air, which also helps 
the cooling. The stator terminals are fixed on a 
terminal bar situated in one of the feet of the machine, | 
and are exceptionally well protected from mechanical | 
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injury, the stator leads passing in through a scréwed 
conduit hole seen in Fig. 1. © stator is wound on 
the “ basket’’ principle, former-wound coils of 
enamelled wire, either single or double-cotton covered, 
being employed. The rotor is “ chain-wound,” with 
enamelled double cotton-covered wire, which is pulled 
through from the ends of the slots. All standard 
stock machines are insulated so as to be suitable for 
a damp or tropical atmosphere. 

The following table gives the particulars of design 
of one of Messrs, Higgs Brothers’ motors, rated at 
ll brake horse-power at 925 r.p.m., and suitable for 
a three-phase circuit of 400 volts and 50 cycles :— 


Stator Stampings. 


MM. 
External diameter 350 
Internal diameter 226 
Number of slots 54 
Depth of slot 27 
Width of slot N 
Slot opening 3-5 
Le of core 100 
Rotor Stampings. 
MM. 
External diameter oe a ate 225 
Diameter of vent holes ... : ed 120 
Number of slots ... 72 
Depth of slot 21 
Width of slot 4-6 
Slot opening l 
of core ... 100 
Diameter of shaft “se 48 
Stator Windings. 
Number of poles os as 6 
Conductors per slot 


”9 

ce 21 
Gauge of wire... ape S.W.G. 14 
Connection of phases “ star. 


” 


Fig.3. 











Rotor Windings. 
Conductors per slot ate 
Gauge of wire... 40s ae 
Connections, three-phase “‘ star.” 
The following are the test results of a typical machine 
built to the above specification :— 


eee 6 
S.W.G. 12 


Light-running current ... 7+85 amperes. 
Full-load current... bee ... 17-07 amperes. 
Actual power developed - 11-03 b.h.p. 
Efficiency _ see - 81-8 per cent, 
Power factor at 0-853 
Temperature rises after a run of 
6 hours— 

Stator winding 90 deg. F. 

Stator core... 78 deg. F. 

Rotor winding... 82 deg. F. 

Rotor core... 68 deg. F. 


The performance of the machine is shown in Fig. 6, 
which gives curves indicating the efficiency and power 
factor at various loads. 

For many purposes, and particularly when a high 
starting torque is not necessary, the rotor may be of 
the squirrel-cage type. Squirrel cage motors are of 
exceedingly simple and robust description, as the 
rotors are without slip rings or brushes and have no 
external connections of any kind. The construction 
of the rotors, as carried out by Messrs. Higgs Brothers, 
is illustrated in Fig. 7. The rotor bars are of hard 
drawn high-conduc.ivity copper, of rectangular section 
inserted in the slots in the usual way. The ends of the 
bars are then twisted through an angle of 90 deg., 
the bars being so proportioned that their ends touch 
one another after being twisted. The ends are then 
welded ther by means of an acetylene blowpipe, 
the necessary short-circuiting rings at 
each end of the rotor. This method gives great 
mechanical strength, and entirely obviates all nuts and 
sweated joints, so that future trouble is 

The makers state, indeed, that in spite 

number of rotors of this design in use, 
no complaint regarding them has ever been received. 





Coen, Some Sregn OFFERED IN AMENDS : La 
forei are increasing, s& ron 
Revine Cleveland, Ohio. Garman sheet bars have 


been quoted at 34 dols. seaboard, and German steel 
in northern Ohio at } cent. per under 
the domestic price. German rail mills have named 





51 dols. per ton delivered to South America, underbidding 
American producers 5 dols. to 6 dols. per ton. 
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RONTGEN SPECTROGRAPHIC INVESTIGA- 
TIONS OF IRON AND STEEL.* 
By Dr. ARNE WESTGREN (Gothenburg, Sweden). 
(Concluded from page 728.) 

In starting this investigation of an ordinary iron 
wire, the original intention was not only to repeat Hull’s 
determination but also to make ible a correction 
of spectrograms obtained with other samples. These 
had been obtained from cylindrically-ground rods or 
from compressed powder enclosed in thin-walled cylinders 
of film of gelatine of a similar shape. On account of the 
very strong absorption in these specimens the inter- 
ference radiation comes from their surface layers only. 
The effect of this circumstance, combined with a weak 
divergence in the i ing Rént beam, is that the 
lines on the film are somewhat displaced as com 
with the ideal spectrogram which would result if the 

imen were an infinitely thin wire accurately placed 
along the axis of the camera cylinder. By compari 
the spectrogram obtained from the above-mentio 
0+25-mm. wire and a spectrogram from a 2-mm. iron 
cylinder in the same camera, the magnitude of this 
a eee in the different parts of the film is found, 
and the spectrograms of the heavier specimens are 
corrected accordingly. Unfortunately the iron wire 
was not exactly in the middle of the camera, ax is also 
indicated by a slight systematic variation in the figures 
of the table. The specimens, however, in all experiments 
in the same camera, having been placed in exactly the 
—_ way, the “7 thus caused oe he eliminated in 
a trograms by comparison with a trogram 
caleuletal theoretically for pure: a-iron. The r-values 
measured have also to be somewhat corrected for 
shrinkage of the film during development and fixation. 
The total from these corrections amounts to 1-4 mm. for 
r = 20 — 25 mm., to 1-5 mm. for r = 25 — 50 mm., 
whereas for higher r-values it sinks successively to 
0-8 mm, } 

The next step is to examine iron in i -state, This 
is easiest done on austenitic steel, in which the +-iron, 
by quenching from high temperature, is undercooled so 
as to be practically stable at ordinary temperature. 
Spectrograms were taken on two such steels—a nickel 
steel (nickel, 25-2 per cent.; carbon, 0-24 per cent. ; 
manganese, 0-50 per cent.; silicon, 0-10 per cent. ; 
phosphorus, 0-047 per cent.; and sulphur, 0-010 per 
cent.); and a manganese steel (manganese, 12+I per 
cent. ; carbon, 1-34 per cent. ; silicon, 0-52 per cent. 
and phosphorus, 0-10 per cent.). Both were quenched 
in water from about 1,000 . The ens used 
were small, cylindrically rods of 10 mm. length 
and 2 mm. diameter. Extremely clear films were 
obtained. The results are given in Tables IT and IIT. 


TABLE II.—Nickel Steel (Nickel, 25 per cent. Carbon, 
0-24 per cent.). Quenched from 1,000 Deg. in Water. 
Diameter of Film Cylinder, 50 mm. Time of Exposure, 
45 Minutes. 





























r. d. 
=e I. | 6. |gin @{gine®}_ | Ay, ip, |Rasdiia- 
2 2 hy. tion. 
Meas.| Corr. Obs. | Comp. 
23-4) 22-1) w. | 50-4/0-425/0-181| 2-06) 2-07 111 Kp 
25-8) 24-3) st. | 55-7|0-467/0-218) 2-07) 2-07 lll K, 
27-1) 25-6) v.w.| 58-7/0-490/0-240/ 1-79) 1-79 100 Kp 
30-0) 28-5) st. | 65-3/0-540/0-202| 1-79| 1-79 100 K, 
39-7) 38-2) v.w.| 87-5|0-690|0-476| 1-27) 1-27 110 K, 
44-8) 43-3) st. | 99-2/0-762|0-581| 1-27) 1-27 110 K, 
48-6) 47-1| w. |107-9|0-808/0-653/ 1-09] 1-08 311 Kp 
51-8) 50-6) v.w./116-0|0-848|0-719| 1-03) 1-03 1) Kp 
56-5) 55-5) st. |127-1/0-896/0-803| 1-08) 1-08 arr K, 
61-3) 60-5) st. |138-7|0-936/0-876| 1-03) 1-03 111/|K 
(n=2)) * 

















TaBLE III.—Manganese Steel (Manganese, 12 per cent. ; 
Carbon, 1-34 per cent.). Quenched from 1,000 Deg. in 
Water. Diameter of Film Cylinder, 50 mm. Time of 
Exposure, 45 Minutes. 











r. d. 
——_—___| I. | 6. |sin ?|sine®|___| Ay, Ae, |Radia- 
2 2 hy. | tion. 
Meas. Corr. Obs. | Comp. 
23-2) 21-8) w. 50-0)0-422/0-178) 2-08) 2-09 111 Kp 
25-6] 24-1/ st. | 55-2/0-463/0-214/ 2-09) 2-09 lll K, 
26-6) 25-1|v.w.| 57-5/0-480/0-230] 1-83] 1-80 100 Kp 
29-8) 28-3) st. | 64-9/0-537/0-288] 1-80) 1-80 100 K, 
39-2] 37-7| v.w.| 86-4 068410468 1-28) 1-28 110 K, 
44-2) 42-7/ st. | 97-9)0-753/0-567| 1-28] 1-28 110 K, 
47-8) 46-3) v.w.|106-1/0-799/0-638| 1-10) 1-09 311 K, 
51-0) 49-7] v.w./116-9/0-852|0-726| 1-03) 1-04 ny K, 
55-5) 54-5) st. |124-910-887/0-787| 1- 1-09 arty K, 
59-8) 58-9) st. /135-0/0-924/0-854/ 1- 1-04 111 | K 
(n=2)| * 
































In the spectrograms of these austenitic steels there 
are likewise found as many lines originating from the 
Kg as from the Ke radiation, for the Ka lines of the nickel 


, 
* Paper read at the meeting of the Iron and Steel 
Institute, on Friday, May 6. 








steel sin? ‘ are in proportion to each other as 3, 4-02, 


8, 11-05, 12-04, and the Kg lines as 3, 3-98, 7-89, 10-82, 
11-92. The co mding series of the manganese steel 
are 3, 4-04, 7-95, 11-03, 11-97, and 3, 3-88, 7-89, 10-76, 
12-24. These numbers agree very closely with the series 
3, 4, 8, 11, 12. Consequently the austenitic steels should 
have a face-centred cubic lattice. The av value 
of the edge of the unit cube is, according to Tables II 
and III, 3-58 A. for the nickel steel and 3-61 A. for the 
manganese steel, 

The number of atoms of the face-centred cube is 
four.* Whether this number is in accordance with the 
values found for the unit volumes of the lattices is hard 
to decide for the manganese steel, since the high carbon 
content of this steel gives rise to difficulties in calculating 
the weights of the atoms which form the latti For 


TaBLe IV.—8-Iron. ‘ron Wire, 0+2 mm. (99-9 per 
cent. Fe). Temperature 800 Deg. to $30 . Diameter 
of Film Cylinder, 55mm. Time of Exposure, 24 Hours. 




















a. 
1 tate sins sine$ | hy, hea, hig. = 
Obs. | Comp. 

24-0| w | 50-0/0-423/0-179] 2-07 | 2-07 110 Ke 
26-5] st. | 55-2/0-464/0-215| 2-08 | 2-07 110 K, 
39-9] st. | 83-1/0-663/0-440| 1-46 | 1-46 100 K, 
52-4] st. |100-2/0-815)0-664| 1-19 | 1-19 211 K, 
67-5) st. |140-6]0-942/0-888) 1-03 | 1-03 | 110 (n—2)| K 














the nickel steel, however, with its low carbon content, 
such a calculation ought to be possible, as the metal 
atoms of this steel undoubtedly make up the building 
stones of its lattice, so that an average atomic weight 
of 56-6 may be assumed. The specific weight of the steel 
was found to be 8-13. By the use of the value found 
above for the edge of the unit cube the number of atoms 
per cube must be— 


8-13 . (3-58)5 . 10-24 
56°6 . 1-664 . 10-24 


This therefore proves that the austenitic crystals have 
face-centred cubic lattices. 

If it be sought to calculate the atom number per unit 
cube in a similar way for the manganese steel, it may 
be assumed either that all atoms in the steel are arranged 
in the face-centred cubic lattice, or that only the metal 
atoms make up this lattice, the carbon atoms being 
arranged in a lattice of another type inserted into the 
former. This approaches the yet unsolved question of 
the lattice types of mixed crystals of solid solutions. 


Fig. 2. 7 4 
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The average atomic weight of all the atoms in the steel 
is 55°6. The specific weight of the steel is 7-83. The 
number of atoms per unit volume is, on the first assump- 
tion, 

7°83,, (3°61)5 . 10-24 








= 4°24, 
52-1. 1-664 . 10-24 
and on the second assumption, 
7°83 . (3-61)5 - 10-24 = 3°97 


55°6 . 1°664 . 107% 


From this it appears plausible that the latter of the two 
assumptions comes nearest to the truth, namely, that the 
carbon atoms do not enter in the lattice of these atoms 
in the same way as do the iron and manganese atoms, 
but must be arranged according to some other principle. 
The atom ups of pure iron at ordinary temperature 
(a-iron) and of the austenitic steels (i.c., y-iron) are seen 
from the unit cubes in Fig. 2. 

From this first investigation of ordinary iron at room 
temperature and of austenitic steels it can be concluded 
that a-iron and undercooled y-iron have different 
crystal structures. 

In order to determine the lattices of 8-iron and of 
y-iron in a'stable state, that is, above the cal 





As seen from these tables, the so-called §-iron has 
the same lattice as a-iron. At 1,000 deg., that is, in 
the y-iron interval, the iron crystals, as might be 
expected, have the same structure as in the austenitic 
steels. The edge of the unit cube, according to Table IV, 
for iron at 800 deg. to 830 deg., is 2-92 A., which is in 
close agreement with the theoretically calculated value 
2-90 A. ae an av coefficient of ion 
for iron of 15-10-6). From the d values in Table V we 
find the edge of the unit cube of y-iron (1,000 deg.) 
to be 3-60 A., which well agrees with the theoretical 
value of 3-65 A. 


TaBLeE V.—+y-Iron. Iron Wire, 0-2 mm. (99:9 per cent. 
Fe). Temperature about 1,000 Deg. Diameter of Film 


Cylinder, 55mm. Time of Exposure, 2 Hours. 








6 
Z| hy, ho, hy. tion. 


NEE SS ee ee 
24-0 | 50-0 | 0-423 | 0-170) 2-07 | 2-08 111 
































K 
26-7 55-6 | 0-467 | 0-218) 2-07 | 2-08 111 x° 
31-6 65-8 | 0-542 | 0-204) 1-78 | 1-80 100 K, 
41°56 86-5 | 0-686 | 0-471) 1-28 | 1-27 110 Kg 
47-0 97-9 | 0-754 | 0-560) 1-28 | 1-27 110 K, 
59-5 | 124-0 | 0-888 | 0-780) 1-09 | 1-08 $11 K, 
63-8 | 182-9 | 0-917 | 0-841) 1:05 | 1-04 | 111 (m2) K, 

These spectrograms, taken at temperatures, 


the wpe transformation point of iron A2 
and the critical point A3. No difference has been found 
in the structure of iron below and above A2. At A3, 
however, the atoms of iron are completely rearr 

and the iron passes from one crystal class into another. 
Consequently, the difference between iron of the a- 
and £-states is not of the same kind as that between 
the a- and +-states, 

The so-called f-iron problem is evidently, however, 
not weyers se. solved. The spontaneous c'! in 
energy of iron at 768 deg. in heating or cooling still 
remains to be explained. It is, of course, conceivable 
that the known interpretation by ©. Benedicks* of the 
transformation may lly prove to be correct, that is 
that the transition from the - to the a-state 
continuously, Thus the lattice transformation in cooling 
would not be complete at the transformation point A3, 
but the face-centred lattice would still exist in certain 
points of the system and not transform until at low 
temperature, the last remainders recrystalli at A2. 
The possibility of such a process cannot be dismissed, 
| particularly in view of the fact that Hull found certain 
nickel preparations to consist of a mixture of —. 
| with cube-centred and face-centred pe t is 
| possible that the Réngten spectrographic . 
|eombined with accurate temperature determinations of 








point, exposures were made at 800 deg. to 830 deg. 
and at about 1,000 deg. in the camera described above, 
constructed for experiments at high temperature. 
The specimen, a fine iron wire, containing 99-9 per 
cent. iron, should have a §-iron interval of 768 deg. to 
880 deg. In taking the spectogram of §-iron the 
temperature therefore was so regulated that the optical 
pyrometer showed 800 deg. The actual temperature 
was consequently somewhat higher, but did not exceed 
830 deg. Since the interference radiation has to pene- 
trate the paper envelope covering the film, its action 
on the film is somewhat weakened. In order to com- 
pensate for this effect the time of exposure must be longer 
than in the other experiments. For §-iron a spectogram 
with very clear continuous lines was obtained. The film 
taken at 1,000 deg. shows, however, only remote black 
spots. Obviously the crystals at this high temperature 
had grown so large that only a few individual crystals 
were in a position suitable for interference radiation. 
These points, however, are sufficient for vey 
line spectogram. The results of experiments at hig 
temperature are given in Tables IV and V.{ 


tion as to the mechanism of the a- and y-transformation. 
Finally, there remains the much-debated question 
whether the f-iron should be considered as a 
allotropic modification or not. Evidently this must 
depend upon how the term allotropy is defined, In the 
very animated di ions raised by this question during 
recent years many different suggestions have been made, 
Some of these, representative of different oo 
|may be quoted here. Sauveur{ considers an allotropie 
transformation to correspond with a spontaneous change 
| in energy in a body at a certain reg ery According 
|to Burgess and Crowe§ and to Hondajj allotropy is 
‘synonymous with polymorphy, that is, two ic 
forms of the same ‘substance have different ory: 
structures. This definition is by Benedicks, 
who holds that neither the crystal structure nor any 
other arbitrary properties of a substance can decide the 
uestion whether it has different allotropic forms or not. 
edicks falls back on Gibb’s definition of the term 
allotropic transformation, and states that an 
transformation point is defined by two phases of the same 


| the illuminated iron specimen, will give further informa- 











* Eight corner atoms and six side atoms, i.e., eight- 
eighths of an atom and six half-atoms—total four. 

+ Compare with L. Vegard and H. Schjelderup, Phys. 
Zeitechr., 1917, vol. ties Ba 93. 

¢ Except the lines included in Table IV in the spectro- 

two extremely weak lines also ap within and 

in the neighbourhood of one of the Kg lines. Un- 
doubtedly these lines were caused by the fact that the 
strongest interference radiation in the opposite half 
of the m (corresponding to r = 26-5 mm.) 
has met the edge of one of the brass bands, so that a weak 
interference radiation from these brass bands results. 


subst being in equilibrium with each other at « 
certain temperature. 
This definition appears to the author rather too 





* Journal! of the Iron and Steel Institute, 1912, No. II, 
page 242. 

+ Phys. Review, II, 1917, vol. x, page 691. 

t Journal of the Iron and Steel Institute, 1913, No. TI, 

171. 
Scientific Papers, Bureau of Standards 1914, No. 21. 

|| Journal of the Iron and Steel Institute, 1915, No. 12 
page 199; 1919, No. I, page 467. ‘ 
| €Ibid., 1914, No. I, page 435. 
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TABLE VI.—Nicge. Street (Nicket, 25 PER CENT. : 
is Water. Coorep ry Liguip Ar. 


surg, 2 Hours. 


Diameter or Finm CYLinper, 49°9 MILLIMETERS. 


Carson, 0°24 PeR CEeNT.). QUENCHED FROM 1000 DEc. 


True or Expo- 





























| a 
r. e | a 
L | e | sin ¢ sine ¢ bby, hg, Mon” | Modin- 
Meas Corr | | Hy Obs. Comp. cation. 
\ | | | 
21-0 19-5 v.w. 44°38 | 0-381 0-145 2-54 _ — fay — 
24-5 23-0 w. | 52-8 | (0-444 0-197 1-98 1-99 110, 11 | Ky « (y) 
27-0 25-5 st. | 58-5 0-490 0-240 1-98 1-99 110, 111 | K, a (y) 
30°7 29-3 w. (| 67-3 0-553 0-306 1:75 1-77 200 K, y 
30-5 39-2 Ww. 90-0 0-707 0-500 1-37 1-40 200 K, a 
45-5 44-2 w. | 101-5 0-774 0-599 | 1-25 1-25 110 K, y 
50-5 49-3 st. | 113-2 0-835 0-677 | 1-16 1-14 211 K, - 
54-1 53-0 vw. | 121-7 0-873 0-762 | 1-00 1-00 110 (n=2) Kg a 
57-2 56-3 st. | 129-3 0-903 0-315 | 1-07 1:07 311 K, y 
61-7 60-9 w. | 139-0 0-939 0-882 1-03 1-02 111 (n=2 me 
64-5 63-7 st. | 146-3 0-957 o-o16 | 1-01 1-00 110 (n=2) K, . 




















Fic. 3. 
12 per Cent. My.; 1°37 per Cent. C. QUENCHED IN WATER AT 


1,000 pa. C. 


abstract. The term allotropy was evidently coined to 
cover a whole group of phenomena. It should therefore 
be so defined that it is always ible to decide in 
concrete cases whether there is allotropy or not. Whether 
a two-phased equilibrium system exists at a certain 
temperature or not can only be decided by an investi- 
gation of the properties of the phases, and the fact that 
two phases really do exist cannot be established until 
differences between these phases have been ascertained. 
Theoretically the two phases must evidently differ in most 
respects, but for practical reasons it would be an advan- 
tage if a certain property could be regarded as decisive 
of allotropy. 

The fact that to many physicists the crystal shape is 
of fundamental importance in this respect cannot, 
obviously, be a matter of chance, but arises from the 
very plausible assumption that a spontaneous change in 
the properties of a substance at a certain temperature is 
due to a rearrangement of its atoms and consequently 
to a change in the crystal structure. A rearrangement 
of the atoms in a crystal could hardly be imagined as 
taking place without a simultaneous change in energy. 
Sauveur’s definition of allotropy, however, is not 
practical, since there is always a possibility that the 
changes in energy may be toe small to be experimentally 
proved, 

For reasons given above the author does not hesitate 
to agree with the opinion that allotropy for crystalline 
substances is equal to polymorphy. Following this 
definition the conclusion he draws from his Rontgen 
spectrographic investigation of iron at 800 deg. is that 
an independent 8-modification does not exist. 

Crystal Structure of Steel in Hardened State.—In what 
precedes it has been shown how the Réntgen spectro- 
graphic investigations have confirmed the view that 
q hed tenitic steel has y-iron structure. In 
order to ascertain the structure of the iron crystals 
in the technically more important and interesting marten- 
site, spectrograms were taken of the quenched nickel and 
manganese steel specimens mentioned above, after these 
had been cooled in liquid air, The manganese steel 
still gave a y-iron spectrogram. The spectrogram of 
nickel steel, however, was materially changed. Its 
lines were unsharp and diffuse, indicating that the steel 
had become extremely finely crystalline in structure. 

As seen from Table VI, where the r-values measured 
are given, the y-iron lines still exist, although weakened 
and somewhat displaced outwards from the centre of the 

trogram. In addition, however, a number of new 
lines ap , several of which are prominent. The 
inmost line, which is 21 mm. from the centre of the 
spect does not belong to any of the ordinary 
a and ¥-iron interferences, and its origin is still unex- 





Cootzep 1x Ligurp Arr. Maenirizp 400 Dram. 


1,000 prea. C. 


25 per Cent. N1.; 0- 
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TaBLe VII.—Steel SKF 1 (Carbon, 1-25 per cent.). 
Quenched from 760 Deg.in Water. Diameter of Film 
Cylinder, 50-3 mm. Time of Exposure, 50 Minutes. 

r. d. § 
e hy, h2,| = 
1. | 6 |sin<.|sine®. hy. | S 

Meas.| Corr. 2) 2} obs. | Comp. 3 

23-3) 22-2) w. | 51 3/0-432/0-187| 2-03] 2-04} 110 | K, 

25-8) 24-9) st. | 56-7/0-474/0-225| 2-04) 2-04 110 K. 

33-8} 32-9] v.w.| 75-0/0-609|0-371| 1-44) 1-44 | 100 | Kg 

37-8) 36-9} me.| 84-1/0-669/0-448) 1-45) 1-44 | 100 | K, 

| 43-4) 42-5) v.w.| 96-8/0-748/0-560| 1-18] 1-17 | 211 | K, 

| 49-4] 48-5] st. /110-5/0-822]0-676| 1-17) 1-17 | 211 | K, 

64-5| 63-5) st. |145-0/0-954/0-910) 1-01) 1-02 110 K, 
(n=2) 

these, the manganese steel still consists of austenite, 


| whereas the nickel steel shows coarse martensite needles 
| mixed with austenite. 
| From the nickel steel spectrogram mentioned above 





Fig. 4. 


27 per Cent. C. QUENCHED IN WATER AT 


Arr. Maonirrep 400 Diam. 


















































TABLE VIII.—Hicu-Sreep Sreet “Dannemora Briwuiant AX.” QUENCHED FROM 1275 DEG. IN OIL. 
DIAMETER OF Fitm CYLINDER, 50:0 mm. TIME OF ExPosuRE, 14 Hours. 
r. | d. 
a ‘ | Radia- 
I 6 Sin =. Sin2 - hy, ho, hy. tion. Phase. 
Meas. Corr. « 2 Obs. Comp. 
19°5 18-1 v.w. 41-5 0-354 0-125 —_ —_ ~ Carbide 
21-5 20-1 v.w. 46-0 0-391 0-153 — _ _ | —_ Carbide 
22-9 21-4 vw. 49-0 0-415 0-172 _ — aa — | Carbide 
24-0 22-5 w. 51-6 0-436 0-190 2-01 2-02 110 Kp a-iron 
25-3 23-8 w. 54-6 0-459 0-211 — — _ — | Carbide 
26°5 25-0 st. 57-3 0-480 0-230 2-02 2-02 110 K, | e-iron 
27-6 26-1 w. 59-8 0-498 0-248 _ — — — | Carbide 
34-1 32-6 v.w. 74-7 0-607 0-368 1-44 1-43 100 K, e-iron 
35-3 33-8 w. 77-5 0-626 0-392 _ _- — — Carbide 
38-4 36-9 | st. 84-6 0-673 0-453 1-44 1-43 100 K, | a-iron 
41-7 40-2 me. 92-1 0-720 0-518 _— —_ _— _— Carbide 
43-2 41:7 me. 95-6 0 741 0-549 -- —- _ — | Carbide 
44-5 43-0 vw. 98-6 0-758 0-575 — oo a= | — | Carbide 
49-8 48-4 st. 118°9 0-824 0-679 1-17 1-17 211 | K. | a-iron 
52-0 50-7 v.wW. 116-2 0-849 0-721 -- — — | — | Carbide 
53-8 52-5 st. 120-3 0-867 0-752 _ -- — — | Carbide 
56-2 55-0 w. 126-1 0-891 0-797 _ - — | — | Carbide 
57-8 56-8 me. 130-2 0-907 0-823 — — -- | _ Carbide 
63°5 62-7 st. 143-7 0-951 0-904 1-01 1-01 110 (n=)1 K, | a-iron 
plained. Neither has this line been found in the spectro- | it can be concluded that the martensite formed by 
grams which the author later has obtained of pure} cooling the austenite probably contains a-iron. In 
cementite, so it is certainly not caused by FesC separated | order to ascertain this, hardened carbon steels were also 
in the steel. examined. It was to be expected that at the same time 
If the ed, of the unit cubes for the lattices of this | information could be obtained as to the crystal structure 
steel be calculated, the yalues 2-81 A. for the cube-|of cementite. Spectrograms of annealed steels con- 
centred lattice and 3-54 A. for the face-centred one are | taining about 1-25 per cent. carbon showed, however, 
found. These values are in fact somewhat lower than | only the lines of a-iron. Although the cementite present 
the values theoretically calculated for pure a and y-iron. | in this steel amounts to about 18 per cent., no Fe;C lines 
The discrepancy, which may be due to experimental | appeared on the films. The investigation therefore was 
errors (faulty centreing of the specimens in the camera, | limited to the determination of the grouping of the iron 
divergence of the incident Réntgen beam, and so on), is | atoms only in a hardened carbon steel. Table VII gives 
however, not sufficiently large to vitiate the above| the result obtained. 
conelusion that this nickel steel consists of a mixture In this y meer ye likewise, the lines were somewhat 
of a and y-iron. diffuse, indicating that the steel jn hardening had become 
Photomi phs of the two steels cooled in liquid sag finely crystallised. From the d-values observed 
in Table VII it is seen that the edge of the unit cube is 


air are given in Figs. 3 and 4, on this page. As seen from 
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2-88 A. Finally a hardened high steel was also 
examined. Many lines were seen in a a, 
Among these were found all the strongest a-iron lines, 
but no interference lines originati from +-iron. 
Table VIII gives a list of all the lines of the high-speed 
steel. The edge of the unit cube in the a-iron lattice 
was found to be 2-86 A. The other lines of the spectro- 
gram undoubtedly originate from the other phase in the 


steel, that is, from the carbide. Since this, however, | 5 


can hardly consist of a single chemical substance, but is 
probably a mixture, and furthermore since its series 
of lines in the spectrogram of the high-speed steel is not 
complete, it did not seem worth while to attempt to 
determine its lattice on the basis of the figures given in 
Table VIII. A separate investigation is now being 
started dealing with the question of the carbides in the 
tungsten steel. The results will be reported later on, 

A spectrogram taken of hardened high-speed steel of 
ordinary composition, tempered at 575 deg., was identical 
with that one recorded in Table VIII. 

The Réntgen spectrographic investigations of marten- 
site showed that its iron atoms are oriented in exactly 
the same way as in ferrite. The iron of martensite is 
consequently identical with that of ferrite, and the 
difference in hardness between these two structural 
constituents is not due to the iron but to the carbon 
present in the martensite. The great question is, there- 
fore, how are the carbon atoms in the martensite arr: A 
The spectro; so far obtained yield, unfortunately, 
no information on this point. It might be, however, 
that improved methods will yield such information in the 
future, 

One possibility seems to be that amicroscopic* cemen- 
tite crystals form in the moment of martensite formation, 
and remain distributed in the crystal mass of the ferrite. 
On tempering these crystals grow to larger crystals, thus 
forming, together with the a-iron, the series troostite, 
sorbite and pearlite, with increased tempering. This 
hypothesis ae pe ranean. / involves an expansion of the 
known colloid-chemical explanation of temperin 
phenomena of Benedicks.t Tempering of hardened 
steel would thus be rapa analogous with the processes 
which occur on heating the classical substance of ultra- 
microscopic investigation, gold ruby glass. Siedentopf 
and Zsigmondy ¢ by means of their ultramicroscope, 
found the appearance of the beautiful red colour on 
heating such a glass to be due to colloid gold being 
precipitated in the glass mass the gold crystals on 
increasing temperature growing in size. Zsigmondy§ 
interprets this growth as due to small gold crystals 
forming centres of precipitation in the gold solution 
which is over-saturated by under-cooling. Possibly 
the precipitation of cementite from martensite occurs 
in a similar way, but it seems more probable that the 
cementite already present at the moment of martensite 
formation is precipitated in an extremely finely-divided 
form and that the growth of the cementite grains on 
tempering involves a coagulation, that is, an accretion 
of amicroscopic cementite crystals to larger units. 

Whether one or the other of these assumptions be 
valid, that is whether the martensite is a solid solution 
of carbon in ferrite or consists of cementite colloidally 
aren ear in ferrite, the hardness of the steel can 

explained. It is evident that the crystal lattice cannot 
have the same strength in a pure state and when foreign 
atoms or complexes of atoms are inserted into it. If 
the orientation of the carbon atoms in the martensite 
a-iron lattice were known, it should be ible to carry 
out a theoretical calculation of their influence on the 
resistance of the lattice against exterior forces. In this 
connection the author would refer to the very important 
work on the strengths of crystal lattices made by M. Born 
and A. Landéj| during the last years. 

Assuming that the forces holding the atoms in a 
lattice are electric in nature and obey very simple laws, 
these physicists have been able to calculate the com- 
pressibility of alkaline halogenoid crystals and have thus 
theoretically arrived at values which are in good agree- 
ment with those experimentally determined. In this 
field modern investigation methods afford great promises 
in metallographic research. Having once found the 
lattices of metals and metal alloys and the laws for 
the forces that govern the lattice equilibrium it ought to 

possible theoretically to determine the st h of 
the systems. In this way perhaps problems dealing 
with the strength of materials, which have hitherto been 
soluble only by empiric methods, may be open to theoretic 
treatment and become based on a rational scientific 
foundation. 

Summary.—The results obtained from the Réntgen 
spectrographic investigations related may be summed 
up as follows :— 

1. Hull’s result that iron at ordinary temperature 
(a-iron) has a cube-centred cubic lattice structure is 
verified. 

2. At 800 deg. to 830 deg. C., that is, within the so- 
called 8-iron interval, the iron atoms are oriented in 
exactly the same way as in a-iron. Allotropy being in 
the author’s opinion equal to polymorphy for solid 
crystalline bodies, this means that 8-iron cannot be 
considered as a separate modification of iron. 

3. In austenite and in iron at 1,000 deg. the iron 
crystals have face-centred cubic lattices. This is conse- 
pe characteristic of y-iron, and a fundamental 

ifference in crystallographic respect is found between 
« and ¥-iron. 





*“ Amicroscopic ” that is particles too small to be 
detected even by ultramicroscopic methods. 

} Kolloid Zeitschrift 1910 vol. vii 290. 

t Drudes Annalen d. Phys. (4) 1903 vol. x page 1. 
we der Kolloide, Jena, 1905, pages 


ll Verh. d. Deutach. Phys. Ges., 1918, vol. xx, page 210. 





4. In martensite iron is in the form of its a-modifica- 
tion. This is the case also in high-speed steel of ordinary 
composition, hardened at 1,275 deg. 

This Sn ey en Greer 
obtain Vv application of Rént trographic 
methods to metallographic gublenn: “The favosti. 

tions are being continued and will be extended to 
include complex phases in steel and other alloys. 

jpectrograms of cementite recently obtained show that 

@ crystal structure of cementite is related to that of 
tre a ae ae — the mutual solubility 
of these ases. ew spectrograms of tungsten 
carbides have also been taken, For these investigations 
a separate report will shortly be published. 

As already mentioned all the Réntgen experiments 
were made at the Physical Institution of the Lund 
University. The fact that the investigations could be 
carried out without considerable difficulties, with the 
result that very clear spectrograms were obtained after 
comparatively short time of exposure, should be attri- 
buted to the energy with which the experimental develop- 
ments of the Debye method have been worked out in the 
Institution. The author is indebted to Professor M. 
Siegbahn for kindly putting the Réntgen apparatus at 
his disposal. He desires also eapaitaliy to express his 
thanks to Mr. Axel E. Lindh for his most competent 
assistance in taking the spectrograms. Finally he would 
like to put on record his indebtedness to the management 
of the SKF Ball Bearing Company, who have enabled 
him to carry out these experiments in the course of his 
work at their laboratory and have also contributed the 
means necessary for the work. 





ADSORPTION IN SAND FILTERS.* 
By Joun Don, B.Sc., F.I.C., A.M.I.M.E. 

THE present investigation was begun several years ago 
and at t had reference to Permutit, a substance which 
is extensively used for the pu of softening hard 
waters. The facility with which permutit removes 
compounds of calcium and magnesium from water is to 
be ascribed for the most part to the chemical interchan 
of soda on the one side and lime and magnesia on t 
other; but adsorption also plays its part in bringing 
the substances dissolved in the water within the range 
at which chemical action may assert itsclf. Permutit 
also removes ammonia from water and can be most 
usefully employed in removing the last traces of ammonia 
from ordinary distilled water. 

Another filtering material which is supplied by a 
well-known firm is called polarite. This has as its chief 
property (so far at least as the present research is con- 





(sxe) Length of Column of Water Filtered (Inches) 


cerned), the well-defined power of removing iron in 
solution or in colloidal suspension in water. ere, also, 
the action is largely a chemical one, while adsorption 
again intervenes to enable the oxygen occluded in the 
polarite to e successfully with the iron and so 
render it insoluble or coagulable. An account of the 
author’s work on permutit and polarite will be found 
in the “ Kolloid Zeitschrift,” vol. xv., 1914. 

Recently, extensive investigations have been made 
with ordi sand, crushed quartz and felspar, in order 
to find out the law of adsorption by these substances in 
regard to ammonia, both ordinary and organic. In 
general, the experiments have been under laboratory 
conditions because it was necessary to exclude organisms 
that could “ film ’’ the filter. 

Filtration through sand, as is well known, not only 
removes suspended matters and organisms, but also 
produces a very marked alteration in the amount of 
dissolved material. ‘ 

We have sufficient evidence in regard to this from 
the reports published at water purification works. 
Among these may be mentioned the Metropolitan Water 
Board of London, the Waterleidingen of Amsterdam, 
and other installations on the Continent and in America 
and Great Britain. The chemical analysis of the service 
water before and after filtration shows a large reduction 
in the amount of ammonia due to the water percolating 
through the bed of sand. At London the reduction is 
frequently as much as 90 percent. The average quantity 
of ammonia in Thames filtered water is about 0 -002 parts 

r million, while that in the water which is led to the 

ters is not less on the average than 0-04 per million. 
To take a icular year (1907-1908) it is noticeable 
that the value 0-002 varies but slightly from month to 
month (0-004 to 0-001), while on the other hand the 
quantity in the raw water is extremely variable (0-10 
to 0-008), from which it will be seen that the sand 
filter is capable of dealing as efficiently with compara- 





tively large as with small amounts of ammonia. 

At Amsterdam the filters red the t of 
ammonia by at least 90 per cent. on the yr In the 
year 1919, the raw. water contained 0° parts of 


ammonia million, while the filtrate was practically 
free from tt A maximum content of the large figure 


* Paper read before the Institution of Water Engineers, 
at Hull, June 5, 1921. 








of 0-98 per million was reduced to 0-02, i.¢., by 98 per 
cent. With respect to albumenoid ammonia the decrease 
at Amsterdam on filtration is from 0 -34 parts per million 
to 0-15 (Vecht water 1919), a fall of Lew yr cent., and at 
London (Thames water) from 0-16 to 0-06, a decrease 
of 62 per cent. At other waterworks in Britain there is 
a considerable reduction in the t of albumenoid 
ammonia in co uence of filtration, 

The causes which have been assigned for the decrease 
of ammonia and o ic matters in the sand bed may 
briefly be qquthtenhander three heads :— 

1. Adsorption by algae and micro-organisms (plankton 
in the ieiees film of the filter. 

2. Decomposition by bacteria with nitrates and 
nitrites as end products. 

3. Adsorption by the sand particles and their watery 
envelopes. 

With re to the first of these there is little doubt 
that the blue and green algae and diatoms make use of 
the albumenoid matter and probably also of salts of 
ammonia, for it has often been remarked that they 
flourish well in water containing such impurities. The 
annual reports of the Metropolitan Water Board show 
that ammonia decreases under storage by 30 per cent. 
at least on the yearly average, and this average is 
exceeded in the spring and summer months when 
vegetable forms are flourishing and plankton abounds. 

onsidering next the disappearance of a considerable 
fraction of a id ia in the filter it may be 
said that this is the natural food of many species of 
bacteria, among which may be mentioned micrococei, 








bacillus termo, and spiri These micro-o isms 
disintegrate organic matters into various simpler bodies, 
as fatty acids, tryosin, leucin, water, &c, Nitrifying 


bacteria, without doubt, take part in the work of the 
sand filter, for at several waterworks an increase has 
been observed in the oxidised nitrogen in the filtrate. 
Nitrification is most noticeable in non-submerged filters 
which are occasionally employed to purify. dri 
water as at Bedford and at Chateaudun, and in 


for the treatment of sewage. The action of non- 
subme filters is fully discussed in Professor Dunbar’s 
“Principles of Sewage Treat t.” He attaches the 





greatest importance to the adsorption of impurities by 
the castes te surrounding the re of sand or 
other material composing the filter ° , 

A circumstance which supports Professor Dunbar’s 
view is that the time required for the purification of 
polluted liquids, as for example, sewage effluents, is 
extremely Drief. Ordinary sewage is rendered non- 

utrescible in 10 minutes by ing through @ ripe 
Biter bed 1 m. deep. The time is too short for bacteria 
to bring about this change, and one must conclude that 
the put ible tters have been adsorbed by the 
components of the filter. Here the film surrounding the 
ticles is probably more or Jess slimy and therefore 
tter adapted to absorb impurities. 

But there is evidence that a considerable amount 
of purification may be obtained without the slimy skin 
which is characteristic of mature filters that have been 
in operation for a time and have “ripened,” as the 
saying is. At Amsterdam, satisfactory purification is 
observed before the filters have had time to ripen, and 
at different places where the filters are roofed in and light 
excluded in order to prevent the growth of algae, foot 
results are recorded (see ‘“ Modern Methods of Water 
Purification. Don and Chisholm, second edition, 
pages 61, 84.). 

In order to find out how far the granules of sand 
with their watery envelopes are able to assist in purifying 
water from dissolved materials a series of experiments 
were made, It appears that adsorption of ammonia and 
its salts does yo | take place, and that organic matter 
is in general reduced. 





Experiments under Laboratory Conditions.—Three 
dihacs wees repared b none gees tubes of 1-in. bore 
and 66 in. fas toa depth of 32 in. with fine sand or 
crushed The sand was of fairly uniform 


uartz. 

and of the fineness usually emplo It res on 
2 in. or 3 in. of coarser material and the lower ends of 
the tubes were drawn out and provided with screw a 
to regulate the rate of flow. Before a series of experimen 
the sand was thoroughly washed with tap water, then 
with boiling water, and finally was strongly heated for 
sometime. The rate of filtration per hour in Filter No. 1 
was approximately 20 in., in. No, 2, 12 in,, and in No. 3 
2 in. 

In the first set of tests the “raw” water was repre- 
sented by distilled water containing so much of a common 
salt of ia as repr ted 1 part of ammonia per 
million. 

Samples were taken one after the other when a column 
of water 20 in. deep had passed through. It was found 
that the adsorption at the beginning was almost perfect, 
over 90 per cent. of the ammonia being removed from 
the first five samples, but after that there was a ual 
falling-off. When a column of 200 in, has pas only 
about 50 per cent. of the ammonia was re , and 
when 400 in, had filtered the adsorption was practically 





nil. From the whole of the water passing in this way, 
58 per cent. of the total ammonia had been retained by 
the sand, 400 in. is practically 1,000 cm., and 1 part 


per million is 1 mg. per litre (1,000 c.cm.). In a column 
of water 1 sq. cm. in section and 1,000 om. deep, there 
would be present in the unfiltered solution 1 mg. of 
coment. Therefore, Fed Fg =f oe ss i 

ter which was 80 cm. (32 in. r cent. 
of 1 mg. of ammonia, 1 cub. m. of sand coubl abestb 
over 7 grs. of ammonia from a solution of the concentra- 
tion of 1 part per million. Under the same conditions 
1 cub. yard of sand would absorb about one-fifth of an 
ounce of ammonia. 

Table I. shows the percentage reduction of ammonia 
in each sample and also the percentage of the total 
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adsorption possible at each (column 4). The graph 
catloatins inten teduan te ie 1, page 759. 


Taste I.—Adsorption in Sand Filter No. 1. 








1 2 8 4 
Column Reduction 
No. of of Water of Total 
Sample. Filtered. Ammonia. Adsorption. 
in. per cent. per cent. 

1 20 94 8-0 
2 40 wt 16-0 
3 60 90 23-8 
4 80 90 31-5 
5 100 90 39-3 
6 120 86 46-5 
7 140 76 53-0 
8 160 70 59-9 
9 180 62 64-3 
10 200 56 69-0 
11 220 50 73-4 
12 240 50 77-6 
13 260 45 81-4 
14 280 45 85-3 
15 300 40 88-7 
16 320 33 91-5 
17 340 30 94-2 
18 360 25 96-4 
19 380 20 98-0 
20 400 15 99-2 

21 420 negligible _ 














The sand was removed from the tube at the com- 

letion of a set of tests before commencing another, and 
it was found necessary to wash the boiling water and 
afterwards to heat over a Bunsen flame for some time 
in order to obtain a consistent sequence of results. Sand 
which has merely been washed in cold water has much 
less — of adsorption, 

Different and probably improved results were expected 
from Filter No. 2, but were not realised. The amount 
of ammonia adsorbed was seen to depend chiefly on the 

uantity of water that had passed through the sand. 
his conclusion was confirmed by tests made with the 
very slow filter No, 3, in which the rate of percolation 
was 2in. per hoyr. The results of the first six tests are 
shown in Table II. : 


Tasie Il.—Reduction of Ammonia in Filter No. 2, 








1 2 3 
Column of Water Reduction of 
No. of Sample. Filtered. Ammonia. 
in. per cent 
1 20 95 
2 40 95 
3 60 92 
4 80 90 
5 100 90 
6 120 85 











Although the rate of percolation was in this case 
one-tenth, that with filter No. 1, the degree of purifica- 
tion was very much the same, and this would confirm 
the statement made by Professor Dunbar that adsorption 
proceeds very rapidly. 

A freshly cleaned sand filter of the ordinary type 
would retain a certain percentage of the ammonia t 
in the raw water during the it two or three days of 
its penton as a result of adsorption by the granules of 
sand. 

From various waterworks, samples of raw water and 
of the first day’s effluent have been obtained and analysed. 
web ry that the amount of ammonia ra the latter is 
reduced by varyin srentegpe sam ing from 50 to 80. 
Samples tanen’! fon rapi mmochiniivel filter imme- 
diately after washing also showed large reductions. 

We know that sand filters working out of doors may 
continue for many days to reduce the content of ammonia 
by 80 per cent. or even more. To the film of vegetable 
and animal growths which is formed on the surface of the 
sand must attributed the power of maintaining the 
adsorption of ammonia. To test this, a filter which had 
almost ceased to remove ammonia was “seeded "’ with 
dete from an open sand filter and allowed to rest 
or a few days in a moist condition. The first 10 samples 
thereafter taken showed an average reduction of 92 per 
cent. 

Adsorption of Albumenoid Ammonia under Laboratory 
Conditions.—In carrying out experiments under this 
heading it must be remembered that under storage, as 
Sir A. Houston has shown, the amount of organic 


++ 


Referring again to Table I, a fifth column might. be 
added to show the adsorptive power of the after 
each sample in succession passed through. Assuming 
100 as the initial figure, then after the first sample has 
aay ype ay: ng ow allel nage meting 100-8, 
that is 92, and after the second sample, 100-16, that is 
84,andsoon. The amount of ammonia adsorbed should 
bear a relation to the adsorptive power of the filter and 
to the concentration of the solute. Owing to the rapid 
adsorption at the inning, the concentration of 
ammonia in the filtering water is necessarily small, 
onpeeeny ‘a the deeper layers of the sand, so that the 

- oO! Pf 

















taken up is limited on that t 
TasBLeE III.—Adsorption of Alb id A 
1 2 3 4 
Column Reduction 
No. of of Water of Organic Total 
Sample. Passed. Ammonia. Adsorption. 
in. per cent per cent 
1 8 | 45 9-9 
2 16 47 20-3 
3 24 50 31-3 
4 32 52 42-7 
5 40 50 53-7 
6 48 45 63-6 
7 56 40 72°5 
8 64 37 80-6 
9 72 30 87-2 
10 80 22 92-0 
1l 88 16 95-6 
12 96 10 97°7 
13 104 negligible — 

















(v8) Length of Column of Water Filtered (Inches) 


As the adsorptive power of the sand diminishes the 
concentration of ammonia in the water percolating in- 
creases, and this, on the other hand, is favourable to 
increased adsorption. In the case of the particular 
filter here employed the fraction :— 

Amount adsorbed from each sample 
Adsorptive potency of the sand 
increased gradually from an average of 0-07 in the first 
three samples to 0-124 in the next three, and to 0-144 
in the following three, while the average for the remaining 
samples was 0-23. 

Samples of raw and filtered water have been obtained 
from a number of public waterworks, and analysis shows 
that there is in general a fairly large reduction of the 
amount of organic ammonia in the first runnings of 
filters after cleansing. This action increases and 
eventually attains a steady value which persists for some 
time. Towards the end of the run when the filter is 
becoming clogged the amount of organic ammonia in 
the effluent shows variations—in some cases increases, in 
others decreases were note’—but never more than 
10 per cent. from the average 

In conclusion, it appears trom these experiments 
under laboratory conditions that a sand filter freshly 
prepared is capable of adsorbing fairly large amounts 
of ammonia and dissolved organic substances, and that 
this action takes place rapidly. Sand which has ceased 
to adsorb dissolved substances must be thoroughly 
washed, which is best done with boiling water, before 
commencing another set of experiments. 

Tested by the approved methods, the surface tension 
of water containing 1 part of ammonia per million does 
not differ from that of pure water. ith higher con- 
centrations, as 1 per 100,000 or 1 per 10,000, there 
is hardly a measurable difference in the surface tension. 
Hence, to explain the retention of ammonia in the filter 








diminishes, so that it is necessary to check the condition 
| the raw water from day % day before beginning to 
ter, 

After various trials it was found best to prepare a 
solution of urea in distilled water (free from ammonia) of 
such strength that it would yield on decomposition 
2 opty of ammonia per million on decomposition. 

t became evident that the rate of filtration was of 
com tively little importance, and accordingly the 
quick filter No. 1 was used in this set of experiments. 

he results are shown in Table ITI, and the graph corre- 
sponding to column 4 is given in Fig. 2. 

It was generally noticed that the first runnings were 
less acted — than those immediately oth and 
this is probably due to the fact that the granules of sand 
after being dried are not readily wetted. It appears 
from the above that a sand filter 1 sq. cm. in section and 
80 om. deep can remove 36 per cent. of o ic ammonia 
from 240 cub. cm. of the test solution (240 om. equals 
96 in. approximately). In this way a cubic metre of 
sand would adsorb about 2 grs. of organic ammonia, 
and a cubic yard would take up nearly one-seventeenth 
of an ounce of organic ammonia. 


one t fall back on the thermodynamic law of 
W. Gibbs and Sir J. J. Thomson that, “if the surface 
tension diminishes with increasing concentration the 
surface film will contain more of the solute than the 
solution does.”” The film surrounding the particles 
does not enrich itself from the solute at the expense 
of the rest of the water passing. Now, the fact is, that 
the liquid within the filter is simply a moving film which 
embraces the sand granules and slowly glides downwards. 
The true seat of adsorption must be looked for in the 
particles of sand themselves whose wetted surface 
withdraws from the inner face of the watery film some 
portion of the dissolved substances, Hence, the necessity 
of rere, md washing the sand after it has ceased to 
adsorb before repeating a set of tests. 

Exactly the same remarks apply to organic matters 
in solution so far as the present experiments show. 
The surface tension of water is not sensibly diminished 
by dissolving urea to the concentration used, nor even 
to much higher concentrations, and accordingly, the sand 
itself is the seat of adsorption. 

In comparing the effect of sand with that of polarite 
or permutit there is this difference to remark, that in the 





case of the two artificial purifiers the action is to a great 


extent a chemical in , and probably not much 
true adsorption occurs. With them it becomes rather an 
instance of the penetration of a substance into the 
interior of the compact granules where this effort is also 
aided by chemical affinity. There is no reason to suppose 
that an hing of tieKind:eseust bovewen obth and 
dissolved materials; the whole action is of the nature 
which we are familiar with in the case of soils whose 
Sn sar have been so fully investigated by Van 
mmelen, Professor Ehrenberg, and many others. 





BLAST-FURNACE AND CUPOLA SLAGS. 
Their Composition and Graphic Methods for Determining 
their Constitution.* 

By J. E. Fretcner (Dudley). 

Slags are now generally recognised as being more or 
less complete coltaions of acid and basic cuties, their 
oxygen contents—dependent upon the union of that gas 
with the metals or metalloids present—determining the 
acid, basic, or neutral character of the slags. 

Blast-Furnace Slags.—In blast-furnace practice the 
natural es of an ore are usually most heterogeneous 
and varied in character (Fig. 1). Percolations of gases and 
of liquid material may have filled in the interstices of 
the porous portions of the ore mass, whilst in other areas 
the primary homogeneous character of the ore persists 
longer. When an ore is reduced the melted gangues are 
far from uniform in composition and may contain free 
and unfused refractory oxides. Hence the difference 
in the character of the streams of s as they flow 
through the lower portions of the blast-furnace column, 
and the lack of homogeneity of the commingled slags 
when they first reach the hearth. The problem of 
smelting ores of similar general analysis but of vastly 
differing physical composition is bound up with the 
variation in the viscosities of the slags descending through 
the hearth or lower portion of the boshes. 

It has been s by Hilgenstock and others, 
including Mr, H. E. Wright, that blast-furnace slags 
consist of a solvent silicate in which the remaining 
constituents are dissolved. The author’s investigations 
distinctly support this view, and the present paper is 
an attempt to draw, from information collec uring 
the past ten years in a wide field, such conclusions as 
appear to simplify the generally complex slag problem. 

he solvent silicate referred to appears to be of the 
ortho-silicate 2RO.SiO2 type, in which are dissolved the 
excess SiOz, Al,0O;, and the remaining sulphides and 
acid oxides. 

The calcic silicate 2CaQ.SiO2 having the ratio 
CaO /SiO2 = 65/35 per cent. and the magnesia silicate 
2MgO.8iO2, with ratio MgO/SiO2. = 57/43 per cent., 
may be safely considered as the basal solvents in blast- 
furnace slags. They are present together in varying 
proportions. 

These silicates can be graphically illustrated by 
diagrams. Fig. 2 depicts the ortho-silicates 2Ca0.SiO2, 
2MgO.SiO2. and a similar graph of the typical mixed 
silicates 2RO.8iO2. 

An examination of blast-furnace slag analyses will 
show that their composition can be represented diagram- 
matically, the RO silicates being plotted as ordinate and 
the SiOz and Al,02 as abscissa (Fig. 7). The shaded 
area adjoining the portion of the horizontal is marked 


+ 8iO2. This value is the percentage of SiO2g remaining 
after taking sufficient SiO>2 to satisfy the ratio 2RO/SiO2. 
If AljO; be a neutral constituent in blast-furnace 


as it appears to be, the excess SiOz is the active acid 
solute form whence the siliconisation of the iron proceeds. 
This solute, along with the inactive Al.O;, is dissolved 
in the inert or neutral ortho-silicate 2RO.SiOp. 

An examination of a large number of typical slags 
from different blast furnaces throughout the country, on 
the hypothesis that the solvent 2RO silicate contains 
the remaining SiOz and Al,0; as solutes, has led to the 
following estimation of their composition :-— 


Per Cent. 

Solvent silicate of 2CaO.MgO.S8i02 
type ee ose ose ose 60 to 75 
Excess silica as solute die 3 to 12 
Alumina... see ibe aes 10 to 28 
CaS, FeO, MnO, TiO», &c. 4 to 10 


The table on the opposite page gives details of six slags 
and their compositions b on the foregoing hypothesis. 

It has been correctly observed by a number of workers 
in slag research that under working conditions blast- 
furnace and other slags tend towards inertness or 
neutrality, and the table shows inferentially that alumina, 
apart from its functions in lowering the fusion tempera- 
tures and affecting the viscosity of the silicate in which 
it is dissolved, is inactive. If it (alumina) does tend to 
make the slag dissolve CaS more readily it is probable 
that this is owing to the greater liquidity given. The 
silica present in excess of the requirements of the 
2RO.Si02 constituent falls as the iron becomes alloyed 
with the silicon reduced from the slag. 

The author has shown elsewhere+ that during the 
siliconising of the iron in the hearth the SiO, content 
of the slag diminishes. Hence for similar burdens the slags 
resulting from the production of 1 per cent., 2 per cent., 
3 per cent. or 4 per cent. silicon irons will be progressively 
poorer in silica content. Investigations referred to in 
the paper with five kinds of ores (and flue cinder) show 
that the ter the slag yield per ton of iron made the 
smaller the range of SiOz activity for each per cent. of 
silicon in the pig-iron. 

The effect of temperature in determining the range of 





* Paper, pen: abridged, read at the meeting of the 
Tron and Steel Institute on Thursday, May 5. 
t Paper “‘ On the Function of Slags in Blast-Furnace 





Operation,” Staffordshire Iron and Steel Institute, 1916. 
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silica activity and of the resulting alloying actions is 
illustrated in Fig. 3, which records melting-point tempera- 
ture curves. The curves are thick lined in the portions 
involved in the making of 3 per cent. silicon irons, 
The lower temperatures of the thick-lined portions of the 
curves are the melting points of the primary slags, the 
higher those of the fusion points of the working slags when 
iron of 3 per cent, silicon content is being made. 

It should be noted that the primary slag of the hematite 
example melts at below 1,430 deg. C., and that consider- 
able superheating beyond this temperature is necessary if 
silicon is to be reduced from the slag. The need for 
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in connection with the American Geophysical Society 
has been invaluable. The facts recorded in these 
researches are of the utmost importance and, although 
the systems of slags occurring in blast-furnace practice 
are combinations of the silicates (2CaO.SiO2 + 
2CaO.Alp03.Si02) and (CaO.SiO2 + 2CaO.AlpO3.8i0p), 
Fig. 4, the working slags may be safely and practically 
considered as solutions of AlpO; and excess SiQ2 in the 
2CaO.SiO> solvent. 

It has been shown in the above researches that the 
meta-silicates CaO.SiO2 and MgO.SiO2, when superheated 
well above their melting points; become ortho-silicate in 
character, dissolving the excess SiO2. Similarly FeO.SiO2 
becomes 2FeO.Si0O2 + SiOz on superheating. There is 
further evidence that in presence of AlpOs and FeO; 
the amount of superheat needed beyond the melting 
points of the meta-silicates to bring about the change 
to ortho-silicates condition is reduced. This is shown in 
Fig. 5, where the influence of AlpO; and SiO additions 
to the ortho-silicate 2CaO.SiO2 in reducing the melting- 
point temperatures is seen. 

Moreover, though it is not yet possible to prove that 
caleic gulphide (CaS) is dissolved in the 2RO silicate, 
there ide good deal of evidence to show that this sulphide 
dissolves most readily in a slag of 2RO.SiO2 + nAlpOz 
type, which is most fluid when the alumina content 


tures (about 1,550 deg. C.) was one whose SiQ: activity 
was nil and whose alumina content was about 35 per cent. 
See Fig. 6 (a). 

The thinning effect of alumina on the SiO2.Al20; 
mixtures in refractories manufacture is now well recog 
nised, as is also the viscosity-increasing effect of SiOz, 
especially where this is present in the free state. 

In Fig. 6 the graphs of three representative slags are 
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adding aluminous ores to the burden in such cases, in 


order to lower the fusion point of the slag and to keep 
it sufficiently fluid, is evident. 
In. arriving at the above conclusions the work of 


Rankin and Wright and others in the researches on slags 


exceeds 20 per cent. Feild’s researches on the viscosity 
of blast-furnace slags clearly revealed the fact that in a 
series of slags whose alumina contents varied between 
10 per cent. to 35 i 

from 18 to 43, the most liquid slag at tuyere zone tempera- 

















___ | coke ash is determined say per 100 lb. of pig iron produced. 
Half the MnO eye may be consiiond practically as 
equivalent to the CaO. The calcium required to form 
CaS may be taken as CaO and equal to 1-75 times the 
weight of the sulphur in the ores and coke, 

‘ In Fig. 7 the alumina and silica are plotted 
ine A 


per cent., with 8iO2 per cent. ranging 





along the 
, the CaO.MgO and MnO along the ordinate 
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AD. From a number of investigations the SiQ2 activity 
cent. in the ee slag ore silicon reduction 
been found to be 32 per cent. of the total SiO2 present 

in the slag. Hence Bz is taken as 0-32 A B and the 

line « E drawn, meeting the vertical at E. The inclina- 
tion of this line is fixed by the expected CaO/MgO ratio 
in the slag. The length E D gives to scale the additional 

CaO required. 

It appears to the author that the composition of the 
pri slag is of fundamental importance. If from 
the available data this composition be estimated and the 
primary SiQ2 activity of the slag known, thermal mani- 
pulations can be followed with a cl conception of 
what is actually going on in the hearth of the furnace. 

Of course the same graphic method can be used when 
taking the desired analysis of the running slags as the 
basis for CaO additions, in which case the 8iO2 required 
for the silicon reduction must be added to the SiO2 
content in the running slag. By this means the analysis 
of the primary slag can be forecast, 

If the SiO: activity in the primary slag be correct 
and the primary slag analysis indicates a slag of low 
melting-point and viscosity, the character of the thermal 
additions necessary to give the desired silicon content 
in the pig-iron can be foreseen. 

Influence of AlaOs on the SiO2 Activity in Blast-Furnace 
Slags.—It has been considered by several well-known 
furnace experts correct so to control the working slag 
Ca0.Mg.0 ratio is a constant, the 

SiO» 
ratio pes being not infrequently adopted. This corre- 





composition that the 


sponds with a primary slag of about 12 per cent. SiQ2 
activity when making basic iron, 
The following table reveals the fact that as the alumina 


content of the slag increases (the ratio ai. remaining 
#02 
constant) the silica activity decreases. In column B the 


variations in the constituents is estimated in the cases 
where the SiQ2 activity value remains constant. 











AlpQs. S102. Cad. Free SiO. 
A. 

per cent per cent, per cent. per cent. 
0 44-2 55-8 14-2 
5-0 42-0 53-0 13+3 
10-0 39-8 50-2 12-6 
15-0 87-5 47°5 11-9 
20-0 35-3 44-7 11-2 
25-0 33-1 41-9 10-6 
30-0 81-0 39-0 10-0 
35-0 28-7 36°3 9-1 

B. 

0-0 42-5 | 57-5 11°3 
5-0 41°5 53-1 11+3 
10-0 39-0 51-0 11-3 
15-0 37-0 48-0 11-3 
20-0 35-4 44-6 11-3 
25-0 34-6 41-4 11-3 
80-0 31-9 38-1 11-3 
35-0 30-0 35-0 11-3 














In Fig. 8 these results are shown graphically, the 
melting-point curves being added. A slag of eutectic 
character is given by Rankin and Wright as of composi- 


tion :— 
AlzOs SiO2 CaO 
per Cent. per Cent, per Cent. 
13-2 41-1 45-7 


melting at 1,316 deg. C. This is approached in the 
regions marked X. Such slags must S very sensitive, 
as at the hearth temperatures the effect of high super- 
heating above their melting-points on the silicon Hs el 
tion is rapid.* As the Bio» content of such ~—_ 
(containing 10 per cent. to 15 per cent. alumina) falls 
the fusion point temperature rises quickly until with 
about 32 per cent. silica this reaches about 1,800 deg. C. 
Hence the viscous nature of some, if not all, eutectic 
slags after desiliconising. 

From the above it will be evident to students of the 
metallurgy of slags what the older methods of con- 
sidering only the basicity ratio, with empirical modifica- 
tions dependent on whether alumina acts as a base, a 
neutral, or an acid, do not meet the case, Fresh light 
is thrown on the subject when the constitution of blast 
furnace and other s is considered as a solvent of 
2RO.S8iO2 type in which are dissolved alumina and free 
active silica, the latter being the active agent in alloying 
the hearth metal. 

Characteristics of Coke Ash Slags.—If the iron contents 
of coke ash be considered similarly to those of ores, the 
silica, lime, magnesia and al may be taken as 
forming independent slags. 

These slags are of the average constitution :— 





SiO2 CaO and VgO AlgOs 
per Cent. per Cent. per Cent, 
55-0 5-0 40-0 


with a melting-point temperature of about 1,580 deg. C. 

Such siliceous slags obviously have a powerful effect 
in the tuyere zone on the siliconising of the contact metal, 
and the result of using coke with high ash content is 
easily ised. 

The comliined high moisture and ash contents of coke, 
not infrequently met with, have given blast-furnace 
managers a great deal of trouble during the past few 
years. The actual lowering of the calorific value of 
coke, owing to the heat required to drive off the moisture 


* See paper by the author “‘ On the Superheating of 
Slags and Metals during Refining, Smelting and Alloying 
tions,”’ Journal of the Society of Chemical Industry 

1917, vol. xxxvi. (No. 14). 





and to form, fuse and s t the slag resulting from 
the ash and its lime flux, is very considerable. 

After allowing for the increased weight of slag made 
from the ash and its n flux and the heat required 
to drive off CO2 from the added limestone, the total heat 
required by each pound of ash in the coke cannot be 
much less than 1,350 British thermal units. 

Taking this figure as a basis and 5,769 British thermal 
units as required to evaporate and dissociate 1 Ib. of 
moisture the graph, Fig. 9, has been prepared. This 
diagram furnishes a ready means of arriving at the 
calorific value of a pound of coke whose ash and moisture 
contents are known. For example a coke containing 
10 per cent. moisture and 15 per cent. ash would have a 
calorific value of, say, 1,005 British thermal units per 
pound or about 70 per cent. of the maximum pure carbon 
value. A good coke containing say 3 per cent. moisture 
and 5 per cent. ash would have a calorific value of 13,200 
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British thermal units. Apart from the additional losses 
incidental to high ash and moisture contents in coke, 
of a mechanical nature, the use of the two cokes cited has, 
in a known case, meant the difference between 27 cwt. 
and 36 cwt. of coke per ton of iron smelted. In the first 
case the loss in calorific value due to moisture is about 
14 per cent., whilst that due to the ash is 16 per cent. 

he graph indicates generally that each per cent. of 
moisture corresponds with a loss of 200 British thermal 
units, and for each per cent. of ash 168 British thermal 
units per pound of coke. 

Cupola Slags.—In the cupola the working temperatures 
do not always reach the point where the meta-silicates in 
the slags pass into the ortho-silicate form. Hence it 
would appear that the constitution of these slags is then 


of the types :— 
j 


(a) 3CaO.Si02 + FeO.Si0z + nAleOs 
(6) 4CaO.SiO2 + FeO.SiO2 + nAlgO3 

By suitable lime additions slags of the composition (a) 
are often observed and have the lowest melting-points 
when 10 per cent. to 15 per cent. alumina is present. 
Slags with from 5 per cent. to 7 per cent. alumina were 
found to melt at about 120 deg. C. higher temperatures 
than those containing 10 per cent. to 12 per cent. The 
graph, Fig. 10, has been prepared to illustrate the effect 


Ca0.Si02 a shila, Weds 


with free excess 
SiOe in solution. 





of varying the ratio in 
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alumina contents range from 0 per cent. to 15 
per cent. 

In the four pee the Ca0.Si02/FeO.SiO2 ratio is 
1, 2, 3 and 4 in (a), (5), (c) and (d) respectively. It will be 
noticed that the FeO content falls as the CaO rises, the 
melting-points (approximate) falling as the alumina 
content increases. 

Another diagram, Fig. 11, has been plotted from a 
series of cupola slags where the lime was progressively 
added. Graph (A) gives the analysis. h (B) is 
plotted to show the composition of the slags when 
considered as being built up of the meta-silicates 
Ca0.SIO2, FeO.SiO2 with free $102 and Al2O; in solution. 
Graph (C) is similarly plotted on the hypothesis that the 
slags in their superheated condition are solutions of the 
2RO silicates With free SiOz and AlzOs in solution. 

It will be seen that as the CaO content increases the 
character of cupola slags approaches that of blast-furnace 


Fig 
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slags. To emphasise this fact the composition of blast- 
furnace slag « has been plotted on graphs (A) and (C). 

The triangular graphs can be employed in the case of 
cupola slags and are useful in illustrating the passage 
from the ferrous silicate type (viscous) to the more 
fluid calcic silicate variety which, as already shown, 
is closely related to the previously graphed blast-furnace 
type (see Fig. 12). 

Summary.—In the foregoing investigation the aim 
of the author has been to collate the data of many 
research workers in the slag field and to provide, by 
means of graphic methods, a clearer view of the slag 
solution theory and of its practical utility. 

It is becoming increasingly necessary, if a true explana- 
tion of the reactions between slags and metals is to be 
arrived at, to ascertain the most probable composition 
of the liquid slags at the time such reactions are in 


7. 

. ough the mineralogical character of the cold slags 
is of much use in slag research there is great danger lest 
it be concluded that the many crystalline transition 
products discovered in the cooled s were present 
when they were more or less actively molten. 

Further work is being undertaken on similar lines, in 
an endeavour to represent in hic form the changes 
which take place in converter, puddling and open-hearth 
processes. The result of these further investigations the 
author hopes to plare before the Institute in the near 
future. 
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THE «MOUNT WILSON OBSERVATORY. 


Tax annual reports of Professor Hale, the Director 
of the Mount Wilson Observatory, indicate more 
than the achievements of that institution. They 
mark the progress of astronomical science and 
suggest the problems that can be prosecuted with 
prospects of success. The instrumental equipment, 
more powerful and varied than that of any other 
observatory, enables the staff to lead the way in 
any inquiry, and new instruments are readily 
constructed for the use of those who can propose 
new applications. Experiment is never long delayed 
for ‘want of the necessary mechanical and instru- 
mental means, and many of the additions to existing 
instruments are, from an engineering point of view, 
most interesting. Among these recent accessories, 
Michelson’s interferometer, destined probably to 
play ‘an important part in the future of sidereal 
astronomy, holds the most important place. It 
provides a powerful device for the measurement of 
star diameters, the position of the constituents of 
close double stars and of spectroscopic binaries, 
and from its earliest trials at once demonstrated its 
power and efficiency. The principle is not new: 
the 'mechanical arrangements reproduce the con- 
ditions of Fizeau’s classical experiment, in which two 
pencils of light, derived from a single point source, 
are brought to interference, and experiments similar 
to those carried on at Mount Wilson have been made 
with smaller instruments giving indecisive results. 
The method of use may appear strange and un- 
expected, for the immediate effect of the inter- 
ferometer is to reduce the area of the 100-in. mirror, 
to which it is applied, to two relatively small areas, 
rectangular in shape and symmetrically situated 
with ‘regard to the centre. Essentially, the inter- 
ferometer consists of two plane mirrors, separated 
by ‘a distance of 20 ft. reflecting the light from the 
star to two other planes, about 4 ft. apart, whence 
the two pencils proceed to the rectangular apertures 
on the 100-in. surface, and thence to the focus of 
the Cassegrain reflector and the eyepiece, in the 
focus of which the two pencils unite producing the 
interference fringes, whose interpretation furnishes 
the solution of the problem under investigation. 
Since only a small portion of the mirror is used, 
it would seem possible to dispense with that costly 
apparatus, and to construct the necessary rect- 
angular apertures, similarly figured, but at present 
the {construction of such an optical device is 
probably impossible. There is a hint, however, 
that it is quite feasible to obtain interference with a 
base of 100 ft. or more. We may be sure, therefore, 
that the possibility of increasing the efficiency 
of this apparatus is engaging the attention of those 
most capable of ‘affecting improvements. At 
present, the diameter of a Orionis (0-046 sec.) has 
been satisfactorily measured, or inferred : a remark- 
able confirmation of the prediction of Professor 
Eddington, who assigned the value of 0-051 sec. 
Another remarkable feat has been the determination 
of the orbit ofjCapella within astonishingly narrow 
limits. The greatest difference between the observed 
and calculated position of the companion to this 
star is four hundred-thousandths of a second. For 
those who are not accustomed to dealing with such 
small quantities, it may be added that this angle 
is of the order of that subtended by a cricket ball 
viewed on the surface of the Moon. This degree 
of accuracy suggests that apparatus may be con- 
structed of sufficient delicacy to render visible the 
displacements at present considered to be far too 
minute for measurement. 

The Mount Wilson astronomers while accepting 
thefconclusions of the British observers that the 
photographs of the Solar Eclipse in May, 1919, 
exhibit the displacement of star images near the Sun 
by amounts coinciding exactly with the theory of 
relativity, urge that no pains should be spared in 
settling beyond the “ peradventure of a doubt” 
the disputed question of a systematic shift of the 
solar lines towards the red end of the spectrum, as 
predicted by jEinstein. Mr. St. John has hitherto 
failed to detect this predicted displacement, and the 
observers of Mount Wilson, aware of the delicacy 
of manipulation needed have renewed their attack 
with improved apparatus, “ involving many refine- 
ments of procedure overlooked by less careful 





pists, some of whom have found no 
difficulty in confirming Einstein’s prediction.” 
Direct spectroscopic determinations of wave- 
length will be checked by wholly independent 
measures obtained with the aid of a Fabry-Pérot 
interferometer. Whatever may be the result in 
confirming the position held by the generalised 
theory of relativity, spectroscopy will be largely 
enriched by the completion of the carefully-planned 
programme. It is confidently hoped that the 
result. will be to provide a group of lines, whose 
wave lengths can be relied upon with certainty to 
the thousandth of an Angstrom unit, thus obviating 
the necessity of securing a reliable comparison 
spectrum. It is not unlikely, too, that the absorp- 
tion lines of iodine vapour will be substituted for the 
standard line of cadmium, both by reason of superior 
sharpness of definition and monochromaticity. 
Another improved instrument also due to the 
ingenuity of Professor Michelson, is intended to be 
used in a new determination of the Velocity of 
Light ; whose value as determined by the revolving 
mirror of Foucault, is uncertain to the extent of 
one part in 10,000. This uncertainty must be 
ascribed to a possible error in the determination 
of the angular displacement of the returning beam 
by the revolving mirror. The new instrument is 
designed to eliminate this source of error, by the 
construction of a revolving mirror with angles of 
90 deg. or 135 deg., which has been found possible 
to an order of accuracy of 1 in 1,000,000. It is 
proposed to give the mirror such a speed, that the 
returning light will be received on the next succeed- 
ing face of the mirror, the image of the slit source 
being kept on the cross wires of the eyepiece. With 
a speed of 1,000 revolutions per second, and 
rotation of 90 deg., the required distance between 
the stations is 37-5 km. A distance of 26 km. is 
now being tried, with hopeful results, and a more 
distant site is being selected. A more rapid rate 
of rotation of the mirror is also contemplated. 
Among much completed work may be noted a 
successful experiment to imitate in the laboratory 
the conditions which must exist when a meteoric 
particle, moving with a very high velocity, encoun- 
ters a resisting medium such as the atmosphere 
of the Sun. The object is to reproduce the rapid 
vaporization of the materials constituting the 
particles, and this was accomplished by the discharge 
of a condenser of 0-4 microfarad, charged from a 
26,000-volt transformer. The metal to be vaporised 
was inserted in the condenser circuit in the form 
of a fine wire, and the vaporization was so rapid 
that the phenomenon is best described as an 
explosion. The intrinsic brightness of the light 
accompanying the explosion was found to be of the 
order of 100 times that of the solar surface, corre- 
sponding to a black-body temperature of 20,000 
deg. O. For the first time, it is possible to produce 
in the laboratory, spectra under conditions similar 
to those existing in the Sun. The demand on the 
electrical resources has been heavy, requiring the 
installation of a 500-kw. direct-current generator set, 
electric furnaces, and other sources designed for 
heavy current. Of special interest is a solenoid 
magnet for use in connection with the Zeeman 
effect, planned to carry a current of 4,000 amperes. 
Especial cooling devices have been found necessary, 
but the huge water tank originally constructed has 
proved unsuitable owing to difficulties arising from 
electrolysis. Now the cooling is effected by 
kerosene, in its turn cooled by the water in the tank. 
Passing from the survey of new apparatus and its 
functions, a few of the results carried to a successful 
issue in the past year arrest attention. Observa- 
tions of nebulz have been continuous and varied. 
A comparison of the photograph of Nebula M. 33 
with one taken ten years previously conclusively 
establishes an outward movement of 32 selected 
points along the arms of the spiral. The mean 
motion of the nebular points relative to companion 
stars is about 0-2 sec. in the ten years. This con- 
firms previous and less rigorous inquiries. A close 
watch has been maintained on the three known 
variable nebula, and these have shown decided 
changes even in a single day. There are no indica- 
tions of actual motion, but a variation that seems 
due to irregular brightening and obscuration of a 
nebulous background. Colour-photographs have 





given some remarkable results. In the case of 
spirals, long exposure with isochromatic plates 
and a yellow filter give generally strong red images 
for the central and secondary nuclei, but show no 
trace of the arms. A yellow exposure on the 
Dumbell nebula gives a result strikingly different 
from the usual violet-blue photograph. e yellow 
light is less widely distributed and presents the 
appearance of diffuse nebulosity with no trace of the 
rich detail revealed by an ordinary plate. 

An investigation of peculiar interest: bearing on 
the nature of spiral nebule and the problem of 
“island universes ” has been made with the object 
of determining the surface brightness of our Galactic 
system as it would appear when viewed from a 
distant point in the direction of the Galactic Pole. 
The conclusion is that the surface brightness of all 
known spirals is greater than that of the Galaxy, 
and some of the brighter spirals are more than 100 
times as brilliant. If, therefore, these objects 
really consist of stars, they are not in general 
comparable with our system in respect of both 
stellar density and linear dimensions. Mr. Shapley 
has also pursued these problems in cosmical physics, 
with which his name is peculiarly connected. He 
has adduced further arguments in support of his 
contention that the Galactic system is very much 
larger than was formerly supposed from con- 
siderations based on the brighter stars. If his 
conclusions are correct the brighter stars in globular 
clusters must be giants. On the old supposition, 
they must be dwarfs. Confirmation is not easy, 
but observations tend to show that the distribution 
of light in the spectra of the brightest cluster stars 
corresponds with that of known giants and is 
characteristically different from that of known 
dwarfs. 

Reference is made in the report to many other 
miscellaneous investigations which we are obliged 
to pass over unmentioned. But these serve to 
emphasise the broader outlook given to astronomy 
by the original researches of this observatory. 
Problems that but a few years ago seemed to lie 
outside the scope of human endeavour have become 
almost the commonplaces of to-day. Questions 
that we have not yet learnt to frame, will find their 
expression and their solution by the members of 
the school that Professor Hale has known how to 
form, to inspire, and to encourage. This has been 
his great work, and his reward will increase with each 
succeeding year. 





THE ABSOLUTE MEASUREMENT OF 
SOUND. 

Wuen Dr. Arthur Gordon Webster, LL.B., 
Professor of Physics at Clark University, Massa- 
chusetts, discoursed on ‘“ Absolute Measurement 
of Sound” at the Royal Institution on Friday, 
June 10th, he gave a summary of studies upon which 
he had entered thirty years ago under Helmholtz. 
Dr. Webster’s own particular object was to devise 
a reproducible instrument capable of measuring 
sound intensity at any point in space in absolute 
units. The chief difficulties of the problem, he 
pointed out, are that the forces and energies in- 
volved are extremely small, and that it seems almost 
impossible to exclude influences of sound reflection 
even if only caused by the observer himself. The 
energy put into foghorns, ¢.g., was very consider- 
able, but the estimates of the outputs differed very 
widely. The energy output of musical instruments 
was very low. It would take ten million cornets 
playing fortissimo to emit one horse-power of sound, 
and Dr. Webster’s own voice, when he was speaking 
in a loud tone, did not in any part of the lecture- 
room, except close to his mouth, produce pressure 
variations amounting to more than a few millionths 
of an atmosphere. 

Absolute measurements of sound involve three 
separate things. In the first instance, we wanted 
something akin to the standard candle, a sound of 
the simplest possible character, a pure tone like 
that emitted by a tuning fork, giving a sinusoidal 
curve in which the pressure was a harmonic of the 
time. The pressure changes were very small, as 
just stated, and they occurred at high frequency. 
Magnification by electrical means would introduce 
complications ; hence Dr. Webster relies entirely 
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upon mechanical means, though he used a thermi- 
onic valve for demonstration at the lecture. The 
problem of the emission standard has been solved 
by Mach, Boltzmann and Zernov. The second 
requisite, the receiving instrument, has successfully 
been dealt with by Max Wien, Lebedeiev and 
Rayleigh. But, given these two requisites, the 
“phone” and the “ phonometer,” there remained 
the question of the distribution of sound in space 
between the two instruments, and this third requisite 
called for a series of experiments on sound propa- 
gation. Dr. Webster may claim to have made 
valuable contributions to the various lines of 
investigation. Any acoustic measurements made 
within an enclosed space are influenced by sound 
absorption and reflection. The late Professor 
Wallace Sabine, of Harvard, had succeeded in 
eliminating these influences by using the human ear 
as receiver, and had created the science and pro- 
fession of architectural acoustics. But the skill 
that could be obtained by Sabine’s method in the 
course of months could be acquired by Dr. Webster’s 
phonometer in a few minutes. In order to avoid 
all disturbances by objects, the observer should 
take his phonometer to infinite distance. On lakes 
and golf links, however, Dr. Webster got rid of all 
objects except the reflecting plane, whose coefficient 
could be determined within a few minutes when there 
was no wind. 

Referring to the history of his investigation, 
Dr. Webster stated that he had first used in his 
experiments a diaphragm of paper, which was 
shielded on the one side and placed at the spot where 
the sound was to be measured. The diaphragm 
was not used to dig a record into wax, as in the 
phonograph. It carried a mirror opposite the 
plane face of a lens, which, viewed in the light of a 
sodium flame, gave interference fringes. These 
fringes shifted rapidly when sound waves fell on the 
diaphragm, and they were watched through a 
stroboscopic arrangement. Coming later to Clark 
University at Worcester, Dr. Webster met Professor 
A. ©. Michelson, and adopted his interferometer in 
which the two mirrors—Dr. Webster’s lens almost 
struck the vibrating diaphragm—could be separated 
to any distance, and which could work with any 
light and did not require monochromatic illumina- 
tion. The diaphragm material finally selected was 
mica, which proved superior even to glass. Paper 
was hydroscopic and metals expanded too much 
with heat. 

The diaphragm was merely to carry the mirror 
and not to vibrate as a whole without nodes. The 
properties of the diaphragm to be considered were 
its mass, stiffness and coefficient of damping. The 
damping depended on the air resistance, the fre- 
quency of the oscillation, and the elastic fatigue. 
In the course of these varied investigations, the 
results of which had not yet been published, the 
materials for tuning forks were also inquired into, 
and fused quartz was found to be superior to steel 
and to bell metal. Such quartz tuning forks, very 
brittle, unfortunately, were made by the General 
Electric Company at Lynn, and the Bureau of 
Standards was now sawing a fork out of a quartz 
crystal. 

Now, when a steel bar is suspended by strings 
and struck, its higher overtones will rapidly die 
away, leaving the fundamental note alone. By 
suitably suspending the bars the degrees of damp- 
ing for each node had been studied by T. L. 
Porter and H. F. Stimson. There were, further, 
the elastic hysteresis formule of V. Volterra 
(Rome), but they had not yet been integrated. In 
order to obtain the necessary sensitiveness for sounds 
of ordinary intensity the principle of resonance was 
applied, and a coupled sys*em of two degrees of 
freedom was used, the first consisting of a tunable 
air-resonator, the second of a tuned diaphragm 
making the motion visible. The sound entering the 
hole of the resonator behind the plate was magnified 
by the tuning, and it also acted upon the plate, 
which was itself tuned. 

Mathematically the conditions resembled those 
of a radio-telegraphio receiver. The ultimate 


sensitiveness increased as the damping was dimin- 
ished, but the curve exhibited showed that the 
range to which the diaphragm would respond was 
narrowed at the same time. 





Dr. Webster’s first instrument was mounted 
upon a heavy bronze stand, provided at the back 
with a heavy bronze cover (to keep out sound), 
through which protruded (in sound-tight fittings) 
the three shafts turning the screws of the interfero- 
meter adjustment. Upon the front was attached 
a tuned resonator, at the side was a small lamp with 
horizontal filament, the image of which was thrown 
on the first mirror of the interferometer and was 
observed through a telescope ; the image appeared 
crossed by the vertical interference fringes. The 
lamp was carried by a tuning fork oscillating 
vertically, and this motion, combined with the 
horizontal motion of the fringes, gave an ellipse 
of coloured fringes. By mis-tuning the fork the 





substituted for the axis in jewels a thin torsion strip 
of steel, ;; in. wide, tgy5 in. thick, obtained 
from Germany. With a magnification of about 
1,500 the sensitiveness attained was equal to that 
of the interferometer. So improved, the phono- 
meter was used in 1913, and later by Professor L. 
Vessot King, of McGill College, for his experiments 
on foghorns and sound propagation at Father 
Point, on the St. Lawrence.* Dr. Webster had 
himself intended to make an acoustic :survey 
of the coast of Maine, but the syrens in 
use there differed so much in pitch that the 
instrument employed in the investigation must 
necessarily be designed for rapid tuning. That 
tuning could in the original instrument be 



































ellipse could be reduced to an inclined line, the 
inclination of which was read off on a tangent scale. 
The amplitude of the air compression was then 
proportional to the scale reading. When the sound 
was not simply harmonic the motion of the fringes 
was photographed on a moving film, an operation 
of considerable difficulty. This interferometer 
method was later used only for calibration and for 
checking the phonometer readings. In the ordinary 
practice the displacements of the mirror were 
observed in the telescope, as in the Wien phono- 
meter. 

For this new phonometer Dr. Webster adopted one 
of the features of the beautiful phonodeik, which 
Professor D. C. Miller, of Cleveland, had designed 
for the registration of the voice, not for absolute 
measurements. In the phonodeik a steel point, 
placed upon the diaphragm, bears against a short 
lever on a delicate axis, mounted in jewels and 
carrying a light concave mirror. Dr. Webster 











effected by adding little pieces of wax to the 
diaphragm, but Dr. Webster tried to supplement 
the potential energy due to the bending of the 
plate by the energy of a string stretched against it 
and tuned like a violin string. The attempt of 
relying upon potential, rather than kinetic energy, 
was so successful that he discarded the diaphragm, 
putting all the potential energy into the tension of 
the strings. The diaphragm itself was replaced by 
a rigid disc of mica or aluminium carried by a 
little steel spider containing three clamps to hold 
the wires. The wire tension was regulated by means 
of three steel pegs, as used for violin strings, one 
of which was controlled by a micrometer screw. 

The substitution of the rigid dise or piston, as 
Dr. Webster called it, now placed in the circular 
hole, through which the sound entered the resonator, 





* See ENGINEERING, September 12, 1919, pages 346 
and 347. 
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had the further advantage of doing away with the 
need of determining the equivalent area of the 
diaphragm and of reducing the damping, thus 
making the instrument ten times more sensitive 
than the phonometer supplied to Professor King. 
In the system giving one degree of freedom the 
amplitude of the resonant vibration was inversely 
as k/m, where k was the damping coefficient and 
mthe mass ; with glass diaphragms k was about 150, 
with mica the figure was reduced to 30, and in the 
recent device reduced to 2, so that the instrument 
was at present about 100 times better than ten 
years ago. The phonometer could now compete 
with the human ear, though only over a very 
limited range, and could be tuned over more than 
two octaves. 

We can now pass to the constructive detail 
of the phonometer exhibited, the sensitiveness of 

















spring inside. Two micrometric adjustments are 
secured by the strip being carried on a rocker 3, 
pivoted on screws 6; they allow of a lateral dis- 
placement for changing the lever arm of the mirror 
and thus the magnification. The motion of the 
image sideways in the field of the eyepiece is obtained 
by a slow motion of the rocker controlled by a 
screw at its lower end; all the other adjustments 
are made at the ocular end. The magnification 
obtainable is 2,400, and as one can read to 0-1 mm. 
on the reticule, displacements of dise of 1/24,000 
mm. can be detected. That is as much as the inter- 
ferometer could do. The phone of Dr. Webster’s 
instrument is itself a reversed phonometer. The 
disc is driven by electric currents, interrupted by a 
tuning fork and by electromagnets with the aid of 
a triode valve in the way which Professor Eccles 
described in the Royal Institute a year ago.* The 
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which Dr. Webster demonstrated by singing 
faintly to the instrument from a distance of 15 ft. 
and more. Fig. 1 is a photograph of the phono- 
meter, Figs. 2 and 3 show the end plate of the 
instrument—called the front by its designer because 
the sound enters there—as seen from the outside 
and inside; Figs. 4 to 12 illustrate details in 
elevation and in section. The numbers designate 
the same parts in all the illustrations. The adjust- 
able resonator 1 slides in a cylindrical piece screwed 
to the casting A; at the eye end the resonator is 
closed by the glass window 15. The Michelson 
interferometer (not shown) is attached to A when 
calibrating. Ordinary readings are taken through 
the micrometer eyepiece which produces an im 
of the small lamp 4 (Figs. 4 and 5), the vertical 
image of which is drawn out into a horizontal band. 
The lamp current comes from the three dry cells 
in the cylindrical holder 10 upon which the tube 7 
is carried by a bayonet joint. The piston or 
disc 12 of aluminium is hung in the centre of the 
hole of the front plate by means of three steel 
wires which are clamped at one end by the spider 13 
(Figs. 3, 7 to 10, 12) and wound at the other end 
on the pegs 8, tuned by means of a key from outside ; 
one of these wires is controlled micrometrically by 
the screw 17. The wires pass over either of two 
sets of bridges faintly visible in Fig. 3, cast on the 
front plate. 

The objective of the telescopic device is formed 
by the small mirror 5 (Figs. 3 and 12), the back of 
which constitutes its own lever, being pushed 
directly by the point 16 on the spider 13. The 
torsion strip 9 mentioned is cut with a square side 
projection upon which the mirror is mounted. 
The strip is held by end clamps, and its tension is 
adjusted by means of a screw 11 bearing on a small 








amplitude of the disc excursion is measured by a 
strong microscope. The complete instrument as 
exhibited weighs 35 lb. 

We mentioned the determination of the sound 
reflection from the ground which also involves 
absorption by the ground. For this purpose, 
Professor Webster explained, the phone was set 
on @ suitable ground at a convenient height, say, 
5 ft., and the phonometer placed at a convenient 
distance. Either instrument was then moved, 
keeping the height constant, and the variations in 
the deflections were read off. There would be 
interference between the direct sound and the sound 
reflected from the ground. The sound curve should 


age | be an equilateral hyperbola, if there were no ground 


reflection ; within a few feet of the phonometer 
the curve actually dropped in V fashion, approaching 
the hyperbola at greater distance. Grass and 
gravel were found to reflect, almost equally well, 
about 95 per cent. of the waves received. The 
measurements at both ends of the travel and the 
transmission checked one another and were found 
to agree within a few per cent. Even the walls of 
a cubical room when deadened by being covered 
with several inches of felt, would reflect 20 per cent. 
of the sound, and the mere stretching of a wire 
across such a room affected the sound distribution 
in very peculiar ways. 

By attaching long glass tubes to the phonometer 
the acoustic field within a horn or a tube lined with 
sound insulators had also been investigated, and 
Dr. Webster was able to exhibit curves ¢ xemplifying 
the close agreement between the caiculated and 
observed figures of his theory of horns. He is now 
studying the violin, which still offers many «per- 





* See ENGINEERING May 28, 1920, page 725, Fig. 5. 





plexing problems to the physicist, as Professor 
Barton pointed out in the same place three years 
* 

Dr. Webster has also investigated the trans- 
mission of sound through walls and fabrics. 
By combining two equal horns to a horizontal 
double cone and mounting the dise in the narrow 
middle portion he ascertains the direction of source 
of sound. Sound waves, for instance those of a 
whistle, spread out the band of light. When this 
phonotrope is turned about its vertical axis, the 
band reduces to zero when the whistle is straight 


ahead. In order to determine the direction of the “ 


flight of aeroplanes, the instrument still requires 
a correction for the Doppler effect which puts it 
out of tune. Dr. Webster finally showed a musical 
curiosity of his, a mechanically-blown wind instru- 
ment, A small cornet blown by compressed air 





gave a very low note or a roar;‘ the air passed 
through the box of a fluttering valve which was 
held in place by the tension of a steel wire stretched 
by hand to a variable degree; the valve allows 
puffs of air to generate a sound wave. 





PATENTS AND WAR LOSS. 
By J. H. Evans-Jacxson. 


Tue Patents and Designs Act, 1919, contains 
provisions of great importance and value to 
patentees in cases where they have suffered loss 
or damage in connection with their patents by reason 
of hostilities. The Act has now been in operation 
for rather over a year, and the reported cases on 
this subject, though few in number, are sufficient 
to indicate the broad principles which will guide 
the Court in administering the relief provided for. 

The law as to the extension of patents is contained 
in Section 18 of the Patents and Designs Act, 1907, 
as amended by Section 7 of the Act of 1919, the 
provisions which are the subject of this article 
are contained in Sub-section 6, which is added 
to Section 18 by Section 7 (3) of the 1919 Act. It 
has been held! that the new sub-section must be 
construed in the light of the provisions contained 
in the other sub-sections, and, therefore, in order 
to appreciate the effect of the new provisions, it is 
necessary to bear in mind the main principles that 
apply to extensions of patents in general. 

Apart from applications on the ground of loss 








* See Enoinegrtno April 19, 1918, page 432, and 
April 26, page 458. 

1 Brown’s Patent. 37 R. P. C. 52. 

2 Davidson’s Patents and Gaskin’s' Patents, 37 
R. P. C. 145, 37 R. P. C. 262°C.A, 
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or damage due to hostilities, a patentee who seeks 
an extension of his patent must apply by petition, 
and, in considering such petition, the Court is directed 
to have regard to (1) the nature and merits of the 
invention in relation to the public, (2) the profits 
made by the patentee as such, and (3) all the cir- 
cumstances of the case. Thus, before an extension 
is granted the Court must be satisfied that (1) there 
is great merit in the invention, primarily in point 
of public and practical utility, (2) that the remunera- 
tion of the patentee has been inadequate in com- 
parison with the value of the invention to the 
public, and (3) that the absence of adequate remu- 
neration has not been due to any fault on the part 
of the patentee, and, in general, that his use of the 
monopoly has not been adverse to the public 
interest. The petition must be presented shortly 
before, and not less than six months before, the 
termination of the normal life of the patent, but 
the Court may, in the exercise of its discretion, 
enlarge the time within which the petition is to 
be presented. Loss due to hostilities may con- 


tension in an application by petition, such loss 
having in fact been taken into consideration in 
two petitions’ * heard prior to the Act of 1919, but, 
apart from the provisions of the new Sub-section (6), 
it cannot afford the sole basis of an application for 
extension. The new provisions are as follows :— 
“Where, by reason of hostilities between His 


Majesty and any foreign state, the patentee as' 


such has suffered loss or damage (including loss of 


opportunity of dealing in or developing his invention ' 





being probably affected by the large expenditure 
necessary to the development of the invention. 
Of course, it is not necessary that the applicant 
should have been engaged on national work for the 
whole period of the war, it is sufficient if he has 
been so engaged for a period large enough to 
cause him qua patentee loss or damage, and it 
is, of course, possible that the loss of opportunity 
may have in some cases been incurred by part- 
time work. 

Instances of the second form of loss will readily 
occur. Those that have already been brought 
before the Court include instances of lack of demand 
for the patented article (viz., in the case of electric 
meters, where the majority of purchasers were 
electric supply authorities, who, by reason of 
Government action, were unable to extend their 
mains, and, consequently, did not require new 
meters’; capstans for use in docks and railways 
not being required owing to new works not being 
undertaken’; the disuse of otter boards in con- 


|nection with trawl nets, owing to trawlers being 
stitute any item in favour of the grant of an ex- | 


requisitioned for war services‘); inability to obtain 
raw material’ ® or suitable labour!®, and loss of 
foreign orders.!° In the case of patents that were 
still in a state of exploitation at the commeneement 
of hostilities, it is necessary to show, as regards 
general commercial user, an interference with 


| any reasonable prospects of business that were 


enjoyed by the owner of the patent at the out- 
break of war. It is further to be noted that the 
loss or damage must have been suffered by the 
patentee as such; thus, were the patentee, who was 


owing to his having been engaged on work of, the managing director of a company in which he 
national importance connected with such hostilities) and his family owned about 80 per cent. of the 
an application under this section may be made by | shares, had allowed his company to work the inven- 


originating summons instead of by petition, and 
the Court, in considering its decision, may have 


regard solely to the loss or damage so suffered by | 


the patentee.” A proviso excludes nationals of 
ex-enemy States from the benefits of the sub- 
section. 

The patentee is thus given a less expensive method 
of making his application. In the first case that 
came before the Court’ Mr. Justice Sargant said, 
“I want to do everything to diminish expense. 
It is quite obvious that the intention of this statu- 
tory provision was that in these particular cases 
there should be less costs incurred, as a rule, than 
in proceedings by petition.”” The elaborate accounts 
showing “in a manner that admits of no con- 
troversy ”® what the remuneration of the patentee 
as such has been, which are necessary in applica- 
tions by petition, will not, except under special 
circumstances, be required.! And normally the 
attendance of witnesses will not be required, but 
the evidence will be given by affidavit. Rules 
have been issued prescribing a less elaborate 
procedure than that prescribed in the case of 
petitions.® 

It is to be noticed that the cause of the loss or 
damage contemplated by the sub-section may be 
of two kinds, viz., that which has been personal 
to the patentee (i.e., that which is indicated by the 
words in brackets), and, secondly, such as inde- 
pendently of the occupation of the patentee is 
attributable to the existence of a state of war. 
An excellent illustration of the former is afforded 
by a case’ where the co-patentees were a limited 
company and “G,” a director of that company. 
The whole of the work in connection with the 
patent had been carried out under the personal 
superintendence of “G,” who, being a Territorial 
officer, was mobilised in August, 1914. He served 
with his unit for some sixteen months, after which 
he returned to his company, which at that date 
and for the remainder of the war was exclusively 
engaged in the production of munitions, in conse- 
quence of which no work in connection with the 
patent could be undertaken during the whole 
period of hostilities. In this case an extension of 
five years was granted, the term of the extension 


5 Fleming and Gale’s Patent. 36 R. P. C. 266. 

4 Muir's patent. 36 R. P. C. 326. 

5 Saxby’s Patent. 7 Moo. N.S. 82. 

®R.8.C. (No, 2), 1920. See “The Supreme Court 


Yearly Practice,” 1921, page 825. 
ted Railway Carriage 


™The Metropolitan 
and Wagon mpany, Limited, and Greg’s patent. 


37 R. P. C. 266. 





tion free of any royalty or other payment and had 
obtained his remuneration in respect of the patent 
from the increased profits of the company, it was 
held that any loss he had suffered was as a share- 
holder of the company and not as patentee.’* On 
the other hand, the fact that “the patentee has 
suffered his loss in common with the other losses 


| suffered by other members of the community ’’!° 


does not exclude him from the benefits of the sub- 
section. In this case, in considering whether loss 
had been suffered as a manufacturer or as a patentee, 
Mr. Justice Sargant said, ‘““In a case where the 
effect of the patent is to reduce the cost of production 
of the goods, as was done here, without, so far as 
I know, affecting their quality, it is clear that the 
profits of the manufacturer, who is a monopolist 
in the use of the patent, can be divided into two 
heads, namely, first, the ordinary manufacturing 
profits which he enjoys in common with his com- 
petitors and assuming that he sells at the normal 
prices current in the trade, and, secondly, the 
extra profits which he gains by reason of his costs 
of production being cheapened by the employment 
of the patent...... It seems to me that he is 
suffering in such a case a loss as a patentee as well 
as a loss as a*manufacturer.” It has further been 
held that the new subsection aims primarily at 
compensating persons who have suffered loss in 
connection with businesses that were in existence at 
the outbreak of hostilities, and that consequently 
it is extremely difficult, though not impossible, 
for a company that has come into being during 
the war to bring itself within the subsection.!? 
Though in considering these applications the 
Court may have regard solely to loss or damage due 
to hostilities, the new sub-section does not give 
the applicant an absolute right to an extension 
on that ground alone. 
is merely to give the Court a power and a discretion 
to disregard in appropriate cases the considerations 
which the Court is otherwise bound to regard under 
Sub-section 4.2 In the same case the learned Judge 
instanced cases in which the Court would not 
confine itself to the consideration of loss or damage, 
viz., where the remuneration of the patentee has 
been altogether excessive, where the patentee has 
been quite inert in developing his invention, where 





8 Hatfield and The Reason Manufacturing Company’s 
patents 37 R. P. C. 273 

® Dixon’s Patent and Baxter's Patent. 38 R. P. C. 23. 

10 The United Velvet Cutters’ Association’s Application. 
37 R. P. C. 261. 

11 Poulsen’s Patent (No. 2). 38 R..PC. 105. 

12 Brown’s Patent. 


37 R. P. C, 142. 





“ The effect of Sub-section 6 | 





an extension might be likely to be injurious to the 
industry of the country or where there are other 
circumstances markedly unfavourable to an ex- 
tension. It would, however, seem to be a fair 
inference from the reported cases that, at all events 
for the time being, the Court will in practice incline 
to have regard to the question of loss or damage 
only. It is obvious that the longer the time that 
has elapsed between the resumption of more or 
less normal conditions and the expiration of the 
patent, the greater will have been the opportunity 
of the patentee to recoup himself in respect to his 
war losses, and that, consequently, cases in which 
the Court will deem it necessary or expedient to 
take other matters into consideration will probably 
become more numerous in the future. 

The last-mentioned point arose in the case of 
applications in respect of several patents which 
had still periods, varying from seven to twelve years, 
to run, and where it was held that these applications 
could not, except under special circumstances, be 
entertained until the usual time, that is, very shortly 
before the six months prior to the expiration of 
the patent in question. The reason for this is 
that the new sub-section “operates not as an 
independent enactment but by way of addition 
to and insertion in Section 18.” It was further 
pointed out that there may be many cases in which 
the Court will have regard solely to the question 
of loss or damage suffered by the patentee, and 
that it would in general be impossible to judge 
how the Court should exercise its discretion until 
a period towards the end of the life of the patent. 
“The whole period of the patent must be con- 
sidered with reference to loss or damage and not 
merely a portion of the period. In some cases 
loss or damage may be made good in part or in 
whole or may even be converted into a gain by 
reason of subsequent circumstances arising out of 
or in connection with the war.” 

On the question of the desirability of hearing 
these applications at a date when the patent has 
still some time to run, the learned Judge pointed 
out that if the practice were adopted there would 
in many cases be very little ultimate benefit to the 
patentee and'a large amount of inconvenience to 
the public by reason of the fact that a large number 
of patents become obsolete towards the end of their 
life. On the other hand, there were two main 
advantages; firstly, that it might be more easy 
to prove loss shortly after it had occurred than at 
a later period, and, secondly, it would be convenient 
to patentees to know what commercial interest 
they had to dispose of to purchasers, but that 
those considerations, though of weight, were con- 
siderations of convenience only, and not sufficient 
to justify the adoption of the practice. It was 
further held that though in some cases exceptional 
circumstances might justify a departure from the 
general rule, such cases would probably be very 
rare. 

A case’ in which the facts were held to justify 
a departure from the last-mentioned rule was one 
where the patent had been granted for “‘ Improve- 
ments in Railway Coaches, Tramcars and the 
like, and in the Manufacture of the same.” The 
first claim of the specification, which had been 
allowed without any reference to prior art, was 
as follows :— 

“The improvements in railway coaches, tramcars 
and the like consisting in the manufacture of the 
same from pressed metal in the manner of flanged 
plates, united by flanged connecting members.” 
The invention was held “to be of the nature of 
pioneer invention in this sense, that although the 
use of pressed steel for many purposes has been 
known for a long time, there had been no proposals 
for its use in such a connection as this.” Evidence 
was given that from the grant of the patent until 
August, 1914, the patentees had been endeavouring 
to secure the introduction of their invention, and 
that while at first railway companies had shown 
considerable reluctance to embark on the new 
method of construction, from 1913 they had been 
disposed to give the matter careful consideration, 
but that the outbreak of war had prevented the 
patentees carrying the matter further. That 
considerable time and great expense would be 
involved in adapting the works and laying down 
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plant for the purpose of developing the invention 
to suit modern requirements, and that, unless the 
patentees could be assured of an extension of the 
patent, it would not be of advantage to proceed 
with the development of the invention. In granting 
an extension the learned Judge said, “ It is perfectly 
clear that, in view of the circumstances, no profit 
can possibly be made—at any rate, no substantial 
profit can possibly be made—before the term 
when the patent would ordinarily expire within 
the next two years. The Court is here able to 
judge quite sufficiently certainly of what will be 
the position of the patentee at the end of the term 
of the patent. Furthermore, in view of the ex- 
ceptionally expensive character of the plant that 
would have to be laid down, in order to enable the 
advantage of the patent to be reaped, the probability 
is that, unless some extension were granted now, 
any such expenditure would have to be deferred 
until the renewal of the application some eighteen 
months later, if, indeed, it were not abandoned 
altogether.” 

In a case!® where application was made for the 
extension of patents having respectively two, 
six and seven years to run, the Court ordered 
the application to stand over so far as the later 
patents were concerned, but taking into considera- 
tion the fact that the commercial utility of the 
patented article had been proved and that, owing 
to its nature (spinning machinery spindles), it was 
unlikely that the material facts would be different 
two hence, and that the application had 
been made before the above-mentioned rule had 
been laid down, granted an extension of the first 
patent. 

The fact that the patent has expired at the 
date of the application is not necessarily a bar to 
an extension being granted, for, although the 
application should be made at least six months 
before the end of the normal life of the patent, the 
Court may, in the exercise of its discretion, ‘‘ enlarge 
the time”! within which an application may be 
presented, and the Court has refused to hold that 
an application made three years after the patent 
had expired must necessarily be too late, but there 
are “‘ exceptional difficulties, to say the least of it, 
that have to be encountered” by an applicant 
under such circumstances," and “it would have 
to be a very special case indeed for such a 
grant to be made at that distance of time; I do 
not know whether any such case could ever be 
made.” In exercising its discretion in this 
matter the Court will be guided entirely by the 
facts of the case, e.g., whether the patentee has 
delayed unduly in making his application, and 
“will rely upon this, that any persons who will be 
affected by the extension will have an opportunity 
of being heard and that the Court will 
be able, if an extension is granted, to make the 
extension upon terms which will protect persons 
who may have started manufacture and so on, or | 
otherwise acted in reliance upon the circumstance 
that the patent had expired ;”+ and the Court 
will be careful to avoid hampering the opera- 
tions of such persons.“ In the last case to 
come before the Court an extension was granted 
on terms similar to that imposed under the Patent 
Rules in the case of the restoration of la 
patents, i.e., that no proceedings should be taken 
in respect of any acts of infringement between 
the date of the expiry of the patent and the date 
of the grant of an extension.'* Extensions have 
been granted in four cases where the patents 
had at the date of the application expired 
at dates varying from six to eighteen months 
earlier ® 9 10 14, 

In each of these cases the patents had expired 
prior to the passing of the 1919 Act, and, conse- 
quently, it was impossible for the patentees to 
comply with the rule that such application should 
be presented shortly before the termination of the 
normal life of the patent. Where patents have 
expired since the passing of the Act (December 23, 
1919) the Court would almost certainly require the 
patentee to show sufficient reason for delay before 
granting an extension. 
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THE DALMARNOCK POWER STATION. 
(Concluded from page 738.) 


WE have so far dealt with Nos. 1 to 3 of the main 
generating units. The remaining two, Nos. 4 and 5, 
were built throughout by the English Electric 
Company, Limited, of Queen’s House, Kingsway, 
W.C.2, except that one is fitted with a condenser 
constructed by the Mirrlees Watson Company, and 
similar to that of No. 1 set, which we described in 
our previous article. The English Electric machines 
have the same rating as the other sets, i.e., 15,000 kw. 
as the most economical load and 18,750 kw. as the 
maximum continuous load. The turbines consist 
of one velocity-compounded stage with two moving 
rows of impulse blading followed by nine simple 
velocity stages, each with one moving row of blades. 
In passing through the nozzles of the first stage the 
steam pressure, which, it will be remembered, is 
initially 250 lbs. per square inch (gauge) with a 
total temperature of 650° F., falls to about 80 Ibs. 
per square inch absolute and a temperature of 
about 480° F. All steam of high temperature and 
pressure is consequently confined to the steam 
nozzles and steam chests. There are two steam 
chests, each containing two governor valves which 
admit steam to the various batches of nozzles in 
the first stage. 

All valves are under control of the main governor, 
which operates through oil-relay gear, and the 
speed of the turbine can be varied by about 5 per 
cent. either way by hand-operated gear, or elec- 
trically from the switchboard. There is one stop 
valve with a Y-shaped expansion pipe leading to the 
steam chest. A bleeder belt is cast round the turbine 
casing, so that steam may be taken away to the 
feed-heater. The steam chests and the high- 
pressure end of the turbine are of cast steel and the 
first four diaphragms are carried by the cast-steel 
body. The remaining five are carried by the 
exhaust end chamber. The first two diaphragms 
have cast-steel centres with rims of cast iron, in 
which the nozzle division plates are cast to form 
the nozzles. The remaining diaphragms are of 
close-grai cast iron. Practically the whole 
weight of the turbine casing is carried by large feet 
at the side of the exhaust chamber, but to prevent 
sagging of the casing the steam end rests on the 
high-pressure end pedestal, which is free to slide 
in an axial direction. A thrust block of the Michell 
type is fitted in the pedestal and by this means 
any movement of the casing is transmitted to the 
shaft, thus keeping the clearances constant between 
the fixed and moving parts. The emergency 
governor is of the shaft type, and in the event of 
overspeed, causes the main stop valve to close by 
means of a pawl which releases a powerful spring. 

The shaft is turned in a series of steps and the 
discs are threaded on from either end towards 
the centre. They are mounted on supporting rings, 
the method having the advantage that if at any 
time it should prove necessary to remove a disc 
it can be easily accomplished without damaging 
the shaft. The critical speed of the turbine rotor 
is well above the running speed of the set. The 
blading for the high-pressure stage and for the 
last low-pressure stages is of 3 per cent. to 5 per cent. 
nickel steel, while the first low-pressure stages have 
bronze bladings. As the machine is of the straight 
through flow type, special care was necessary in 
designing the last stages, where, owing to the large 
volumes of steam to be dealt with, the blades are 
necessarily long and the diameters large. To lower 
the centrifugal pull of the blades, the thickness at 
the top is considerably less than at the root. Two 
lugs are provided at the end of the blade which are 
inserted in punched holes in the shrouding strip 
and then riveted over. 

The main oil pump is of the gear type, and is 
driven through worm gearing from the main shaft. 
It draws oil from a reservoir, which is situated 
directly below the bedplate at the steam end. The 
pump forces oil through a cooler to the main bear- 
ings, coupling, etc., and the return oil flows back 
to the reservoir through removable strainers. The 
cooler is of the contra-flow surface type, with 
straight tubes. Besides lubricating oil, the main oil 
pump also supplies the relay governor gear. An 
auxiliary oil pump of the Weir steam-driven recipro- 





cating type is provided for starting and emergency 
purposes. In the event of the oil pressure in the 
main system failing this pump starts up auto- 
matically. The chief feature of this English Electric 
turbine is that it is of the simple straight-flow type: 
which, with such a large output and high vacuum, 
called for special care in design. The construction 
has the advantage, however, of doing away with 
complicated castings at the exhaust end. The 
steam has practically a straight path to the con- 
denser, and at the same time ample exhaust area 
has been obtained. 

The condenser of one of these sets is, as we have 
already said, of the Mirrlees Watson Company’s 
manufacture, and is generally similar to the example 
of their make which we described last week. The 
other set has a condenser built by the English 
Electric Company themselves. It is the practice 
of this company to build their condensers of circular 
form as this gives a strong construction and internal 
stays are unnecessary, so that there is nothing to 
obstruct the even and direct flow of steam on to 
the tubes. The Dalmarnock condenser is actually 
slightly elliptical in section, but the true circular 
form has only been departed from owing to the 
requirements of the loading gauge of the Scotch 
railways. The condenser has a surface of 26,000 
sq. ft., and the inlet and outlet water boxes are 
arranged in a somewhat novel manner, each box 
with its corresponding inlet or outlet pipe being 
made in the form of a stream-line unit, so that 
the frictional resistance of the water entering and 
leaving the condenser is reduced. The pipe line is 
40 in. diameter. 

These two English Electric sets have alternators 
made by the turbine builders. They have stator 
windings of the two-layer type with end bearings 
securely lasted back against insulated coil support- 
ing rings. The main and neutral terminals are 
brought out in sealing boxes above the floor level 
in an accessible position, instead of in the more 
usual position below the stator where inspection 
is difficult. The stator complete weighs, approxi- 
mately, 100 tons, and for reasons of transport had 
to be assembled and wound on site. The core 
plates are clamped between heavy end-plates of 
deep box section. The complete rotor weighs about 
50 tons, and the rotor body and shaft are machined 
from a solid forging. The windings are insulated 
throughout with mica and asbestos ; the overhang- 
ing ends of the windings being retained in position 
by high-tensile alloy-steel covers lined with mica 
insulation. The bronze end plates holding these 
covers in position also serve to carry the ventilating 
fans on each end of the rotor. The slip-rings are 
placed on the end of the shaft outside the exciter 
and the leads are carried through the shaft to the 
field winding. 

As described in one of our earlier articles, the 
alternators, which generate at 6,500 volts, are per- 
manently connected to banks of transformers 
stepping up to 20,000 volts, which is the distributing 
pressure from the station. The main switch-gear 
is consequently a 20,000-volt installation. The 
electrical lay-out is a simple one, consisting of 
bus-bars in two duplicate sections, one for two 
generators and nine outgoing feeders, and the other 
for three generators and seven outgoing feeders. 
Section switches are provided for coupling the 
two bus-bar groups and each section contains a 
bus-bar coupler and a works feeder circuit. When 
the second half of the station is built, a similar 
lay-out to the present one will be added, and a 
complete rectangular ring main with duplicate 
bus-bars will be formed. The switch-gear is of great 
interest, as it is of the completely metal-clad type 
of the designs developed by the makers, Messrs. A. 
Reyrolle and Co., Limited, of Hebburn-on-Tyne. 
Ironclad switch-gear has made great advance during 
recent years, but the application of such gear for 
the main control of such an important and large 
station as Dalmarnock is a technical event of very 
considerable importance. 

The fundamental features of the gear are that all 
conductors are metal-clad and that high-tension 
ones are immersed either in compound or oil. At 
the same time all parts which require inspection are 
thade accessible, owing to the adoption of the draw- 
out feature and a complete system of interlocking. 
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SWITCH-GEAR AT THE DALMARNOCK POWER STATION, GLASGOW. 


CONSTRUCTED BY MESSRS. A. REYROLLE AND CO., LIMITED, ENGINEERS, HEBBURN-ON-TYNE. 





Fic. 73. View tn CaBLeE BASEMENT. 


The interlocking has been so applied that it is| 
impossible, without mechanical interference, to 
obtain access to any conductor, except after it has 
been made dead. The question of possible care- 
lessness in operation has also been kept in view, 
and the interlocks are designed to secure the correct 
sequence of operation as well as to afford safety to | 
life. Various illustrations of this interesting instal- | 
lation. are given in Figs. 73 to 75, annexed, | 
Fig. 76, on page 769, and Figs. 77 and 78, on| 
page 770. 

The gear is situated in a switch house which is 
entirely separate from the main building, and lies | 
between the engine house and the river. Its posi- | 
tion is shown in the plan of the station given in | 
Fig. 1, which appeared in the first instalment of | 
this description in our issue of May 27th. The) 
building is 49 ft. wide by 111 ft. 6 in. long by 71 ft. | 
high, and is a reinforced-concrete framed structure, | 
the columns, beams, floors and roof being in this | 
material. The side walls are of panelled brickwork. | 
This building has already been referred to in con- | 
nection with the main step-up transformers which | 
are housed on its ground floor. The switch-gear is | 
earried in the upper flat, while the basement is used | 
for cables, water pipes, ete. A view of the basement | 
showing the housing of the inter-connecting cables | 
and some of the 20,000-volt outgoing feeders is | 
given in Fig. 73, above. The other two illustra. | 
tions on the present page, Figs. 74 and 75, are views | 
taken on the switch-gear floor, and showing the gear | 
from below. Fig. 74 shows the passage between | 
two rows of switches and below the bus-bars, and 
Fig. 75 the centre passage of the switch house, 
showing cable boxes and feeders leaving the gear. 

At one end of the switch house there is an admin- | 
istrative block, containing staff rooms and offices | 
on the ground and first floors. The basement of | 
this block is used as a battery room, and the second | 
floor for control, telephone and telegraph cables. | 
On the top flat there is a control room from which 











Fic. 74. Bus-Bar Stipe or GEAR FROM BELOW. 





FEEDER SIDE 


the electric control of the whole works is carried out. | explained the bus-bar lay-out, but in connection 
This control room, a view of which is given in| with it, reference may be made to the operation 
Fig. 76, on page 769, is connected by an overhead | diagram mounted above the control gear, and well 


passage with the turbine house, so that the engineer 


shown in Fig. 76. This shows the main connections 


in the control room is able to keep. the turbine house | in outline form, and as the diagram embodies indi- 
under observation. A view of the switch-gear room | cators which show when a switch is opened or closed, 
itself is given in Fig. 78, on page 770, while one of | it enables the control engineer to see at a glance 
the switch units in transit to the site is shown in 
Fig. 77, on the same page. We have already 





the main connections existing at any moment. 
All main switches are, of course, operated electrically 


or GEAR FROM BELOW. 


from the control room. As will be gathered from 
Fig. 76, the board on the left controls the turbine 
units, engine-room telegraphs being installed to 
maintain communication between the control 
engineer and the turbine operator. The board on 
the right eontrols the feeders. 

Each panel of the high-tension switch-gear con- 
sists of a three-phase unit of the type illustrated in 
Fig. 77. Each phase is in a separate metallic enclo- 
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sure, the main circuit-breaking contacts being 
carried in the central cylindrical steel tanks. To 
the left and right of the main tanks there are 
rectangular tanks containing respectively the in- 
coming isolating switch and current and potential 
transformers and the outgoing isolating switches 
in pairs on each phase, which enables the switch to 
be connected to one or other of the two sets of bus- 
bars. The ‘+us-bars themselves are completely 
surrounded by a metallic earthéd covering, and are 
immersed in compound. The bus-bar chambers 
formed by the metallic casing are well shown in 
Fig. 78. An important feature of the main breaker 
contacts is that the are produced on breaking con- 
tact is substantially horizontal. The contacts are 
surrounded within the oil tank by a cylinder of 
insulating material, and there is above them a deep 
unobstructed head of oil. In a vertical line with 
the break there is a large bell-mouthed vent leading 
to the atmosphere through a system of steel pipes 
with non-return valves. The conductors supporting 
and forming the connections to the sparking con- 
tacts on each phase are arranged to form a loop 
in the path of the current, so that the electro- 
magnetic forces created tend to elongate the arc 
and impel it upwards. The estimated rupturing 
capacity of each switch is 1,500,000 k.v.a. 

For purposes of inspection, the upper part of 
each switch unit can be removed. This movable 
portion consists of a top plate carrying the solenoid, 
the switch-operating mechanism, one set of isolating 
switch contacts on each side, and all the movable 
parts of the main circuit-breaker. This top plate 
with the parts it carries is lifted by a 12}-ton over- 
head electric travelling crane which spans the switch- 
room. When the lift is effected the separation of the 
fixed and movable conductors is made under oil 
and a metal cover automatically covers the aperture 
in the fixed portion of the switch, so that whether 
the removable portion be on or off, the dangerous 








Fie. 76. GENERAL View or ContTrRoL Room. 


conductors are always immersed and metal-clad. 
The insulators are also always immersed, so that 
in no case is there dependence on the insulation of 
the air. The section switches are operated by 
levers from the platforms surrounding the gear, 
which can be seen in Figs. 77 and 78. The section 
switches combine a reactance and the opening of 
the switch cuts off the- reactance on both poles, 
The isolating switch also includes a short-circuiting 
switch, and the arrangement makes it possible to 
first short-circuit the reactance and then cut it 
out on both terminals so that it becomes completely 
isolated from the system. The whole metal frame- 
work is earthed, while there is a separate lever 
which interlocks with a corresponding isolating- 
switch lever and closes an earthing connection on 
to the main incoming conductors, so that any 
feeder or generator cable may be substantially 
earthed. A further earthing connection consists of 
a bell-crank engaging a notch with a lug on the 
inside of the isolating switch tanks and earthing the 
conductors automatically when the tank surrounding 
them is lowered. 

Automatic protection has been installed to a 
considerable extent in connection with the switch- 
gear. Merz-Price current-balance protection has 
been fitted to the generator panels and covers the 
windings of the transformers as well as the armature 
winding of the generators. The outgoing cables 
are of the split-conductor type and the switches are 
made with the conductors split. In addition to 
operation on split-conductor relays, there is also 
an overload definite protection adjustable for opera- 
tion in a definite time interval of one-fifth to five 
seconds. The works feeder panels are fitted with 
Merz-Price current-balance transformer protection 
with fuse time-limit overhead, while the section 
panels, which also control the bus-bar reactances, 
are fitted with time-limit relays for definite time 
adjustment of one-fifth to five seconds. A complete 





system of telegraphs, signalling apparatus and tele- 
phones has been installed for transmitting instruc- 
tions between the control room and the turbine 
house and boiler rooms. The telegraphs are of 
the marine pattern supplied by Messrs. Chadburn’s 
(Ship) Telegraph Company, Limited, of Bootle. 
They are hand-operated with electrical transmission 
of the order. The telephones are of loud-speaking 
Admiralty pattern. The telegraph transmitters or 
receivers in the engine room are identical with 
those in the control room, which can be seen 
in Fig. 76. Klaxon horns are, however, fitted in 
connection with those in the engine room, and a 
common horn serves the telegraph in the control 
room. On the transmission of an order, the horns 
at both ends start sounding and continue doing so 
until the receiver lever is moved to indicate that the 
order has been carried out. Visual indicators are 
also mounted in the turbine room. Somewhat 
similar telegraphic arrangements are available 
between the control and boiler rooms. 

We have had occasion to deal with supply arrange- 
ments in connection with the driving of auxiliaries 
when dealing with the main generating units, and 
it will be remembered that auxiliary turbo-generator 
sets of 500 kw. capacity are i ed in connection 
with Nos. 1 and 2 machines. These sets generate 
440-volt three-phase current. The auxiliaries of the 
other three main sets are supplied from extra 440- 
volt windings on the main transformers. The 
auxiliaries for any of these sets have,’ however, 
an alternative supply available from either of two 
20,000-volt to 440-volt 1,500-k.v.a. three-phase 
works transformers. These latter which are supplied 
independently from the 20,000-volt main switch- 
board were manufactured by Messrs. Ferranti, 
Limited, of Hollinwood, Lancashire. The whole of 
the works distribution system is controlled from a 
main switchboard situated in a house erected in 
the space between Nos. 2 and 3 boiler-houses. 
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The board: is of Messrs. A. Reyrolle and Co.’s usual 
ironclad type. It is divided into two sections, each 
supplied by one of the 1,500-k.v.a. transformers. 
The sections may be interconnected by a switch. The 
feeders from this board supply various enclosed 
fireproof type distributing boards situated in various 
parts of the works. These distributing boards were 
manufactured by Messrs. Parmiter, Hope and Sug- 
den, of Hulme Electrical Works, Manchester. 

Most of the motors in the works are run from this 
440-volt three-phase system and it also supplies 
the station lighting, the wiring allowing each of the 
1,500-k.v.a. transformers to act as a standby to 
the other in case of breakdown. Lighting is at 
250 volts between phase and neutral of the 440-volt 
circuit. Additional station supply is furnished by a 
125-cell 250-volt battery placed in the basement 
of the switch house. The current from this battery 
may be used for the excitation of the main alter- 
nator fields, for the operation of the switch-house 
travelling crane and for emergency lighting. There 
are also two 55-cell 110-volt batteries in the base- 
ment of the administrative block. These supply 
current for the operation of the main switch-gear 
controls and telegraphs. They are intended to be 
used alternately. Motor generators are supplied for 
charging these various batteries. 

The earth connections of the station are in the 
form of cast-iron pipes 12 ft. long and 9 in. diameter, 
sunk 45 ft. below the yard level. The neutral point 
of each alternator is earthed direct and the neutral 
point of the 20,000-volt system is earthed at one 
point through a water resistance of 20 ohms. It is 
proposed later to earth the machine neutral points 
through fused potential transformers to restrict the 
damage in case of alternator faults. The present 
arrangement allows a maximum current of 500 


amperes to pass to earth in case of a fault on the |: 


20,000-volt gear, and this current should be quite 
sufficient to ensure certain operation of all types 
of protective gear in use. The water resistance can 
be readily changed in value, if necessary, and can be 
replaced by a more definite and permanent type 
of resistance when the most satisfactory value has 
been determined. 

The connections between the alternators and 
transformers is made with three 0-6 sq. in. lead- 
covered paper-insulated cables in parallel, per phase. 
They are supported throughout their length so as to 
withstand the forces due to short-circuits. In the 
case of a fault on the 6,500-volt side of a transformer, 
the fault current from one alternator might reach 
50,000 amperes. As the cable spacing is 4 in., the 
force per foot-run would be about 25 Ib. per foot. 
The lead covering of the cables is bonded and 
earthed at one point only. The connections between 
the 20,000-volt side of the transformers and the 
switch-gear are made by 0-6 sq. in. cables, one 
per phase. The 20,000-volt outgoing feeders from 
the station are of the three-core split-conductor and 
six-core types, and are controlled by the Merz- 
Hunter system of protection. A 12-pair air-spaced 
telephone cable is laid with each ‘feeder. At the 
various distributing centres in the city, 1,875-k.v.a. 
single-phase step-down transformers are installed in 
groups of three each to convert the 20,000-volt 
current to 6,500 volts for feeding the existing high- 
tension mains. These distributing centres are pro- 
vided with ironclad switch-gear on both the 20,000 
and 6,500-volt sides, and are connected together by 
20,000-volt feeders. 





Syntuetic Acetic Acip AND ACETONE—ERRATUM.— 
In our note on this subject, in our issue of 10th inst. 
(page 720 ante) the formule for acetic acid and aceton 
were inaccurately given. The formula for acetone is 
CH;.CO.CH; or (CHzp.CO. The 2 was left out, 
though the bracket suggested an omission. Acetic acid 
is CH; . COOH, not CH2 . COOH. 





_ THE Instrrotion oF ELgorricaL ENGINEERS,— 
The deputation of American engineers at present visiting 
this country for the p of expressing their appre- 
ciation of the work done ~ British engineers in the war, 
will be present at the Institution Conversazione to be held 
on Thursday, June 30, at the Natural History Museum, 
South Kensington. About 10 p.m., Mr. Ambrose 
Swasey will speak in the Central Hall of the Museum, 
and he will be followed by Dr. F. B. Jewett, who will 
convey & message from the American Institute of 
Electrical Engineers to the Institution of Electrical 
Engineers, 
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THE BOLLEN CABLE PULLEY. 


A Form of grooved pulley, which might be of value 
in connection with heavy cable drives and similar 
work is manufactured by Messrs. The Bollen Pulley 
Company, of Liége, Belgium. The details of the device 
are illustrated in the figures below, from which it will 
be seen that a pulley on the Bollen system is built 
up of two independent wheels, and a ring, or movable 
race, as illustrated in Figs. 2 to 4. The assembled 
pulley is shown in side elevation in Fig. 1, and in 
cross-section in Fig. 5, while an enlarged cross-section 
of the rim is given in Fig. 6. The arrangement will 
be followed from these various figures, Wheel 1 is 

















keyed to the shaft 3, and wheel 2 fits over and can 
rock on its boss, its movement being limited by. the 
ring, or race, 6, which can be seen in Fig. 5. Wheels 
1 and 2 are each provided with teeth 7 round the 
inner side of their rims. These teeth interlock when 
the pulley is assembled, as in Figs. 5and6. As shown 
in the illustrations the circumferential face of the 
teeth is of vee-section and on this vee the ring, or 
movable race, 10, rides. The cable indicated at 9 in 
Figs. 5 and 6 bears on the outside of this ring, the 
thickness of which is less than the cable diameter. 
When the pulley is in operation, the pull on the cable 
causes the movable race to be forced inwards on the 
side at which the pressure comes, and, as a result of the 
form of the vee grooves, this inward pressure of the 
movable race causes the rims of the two wheels to 
close together and grip the cable. The action will 
be clearly understood from Fig. 6. The effect is, of 
course, brought about by the rocking of wheel 2, 
on the boss of wheel 1. The cable is gripped between 
the smooth inner surfaces of the rims of the wheels, 
and it will be clear that the greater the tension on the 
cable the greater will be the gripping pressure. It will 








also be clear that, as the two wheels tend to draw 
together, where the drive is taking Y wiry they also 
tend to open out on the opposite side of the aye 
This applies also, although to a lesser extent, to the 
points at which the cable enters and leaves the pulley 
grooves. The result of this is that there is no gripping 
of the cable, where it is not required and it enters an 
leaves the groove freely. As will be evident the 
gripping ise progressive. This feature is stated to 
prolong the life of cotton or similar driving ropes 
used with the* pulley, as there is no wedging in or 
rubbing or tendency to tearing as the cable leaves the 
groove. The actual grip ing pressure on the cable 
can be controlled by m itying the inclination of the 
face and of the vee grooves. 





THE BENNETT VALVELESS PUMP. 

A NOVEL and ingenious type of pump, suitable for 
numerous duties is illustrated in Figs. 1 and 2 below. 
The pump body consists of a circular casing which the 
water or other liquid to be pumped enters by means of 
a flexible rubber tube which lies in contact with the 
inner circumference of the casing. The part corre- 
sponding to the impeller is a metal bar mounted on the 
pump spindle and carrying a roller at each of its ends, 
The rotation of the driving spindle causes the rollers 
rapidly to sweep along the rubber tube, closing it 
beneath them by their pressure, and thus positively 
driving the liquid loan the outlet of the tube by a 
kind of “ milking” action, The water thus forced 








into the casing is kept in a state of rotation under the 
action of the cross-bar and rollers, and is discharged 
through the outlet at a pressure dependent on the 
speed of the pump. The latter was originally py yma 
to pump slurry for machine tools, and it was found not 
only to perform this duty with every satisfaction, but 
to be also capable of dealing with liquids carrying 
gritty and fibrous material. It will work under a 
considerable suction lift and will start under such 
conditions without difficulty. The rubber tube is 
held at its fixed end in a conical seating into which it 
is pressed by the conical end of the gland-pieces as 
will be seen in the illustration. Should it therefore be 
necessary to replace the rubber, this can be accom- 
plished in a few minutes. aa ae has been designed 
and constructed by Mr. C. G. M. Bennett, engineer and 
manager of the Wood Lane Power Station of the 
Kensington and Notting Hill Electric Light Company, 
Limited. 





THE TRIALS OF THE MOTOR VESSEL 
“ YNGAREN.” 

TriaLs were successfully run off the Tyne of the 
Doxford-built and engined motor ship Yngaren 
for the Transatlantic Steamship Company of Sweden, 
on Tuesday, the 14thinst. Interest in this vessel centres 
chiefly in the machinery equipment. The main engines, 
which, following upon running trials in the maker’s 
shops against a water brake prior to installation in 
the ship, were fully described in EnoineERine of 
December 24, 1920. It may be recalled that the main 
engine is of the opposed piston type, with four cylinders 
22-8 in, diameter by twice 45-6 in. stroke, and when 
running at its normal full speed of 77 r.p.m. develops 
3,000 i.h.p. (2,700 b.h.p.) or 675 b.h.p. per cylinder, 
This then is the highest powered Diesel cylinder as yet 
installed in any ship and naturally on this account the 
performance of the engine attracted more than usual 
interest. 

More than 80 per cerit. in number of the oil engined 
ships of 2,000 tons deadweight or over, under con- 
struction at the present time, are fitted with or de- 
signed for twin screw poasgign «| so that the motor 
ship Yngaren is notable also on the’ score of having but 
The Diesel machinery is, in fact, 


a single screw. 


‘designed to take the* place of the maker's standard 


single screw, triple expansion, steam engine with 
cylinders of 27 in, by 45 in. by 73 in. by 4 ft. 6 in. 
stroke running at the same speed of revolution, and to 
give this ship of 430 ft. length. by 54 ft. beam and 
25 ft. 6 in. draught a service speed of 104 knots at sea. 
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Most Diesel engines run at a speed pre cmges | ter 
than the corresponding steam machinery. ith twin 
screw installations this does not to any marked extent 
reduce the propeller efficiency, but, with a single 
screw and a service speed of 104 knots, the advantage 
of a low s of revolution is considerably greater, 
although the gain in propulsive efficiency necessitates 
a larger and heavier engine. 

The first impression of the engine room is of the large 
and massive nature of the mainengine. On the question 
of height of engine comment was made in the previous 
description already referred to, and is entirely due to 
the adoption of a low speed of revolution and moderate 
piston speed of 585 ft. per minute. In purely cargo- 
carrying vessels height is of little, if any, importance, 
and the space in the engine room casing, above the 
machinery, is of no use and so may as well be used to 
accommodate machinery, provided ample air and light 
to the bottom platform are assured. No doubt as this 
installation is on such a bold scale in respect of power 
per unit, and in view of the fact that only one engine is 
installed, the designers were naturally conservative, 
and the metal and sections are more, if anything, than 
are ample for the working stresses with a large factor 
of safety. The experience which only comes with 
time will in due course indicate ways and means of 
effecting economy in materials. The weight of the 
main engine is 375 tons and of the whole installation 
600 tons. 

The running of the engine throughout all the trials 
was characterised by the same qualities of silence, 
flexibility, evenness and absence of vibration as were 
remarked upon during the bench trials. Reversing, 
by moving the fuel and starting air cams fore and aft, 
after the valve levers eccentrically mounted on their 
fulcrum shaft have been lifted clear, can be very speedily 
accomplished by hand without the intermediary of any 
servomotor. 

It is to be remarked that the smal] amount of com- 
pressed air at 500 Ibs. per square inch pressure required 
for starting the main engine, was quite exceptional. 
Immediately the engine began to move on air the 
manceuvring gear was thrown over to all cylinders on 
fuel. Only two very small reservoirs for starting air 
are installed, and during the whole day’s running and 
manceuvring, the auxiliary compressors for charging 
these reservoirs were only running for a few minutes in 
all to recharge the storage to full pressure. Further- 
more it is to be remembered that there is no com- 
pressor on the main engine. Contributory to this 
result of easy starting are the hot pistons already 
described in our issue of December 24 and the hot 
jackets. During the sea trials the outlet temperatures 
from the pistons and cylinder jackets were 140 deg. 
F. to 160 deg. F. The condition of the main pistons 
as seen through the removable doors in the crank- 
chamber indicated efficient lubrication and good com- 
bustion in the cylinders. The piston cooling gear 
worked without any leakage. 

As is becoming quite general practice, the engine 
and ship auxiliaries are all electrically driven, being 
supplied by current at 220 volts from three Diesel- 
driven dynamos. Only two of these are installed at 
the present time; the third will be fitted later. This 
system gives the maximum economy, since the small 
oil-fired donkey boiler equipped with its own oil 
feeding plant, located at the forward end of the engine 
room, serves for heating purposes, and normally will 
= be alight in port. 

he division of the generating units into three sets 
is also becoming recognised as the best practice. 
One serves for the necessary auxiliaries at sea, two will 
suffice for heavy cargo working and all other purposes 
in port, and one will therefore always act as a stand-by. 
This will be seen to be a desirable provision, when the 
severe duty of these machines is considered. These 
auxiliary sets are of 70 k.w. capacity. These engines 
were designed and constructed by Messrs. Doxford, 
drive Allens dynamos, and are self-contained, having 
their own fuel injection, circulating cooling water and 
lubricating oil pumps. The speed is 325 r.p.m. and 
the engines are of the trunk piston type. In all 
leading principles, the design of engine, with two 
cylinders of 7 in. diameter, six main cranks, and a 
scavenging pump at the forward end of the crankshaft, 
follows the same broad lines as the main engines. 
The duties of the engine room personnel in this respect 
are simplified in only requiring t> master the operation 
of one type of internal combustion engine, whilst the 
type of fuel consumed by the auxiliaries is the same as 
for the main engines. 

The electrically-driven auxiliaries are in general in 
duplicate, so that the failure of one cannot have seri- 
ous consequences. Two electrically-driven centrifugal 
pumps (one working and one stand-by) supply fresh 
water for the jacket cooling from a tank where it can 
be steam heated from the donkey boiler before start- 
ing. Similarly two plunger type lubricating oil ce 
complete with filters and coolers, are provided. For 
compressing the starting air two Brotherhood com- 





pressors each of 150 cub. ft. of free air capacity running 
at 350 r.p.m. driven by 70 b.h.p. Metropolitan-Vickers 
compound-wound motors, compress air in three stages 
to a maximum of 600 Ib. per square inch. 

The fuel injection into the main engine cylinders 
works on the solid injection principle, the deliveries 
from the four pumps being common to the four cylinders 
and effected at from 8,000 Ib. to 10,000 Ib. per square 
inch at full power and speed. Before the engine is 
started, therefore, the fuel system is put under pressure 
from an auxiliary set of duplicate pumps electrically 
driven by a 30 b.h.p. motor, and when the main 
engine is under way and its own fuel pumps take 
charge, this auxiliary set is stopped. 

The steering gear, winches, capstan, &c., are elec- 
trically driven. 

The remainder of the installation calls for little 
comment. The whole lay out of the machinery with 
ample gratings makes a spacious, light and airy engine 
room, and to facilitate dismantling and overhauling 
of the main engines there is provided at the top of 
the engine room casing a 7-ton overhead travelling 
crane operated by an electric motor. 

The exhaust was silent and smokeless. No funnel 
proper is provided. Three exhausts at the forward 
end of the main engine casing serve respectively for 
the donkey boiler, the auxiliary Diesel engines and the 
centre one for the main engines. 

Whilst the ship was in the light condition, the speed 
of the engines on the measured mile was increased to 
84 r.p.m. to give full power, when a speed of 12-1 knots 
was reached. At the completion of this day’s trials 
the motor ship Yngaren sailed for Sweden where the 
joiners’ work will be completed. This work to the 
value of some 7,0001. to 8,0001. is therefore lost to the 
Tyne, and this ship is yet another example of the many 
vessels going abroad for completion, with the conse- 
quent gain to our competitors and loss to ourselves. 
Up to the present the amount of ship joiners’ work 
which has gone abroad probably exceeds 2,000,0001. 





OUR AMERICAN ENGINEERING GUESTS. 

An interesting feature of next week’s functions of 
the Institution of Civil Engineers, the Institution of 
Mechanical Engineers and the Institution of Elec- 
trical Engineers will be the presence of a delega- 
tion of leading engineers from the United States of 
America, who are visiting this country for the purpose 
of expressing formally the appreciation of the American 
engineering profession of the work done by British 
engineers during the war. The visitors will assist at 
the Conference of the Institution of Civil Engineers, 
and, as already mentioned in these columns, several 
among them form the deputation which will officially 
present the John Fritz Medal to Sir Robert Hadfield on 
the morning of Wednesday next. The whole deputa- 
tion will be received by the Institution of Mechanical 
Engineers at the opening meeting of the Conference of 
that Institution on Thursday morning, while on 
Thursday evening the visitors will also take part 


in the Conversazione of the Institution of Electrical 
Engineers. 
The deputation represents mainly the four 


leading American technical societies, namely, the 
American Society of Mechanical Engineers, the 
American Society of Civil Engineers, the American 
Institute of Mining and Metallurgical Engineers, and 
the American Institute of Electrical Engineers. It 
is under the chairmanship of Mr. Ambrose Swasey, 
who is well known in the mechanical world and scien- 
tific circles on this side of the Atlantic. Mr. Swasey, 
whose connection with the important firm of machine 
tool makers which bears his name, together with that 
of Mr. W. R. Warner, is common knowledge, was 
president of the American Society of Mechanical Engi- 
neers in 1904. He is a member of the Institution of 
Mechanical Engineers and a Fellow of the Royal 
Astronomical Society, his work having led him into 
close touch with the science represented by the latter 
body, as the constructor of some of the most noted 
astronomical instruments. Mr. Swasey has been 
responsible for the mountings of the 36 in. Lick tele- 
scope at Mount Hamilton Observatory, of the 40 in. 
telescope at the Yerkes Observatory, and more recently 
for that of the 72 in. reflecting telescope for the 
Dominion Astrophysical Observatory of the Canadian 
Government at Victoria, B.C. He is, as we have 
stated, chairman of the deputation and also represents 
the John Fritz Medal Board of Award. 

The American Society of Civil Engineers is repre- 
sented among our guests by Mr. Charles T. Main, 
chairman of the Society; Mr. R. A. Cummings, 
vice-president; Mr. John R. Freeman, past vice- 
president, and Mr. D. C. Henry, director of the 
Society. Mr. Main is one of the many engineers 
in America who are indebted to the Massachusetts 
Institute of Technolo for their early training. 
After graduating, Mr. Main for some years was an 
assistant at the Institute, later embarking upon con- 


sultation work in connection with mill installations 





and industrial plants. He is now a member of the 
corporation governing his old institute and is a past- 
president of the American Society of Mechanical 
Engineers. He is also largely connected with water- 
works and sewerage engineering. Representing the 
water-power side of civil engineering, Mr. J. R. Free- 
man also passed his early years at the Massachusetts 
Institute, and after some general work specialised in 
the particular branch quoted. He has been employed 
on many large schemes, as, for instance, on studies of 
the water supply for Greater New York for the Finance 
Department in 1899. He was also chief engineer of 
investigations for the Charles River Dam, Boston 
Harbour, consulting engineer to the Feather River 
Project of California (1904), and acted in the same 
capacity to the Isthmian Canal, on locks and dams. 
He has also been concerned with the water supply for 
San Francisco and acted as consulting engineer to the 
Canadian Government on the question of water con- 
servation in 1910. He has twice been awarded the 
Normal Medal of the American Society of Civil Engi- 
neers, and was vice-president of that body in 1902-3. 
In 1905 he was president of the American Society of 
Mechanical Engineers. 

Mr. Freeman and Mr. Main may thus be taken as 
representative also of the latter institution, also, of 
course, represented by the chairman of the deputation, 
and further by Mr. Ira N. Hollis and Mr. Jesse M. Smith. 
Mr. Hollis is connected with both mechanical engineer- 
ing and naval architecture, having graduated at the 
United States Naval Academy in 1878 and served 
subsequently in the Navy till 1893, when he became 
a professor at Harvard University, which post he 
relinquished to become president of the Worcester 
Polytechnic Institute. He also is a past-president of 
the American Society of Mechanical Engineers. 

Mr. Jesse M. Smith has been known on this side of 
the Atlantic for many years. He was educated partly 
at the Ecole Centrale des Arts and Manufactures, Paris, 
and is a member of the Société des Ingénieurs Civils 
de France. Mr. Smith’s early work was in connection 
with the development of the famous Hocking Valley 
district iron industry. Later he turned his attention 
to consulting work in connection with manufacturing 
machinery, electrical power and patent litigation, &c. 
He was president of the American Society of Mechanical 
Engineers in 1909. 


The mining and metallurgical industries have four 
representatives from the American Institute represent- 
ing them, viz., Colonel Arthur 8S. Dwight, Mr. C. F. 
Rand, Dr. George Otis Smith and Mr. W. Kelly. 
Mr. C. F. Rand is secretary of the John Fritz Medal 
Board, and is known in connection with the iron ore 
mining industry of the Lake Superior district. He 
has also been responsible for the development of the 
industry in Cuba. He was president of the American 
Institute of Mining and Metallurgical Engineers in 
1913. Dr. G. O. Smith is best known for his connection 
with the United States Geological Survey, of which 
he is the director, having ‘acted previously in the 
capacity of geologist and superintendent to the depart- 
ment. Heis one of the leading geologists in the United 
States, having a wide experience over the continent. 
He is the author of many reports and geological 
publications. Also interested in the Lake Superior 
district, Mr. W. Kelly has had a wide experience as 
chemist, superintendent and manager in various mining 
undertakings, and was for a time president of the 
Board of Examining Engineers for Bituminous Mines 
Inspectors for Pennsylvania. He has also acted as a 
member of the Public Domains Commission of Michigan, 
and as a member of the Board of the Michigan College 
of Mines, &c. He was president in 1899 of the Lake 
Superior Mining Institute. 

The American Institute of Electrical Engineers is 
represented three members in the deputation 
namely, Dr. F. B. Jewett, Dr. A. G. Kennelly and 
Major-General G. O. Squier. Dr. F. B. Jewett, 
who is a vice-president of that body, has been chief 
engineer to the Western Electric Company since 1916. 
In the earlier part of his career he was instructor 
in physics and electrical engineering at the Massachu- 
setts Institute of Technology. He was appointed a 
Major in the U.S. Signal Corps in 1917 and was an 
advisory member on the Special Submarine Board of 
the Navy, and was on a special commission on cables. 
He was also on the National Research Council. 

Dr. A. G. Kennelly was president of the American 
Institute of Electrical Engineers in 1898-1900. He is 
an honorary member of the Institution of Electrical 
a of this country. An Englishman by birth 
and parentage, Dr. Kennelly, after preliminary educa- 
tion at University College School, London, was for 
many years in the service of the Eastern Telegraph Com- 
pany, going to the United States to work under Edison 
in 1888. He has been consulting electrician to the 
General Electrical Company, and has invented many 
electrical instruments, He is the author of books on 
mathematics, electrical and other subjects, and has 





been the recipient of the Institution and Fahie premiums 
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of the Institution of Electrical Engineers. He has 
also been awarded the Howard Potts and the Edward 
Longstreth medals of the Franklin Institute for elec- 
trical research. In 1918 he acted as civilian liaison 
officer, U.S.A. Signal Corps of the American Expedi- 
tionary Force in France. 

The remaining representative of the American Insti- 
tute of Electrical Engineers is Major-General G. O. 
Squier, of the United States Army, who has conducted 
numerous researches on telephony and telegraphy, 
ocean cabling, &c. Major-General Squier graduated 
at the United States Military Academy in 1877 and 
after a short connection with the artillery branch of the 
service took up work in the Signal Corps, in which in 
turn he received promotion to First Lieutenant, Captain 
and Major. When holding the latter rank he was 
appointed U.S. military attaché in London. In 1913 
he was promoted Lieut.-Colonel in command of the 
Signal Corps. In 1917 he was made Brigadier-General 
as Chief Signal Officer of the U.S. Army, receiving 
promotion to his present rank in 1917 also. He was 
in charge of the United States Army air service from 
1916-1918. He has been awarded the Elliot Cresson 
medal of the Franklin Institute. He possesses the 
D.S.M. of the United States and is a C.M.G. 





INDUSTRIAL NOTES. 


THE Ministry of Labour state that employment 
during May was further affected by the shortage of 
fuel resulting from the general stoppage of work at the 
coal mines, and at the end of the month it was bad in 
nearly all the principal industries. In some cases, in- 
cluding pig-iron, iron and steel, tin plate, and potte 
manufacture, work was almost completely suspended. 
The percentage unemployed (excluding coal miners) 
among members of trade unions from which returns 
are received rose from 17-6 at the end of April to 
22-2 at the end of May, and the percentage unemployed 
among workpeople insured under the Unemployment 
Insurance Act rose from 15-0 on April 29 to 17-6 on 
May 27. The coal-mining industry is excluded in 
calculating the trade union percentages; the Un- 
employment Insurance percentage includes those 
coal miners who were entitled to claim unemployment 
benefit under the Act, but not those who ceased work 
owing to the trade dispute. The total number of 
workpeople registered at the Employment Exchanges 
as unemployed on May 27 was approximately 2,122,000, 
of whom 1,469,000 were men, 497,000 were women, 
and the remainder were boys and girls. On April 29 
the corresponding number was 1,854,000, of whom 
1,261,000 were men and 448,000 were women. In 
addition to those unemployed, 607,000 males and 
580,000 females were registered as working systematic 
short time on May 27 in such a manner as to entitle 
them to benefit under the Unemployment Insurance 
Act or the Out-of-Work Donation Scheme. On 
April 29 the corresponding numbers were 534,000 males 
and 553,000 females. The number of vacancies 
notified by employers to the Exchanges and unfilled 
at the end of May was 30,000, of which 7,000 were for 
men and 20,000 for women. At the end of April the 
total was 34,000, of which 10,000 were for men and 
21,000 for women. 

Changes in rates of wages in May, in those industries 
for which statistics are compiled by the Department, 
affected about 1,570,000 workpeople, of whom about 
1,335,000 sustained decreases amounting to over 
400,0001. for a full ordinary week, and 235,000 received 
increases, amounting to about 55,0001. a week. The 
principal groups of workpeople affected were workmen 
in the building trades, in nearly all the principal 
centres, whose rates of wages were reduced by 2d. an 
hour; men employed in the shipbuilding and repairing 
industry, who sustained reductions of 3s. a week on 
time rates, and 7} per cent. on piece rates ; men in the 
merchant shipping service, whose rates of pay were 
reduced by 50s. a month, or 8s. 6d. a week; and men 
and women in the brickmaking industry, whose rates 
were reduced by 6s. and 3s. a week respectively. 
Among other large bodies of workers who sustained 
decreases were men employed by electrical contractors, 
steel smelters, tin-plate workers, hollow-ware makers, 
and brass workers in the Midlands. Since the beginning 
of 1921, changes in rates of wages reported to the 
Department have resulted in a reduction of over 
1,300,000/. in the full-time weekly wages of over 
3,600,000 workpeople, and an increase of about 80,000/. 
in the full-time weekly wages of nearly 340,000 work- 


people. 

The number of trade disputes, involving stoppages of 
work, reported to the Department as beginning in 
May, was 65. In addition, 60 disputes which began 
before May were still in progress at the beginning of 
that month. The total number of workpeople involved 
in all disputes in progress in May (including those 
thrown out of work at the establishments where the 
disputes occurred, though not themselves parties to 
the disputes) was about 1,152,000, as compared with 





1,176,000 in the previous month, and 138,000 in May, 
1920. The estimated aggregate duration of all disputes 
during the month was about 23,200,000 working days, 
as compared with 23,390,000 days in April, 1921, 
and 1,170,000 days in May, 1920. The exceptional 
magnitude of the figures for April and May, 1921, is 
due, of course, to the dispute involving coal miners 
throughout the country, which began on April 1. 

On June | the average level of retail prices of all the 
commodities taken into account in the statistics pre- 
pared by the Ministry of Labour (including food, rent, 
clothing, fuel and light, and miscellaneous items) was 
119 per cent. above that of July, 1914, as compared 
with 128 per cent. at April 30. 





The announcement of the miners’ ballot result was 
made last Saturday, the results being: Against the 
owners’ terms 432,511, for 183,827, making @ majority 
against of 248,684. The total number of men who took 
the trouble to record votes was therefore 616,338. 
The total membership of the Miners’ Federation being 
957,610, it will be seen that 341,272 men did not vote, 
thus pointing to a most grave dereliction of duty on 
their part. Under any circumstances the neglect to 
vote is always an evil ; in the present instance, when the 
very life of the country is at stake, non-voting is so 
decidedly wrong that it amounts to a sin. Leaving 
aside the irregular manner in which, according to some 
reports, the actual voting took place, the above results 
afford no proof whatever that the miners taken as a 
whole are against the owners’ terms. The miners’ 
leaders, therefore, cannot rightfully base any advocacy 
of theirs for the final rejection of the owners’ offer upon 
the ballot figures, and Mr. Hodges is not entitled to 
state, in the letter he wrote to the Prime Minister 
announcing the result of the vote, that “the terms 
proposed by the Government and the owners have 
been rejected.” In his reply, the Prime Minister 
expressed his great regret ; he added it was a very grave 
step ‘‘ for the Miners’ Federation to continue a stop- 
page which was bringing untold loss upon the country.” 
The Government's offer of a grant of 10,000,000/. 
terminated last week-end. 


The loss upon the country to which the Prime 
Minister referred is reflected in a memorandum from 
both the National Federation of Iron and Steel Manu- 
facturers, representing employers, and the Iron and 
Steel Trades Confederation, representing workmen. 
It has been issued by the National Federation of Iron 
and Steel Manufacturers. It gives the following 
figures and data which we desire to put on record. 
The economic importance of the iron and steel industry, 
which itself employed before the war nearly 300,000 
men, is evident from the fact that ‘the metal indus- 
tries, including engineering and shipbuilding, which 
almost all use iron and steel as their principal raw 
material, are much the largest industrial group in the 
country and give employment to no less than 12 per 
cent.—1,750,000—of the occupied male population. 
The 300,000 men above given as the pre-war figure 
increased to 390,000 in 1920, due to the extensions to 
plant combined with the introduction of the eight- 
hour day early in 1919. This country is the only steel- 
producing country having suitable coal gm on 
the coast to which foreign ore can be brought by sea 
and the product reshipped. On the Continent, the 
ore and fuel lie 200 miles apart and the product has a 
long journey before reaching sea port. We shall 
continue to benefit from these conditions if the ratio 
of British to foreign labour costs, in both coal and iron 
mines and in steelworks, can be restored to something 
like pre-war proportions. Owing to world depression 
accentuated by relatively larger costs, the output of 
iron and steel in this country dropped, at the end of 
March, to less than 50 per cent. of last year’s rate of 
output and now, owing to the coal dispute, it is 
practically nil. The trade unions have expended 
hundreds of thousands of pougds in unemployment 
assistance, the expenditure of the Iron and Steel Trades 
Confederation in that direction approximating to half-a- 
million. This assistance can only be continued for a 
further limited period. In 1913, we imported 18,000 
tons a month of pig-iron; in March, 1921, imports of 
pig-iron rose to 54,000 tons. The memorandum further 
reviews the situation in its various aspects, and states 
that the enormous importance of the iron and steel 
industry to national welfare and stability, even if 
not otherwise recognised, was unmistakably demon- 
strated during the war crisis. As a national asset, its 
present deplorable position calls for consideration and 
treatment irrespective of party or sectional interests, 





The Kolnische Zeitung states that according to 
American statistics exports from the United States to 
Germany in April were valued at 19,143,000 dols., a 
reduction compared with the preceding month of 
4,387,000 dols. The value of German exports to the 
United States in April was 6,676,000 dols., an in- 


crease compared with 


the preceding month of 
307,000 dols. 





At last Friday’s meeting of the cotton trade opera- 
tives, referred to in our last issue, the employers’ terms 
were accepted by a majority of 39, the Sewn being : 
In favour 266, against 227. It was expected, therefore, 
that work would be resumed last Monday, but this was 
not the case, the spinners declining to fall in with the 
settlement until their meeting on the following Thurs- 
day (yesterday) so decided. At the time of writing it 
seems probable that work will be resumed in the cotton 
trade as a whole next Monday. Ina circular issued 
at Manchester last Monday, the Executive Committee 
of Operative Cotton Spinners unanimously recom- 
mended the acceptance of the terms 
week, arguing that in the presont state of trade 
better terms are imposiible. 





A meeting of the National Joint Council for Dock 
Labour was held a few days ago at the office of the Port 
of London Authority, to discuss a revision of wages and 
working conditions for dock labour. After the meet- 
ing, Mr. Grinling Harris, secretary of the National 
Joint Council, issued the following statement: “‘ Pro- 
posals were put forward by representatives of the 
National Council of Port Labour Employers for the 
reduction of the national standard wage of 16s. per day 
to 12e., by two instalments of 2s. each, to take effect on 
July 1, and September 1 next. The meeting adjourned 
until June 29, to enable the representatives of the 
National Transport Workers’ Federation to consider 
the ee ape ” In the meantime the executives of 
the trade unions concerned are holding meetings to 
consider the proposals. 





PHYSICAL SOCIETY OF LONDON. 

At the meeting held on June 10, at the Imperial 
College of Science, London, 8.W., Dr. C. Chree, F.R.8., 
Vice- ident, in the chair, a lecture on “ The Stability 
of Atoms”? was delivered by Professor Sir Ernest 
Rutherford, F.R.8. The lecturer commenced by re- 
ferring to the earlier work in which attempts at the dis- 
integration of atoms had been made, Traces of hydrogen 
and helium had been found in discharge tubes believed 
to be initially free from these gases; but it was clearly 
impossible to establish that no source of contamination 
was available, and that the results were due to dis- 
integration of the atoms of other substances, 

The properties of the nucleus atom were then recalled 
and the thod of attack most likely to succeed in 
breaking it up was discussed. It is easy to remove 
electrons, but these are replaced almost immediately 
and the atom remains as before. It is necessary therefore 
to attack the nucleus, and to do this successfully requires 
extremely swift particles. 

Slides were shown Sptetien the effects produced 
when a-particles fired through hydrogen collide with 
an atom, and experiments were illustrated and described 
from which the conclusion had been drawn es an 
a-particle collides with a nitrogen atom, a rogen 
atom is expelled from the nucleus, The speed of these 
is in excess of what can be obtained by collisions in 
hydrogen gas itself, so that the result cannot be accounted 
for by contamination of the nitrogen with hydrogen, 
but must be due to the disintegration of the nitrogen 
nucleus, Recent results on the disintegration of 
aluminium and other elements were briefly indicated, 

The chairman expressed the thanks of the society to 
Sir Ernest Rutherford for his address, Questions were 
asked by Dr. Andrade, Dr. Owen and Dr, Rayner, to 
which the lecturer subsequently replied. 








Tue InstirvTrion or AvromoBILE ENGINEERS,— 
This Institution has issued its programme for the session 
1921-22. It gives a list of the papers provisionally 
arranged to be read and discussed at the meetings to be 
held at various dates, from October 12, 1921, down to 
May 10, 1922. Further information can be obtained 
from the secretary, 28, Victoria-street, S.W. 1. 

Mancuester Association oF Enotneers.—This 
association announces that an invitation has 
received from the chairman and directors of the Man? 
chester Ship Canal for the members to view the canal 
from Shaaictee to Liverpool, on Thursday next, the 
30th inst. In the course of the journey an inspection 
will be made of one of the large warehouses, a new 
60-ton floating crane, and a new oil steamer dock, in 
course of construction at Stanlow. The steamer con- 
veying the party will leave Pomona Dock, Manchester, 
at about 9 a.m., being due in Liverpool at approximately 
5.30 p.m. 





500-Watt Turso Generator.—A small turbo- 
tor having « rated “ey of half a kilowatt at 

2 volts has been designed by the Westinghouse Inter- 
national Electric Company of East Pittsburg, U.8.A. 
It was devised primarily for locomotive head-lights, but 
may also find applications where steam is available 
and @ very onal wer is wanted. The total steam 
consumption at full load varies from 120 Ib. per hour 
with steam at 150 lb. per square inch to 115 lb. per hour 
with steam at 250 lb. At no load the consumption is 
about 50 lb. per hour, The tor can be wound to 





genera 
develop 110 volts to 120 volts if desired. 
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THe screening of material for the purpose of grading 
it into sizes or of separating out some constituent which 
can be distinguished by the size of its particles, is a 
common industrial operation. Screening is largely 
employed for the grading of crushed ore, and the diffi- 
culties met with in maintaining the capacity of the 
screens and in preventing them from becoming clogged 
when the ore contained excessive moisture, led Mr. 
B. A. Mitchell, chief mechanical engineer to the Utah 
Copper Company to devise a simple and effective 
method of maintaining them in rapid continuous 
vibration, The method is illustrated in Figs. 1 to 5 
annexed. Referring to Fig. 5, it will be seen that 
the mesh of the screen has attached to it, at some 
distance from its fixed ends, a pair of vertical triangular 
plates, which are carried by a motor-driven vibrating 
apparatus below the screen. A section through this 
apparatus is given in Fig. 4. The outer casing is of 
tubular form, and the whole apparatus is held down 
to the main screen frame by a steel strap as shown in 
Fig. 1. Its bearing on the frame consists of a ball and 
socket joint, about which it can move with a certain 
amount of freedom. 

The central part of the mechanism consists of the 
casing of an alternating current motor. The end- 
plates of this motor are extended considerably to form 
glands and bearings for the shaft, and outside these 
end-plates are cast steel housings which connect the 
motor to the plates which are attached to the screen. 
The whole of the working parts are thus enclosed in a 
dust-proof and waterproof shell. A long shaft, carry- 
ing the rotor at its centre, runs in waste-packed bear- 
ings, and carries at each end a hard fibre cylinder which 
acts as a ball-cage. These cages are drilled radially 
with rows of hemispherical pockets. One or two 
adjacent longitudinal rows of pockets in each cage 
contain steel balls which fit loosely in the pockets. 
The rows of balls in one cage are 180 deg. from those 
in the other, as shown in Fig. 4. The balls run in 
hardened steel races driven into the housings. It is 
clear that when the rotor rotates, the balls will tend to 
fly out under their centrifugal force, and their pressure 
on their respective races will form a couple tending to 
oscillate the whole apparatus about its centre. The 
motion of the ends of the mechanism caused by this 
unbalanced force is transmitted to the screen through 
the triangular plates, and the wire is thus kept in rapid 
motion. 

When the motor is driven by alternating current at 
the standard American frequency of 60 cycles per 
second, the screen wires will be compelled to move in 
small more or less circular orbits at the rate of about 
3,600 r.p.m. The extent of the action may be con- 
trolled by varying the number of balls in use, and thus 
altering the centrifugal forces wnich cause the motion 
of the screen, The power taken by the apparatus is 
from j h.p. to } h.p. for a screen 4 ft. by 6 ft., and the 
capacity of screens equipped with the Mitchell 
mechanism is said to be far in excess of that of ordinary 
screens, The regularity of the vibrations and the fact 
that the whole of the screening surface is equally 
agitated, both tend to the production of a high screening 
efficiency. 

The Mitchell vibrating screen is made by the Stimp- 
son Equipment Company, of Felt Building, Salt Lake 
City, Utah, who are represented in this country by Mr. 
Stephen M. Holden, 42, Bannerdale-road, Abbeydale, 
Sheffield. 
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ENGINEERS RECOGNISED.—-The Panama Canal is an 
engineering achievement, perhaps the best-known in 
the world to-day, says Engineering News-Record, New 
York. The significance of the personnel of the recently 
appointed Panama Investigating Commission may, 
however, be lost by the general public. People are so 
accustomed to seeing engineers dealing with all projects 
on the Isthmus that most of them may not appreciate 
that the subject to be studied by the new Board is one 
of administration, or, in the words of the preliminary 
report, “ how to make the Canal Zone more efficient and 
less expensive as a growing Government concern.” 
The custom in the past too often has been to leave such 

uestions to the lawyer, litician and business man. 
he Secretary of War in this case recognises the rights 
and abilities of the engineering profession, for he has 
hg to the Commission three engineers, two from 
the Government service, one from private practice, 
beside one man from the allied public utility field. 
The appointment is one of the most helpful recent signs 
of the progress of the profession. 





British Emprre Honours,—Several engineers, ship- 
builders and shipping authorities appear in the supple- 
mentary honours list published in connection principally 
with the Ministry of Munitions, the Ministry of Shippin 
and the Disposals Board. A Baronetcy of the United 
Kingdom has been conferred on Sir John Esplen, K.B.E., 
Chief Professional Adviser to the Ministry of Shipping 
since its establishment. The King has given orders for 
the following promotions in and appointments to the 
Most Excellent Order of the British Empire. To be 
da March 31, 1921:—K.B.B. (Civil Division): 
Mr. C, C. Barrie, C.B.E., M.P., Deputy-Chairman of the 
Disposal Board, represented the Ministry of Munitions 
on the Supreme Economic Council ; Mr. A. Bicket, J.P., 








5. 


Controller of the Section of the Disposal Board which 
deals with the sale of dock equipment, small craft, &c. ; 
Mr. F. C. Gardiner, LL.D., for services rendered to the 
Transport Department of the Ministry of Shipping in 
an advisory capacity, Chairman of the Board of Trade 
Advisory Committee on Lighthouses; Mr. W. J. Larke, 
C.B.E., for services rendered to the Ministry of Munitions 
primarily in connection with ferrous and non-ferrous 
materials, and latterly as a member of the Disposal 
Board; Mr. A. G. Latta, for voluntary services rendered 
to the Ministry of Shipping in connection with the 
management of requisitioned ships and ex-enemy ships ; 
Mr. A. J. C. Ross, C.B.E., for services rendered to the 
Ministry of Shipping as a member of the Merchant 
Shipbuilding Advisory Committee and the Shipbuilding 
Council; Mr. F. V. Thomson, for honorary services as 
Assistant Director of the Ship Management Branch of 
the Ministry of Shipping, and latterly as Vice-Chairman 
of the Ship Licensing Committee ; Mr. W. H. Turner, 
for voluntary services rendered to the Ship Management 
Branch of the Ministry of Shipping. C.B.E. (Civil 
Division): Mr. J. T. Barnes, O.B.E., Legal Adviser to 
the Ministry of Shipping; Mr. H. Boyd, late Director, 
National Shipyards, Ministry of Shipping; Mr. B. 
Ellinger, member of the Disposal Board—also acted as 
member of the late French Disposal Board, under the 
Ministry of Munitions; Sir E. L. Fletcher, for services 
rendered to the Ministry of Shippirg as head of the Liner 
Requisition Section ; Mr. W. H. Jones, O.B.E., Director- 
General, British Ministry of Shipping, New York; 
Mr. F. Kidson, for services rende: to the Ministry of 
Shipping in-connection with shipbuilding ; Mr. T. H. Cc, 
Levick, O.B.E., for services rendered to the Ministry 
of Shipping, particularly in connection with obtaining 
Spanish tonnage; Mr. W. W. Sanderson, Chief Valuer 
for Factory Disposal, Ministry of Munitions, 
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One of the results of the experience gained in 
manufacturing under war conditions has been a greater 
recognition of the advantages of pneumatic tools, 
with a consequent increase in the employment of such 
appliances. This, in its turn, had the natural effect of 
stimulating their manufacture in this country, and 
among the firms who set themselves to meet the demand 
were Messrs. Reavell and Co., Limited, of Ipswich, 
who make picks and hammers and for whom the 
Reavell-Mossay Pneumatic Tool Company, Limited, 
of 7, Princes-street, Westminster, S.W. 1, act as selling 
agents. The Reavell-Mossay pneumatic hammer is illus- 
trated in Figs. 1 to4above. In Fig. 1 the piston is shown 
at the end of its forward stroke. The compressed air 
which has driven it forward entered the hammer through 
the trigger controlled valve in the handle, passed 
round the annular space A and entered the barrel by 
means of the ports B. The front end of the piston 
communicates with the external air by means of the 
passage C, the annular space D, and ports not shown 
in the drawing. As soon as the piston has uncovered 
the ports E, compressed air enters them and passing 
backwards through the passages shown by dotted 
lines, exerts a pressure against the front shoulder of 
the valve. The valve is consequently driven back- 
wards towards the handle, closing the admission 
ports B, and putting the back end of the cylinder into 
communication with the atmosphere by opening the 
ports F. The details of the ports and valve are shown 
to a larger scale in Fig. 3. The same backward move- 
ment of the valve permits compressed air to flow to the 
front end of the piston, with the consequence that the 
latter is driven kwards. It passes right through 
the valve and compresses the air entrapped in the 
pocket at the end of the cylinder. This air, acting on 
the annulus of the valve, overcomes the opposing 
air pressure and drives the valve forward until it 
again assumes the position shown in Figs. 1 and 3. 
Live air is thus admitted again behind the piston, 
which is driven forward and the cycle of operations 
repeats itself. 

The snap, or other tool, works in a hardened sleeve, 
somewhat less in diameter than the bore of the cylinder, 
as shown in Figs. 3 and 4. The end of the snap which 
takes the blows of the piston is thus completely out of 
contact with the cylinder itself, and it can therefore 
never stick in the cylinder even should it become 
slightly upset by the hammering of the piston. Fig. 4 
shows a modified form of snap which is retained in the 
hammer by a collar. The Reavell-Mossay hammer 
can be completely dismantled without the use of any 
special tool, the whole operation requiring only a 
few minutes. It is about as simple as an efficient air 
hammer can be, and the jarring effect on the hands 
of the operator is largely suppressed by the cushioning 
of the piston on its return stroke. The lightness of 
the hammer is also of considerable practical advantage 
in minimising the fatigue of the workman. The conical 
gauze filter through which the compressed air has to 
pass before entering the working parts of the hammer 
arrests dirt which may be carried in the air, and the 
accumulated dirt is removed with the filter every time 
the hammer is taken apart. 

Chipping and caulking hammers of the type illus- 
trated are made in seven sizes, weighing from 6} Ib. 
to 17 Ib., the smallest being suitable for trimming 
light castings, motor car work, &c., and the large 
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for heavy duty in steel and iron foundries, ship- 
yards, &c. For closing rivets less than § in. diameter 
the lighter chipping hammers are recommended, but 
for heavier riveting a regular range of riveting 
hammers is provided. The smallest of these has a 
piston of 1 in. diameter by 3} in. stroke, and weighs 
133 lb. This is suitable for closing § in, rivets. For 
l-in, rivets, the piston is 1 in. diameter, with a 
7-in. stroke, the hammer weighing 22} lb. and using 
30 cub. ft. of air per minute. Such a hammer will 
close a l-in. rivet in 10 seconds to 12 seconds. The 
largest size of all weighs 27 lb., and will close 1}-in. 
rivets. In this size the piston is 1§ in. diameter with 
a 7-in. stroke, and the air consumption is 35 cub, ft. per 
minute. 





NOTES ON NEW BOOKS. | 

A surveyor whose work is confined to the United 
Kingdom has little or no occasion to study astronomical 
methods of determining his position or the direction 
of the meridian. He finds everywhere within easy 
reach reference marks, the position of which has been 
fixed by the ordnance survey with a precision 
which he cannot hope to rival with the instruments 
at his disposal. By tying his own survey to these 
points, his own work can never be seriously in error, and 
such errors as may arise are easily distributed by 
well-known methods so as to be everywhere insigni- 
ficant. In new countries matters are very different. 
In many, the trigonometric survey is still in the 
embryonic stage, and in others only the primary 
triangulation has been completed, and the sides of 
these triangles are often large enough to make it less 
laborious for the surveyor to correct his own work b 
astronomical observations than to tie it up effectively 
with the nodes of the existing triangulation. Surveyors 
thus situated will find their needs particularly well 
met by a little book on ‘‘ Handy Methods of Geodetic 
Astronomy for Land Surveyors,” which has been written 
by Mr. T. Graham Gribble, M.Inst.C.E., and is pub- 
lished by Mr. J. D. Potter, of 145, Minories, London, 
E. 1, the price of issue being 5s. The author shows how 
with the aid of Whitaker’s Almanack, Phillips’ plani- 
sphere and a 6-in. transit theodolite, the surveyor 
can fix his meridian and latitude with all needful 
accuracy, and, given Greenwich time, can also determine 
his longitude. The text is clearly written and includes 
a number of plotted curves which will be found 
materially to facilitate the work. 





Copper refining by electrolysis has been a successful 
commercial process for many years, and although the 
number of papers dealing from the laboratory stand- 
point with the difficulties of controlling the deposition 
have been numerous, only very meagre details of 
works practice have ever appeared in print. ‘‘ Copper 
Refining”’ by L. Addicks (New York and London : 
McGraw-Hill Book Company, Inc. Price 17s. net), 
dealing as it does with the subject from the works 
manager’s standpoint, is therefore needed, and it is 
with pleasure that we find it well written and well 
arranged, and an excellent model of what a technical 
monograph should be. The author has acted wisely 
in including in the second chapter of his book a short 
discussion on the effect of time of treatment on the 
cost of production. The interest charges which must 





be borne on the stocks carried are no doubt more notice- 
able in the case of the precious metals gold and silver, 
but they are equally important in the case of copper 
and iron, though less attention has been directed to 
them. The questions of tank resistance and current 
density are not only discussed from the scientific 
point of view, but their relation to the production 
costs are illustrated by well-chosen graphs and concise 
statements of the facts. Two very useful chapters 
are those dealing with the treatment of the by-products 
from the refining tanks and the furnace melting of 
anodes and cathodes, as they clearly epitomise the 
results of first-hand observation. The concluding 
chapter of the book deals with the effect of cold- 
working on the physical properties of copper. By this 
term the author only has in his mind the commercial 
properties, that is, the strength and the electric 
resistance, the other properties being hardly mentioned. 
To metallurgists engaged in the copper industry this 
book can be strongly recommended, as it is written 
from a basis of practical experience, and it publishes 
in book form just that informuticn which is absent 
from the ordinary technical treatise and which in fact 
is very rarely published at all. 





- 

The Marlborough Series Correspondence has recently 
been completed by a booklet dealing with “‘ Portuguese 
and English Commercial Correspondence,” by Professor 
Joao Carlos Mardel and Mr. W. Chevob-Maurice. It 
gives commercial equivalent terms in the two languages, 
and like the other books of the series, it forms a very 
useful guide in letter writing. The price is 2s. net. 
The publishers are Messrs. E. Marlborough and Co., 
51, Old Bailey, E.C. 4, the publishers of the well-known 
“ self-taught ” series, which covers a large number of 
European and Oriental languages. 





If the elements of draughtsmanship required for 
textile mens were in any way different from 
those necessary for the delineation of any other kind 
of machinery, there might be room for a special book 
to impart them to students. But as Textile Machine 
Drawing, by Messrs. Thomas Woodhouse and 
Alexander Brand (London: Blackie and Son, Limited, 
1921. Price 2s. 6d. net), merely covers the ground 
common to all elementary textbooks on draughtsman- 
ship, it enters a field already well supplied with litera- 
ture. Its only claim to distinction from its fellows 
appears to consist in the fact that the levers, brackets 
and other mechanical details given as exercises for the 
student are illustrative of textile practice, but as the 
book is far too elementary to touch upon questions of 
design, the nature of the articles selected as examples 
is not of much importance. Of its kind, however, 
the little work is quite commendable. It is written 
for students with no previous knowledge whatever 
of work at a drawing-board, and these would no doubt 
derive benefit from it, whether they were interested 
in textile machinery or not. 





THE SUMMER MEETING OF THE INSTITU- 
TION OF MECHANICAL ENGINEERS. 

As briefly announced in our issue of last week, the 
Summer Meeting of the Institution of Mechanical 
Engineers will be held in London on Thursday, 
June 30, and Friday, July 1, of next week, in the 


Y | Institution Building, Storey’s Gate, London, 8.W. 


The Conference, which will of an informal nature, 
will deal with the question of Means of Improving 
the Thermal Efficiency of Heat Power Plants, and 
short papers will be discussed concurrently at four 
meetings. 

In the Liprary, at 10.15, there will be a general 
meeting, with opening remarks by the president, and 
a reception of the American engineers. Reference is 
made on page 772 to the various members of the 
American deputation. 

The following is a list of the papers to be considered 
by the various meetings on Thursday and Friday :— 

Thursday, June 30.—In the Lisrary (chairman, 
Mr. Richard W. Allen, C.B.E., Member of Council), 
at 10.45 a.m., “‘ Internal-Combustion Engine Theory, 
with Relation to Higher Economy,” by Mr. H. E. 
Wimperis; at 11.45, “ High Steam-Pressure and other 
Means of Increasing Economy of Steam Engines,” by 
Mr. Frederick Samuelson, Member. 

In the Reapine Room (chairman, Dr. H. 8. Hele- 
Shaw, F.R.S., Vice-President), at 10.45 a.m., 
“Chemistry of Combustion,” by Mr. E, B. Evans, 
O.B.E., F.1.C.; at 11.45, “ Blast-Furnace Gases,” 
by Messrs. Alfred Hutchinson and F. Bainbridge. 

In the Councm Room (chairman, Mr. William H. 
Patchell, Vice-President), at 10°45 a.m., “ Boiler- 
House Management (General Causes of Boiler In- 
efficiency),” by Mr. David Wilson; at 11.45, “* Low 
Temperature Carbonisation,” by Professor W. A. 
Bone, D.Sc., F.R.S. 

In the Commrrrze Room (chairman, Mr, F. H. 
Livens, Member of Council), at 10.45 .a.m., “ Engine- 
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House Man ent (General Causes of Steam-Engine 
Inefficiency),” by Mr. Hubert Dunell, O.B.E., Associate 
Member; at 11.45, “‘ Super-Compression,” by Mr. 
Alan E. L. Chorlton, C.B.E., Member of Council. 
Adjourn at 12.45 in each case. 

Friday, July 1.—In the Lisrary (chairman, Sir John 
Dewrance, K.B.E., Vice-President), at 10.30 a.m., 
‘* Waste Heat Utilisation,” by Mr. Robert Nelson ; 
at 11.45, “ Superheating,’ by Sir Henry Fowler, 
K.B.E., Member of Council. 

In the Reaping Room (chairman, Mr. Loughnan 
Pendred, Member of Council), at 10.30 a.m., “‘ Liquid, 
Colloidal and Powdered Fuels,” by Mr.W. R. Ormandy, 
D.Se., F.LC.; at 11.45, “* Liquid Fuels (Internal- 
Combustion Engines),” by Mr. Harold Moore, M.Sc. 

In the Councit Room (chairman, Mr. Daniel Adam- 
son, Member of Council), at 10.30 a.m., ‘“ Automatic 
Stokers,” by Mr. A. W. Bennis, Member; at 11.45, 
‘* Air Heating for Boiler Furnaces,” by Mr. William H. 
Patchell, Vice-President. 

In the Committee Room (chairman, Dr. T. E. 
Stanton, C.B.E., F.R.S., Member of Council), at 
10.30 a.m., ‘“‘ Feed Heating and Economisers,” by 
Mr. C. E. Stromeyer, O0.B.E., Member; at 11.45, 
‘“* The Indicator as an Aid to Economy,” by Professor 
W. E. Dalby, F.R.S., Member of Council. Adjourn 
at 12.45 in each case. 


Visits TO PowER STATIONS AND LABORATORIES, 


Arrangements have been made for the following 
visits on the afternoon of Thursday, June 30, and of 
Friday, July 1. Members desiring to visit any of the 
stations or laboratories mentioned below should 
inform the secretary as soon as possible, as the number 
of tickets is limited. Tickets will be issued at the 
office during the meeting to those who have previously 
applied forthem. Members will proceed independently, 
arriving at the times mentioned below :— 

Power Stations.—Charing Cross, West End and City 
Electricity Supply Company, Limited, Marshgate-lane, 
Bow, E.; and 60, St. Martin’s-lane, W.C. (Diesel 
engines). Thursday and Friday, 2.30 to 5. 

Borough of Hammersmith Electricity Department, 
85, Fulham Palace-road, 8.W. (Hydraulic Coal 
Pumping Plant; Pulverised Coal Plant). Thursday 
and Friday, 2.30 to 5. 

Kingston-upon-Thames Corporation Electricity 
Station. (Diesel Engines.) Thursday only, at 3.30 p.m. 

Borough of Stepney Electricity Supply Department, 
Narrow-street, Limehouse, E. Thursday and Friday, 
2.30 to 5. 

Underground Electric Railways Company, Limited, 
Lots-road, Chelsea, S.W. Friday only at 3 p.m. 

Westminster Electric Supply Corporation, Limited, 
Horseferry-road, 8.W. Thursday and Friday, 2.30 
to 5. 

Laboratories. —H.M. Fuel Research Station, Black- 
wall-lane, East Greenwich, S.E. Friday only, at 3 p.m. 

Imperial College of Science and Technology, 
Exhibition-road, South Kensington, 8.W.— 

City and Guilds (Engineering) College. Friday only, 
at 3 p.m, 

Department of Chemical Technology. Thursday 
only, at 3 p.m. 

There will be an exhibition of apparatus, models, 
diagrams, &c., at the Institution from Wednesday, 
June 29, to Friday, July 1, both dates inclusive. 





SOCIETY OF GLASS TECHNOLOGY. 

THE last meeting of the Society of Glass Technology, 
for the session 1920-21, was held in the Applied Science 
Department, the University, Sheffield, on Wednesday, 
June 15, 1921, at 2.30 p.m., the president, Dr. Morris W. 
‘Travers, F.R.S., in the chair. The initial formal business 
included the ‘election, under rules recently adopted, of 
Professor P, G. H. Boswell, O.B.E., D.Se., D.I.C., F.G.S., 
Professor of Geology in the University of Liverpool, as 
the first honorary member of the society. 

The meeting resolved itself into a discussion on the 
subject of “Oil Firing in the Glass Industry.” The 
president, in opening the subject, said that he would 
restrict his own remarks to the consideration of the 
efficient utilisation of energy in two types of furnaces. 
If one purchased oil or coal one actually purchased energy 
which might, or might not, be represented by the 
calorific value of the fuel. What one really had to 
consider was the energy ava.lable for melting glass or 
for other similar purposes, 

He showed by means of thermo-chemical calculation 
that the relative fuel. efficiency of a furnace in which the 
oil was burned with air at the ordinary temperature, 
and of a furnace in which coal was first gasified 
with only little steam, the gas being burned with air 
at the ordinary temperature, were practically identical. 
That non-regenerative glass tanks fired with oil were 
preferred to those fired by gas was due to the fact that 
small gas-fired tanks were probably inefficient. He 
left the consideration of such questions as capital cost, 
working expenses and control to other s rs. 

In oil-firing practically the whole of the air could be 
pre-heated, but in gas-firing only the secondary air 
could be pre-heated, so that a regenerative oil-fired 
furnace was more efficient than a furnace in which the 





equal, the ratio of the efficiency of the oil and gasified 
coal systems was as 1-37 to 1. The results might be 
summed up as follows :— 


Net Cost Efficiency 
Calorific in London of Com- _ Relative 
Value. per Ton, bustion. Cost. 
Oil -- 10,500 105s. 1-37 1-20 
Coal wie 7,420 45s. 1-0 1-0 


This did not take into account the other factors to 
which he had referred which favoured the use of oil. 
Mr. J, Connolly remarked that one of the chief points 
to be considered was the price of the oil. It had un- 
doubted advantages in respect of ease of handling, 
reduced storage room required, less staff, and less 
expensive furnace construction. He had run an oil glass 
furnace for four years. It worked with fewer breakdowns 
and stoppages, and more pleasantly than any other 
method, At the end of that period, however, the price. 
of oil was “ gingered up,” and the use of the oil was 
abandoned. The adaptability of oil to glass work had 
been demonstrated and was past argument, but he did 
not think they would get a higher efficiency with oil 
than with coal, so long as there was a great difference 
in price. It was possible to depend more on the price 
of coal than of oil. 
Mr. J. H. Steele thought that oil had not been given 
a fair chance in the glass industry. His own experience 
of it was very satisfactory. It was unusual, however, 
to find a glass furnace properly adapted to oil con- 
sumption. He had known better results to be obtained 
from the use of crude oil or creosote than from fine 
petroleum of high calorific value, a fact which indicated 
that the furnaces in use were not satisfactory. 
Mr. F. G. Clark spoke of the use of “ glory holes” 
fired by oil. The best results were obtained from 
crude creosote oil, partially heated, and compressed 
air at about 15 lb. to 20 lb. pressure per square inch. 
In making 8-0z. bottles on a 7}-hour shift some 3-92 
gallons of oil were used, at a cost of 4s, 3d. per shift. 
When two chairs were working at one glory hole, the 
cost worked out at about 2s. 2d. per shift. Gas did not 
yield the temperature desired, and creosote oil gave a 
fuller and “‘fatter’’ flame than did petroleum. Conse- 
quently the neck of the bottle was heated up more 
uniformly and much better finished work was produced. 
Mr. G. Lawton described a simple oil burner that had 
yielded good results. In one power station 1 ton of 
oil was apparently equivalent to about 24 tons of coal. 
They must consider very carefully the construction of the 
furnace and the proper application of the oil. 
Mr. J. Venn Stevens pointed out the advantages of 
oil fuel for glass furnaces. It was clean to use. Besides, 
the flame came into direct contact with the glass without 
producing any discoloration or deterioration. The 
temperature could be maintained uniform, thus saving 
many articles which would be ruined by the fluctuations 
of temperature due to unsteady firing. 
Mr. A. Bayliss remarked that the Aquitania had in 
the stokehole 350 men when fired with coal, but only 
84 with oil fuel. With solid fuel the efficiency might 
range from 50 per cent. to 65 per cent. In the case of 
oil fuel the efficiency might be as high as 85 per cent. 
In addition, there was instantaneous ignition and 
extinction. The freedom from sulphur in the gases 
formed by combustion was an important point for glass 
workers, 
Mr. W. H. Casmey referred to the very great poten- 
tialities of oil when mixed with inferior qualities of 
solid fuel. In one case by taking 3 tons of coke breeze 
(at 12s. 6d. per ton, calorific value 10,000 B.th.u.) and 
1 ton of oil fuel, a combined fuel of 12,000 B.th.u, was 
secured, equalling 37s. 4d. per ton, and capable of giving 
an evaporation of 530 lb. per Is., or nearly 2,000 Ib. 
more evaporation per ton than with coal only at 40s. 
per ton. 
Mr. W. J. Rees thought it was very necessary for 
some reliable figures to be obtained showing how efficient 
coal firing compared with efficient oil firing. 
Professor W. E. 8. Turner read a communication from 
Messrs, Stein and Atkinson, Limited, and a diagram was 
exhibited and explained showing the proposed design 
of a combustion chamber for the oil firing of a glass 
tank furnace. Professor Turner also read a com- 
munication from Messrs. Shell-Mex, Limited, in the 
course of which it was stated that there were very few 
oil-fired pot furnaces in this country. The few that had 
been tried had not been entirely successful, the chief 
trouble being the cracking of pots. This was due to 
excess of heat in one particular place on the pot, causing 
unequal expansion. A method of avoiding this was 
suggested. 
The discussion was continued by other speakers. 
Burners or drawings of plants were also exhibited by 
the following firms: Messrs. Alldays and Onions, 
Limited, Birmingham ; Messrs. Anglo-Mexican Oil Com- 
pany, Limited, London ; Messrs. Holdsworth and Sons, 
Limited, Bradford; Messrs. Kermode’s, Limited, 
Liverpool ; Messrs. Lawton Machine Tool Company, 
Sheffield ; Messrs. White Patent Oil Burning Company, 
Limited, South Shields; Messrs. J. Samuel White and 
Co., Limited, Cowes, Isle of Wight. 





EQuiIPMENT oF SMALL VESSELS.—Owners and masters 
of sailing vessels under 80 tons register, engaged in carry- 
ing cargoes in the coasting trade, are informed by the 
Marine Department of the Board of Trade that in 
accordance with the requirements of section 743, Merchant 
Shipping Act, 1894, and section 7, Merchant Shipping 
Act, 1906, when a motor or other mechanical means 0 
propulsion is fitted on board, the vessel is required to be 
re-registered and to be marked with a loadline. The 


NOTES FROM SOUTH YORKSHIRE. ~ -' 
SHEFFIELD, Wednesday. 

Engineering Extension.—Messrs. Davy Brothers, 
Limited, engineers, who have purchased an additional 
site of 25 acres in the Darnall district of Sheffield, have 
made considerable headway with their scheme of ex- 
tension. Light machine shops with an area of 
64,000 sq. ft. have been built and patent on the most 
modern lines, and railway sidings have nm constructed, 
connecting with a main line. Eventually it is proposed 
to erect new pattern shops, stores, iron foundry, and 
boiler shops. The completed portion of the extension 
was formally opened yesterday. 


Iron and Steel.—The tremendous slump in iron and 
steel production is in some measure reflected in the 
official figures for this district for April last. The total 
output for that month was 15,600 tons, compared with 
a monthly average during 1920 of close on 100,000 tons. 
The bulk of the diminished output was of acid and 
open hearth steel. Production of Bessemer acid steel 
declined to 1,700 tons. Since April there has been a 
further marked shrinkage. Failure to arrive at a settle- 
ment of the coal dispute came as a severe blow to the engi- 
neering section. Armament work for transport to the Far 
Eastern markets awaits execution, but no real progress 
can be made until fuel supplies are released and steel 
manufacture resumes its normal swing. Much the same 
applies to locomotive construction and manufacture of 
railway materials. A few of the more favourably 
placed concerns are working tyre-mills and spring 
departments intermittently at long intervals, but out- 
put generally is at a very low magnitude. Makers of 
crucible steel do not expect any revival until more normal 
circumstances are restored in the engineering trades. 
A small business, chiefly from stocks, is being done in 
semi-finished and raw materials. The general tendency 
of prices is downwards, but, so far as merchants are 
concerned, current quotations represent heavy sacri- 
fices. The extent of any genuine revisions that may take 
wy after the coal settlement must depend largely on 
uel costs. Production in the lighter trades is 50 per 
cent, under normal, 


South Yorkshire Coal Trade.—Several collieries are 
getting towards the end of emergency stocks for pump- 
ing and ventilating work, Supplementary tonnages 
are being supplied from neighbouring pits, but with the 
indefinite postponement of a settlement, this assistance 
must necessarily be of a restricted character. Conse- 
qeaetly the outlook gives cause for some anxiety. 

uspension of coal-getting from Sheffield outcrop seams 
has aimed a serious blow at manufacturing operations. 
Hand-to-mouth supplies are forthcoming from Derby- 
shire outcrop. Earl Fitzwilliam has been asked to 
consider a scheme for the re-opening of the extensive 
seam at Tinsley Park on the understanding that the 
bulk of the tonnage is to go to hospitals, bakehouses, 
flour mills, and householders. The pressure on diminish- 
ing stocks of blast furnace coke increases weekly. Prices 
are subject to rapid adjustment for spot supplies. 





SutpHuR in Coat.—When coal containing any con- 
siderable amount of sulphur is used in the manufacture 
of city gas for cooking or illuminating purposes con- 
siderable amounts of Ng ee sulphide are found in the 
gas produced, and it becomes necessary to get rid of 
this by some purification process. The purifying 
material most commonly used is iron oxide, but, while 
it has been in general use for this purpose for many 
years, exact information such as would afford a basis 
for the selection of the best oxide preparation for a 
age ge ease has been lacking. A bulletin just issued 

y the Engineering Experiment Station at Urbana, 
Illinois, U.S.A., deals with certain experimental work 
carried on at the. University of Illinois under the Illinois 
Coal-Mining Investigations Co-operative Agreement, with 
the object of obtaining more exact information with 
respect to certain laboratory and commercial prepara- 
tions of iron oxide. A perusal of the description of the 
experimental work and the results obtained should 
enable any gas engineer to choose the preparation of iron 
oxide most suited to conditions at his plant, with con- 
siderably more certainty than has often been the case 
in the past. Copies of this bulletin, No. 119, may be had 
without charge by addressing the Engineering Experi- 
ment Station, Urbana, Ill. 


SwITZERLAND AND Maritime Trarric.—At the 
annual meeting held last week in London, of the Associa- 
tion of British Chambers of Commerce, and with reference 
to navigation on the Rhine, Mr. Arthur Balfour moved 
the following resolution on behalf of the Sheffield 
Chamber: ‘That this association is of opinion that it 
would be to the advantage of British commerce if steps 
were taken to deepen the Rhine Channel so as to enable 
large sea-going barges to ply direct between London and 
Basle ; that His Majesty’s Government should take steps 
to ascertain the practical possibilities of navigation in 
the Upper Rhine, in order that the British delegates on the 
International Commission may be in a position to support 
or oppose any proposals put forward in this connection ; 
that while awaiting the announcement of the final policy 
to be adopted concerning the upper Rhine, the navig- 
ability of the Rhine between Strasburg and Basle should 
be at once improved, as in this part even the normal 
amount of navigation had become difficult, owing to the 
river having been here allowed to get into an unsatis- 
factory state: and that the attention of His Majesty’s 
delegates on the Commission should be specially directed 
to this latter point.’”” An amendment to make the 





vessel is also required to be equipped with life-saving 





secondary air was pre-heated. Other conditions being 





appliances, lights and sound signals, as for a steamship. 


first sentence read “ direct to Basle” was accepted, and 
the resolution was carried unanimously. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland pig-iron 
market is lifeless, and the outlook cannot be described as 
otherwise than gloomy and disco ing. The t of 
resumption of manufacture of iron for the is very 
remote, as ironmasters are not likely to re-light idle 
furnaces to run at a loss, and they declare they cannot 
produce profitably until coke prices have been very sub- 
stantially lowered. So soon as circumstances permit 
some firms will blow in a furnace or two to make iron 
for their own use. There is still a little foun pig 
available for sale, and small purchases for prompt home 
delivery continue possible at 135s. for No. 1, 130s. for 
No. 3 G.M.B., and 129s. for No. 4 foundry; whilst 
prompt export prices remain 140s. for No. 1, 135s. for 
No. 3, and 1348. for foundry No, 4, but July quotations 
are 5s. above the foregoing figures. Stocks of the 
commoner kinds of Cleveland pig are heavy, and makers 
are keen sellers for home or export at their a -on 
minima of 117s. 6d. for No. 4 forge and mottled, and 
115s. for white iron. 


Hematite Irons,—East Coast hematite continues quite 
plentiful. For home purposes Nos, 1, 2, and 3 stand at 
160s.; and for shipment to foreign destinations the 
price is 150s. Prices of No. }] are half-a-crown above 
quotations for mixed numbers. 


Foreign Ore.—There is absolute stagnation in foreign 
ore. No attempt is made to put business through, but 
occasional cargoes continue to come forward in fulfil- 
ment of old contracts and consumers’ enormous stocks 
are still being added to. 


Coke.—Sales of coke are on a very limited scale. 
Customers are compelled to pay high figures for their 
small requirements. 


Manufactured Iron and Steel.—Transactions in finished 
iron and steel are very few and small. Reduction in 
steel prices is no more than was generally expected. 
The following are among the principal prices named : 
Common iron bars, 19/.; iron ship rivets, 241.; packin 
iron (parallel), 12/.; packing iron (tapered), 18/.; stee 
boiler plates, 21/.; steel ship, bridge and tank plates, 
151. ; steel angles and joists, 141. 10s. ; heavy sections of 
steel rails, 15/.; fish plates, 20/.; steel billets (medium), 
112. 108. ; steel billets (hard), 127. 10s. ; and corrugated 
galvanised sheets, 221. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

The Trade Position.—The trade position throughout 
the country is now more serious than ever owing to the 
miners — rejected the masters’ last offer, and in 
consequence the grant of 10,000,000/. from the Govern- 
ment, It was generally admitted that the latter could 
not keep their offer open indefinitely, and now it has 
been withdrawn it is not likely to be renewed, and the 
miners themselves will be the sufferers. Business, all 
* over, is at a standstill, but quite a number of works 
have either started or are about to start on oil fuel, while 
other managements who have been considering the 
matter are more than likely to adopt that process now. 
The installation of electric power in recent years by many 
establishments has proved a boon during the past three 
months, but unfortunately it is not quite suitable for 
all industries. Inquiries of all descriptions are very 
poor indeed, and do not total to any very large tonnage, 
and several of these which were put out on the chance 
of the coal strike being over at the end of last week 
will now come to nothing, meantime at any rate. Foreign 
iron and steel products are still coming into this market, 
but the demand for same is not very heavy owing to so 
many industrial concerns being without fuel. The 
shipbuilding yards are gradually slowing down, and if 
the engineers’ ballot causes a strike then the majority 
of the yards will require to close almost completely. 
The general outlook, threatened as it is with a great 
industrial strike, is very black at the moment, but 
surely reason will soon prevail and enable us to try to 


pick up the shattered fragments of both our home and 
Overseas trade. 


Scottish Steel and Iron Trades.—With the prospect 
of a return to work of the coal miners the outlook in 
the steel and iron trades of Scotland began to get brighter, 
but now, a an error in judgment on the part of 
those who voted, the strike is still on and steel and iron 
works have road 9 commenced operations. When work 
may be resumed is very indefinite now, but should the 
trouble be over in time to get plant running before the 
annual Fair Holiday stoppage is due, there is a strong 
possibility that the workmen generally will ignore that 
annual vacation this year and carry right on. In 
the case of the ee of Messrs. David Colville 
and Son, Motherwell, such an arrangement has been 
decided upon. A mass meeting of the workers was 
held last week, when it was agreed that, provided the 
miners’ strike was over, they would work on during the 
Fair Holidays without payment of the usual time and 
a half for that period. A guarantee was intimated from 
the firm that this —- would not form a precedent 
for the future. There is still no business passing, 
except in odd lots ex stock, but prices have been Lorman 
The Scottish steelmakers met last week and decided 
to make a cut in their current home quotations of from 
60s. to 100s. per ton, and these are now as follows: 
Boiler plates, 201. per ton; ship plates, 2 in. and up, 
151. per ton; sections, angles ar joists, 14/. 10s. per 
ton; rounds and squares, 3 in. to 5} in., 15/. per ton. 
These prices are subject to the usual extras, and are for 
delivery in the Clyde area. Much in the way of new 


business cannot be expected to follow these reductions 
oe awhile, owing to industry being still at a standstill, 
ut they show the determination of the home producers 
to make an effort to meet the severe competition from 
America and the Continent. Over the year, to date, 
boiler plates have fallen 11/. 10s. per ton, ship plates 
102. 108. per ton, and sections 10/. per ton, paw ¢ further 
reductions are now very doubtful until cheaper fuel is 
available. Malleable iron bars, “‘crown” quality, are 
still called 19/. per ton, or 8/. 10s. per ton under the 
highest point of the year to date. 


Scottish Pig-Iron Trade.—The position with re 
to the pig-iron industry of Scotland is unchanged, and 
various — of foundry iron are very scarce. The 
general demand is, of course, very limited, but so also 
are stocks. An early supply of fuel will be necessary 
to enable smelters to light up, but in order to meet 
competition that supply must be cheaper than it has 
been or else there must be prospects of a reasonable 
reduction in the very near future, or industry will suffer. 





NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Coal Trade.—In consequence of the miners’ ballot 
having, contrary to general expectations, resul in 
the two-thirds majority necessary to continue the 
stoppage, business has once again been driven to a stand- 
still, and even tentative inquiries, for shipment after 
a@ resumption of work, have in nearly all cases been 
withdrawn, In view of the fact that the miners’ supply 
of goods on credit has broken down, ho are enter- 
tained that ’ere long the men will dribble back to work, 
At a meeting of the South Wales Miners’ Executive 
yesterday reference was made to the difficulty the men 
were experiencing in securing further credit. Tt appears 
that ever since the commencement of the stoppage 
tradesmen, particularly grocers, have been giving 
ae gg unlimited credit, pending a resumption of 
work, The limit has now been reached, and the trades- 
men can no longer give credit for the wholesale dealers, 
as well as the banks, are bringing pressure to bear on 
those tradespeople not in a position to meet their obliga- 
tions with ready money. The result is that the question 
is now being seriously considered of discontinuing to 
supply the miners with goods without payment. An 
important incident of the strike is the fact that for the 

first time since South Wales became a coal-exporti 

district foreign coal has been imported into the Cardi 
Docks. The steamer Macville, owned by the Neville 
Shipping Company, Limited, has docked with 800 tons 
of os Valley and Belgian coal which was loaded at 
Antwerp. The cargo is to be used for the purpose of 
bunkering steam fishing trawlers which have been 
rendered idle for some weeks past by the lack of coal. 
In another case Welsh coal shipped from South Wales 
before the stoppage has been imported from Spain. 
The Portuguese Government steamer Sao Tiago docked 
with 750 tons of coal re-exported from Vigo for the 
purpose of bunkering two other Portuguese vessels, 
which had been laying up for about four months past, 
to enable them to proceed to Hamburg to load cargo. 


Another Shipping Company in Difficulties.—Share- 
holders in the Celtic Shipping Company, Limited, 
Cardiff, which was formed about twelve months ago, 
have been informed by the directors that the company’s 
bankers have foreclosed and taken possession of the 
company’s steamer. The directors recommended a 
voluntary winding-up, which was a to at a general 


meeting of shareholders held yesterday. 





EnaoIneers’ Sacaries,—Some interesting information 
is brought out by the compilation of the average income 
of the class of 1910, of Cornell University, lately made 
by its class secretary, and given recently in Power. Of 
the 372 members of the class 83 (more than any other 
vocation) were engineers, with an avera, — salary 
of 3,724 dols. The only average salary lower than this 
was that of teachers, 33 in all, with an average of 3,137 
dols. Of the 17 vocations listed, the highest paid was 
that of bankers and brokers, 10 of whom received an 
ave’ salary of 11,040 dols. per year. The average 
for all members was 5,385 dols., including veterinary 
surgeons, farmers, accountants, salesmen, architects and 
physicians. The average saldry of advertising men 
was the nearest to the average for the entire class. 





Position oF THE RuBBER TyRE Inpustry.—The 
British Rubber Tyres Manufacturers’ Association, 
Limited, has just issued a memorandum calling atten- 
tion to the serious position of the tyre industry in this 
country. The association attributes the unemployment 
of thousands of British tyre makers to excessive importa- 
tion due to over-production in the United States and to 
the depreciation of the Continental exc . Wema 
point out, however, that the depreciation of the Brit 
currency in the United States gives a protection of more 
than 25 per cent, against American goods. The associa- 
tion desires to have tyres included under motor cars and 
accessories in the Finance Act of 1915 which will make 
them subject to an import duty of 33} per cent. The 
French tyre-maker is said to work for ll. 48. 11d. per 
week, as compared with the wage of 2/. 12s. 4d. paid on 
an*average in Great Britain. Such comparisons would 
be more impressive if the association had stated the wages 
paid to the American workman whose competition is so 
seriously felt. But the really important figure of all is 
the number of labour-hours required to make a tyre in 
is country as compared with others, where the labour 
unions are either less strong or adopt a more enlightened 





policy. 





NOTICES OF MEETINGS. 


Tae Instirvution or Crvi Enorveers.—Tuesday, 
June 28, at 9 p.m,, Sir George Beilby, F.R.S., will deliver 
the twenty-seventh James Forrest Lecture on “ Fuel 
problems of the Future.” 


Tue InstiruTion or Civm. Encingers,—Wednesday, 
June 29, at 10 a.m.; Thursday, June 30, at 10 a.m, ; 
Friday, July 1, at 10 a.m. ~~ y Conference, 
The full programme was published in last week’s issue 
(page 746 ante). 


Tue InstrruTion oF MECHANICAL ENGINEERS,— 
Thursday, June 30, at 10.15 a.m., and Friday, July 1, 
at 10.30 a.m,, London Summer Meeting, at the Institu- 
tion, Storey’s Gate, St. James’s Park, 8.W. Conference 
on ‘The Means of Increasing the Thermal Efficiency 
of Heat Power Plants.’’ Exhibition of models, drawings, 
&c. The full programme is given on page 775 of this 
issue. 








Puant FoR AUSTRALIAN [RON AND STEEL Works. 
H.M. Trade Commissioner at Sydney states that Messrs. 
Hoskins Iron and Steel Company, Limited, who at 

resent own large iron and steel works at Lithgow, New 
uth Wales, have purchased 380 acres of land at Port 
Kembla, near Wollongong, New South Wales, where, 
according to The Board of Trade Journal, the company 
intend erecting additional steel works. It is under- 
stood that the total outlay in connection with these new 
works will be in the vicinity of 2,000,0001. The ma ing 
director of the company stated in an interview with H.M. 
Trade Commissioner that it was intended to purchase as 
much as possible of the plant and equipment required 
from the United Kingdom, 





MAGNESITE IN MANCHURIA,—J apanese mining engineers 

e in mineral surveys along the South Manchurian 
Railway line state that there are extensive and well- 
proved deposits of magnesite in Manchuria which are of 
a potential value, according to The Iron Age, New 
ork, quoting from the Trans-Pacific. The magnesite 
is in fact too pure for making into the usual brick form 
without the admixture of 7 per cent. to 8 per cent. of 
iron. J ese own the larger part of the deposits but 
considerahle areas are in ae — ——e a 
magnesite are important talc deposits said to equal, 

if not excel, the bent # e French tale deposits. The 
known deposits of both these substances are all within 
from 3 miles to 10 miles of the South Manchuria Railway. 


U.S.A. Coat Exporr.—In view of the state of the 
British coal export trade, it is informing to learn ¢hat, 
as in other activities, the United States of America has 
shot up into the position of premier exporting country, 
from the third place formerly occupied by her, says 
The American Marine Engineer. The quantity exported 
during 1920 is stated as being about 36,000,000 tons, 
as compared with about 20,000,000 tons in the year 
immediately preceding the-war, when the British exports 
aggregated 76,000,000 tons and Germany's 30,000,000 
tons. The export totals have been as follows: 
13,00 ),000 tons in 1910, 19,000,000 tons in 1914, 
24,000,000 tons in 1917, 26,000,000 tons in 1918, 
28,000,000 tons in the fiscal year 1919-20, and for the 
calendar year 1920 it seems likely to total anything from 
36,000,000 tons to 40,000,000 tons. All the eares 
quoted exclude ship’s bunker coal. The export value 
has risen from 60,000,000 dols. to 3,000,000,000 dols. 
According to experts’ estimates of the world’s stock of 
coal presented at a recent geological congress in Canada, 
the world total is put at 7,398,000,000,000 tons, of which 
3,938,000,000,600 tons, or 53 per cent., are credited 
to the United States of America. Canada comes next, 
with 1,234,000,000,000 tons, or about 17 per cent. ; 
China has 996,090,000,000 tons, or over 13 per cent. ; 
while British “ reserve”’ is put at 190,000,000,000 tons, 
or less than 3 per cent. of the world’s total, 


RETIREMENT OF Proressor Sire Jonn Brires,—Sir 
John Harvard Biles has intimated his approachi 
retirement as occupant of the John Elder Chair of Nava 
Architecture and Marine Engineering at the Glasgow 
University, which he has held since 1891. He was the 
third occupant of the chair, his predecessors having 
been the late Dr. Elgar and the late Professor Philip 
Jenkins. Professor Biles is one of the best known of 
naval architects, having for a long time been identified 
with the Clydebank Shipbuilding Works, where he did 
original work in design, notably of the Atlantic liners 
Paris and New York, the Russian destroyer E] Destructor, 
and the Spanish cruiser Reina Riente, He did con- 
siderable work on committees, particularly that on the 
Hawke and that dealing with the strength of the destroyer 

which led to ey 4 important results. He has also 
associated with the Board of Trade inquiries into 
load lines and bulkheads, and was identified also officially 
with the inquiry into the loss of the Titanic. He still 
acts as consulting naval architect to the India Office, 
and received the thanks of the India Council for his work 
in connection with the construction of river craft for the 


Wolf, 
been 


Mesopotamia Expeditionary Force. Professor Biles 
was knighted in 1913, and the Order of the Osmanich 
was comenet upon him in 1906. He is a Past Master 


of the Worshipful Company of Shipwrights, and has been 
president of a number Ss and scientific 
societies. He has publi several works on naval 
architecture and marine engineering, and the rn who 
have through his classes for the past thirty years 
have occupied many important positions, 
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THE RESPONSIBILITY OF LABOUR. 


In September last there were 303 blast furnaces 
in blast in this country. By the end of last March 
this figure had fallen to 109, while by the end of 
April it had come down toll. At the present time 
there are no blast furnaces in blast. These figures 
are a fair index of the present state of industry. 
The fall up to the end of March is to be attributed 
to the general slackening in trade, not only in this 
country, but throughout the world. The fall from 
then until now is a direct result of the coal dispute. 
It would appear to be obvious that these figures 
concern not only ironmasters and “ capitalists,” 
but every member of the general public, not ex- 
cluding trade unionists, and yet recent proceedings 
of some of the leaders of this latter class would 
appear to suggest that the matter is little concern 
of theirs. 

The handling of the coal dispute has added little 
credit to either of the parties directly concerned, 
but at this hour it might at least be expected that 
both would show some signs of appreciating the 
seriousness of the situation into which we have 
drifted. So far the greatest credit in this deplorable 
affair must be given to the general public, which has 
displayed an admirable patience and good humour, 
although from time to time one cannot help realising 
that this patience and good humour are singularly 
non-constructive and appears to be based to a 
considerable extent on the interest which is excited 
by various international sporting competitions. 
Whether when these important events are deter- 
mined the public will awake to a proper realisation 
of the present position and the prospects for the 
immediate future one cannot say, but in view of 
the nature of that position and those prospects it 
is surely time that the protagonists at least showed 
some signs of facing the position. 

Nothing is more likely to lead to the elucidation 
of a complicated situation than a definite and clear 
statement of the facts of that situation, and the 
most profitable immediate step by both parties 
would be to re-issue in clear terms the nature of 
their present offers or conditions. It may be said 
that the coalowners’ offer has been made abundantly 
clear, but we suggest that to the country at large, 
to which the whole issue is vital, the actual incidence 
of that offer is still decidedly obscure. There has 
been much talk of the forgoing of profits for a period, 
the sharing of ultimate profits, and so on, but the 
ordinary member of the general public has nothing 
but the most vague conception of what these 
formule mean. It will be remembered that even 
Mr. Lloyd George, after much personal discussion 


g2| With both parties, confessed himself unable to 


understand the offer. We do not lose sight of the 
fact that wages in the coal mining industry are 
necessarily complicated, but we also do not lose 
sight of the fact that if any able man has a clear 


785| grasp of the facts of a situation he can sum up 
gs | that situation in unmistakeable terms which can be 


understood by anybody who can read. Ifthe owners’ 
offer cannot be stated in such terms, the only reason 


sg|can be that it is not definite in the minds of those 


gg | Who make it. 

An incidental issue in this connection concerns 
the selling price of coal. Any firm offer by the 
owners must be based on some assumed selling price, 
and it would greatly clear the issue and strengthen 
public confidence in the owners’ case if information 
were given concerning the selling price which has 
been assumed. We do not in any way desire here 





adversely to criticise the owners’ offer. What we 





desire is to plead for more frankness on both sides. 
It is commonly said that no one was more surprised 
by the recent adverse vote than the miners’ leaders. 
On this matter we have no information, but we 
certainly very definitely suggest that had the owners’ 
case been put more definitely and clearly before the 
public, so that its essentials had become commonly 
understood, the effect of the general opinion so 
created would have carried very great weight in the 
ballot. That at bottom the owners have an incon- 
trovertible case there is no shadow of doubt. 

This plea for frankness as a working policy which 
we make to the coalowners may be made with equal 
and even greater force to the miners’ leaders. Both 
parties have a duty to the public, but that duty is 
perhaps of a somewhat abstract nature and is easily 
overlooked amid the dust of strife. The miners’ 
leaders, however, have also a more immediate and 
obvious duty to their constituents, and had that 
duty been carried out it is not likely that the 
country would have drifted to the position in which 
it now finds itself. We ask for a clear statement of 
the owners’ offer. We also ask for a clear statement 
from the miners’ leaders of the conditions which 
they would advise the workers to accept. The 
conditions they would like to get are of no practical 
interest to anyone, and mere bombast is useless at 
the stage we have now reached. An honest state- 
ment of what they are prepared to take would 
unquestionably be supported by the bulk of the 
workers, and would very probably pave the way to 
settlement. 

Mr. Frank Hodges dealt with the present position 
of the coal dispute at the Labour Party conference in 
Brighton last Tuesday. He made a restrained and 
moving speech, but with every wish to be fair we 
cannot see that it was in any way a useful contribu- 
tion towards the solution of the present difficulty. 
In as far as the speech was a confession that the 
miners were nearing the end of their possible resist- 
ance it may have tended to stiffen the attitude of 
his opponents, but we should have liked something 
more constructive. Mr. Hodges and his associates 
know as well as we do that the coal wages and the 
coal output of 1920 cannot indefinitely co-exist, 
and wise leadership would take every opportunity 
of pointing this out to the workers. There is no 
need that Mr. Hodges should do anything worse 
than his best for his followers, but there is every 
reason why he should not encourage them to fight for 
the impossible. 

Official labour has taken considerable part in the 
agitation against what is called “ secret diplomacy "’ 
in international affairs, and it would be well if some 
of the opinions expressed in that connection could 
be imported into domestic affairs. The essential 
reason why the present coal dispute has been so 
long drawn out is undoubtedly that the rank and 
file have not yet realised the new conditions which 
an impoverished world must and will impose. 
As far as the working miner is concerned negotia- 
tions in connection with the coal trouble have been 
as remote as the conversations of secret diplomacy, 
and matters would now certainly be in much happier 
condition if he had from the first been taken into 
the leaders’ confidence. We have heard much 
about the “human note” in industry and the 
necessity of employers attempting to realise the 
men’s point of view and getting a personal note irto 
negotiations. This kind of thing is, however, by 
no means one for the employers only, and labour 
leaders would do well to realise that they also have 
similar duties. Labour disputes are usually of a 
very simple nature, and there is no reason against 
and every reason for the rank and file being taken 
fully into confidence and the facts and possibilities 
of a situation properly explained to them, The 
best “human note” we know is the treatment of 
one’s associate as a responsible being, which he 
normally is, and the giving him the fullest possible 
share of one’s confidence. 

Those who lead labour have a very grave responsi- 
bility in this matter. Sir Leo Chiozza Money in the 
Labour Leader of the 10th inst. said, “ What is 
perfectly plain is that our trade is not now earning 
the living of one-half of our people ; it is doubtful 
if it is now sustaining one-third of them.” It ix 
satisfactory to find Sir Leo making this statement 
in a labour journal, and one hopes it may be # 
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precedent to other labour writers and speakers to 
similarly{make some attempt to explain the facts 
of the situation to their followers. «The financial 
and industrial conditions of the country would be 
serious enough even if we had no labour troubles 
for the next year or two, but if to that condition 
we continue to add the complications of labour 
disputes similar to the present an optimism little 
short of -fatuous will be required by anyone if he 
is to see any possibility of a return even to average 
pre-war conditions. Every intelligent labour leader 
is quite aware of these facts. 

We do not suggest that the quotation we have 
made from Sir Leo Chiozza Money represents the 
first attempt to point out the true condition of 
affairs to the workers. Many labour leaders, and 
notably Mr. Brownlie, have given very sound advice 
to their followers in this connection. There has, 
however, at no time been any concerted and con- 
tinuous attempt to enlighten the worker. Something 
more than lectures in general terms is wanted, and 
particularly in labour disputes should pains be 
taken to come to a fair estimate of what settlement 
industry is likely to be able to bear and then 
explain these terms and the conditions which have 
led up to them straightforwardly to the workmen. 
The worker wants as much money as he can get, 
in which he does not differ from the rest of us, but 
he has the intelligence to know that no one can 
get five shillings change out of half-a-crown. We 
suggest that even such an insane strike as that of 
the ship joiners might have been avoided if the 
leaders concerned had fairly explained the conditions 
tothe men. We are not suggesting that official labour 
should go over to the opposition side ; by all means 
let it do the best for its constituents. But let it 
at the same time honestly and fairly explain the 
limitations within which any possible award must 
lie. The responsibility for getting back to a fair 
correspondence between wages and work and to a 
solvent country lies very largely in the hands of 
our labour leaders. If they will meet that respon- 
sibility we may even at this late hour get back to 
a moderate prosperity. 





RESEARCH WORKERS AND 
PATENT LAW. 

QuEsTIoNs are often raised, and the matter is 
largely being discussed at the present time, as to 
the property in inventions made by employees, in- 
cluding research workers. In many cases agree- 
ments are made between masters or limited com- 
panies (which often represent the modern equivalent) 
and men which provide for the rights in such inven- 
tions, but often no agreements are made. In that 
case difficulties are liable very easily to arise. In 
law the true and first inventor of an invention is 
entitled to a patent for it. The Patent Acts, 
however, do not explain who is the beneficial owner 
of the patent, although the legal ownership is not 
in doubt. 

Speaking generally, if a person is employed for the 
specifie purpose of working out an idea on lines 
broadly communicated to him and in the course 
of his business he makes an invention, although his 
name may or should be in any patent application 
based thereon, the rights could not be considered 
as belonging to him, but they would belong to the 
employer. That case is fairly straightforward, but 
it has occasioned disputes from time to time which 
have been settled in the Law Courts, and under the 
appropriate circumstances a declaration has been 
made that the patent was held in trust by the 
servant for the master. 

More subtle cases arise when the employee makes 
an invention which is not one arising directly 
during the course of his employment. Assume, for 
example, the head of the test-room in a cable works 
should find a large proportion of cables continually 
coming through with a particular type of fault. 
He may communicate this fact to the proper 
authorities in the offices or works and they may not 
be able to improve the matter. If he then dis- 
covered how to cure the fault it would appear that 
the rights in his invention would belong entirely 
to him and not to the employer. It would not be 
his business to cure the fault, but merely to ascertain 
its existence. This hypothetical case can be 
applied in many industries. It may be in arriving 





at the invention assistance was obtained from the 
firm by the inventor using, let us say, faulty pieces 
of cable, and examining them, perhaps micro- 
scopically, either in the works in the employer’s 
time or at home. This could not make the inven- 
tion the property of the employer, but there might 
have to be some set-off or payment made by the 
inventor for privileges which he had enjoyed. 
Although perhaps strictly the sole property of the 
inventor, in practice it may not be desirable to 
insist on this view, provided that the employer be 
reasonable, because it is most likely the fact that 
the invention as such could not be used personally 
by the employee and he would need to have some- 
one with the necessary capital, works and standing 
in the trade to exploit the same. It may, ther~fore, 
be well to arrange with the employer to pay all 
expenses in regard to the patent, to make no charge 
for the facilities referred to above and to make such 
payments as might be settled for the use of the 
invention, the patent being taken out in the joint 
names of the inventor and the employer. This 
kind of settlement involving an agreement hardly 
comes into question here, because by virtue of the 
agreement the rights of the parties are defined. 
The point at present is more especially directed to 
cases in which no agreements have been made. 
Even, however, with agreements there is dissatis- 
faction at the present moment, inventors believing 
that the inventions made by them are worth far 
more than the terms of consideration in the agree- 
ment. This may or may not be the fact, and it 
may be desirable that some arbitration court should 
settle such matters, but the true answer appears to 
be that the parties entering into an agreement 
should realise the steps they are taking and the 
obligations as well as the privileges laid on them. 





CHEMICAL COMBINATION AND THE 
STRUCTURE OF THE MOLECULE. 

Tue discourse by which Sir J. J. Thomson, 0.M., 
brought the session of the Royal Institution to a 
close on Friday last, the 17th inst., was devoted to 
an extension of the electronic theory of matter to 
“Chemical Combination and the Structure of the 
Molecule.”” That it is more difficult even to form 
a conception of the structure of the molecule than 
to imagine the structure of the modern atom, 
which physicists have now converted into a micro- 
cosm, was briefly indicated by Sir Joseph in his 
introductory remarks. 

We knew now, Sir Joseph stated, that all the 
different atoms were made up of two constituents 
—the extremely minute negative unit of electricity, 
the electron, and the unit of positive electricity 
with the mass of the hydrogen atom. We knew 
also that the number of electrons in an atom was 
approximately given by the position of the atom 
in the periodic table of the elements. How were 
these constituents held together? The simple 
view was that the attraction between the positive 
and negative charges should vary with the inverse 
square of the distance. That was satisfactory as 
long as we dealt with an atom of one electron which 
might describe its planetary orbit about the nucleus. 
When we had atoms with large numbers of electrons, 
two electrons could not describe the same orbit 
because they would repel one another, and the mind 
quailed when we had to deal with the hundreds of 
electrons of some compounds. For the sake of 
simplicity Sir Joseph assumed that the repulsion 
between the electrons followed the inverse square 
law, but that the attraction was subject to a more 
complicated law indicated by the annexed diagram, 
Fig. 1. The ordinates marked force, the abscissz 
distance. The dotted line would be that of the 
inverse square rule, whilst the actual force would 
follow that law only when the distance was either 
very large or very small ; the force would vanish at 
certain points and change from attraction to repul- 
sion or vice versa. 

If we had only one electron it might be at one of 
the spots at which the force vanished, such that a 
displacement in either sense would tend to re- 
establish equilibrium. How several electrons might 
group themselves in stable equilibrium, Sir Joseph 
had, in previous lectures, illustrated by floating 
vertical magnets on a surface of water in a vertical 
magnetic field. He now repeated this experiment, 








and showed also the diagram, Fig. 2, in which the 
arrangement is spatial, on a spherical shell and not 
in a plane. In the cases of one, two or three 
electrons the stable grouping would be as in a plane. 
Four electrons would go to the corners of a tetra- 
hedron with the nucleus in the centre, as in all 
these arrangements. Five electrons would form a 
double triangular pyramid, six electrons an octa- 
hedron, seven electrons a pentagonal pyramid. 

The case of eight electrons was not so simple. 
They could not occupy the corners of a cube in 
stable equilibrium. But that was possible on the 
twisted cube of Féppl, shown in the diagram, Fig. 3, 
in which the electrons were arranged in two sets 
of four in parallel planes, occupying in each set the 
corners of a square, the one square being turned 
through an angle of 45 deg. relative to the other. 
This cube was bounded by two square and eight 
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triangular faces. Such models could be joined with 
their square faces (in which case they would have 
four points in common), or with their triangular 
faces (three points in common), or simply with an 
edge. Now we might bring nine, ten, eleven, &c., 
electrons into equilibrium. The chemical molecule 
was electrically neutral, however ; on that condi- 
tion only eight electrons could be kept in equi- 
librium, whilst nine and ten and more could not. 
If we had more than five electrons in a ring, or more 
than eight electrons on a spherical shell, the force 
at the centre had to be greater than the sum of the 
electronic c to maintain equilibrium. If 
more than eight electrons were brought together, 
therefore, the excess electrons would be ejected, 
starting a new shell outside; in this way we got 
a repetition of the old outer layer. That seemed to 
be the principle underlying the law of octave or 
octet grouping in the periodic table of the chemist. 
All the properties of the elements repeated as we 
started a new octet, and valency was one of these 
properties. The subjoined table [from which 
hydrogen and helium are omitted, it will be seen} 
illustrated Sir Joseph’s meaning. The numbers 
1, 2, 3, marked the number of electrons in the 
outside layer of the elements in the first row 
[owing to the omission of hydrogen and helium the 
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numbers. are by 2 units smaller than the atomic 
numbers of Moseley]. In the second group we began 
with sodium 9 = 8 + 1, one electron being outside 
the shell, passing on to Mg 10 = 8 + 2. 
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Now seven electrons might take up one more to make 
up the limiting number 8, six might take up two 
more, five might take up three more, and in this 
sense the modern theory came back to the valency 
and counter-valency theory of Abegg, who ascribed 
to each element two valencies, one governing its 
combination with more negative elements, the other 
its combination with more positive elements, the 
sum of the two valencies being always eight. 

When atoms combined to molecules the electrons 
were rearranged according to this rule. Where 
their number exceeded eight, a new shell was started 
by ejecting electrons. Sir Joseph exemplified this 
with the aid of models in which the nuclei were 
joined to the electrons by means of rods. On that 
view one might expect that dissociation by heat 
should yield charged ionised particles; but a hot 
gas was not a conductor of electricity and was not 
ionised. In that case we had to imagine that we 
might more easily pull out a nucleus together with 
its electron than break the bond between the two, 
whilst in electrolysis the linking was actually broken. 

Support to these arguments was obtained from 
Sir Joseph’s positive-ray analysis. Since neon 

already the limiting number of eight 
electrons, it could not acquire a negative charge by 
adding an electron. If the number of electrons 
were smaller, however, an electron might be added 
to make up the eight. Asa matter of fact, neon was 
not known to assume a negative charge, whilst we 
found both carbon and oxygen atoms with 
negative charges in the analysis, but never nitrogen. 
This fact seemed not to be in accord with the 
theory advanced, but on further consideration this 
apparent anomaly confirmed the theory. To 
acquire a negative charge the neutral atom had to 
drag an electron away from another atom or 
molecule, and unless the nitrogen atom happened 
to come in contact with another atom which was 
holding its electron more loosely than the nitrogen 
did itself, it would, with the varying conditions of 
the discharge in the tube, not be able to pull the 
electron away. Calculating now the work required 
to remove an electron from various negatively- 
charged atoms Sir Joseph found that force to be in 
the case of hydrogen equal to } e?/r, where e was the 
charge, and r the radius of the atom. In the case 
of carbon the coefficient 4 was replaced by 0-034 ; 
for oxygen it had nearly the same value 0-033, but 
for nitrogen it dropped to one-tenth of that value, 
viz., 0-0037. Thus nitrogen held its own electron 
very loosely and was more apt to have its electron 
knocked off than to acquire another electron. 

The radius of the electron and the atomic volume 
[atomic weight divided by density] entered into 
this consideration. Lothar Meyer had first shown 
that the atomic volume was one of the periodic 
functions, and that the alkali metals had the highest 
atomic volumes known, culminating with cesium. 
Sir Joseph exhibited the diagram of W. L. Bragg, 
Fig. 4 [in which the places of the inert gases, neon, 
argon, &c., are left open because their atomic 
volumes were not ascertained by X-ray analysis]. 
But Sir Joseph’s calculation agreed with the 
deductions and showed that neon has indeed the 
smallest atomic volume in the first octet ; then the 
volume rose to the higher value of sodium. Assum- 
ing the radius of the hydrogen atom to be of the 
order 10-* cm., the radii of the other atoms of the 
first octet would be: Li 7, Be 5-14, B 4-52, C 3-78, 
N 3-69, F 3-68, Ne 3-63 of that unit. 

Reverting to valency, Sir J. J. Thomson pointed 
out that, since the neutral neon atom contained 
eight electrons, the positively-charged neon would 
have seven electrons like the negatively-charged 
oxygen atom. A compound between the two might 
exist, but we did not command the proper stimulus 
to produce it, though temporarily compounds of 
valency relations, otherwise considered impossible, 
aa temporarily be produced in the discharge 
ube. 


How then did the atoms combine ? We might 





have a stable system of two positive nuclei at the 
ends of diagonal of a parallelogram and the two 
electrons at the end of the other diagonal, as 
shown in the diagram, Fig. 5. That would be 
the model of the hydrogen molecule. The elec- 
trons would serve as hooks to link up the atoms, 
as “single bonds,” and if there were two more 
electrons, one in front and the other behind the 
plane of the parallelogram, we should have a 
“double bond.” Each bond on this view would 
require two electrons, and a double bond four 
electrons. Two more electrons might be added 
to the molecule just described, either to the right 
and left of the parallelogram, as in Fig. 5, or in 
front and behind. In the latter case the four 
electrons would be in the plane at right angles to 
the plane of the paper, midway between the two 
nuclei. When the displacement of any electrons 
in one plane was not confined to that plane, the 
double bond would be weak. When we had two 
atoms each of four electrons we came to the maxi- 
mum number of electrons that could be in stable 
equilibrium on the surface of the shell; but with 
double bonds these could be accommodated in 
various ways. The case of the carbon monoxide 
CO was interesting. 

In CO we had ten electrons to dispose of, just as 
in the nitrogen molecule N,, and the N molecule 
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and CO, in fact, resembled one another in several 
respects. As the electric charge on the C and on 
the O atoms were not the same, however, the cell 
would be distorted and not symmetrical. We had 
further to distinguish between the gas molecule CO 
capable of independent existence [Sir Joseph meant 
by molecule always combinations of this kind unless. 
otherwise stated] and the carbonyl radicle OO, 
not known as a free compound. In the latter 
two out of the four electrons of the carbon joined 
with the oxygen atom to make up the eight required 
on the shell round the oxygen atom, whilst the other 
two electrons were free to join up with other 
electrons. In carbon dioxide CO, an oxygen 
atom was united with two carbonyl radicles, and 
the sixteen electrons were arra in three cells. 
(like three bricks piled together) of eight round each | 
of the atoms, each cell having four electrons in 
common with the neighbouring cell, these forming 
double bonds. On these views we could have 
compounds of which we had no evidence. These 
considerations, Sir Joseph added, had been further 
developed by G. N. Lewis and I. Langmuir, but 
not on the same lines. 

Sir Joseph finally turned to the long chains of 
CH, radicles in organic compounds, mentioning 
that a compound containing 60 such CH, groups. 
of the type Cn H,n+, was known. To understand 
these structures the twisted cube of Fig. 3 was 
useful. Four-sided cells might, as we have stated, 
be united with two lines in common (like bricks 
placed face to face), or with one line in common 
(bricks arranged in step fashion), or there might be 
triangular faces in contact. If the hydrogen atoms 
were placed outside the cells, alternately in vertical 
and horizontal pairs, stability could be secured even 
in the longest chains. In the benzene ring C,H, 
we had to make up six cells out of thirty electrons. 
That might be done in various ways to fit either the 
Kekulé hexagon or the modifications introduced 
into it by Armstrong and by Baeyer. The model 
which Sir Joseph showed consisted of three sets 
of pairs of cells, the cells of one pair having four-fold 





contact with each other, but only double contact 
with a pair in a neighbouring pair. That would fit 
Kekulé’s ring, but it would render more isomers 
possible than were so far known. 

In his concluding remarks Sir Joseph came back 
to his introduction, and said that the time had 
arrived when the physicist could help the chemist by 
giving him definite suggestions as to the structure of 
the atom and molecule. That had not been possible 
so far, the physical conceptions not being sufficiently 
definite. The grouping of the electrons would 
probably prove the most important feature in 
obliterating the division between physics and 
chemistry. ‘ 

We may now refer to two personal matters of a 
pleasant nature. First, in opening his discourse, 
Sir Joseph Thomson expressed his gratification at 
having been appointed Hon. Fullerian Professor of 
Natural Philosophy to the Royal Institution, in 
succession to the late Lord Rayleigh. Secondly, at 
the conclusion of the lecture the Duke of Northum- 
berland, who had succeeded his father and his 
grandfather in the Presidency of the Royal Institu- 
tion, rose to present to Sir James Dewar and Lady 
Dewar a cup as a token of esteem and affection on 
the occasion of their golden wedding. Sir James 
has been Fullerian Professor of Chemistry to the 
Institution for forty-four years, and has indeed 
identified himself with it, not only by his dis- 
tinguished work, but in other ways. His reply to 
the good wishes expressed by the President was 
an appeal for support to the Royal Institution 
which, once more, as in the years following the 
Napoleonic wars, finds itself in a difficult position, 
in spite of the recent generous gifts by Sir Charles 
Parsons and by other members. 








NOTES. 
An Hypravtic Parapox. 


It is a commonplace of hydraulics that so long 
as the velocity of flow of a fluid through a pipe lies 
below a certain critical value, the motion partakes 
of a streamline character. That is to say each 
filament of the flow maintains permanently its 
individuality, just as do the streamlines of a perfect 
fluid, between which there is neither interchange 
of material nor of energy. There is, however, 
one fundamental distinction between the true 
streamline flow of a perfect fluid and the simulated 
streamline flow of a viscous fluid. The motion 
of the perfect fluid is “ irrotational,” whilst that 
of the viscous fluid is “rotational,” that is to say, 
could we isolate any elementary sphere of a fluid 
in viscous flow it would be found to be spinning 
about some axis. This statement holds whether 
the flowing fluid be gaseous or liquid, the law 
of flow being the same for both. Hence when a 
gas, such as argon, flows through a pipe at a 
speed below the critical, the flow will be viscous, 
and the motion rotational. The ratio of the specific 
heat of argon at constant pressure to its specific 
heat at constant volume is however §, and from the 
kinetic theory of gases it follows that the atom of 
argon cannot be set in rotation by any means 
at our disposal. Hence, although from the mathe- 
matical standpoint the viscous flow of argon is 
rotational, the individual atoms do not themselves 
rotate. The paradox arises, no doubt, from the 
fact that in the mathematical theory of flowing 
fluids, a gas is treated as a continuum, whilst it 
really consists of discrete particles which may 
revolve round each other, although themselves 
free from spin. 


Crvm AVIATION. 


In order to acquaint the designers of aeroplanés 
and aeroplane engines more fully with the desiderata 
for running a safe, reliable and economical com- 
mercial aerial transport service, a committee was 
formed some time ago by the Royal Aeronautical 
Society to consider the matter in detail. The 
committee, which has just reported, comprised 
10 members under the chairmanship of Colonel 
M. O’Gorman, D.Sc., the members representing 
aeroplane design, engine design and research, engine 
installation, piloting, testing, insurance and business 
management, while Lieutenant-Colonel W. Lock- 
wood Marsh acted as secretary. The committee has 
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discussed the requirements for the safe and econo- 
mical working of an aeroplane service carrying 
mails and 1s between London and Paris, 
and has dealt with the matter under four sub- 
headings roughly based on the relative order of 
importance from the point of view of reliability. 
These sub-headings are as follow: Installation 
work on engines and oil, water and petrol systems ; 
engine design; aeroplane design; and general 
considerations such as weather reporting, &c. 
There are in all 41 recommendations under these 
four sub-headings, but several of them strike us 
as being of a fairly obvious nature. No one, for 
instance, will question the desirability of dis- 
couraging the use of rubber connections in petrol 
systems, or of mounting magnetos in such a manner 
that they can be readily removed and replaced, 
though it must be admitted that these points do not 
always receive the consideration they deserve. 
Space will not permit us to refer to more than a 
few of the recommendations in the Report, which can 
be obtained from the Secretary of the Royal Aero- 
nautical Society, but we may call attention to some 
of the more important of them. Among these we 
include the reference to the pressure system of petrol 
feed which the committee considers should be 
released from prohibition and allowed to develop. 
We also note that efforts to develop a satisfactory 
distance-reading petrol gauge are considered to be 
urgent, and that soft steel pipes for petrol and oil 
systems are regarded as preferable to copper pipes. 
There are 13 recommendations relating to engine 
design, one of which is to the effect that engines 
should be so designed and arranged that they can 
be opened up to full throttle within a few minutes 
of starting. The object of this is, of course, to 
eliminate the wasteful practice of running an engine 
for 15 minutes to 20 minutes before opening out 
fully. It is also considered desirable that engine 
design should allow for the modification of the 
compression ratio to enable advantage to be taken 
of probable improvements in fuels. In the matter 
of machine design it is suggested that the usual tail 
skid might be replaced by a steerable wheel fitted 
with a brake, and it is also thought that the use of 
airscrews with more than two blades is desirable, 
since two-bladed screws set up vibrations under 
certain conditions. The provision of a reliable 
turn indicator on all commercial aeroplanes is also 
recommended. On the whole, we think the report 
may do good in emphasising points, many of which 
are already in the minds of designers. The com- 
mittee expressly states that it has concentrated on 
ends rather than on the means by which such ends 
may be secured, and in view of the high technical 
standing of most of the members, this fact strikes 
us as being rather regrettable. 





THE DEVASTATION OF FRANCE. 
(Concluded from page 674.) 

In the course of his presidential address to the 
Société des Ingénieurs Civils de France, delivered 
early in the present year, Mr. L. Chagnaud stated 
that when the Germans were driven from the 
invaded regions of Northern France it became 
possible to draw up the balance sheet of their des- 
tructions, and he gave total figures to illustrate the 
extent of the devastations, figures which comprise 
the whole of the damage done, not only to mining 
and to the iron and s trades, with which we have 
dealt briefly in two previous issues, but also to the 
other industries such as textiles, breweries and 
sugar plants. He quoted the total railway lengths 
destroyed, including all sidings and private and 
narrow-gauge lines. Mr. Chaynaud acknowledged 
the invaluable aid afforded to the Allied Armies 
by the French railway and canal systems during the 
whole time hostilities lasted, and in paying a well- 
deserved tribute to the admirable services also 
rendered by the high roads, he recalled the 
following words spoken by General Pétain when 
referring to the road from Bar-le-Duc to Verdun : 
““ My men will certainly hold on,” the general said, 
“ provided the road does not fail us.” Both held, 
and Verdun was never captured. . 

An idea of the extent to which the industrial 
life of the country was hit is afforded by our two 


sideration all the other industries, concluding this 
series with a brief review of the part played by the 
two main railway systems serving the invaded 
regions, the North of France and the East of France 
Railway Companies, and of the damage done to 
these two lines. Much of this damage was made 
good again in a very short time. Mr. A. Moutier, 
technical traffic superintendent to the first named 
company, has given the total destructions as 
follows: In the case of the Northern Railway, 
they relate to 1,700 km. (1,050 miles) of main lines, 
several thousand kilometres of secondary lines, 
81 bridges, 8 large viaducts, 338 stations and 115 
water-towers. In that of the Eastern Railway the 
figures are 935 km. (580 miles) of main lines, 202 
masonry viaducts, including 17 of 70 m. to 120 m. 
(230 ft. to 393 ft.) in length over the rivers Meuse, 
Aisne, Avre, Marne and Ourcq, 162 steel bridges 
and 10 tunnels. These figures, which do not 
include subsidiary plant, such as signalling gear, 
telephone and telegraph plant, show the extent of 
the restoration which confronted the engineers 
in charge of both systems. 

Immediately upon the declaration of war, the 
whole transport services throughout France were 
placed under Military Authority, the arm of the 
Service mainly concerned being the Corps of 
Engineers, and more particularly the 5th Regiment 
of that Corps, as regards railway repair and con- 
struction. The ranks of the men then on active 
service were completed by men on the reserve and 
territorial lists, every one of whom took up his pre- 
assigned station. A Commission under military 
orders was also appointed immediately, of which 
the controlling engineers of the various railway 
systems throughout the country formed part. Mr. 


Company, 


mobilised. 


their various depots. 


fell at the same period to 3,800 km. (2,360 miles) only 


direct communications by rail with the north of 
the country were simultaneously cut off. On the 
remaining lines of both systems the traffic during 
four years was so intense and the material avail- 
able, both the permanent-way and the rolling-stock, 
soon became so inadequate in every respect, that it 
went exceedingly hard with the authorities to meet 
the requirements, conflicting ones in most instances, 
demanded by the most exceptional conditions pre 
vailing. 


imported material. 


section to another. 


for the two companies the construction of abou 


15,000 km. (over 9,000 miles) of track, and of 1,500 





former articles, and we shall leave out of con- 





Javary, chief engineer to the Northern Railway 
has stated that a few hours after 
mobilisation was decreed, 92 trains carried to the 
east frontier covering troops forming part of the 
active forces then serving with the Colours, whilst 
numerous other trains dealt with the Forces recently 
In a period of about twelve days, 
6,519 trains were dispatched by the Northern 
Railway alone in the direction of the then pre- 
dominant traffic, the number, therefore, not includ- 
ing the trains which returned practically empty to 


In France the war was fought exclusively, as 
already stated, in the part of the country served by 
the Northern Railway and by the Eastern Railway. 
The mileage of the Northern Railway at the opening 
of hostilities was 3,840 km. (2,386 miles), a figure 
which was reduced by half almost immediately after 
the enemy invaded the country. The mileage of the 
Eastern Railway was 5,027 km. (4,950 miles), which 


and practically the whole of the latter company’s 


necessary approaches. Thus the Romescamps dis- 
tributing station, near Abancourt, built in 1915 to 
1916, including all its tracks and lay-outs, covers 
200 hectares (495 acres), and the Connantre station, 
near Fére-Champenoise, built in 1916 to 1917, 
contains 70 km. (43 miles) of track and 220 track 
apparatus. 

As an example of the rapidity with which work 
was carried out, may be mentioned the construc- 
tion of the Marseille-en-Beauvaisis tunne), for 
establishing double track communication _be- 
tween St. Omer-en-Chaussée and Longroy-Gam- 
aches; the tunnel is 400 m. (1,315 ft.) in length, 
through difficult ground under a high road which 
lay quite close to its extrados and on which troops 
and munitions were constantly passing. A tunnel 
already existed at this place, but it had become 
insufficient in the circumstances, and instead of 
widening it, the authorities resolved, as the quickest 
and safest means, to build a second one adjoining 
it; this is the tunnel we refer to. The work for 
completing this new tunnel took 77 days only, 
instead of the 100 which had been allotted for it. 
Among the new lines on the Northern Railway, 
that from Feuquiéres-Broquiérs to Ponthoile may 
also be mentioned. It is 88 km. (54 miles) in 
length, double track, and its object was to avoid 
the Amiens junction which was under German 
gunfire. It met the coast line past Abbeville, thus 
avoiding also the swing-bridge over the Somme. 
This line and its connections involved earthworks 
to an extent of 784,000 cub. m. (27,000,000 cub. ft.) 
and the laying of 262,000 cub. m. (9,000,000 cub. ft.) 
of ballast, the crossing of the river Somme on a pile 
viaduct, and the laying of 176 km. (110 miles) of 
main track and of 34 km. (21 miles) of leading-in 
and out tracks. The line was ordered to be built 
on April 22, 1918, and it was inaugurated on 
August 13 following; it took therefore only 114 
days to build, to join up with the existing neigh- 
bouring lines and to equip with the block-system, 
this rendering it forthwith capable of dealing with 
the heaviest traffic. 

On the Eastern Railway the following works may 
be referred to. First, the line built during the 
Champagne offensive of September, 1915, between 
Cuperly, near Chalons-sur-Marne, and Ste. Mene- 
hould, 37 km. (23 miles) completed in less than three 
months. Second, the new lines built during the 
German attacks on Verdun for the movement of the 
French troops and for carrying supplies, since the 
enemy’s gunfire rendered the existing lines unwork- 
able. These said new lines, 200 km. (124 miles) 
in total developed length, run from Sommeille- 
Nettencourt, near Revigny, to Dugny and Cler- 
mont-en-Argonne, and are combined with numerous 
feeder lines. They were built in the spring of 1916 
in particularly difficult circumstances, owing to the 


> 


bad nature of the ground which had to carry them. 
In order, further, to insure communication from and 
to the south of France, which formerly, for that part 
of the country, was through Chalons-sur-Marne, 
this latter town being under constant enemy gun- 
fire, a line had to be built passing round it. 
was laid under excellent conditions in regard to 
actual execution and time. 


In the matter of rolling-stock, however, 
matters improved in course of time owing to 
In regard to traffic, the two 
companies were compelled in the early days of the 
war to reorganise their existing main stations on 
this side of the Front, and to put down large new 
junctions to facilitate the dispatch of trains. Almost 
all the single-line tracks were made double-line, 
others were trebled, four lines being laid in some 
sections, whilst connecting lines were put down 
between a large number of existing tracks in order 
to do away with back-shunting and to secure the 
direct dispatch of troops and supplies from one 
The military traffic, the only 
traffic dealt with during the whole period from 
August, 1914, to November, 1918, being entirely 
different from the usual commercial traffic for which 
the railways were exclusively built, new lines had 
also to be laid. All this permanent-way work meant 


new stations and other buildings, together with the 


The above very brief notes cover the situation 
and the work done on the railways down to the time 
of the Armistice. We shall now deal cursorily also 
with the effect of the war on the same services and 
the restoration work carried out by the French rail- 
way engineers. Mr. Moutier has stateil that the 
destructions to lines, viaducts and other construc- 
tions which are attributable to artillery action on 
both sides are not to be compared for one moment 
with those systematically carried out by the enemy 
on retreating ; the latter were thorough in every 
respect. With regard to the Eastern Railway, 
Mr. Pellarin, the permanent-way chief engineer of 
that company, gives similar evidence, and he 
states that while his system underwent in 1914 
heavy destruction at the hands of the French Corps 
of Engineers when the French troops retreated pre- 
vious to the first battle of the Marne, and also at the 
hands of the enemy during that same battle, the 
acts of destruction committed in 1918 by the enemy 
during his retreat were infinitely more serious. The 
acts of destruction by the French in 1914 were 
carried out in conformity with unquestioned 
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military theory and practice, under conditions 
which hitherto had been accepted internationally, 
with a view momentarily to delay the enemy’s 
forward movement; they were limited to the 
fracture of the floors of steel bridges, or of one or 
two arches of a masonry viaduct. The French left 
the foundations and approaches intact, and repairs 
could be effected in a comparatively short time, either 
by the enemy himself, or by the Allied troops on 
these latter resuming the offensive. The Germans 





only the rails and sleepers, and the permanent-way 
generally, using for the purpose locomotives hauling 
V-shaped plough devices, but also destroyed com- 
pletely bridges and tunnels by a free use of dynamite. 
Among others, the line from Arras to Lens on the 
Northern Railway was in such a bad state that for 
several weeks the engineers of the company hesitated 
between repairing it or laying out a fresh line in a 
new direction. They ultimately decided in favour 
of the former alternative. The lines from Reims 
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not only destroyed all the bridge floors, but by 
placing high explosive charges deep underneath the 
abutments they dislocated the latter entirely and 
blew up the earthwork approaches to such an extent 
that a 40 m. to 50 m. (130 ft. to 170 ft.) gap was 
formed at the site of a bridge having a span of 10 m. 
(30 ft.) only. In several instances the débris 
blocked the site of a viaduct and flooding ensued. 
French destructions to their tunnels were simply 
at the entrances, so as to create a momentary 
stoppage. The procedure of the Germans on their 
retreat was entirely different. They tore up not 





. 3 Stanat Box DeEsTROYED. 


to Laon and from Bazancourt to Challerange, on 
the Eastern Railway system, which ran along the 
Front for part of their length, were transformed by 
the enemy into entrenchment lines, and were com- 
bined with numerous deep dug-outs which the 
Germans mined before retreating; the repairing 
of these lines was particularly long and difficult. 
Figs. 64 and 65 on page 778 show the Loivre 
cutting as the Germans left it and as it was restored 
in May 1920. In a general way, in regard to the 
lines on an embankment, the enemy selected the 
drainage culvert in which to explode heavy charges, 








thus bringing about the formation of a series of 
large craters, many of which exceeded 30 ft. in 
diameter. The filling up of these involved the 
moving of millions of cubic feet of earth to 
establish continuous tracks on a level. Figs. 66 
and 67 on the same page show the Perthes tunnel, 
Reims entrance, destroyed and reconstructed. 
Fig. 68 on Plate XLITI illustrates the ruins of the 
Méziéres tunnel; and gives an idea of the havoc 
caused by the high explosive charges used by the 
enemy. As will be seen a heavy caving-in 
occurred ; there was, in fact, no need to reconstruct 
the tunnel, and the new line was laid in the 
cutting formed by the explosions after levelling 
up. This new line is shown in Fig. 69 on the 
same Plate. In all instances the Germans followed 
a deliberate policy of destruction, and very fre- 
quently they displayed a special malevolence in 
the use they made of mines fired by slow-acting 
time-firing devices which destroyed a number of 
works and plant in the later months of 1918, and 
in the commencement of 1919. The main station at 
Roye, on the Northern Railway, blew up 75 days 
after the Germans had left. The Charleville station 
had five mine chambers, containing a cartload of 
explosives ; fortunately one mine chamber only 
exploded, but it completely demolished a large 
portion of the building. 

The destructions we have briefly outlined in the 
foregoing point to the diverse character of the 
restoration work which had to be undertaken. 
Means of communication were re-established, by 
one track at first, as rapidly as possible. In those 
places where a short span bridge had formerly 
existed to cross a road, the space was filled in with 
earth when the road was not one of primary 
importance. Where the gap in the embankment 
was of a great width by reason of the explo- 
sives used, the track was made to follow down 
and up the two sides of the gap after easing the 
declivities. In numerous instances provisional 
bridges were constructed with the help of long 
double T built-up girders prepared to meet an 
emergency of the kind. The large viaducts des- 
troyed could occasionally be turned ; thus, in order 
to avoid the gap at the St. Benin viaduct, south 
of Le Citeau, the line was made to pass through 
St. Souplet. By these means the tracks were 
pushed forward gradually as the German army 
retreated, this enabling supplies to be carried to 
the troops and to the unfortunate inhabitants of 
the invaded regions as they were liberated. Directly 
in the rear of the advance guard reconstruction 
force there came further labour units, who con- 
tinued the work, such as the doubling of a main line, 
and the organising of junctions and railway stations, 
the work being finally completed by the staff of the 
two railway companies. The satisfactory result 
of these measures is illustrated by the fact that 
in October, 1918, before the armistice, therefore, 
the first passenger train reached St. André, near 
Lille, via Calais. On November 28, 1918, the first 
train ran to St. Quentin, and in the following 
month of December trains ran to Douai, Valen- 
ciennes and Cambrai. On January 1, 1919, the 
first train entered the Lille central station, which 
had been rebuilt. In regard to reconstruction, 
matters were rather more difficult for the Eastern 
Railway than for the Northern, owing to the later 
retirement of the Germans from the region served 
by the former system. They were still at Rethel 
on November 2, 1918, and only a limited number of 
lines could possibly be laid pending the freeing of 
the country. Besides this, the Eastern Railway 
had to take in hand a number of works such as 
tunnelling in the Liart region, bridges over the 
Meuse and Aisne at a time when there was no 
further access so far by rail. Examples of preli- 
minary bridgework are numerous, such, for example, 
as the temporary bridges built by the Canadians 
for crossing the gaps of seven destroyed bridges 
over the Sambre, between Aulnoye and Fontaine- 
Valmont. We show in the views Figs. 70 and 71, 
on Plate XLIII, the Méziéres Viaduct destroyed by 
the enemy and the viaduct rebuilt. The latter 
affords an illustration of the employment of plate 
girders in the work of reconstruction. 

It may truly be said that records in bridge- 
building have been made by the French railway 
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engineers. . The Athies viaduct over the Scarpe, 
58:4 m, (192 ft.) in length and 20 m. (over 65 ft.) 
high, was built in 60 days, from November 15, 1918, 
to January 15, 1919. Figs, 72 and 73 on Plate 
XL1V show the destroyed bridge and the new 
bridge as rebuilt. The St. Benin bridge was 
completed by the end of August, 1919, in 120 
days only. The gap to be spanned was 175 m. 
(574 ft.), and 15,000 cub. m. (530,000 cub. ft.) 
of damaged masonry had to be shifted. Fig. 74 
on Plate XLIV illustrates the Blangy viaduct, 
on the Valenciennes-Aulnoye-Hirson line, as it 
appeared after the hostilities. Earthwork and 
preparation work in regard to this viaduct were 
particularly complicated owing to the enormous 
amount of masonry and steel débris which had to be 
blown up and sectioned by the oxy-acetylene 
flame. Fig. 75 on the same plate shows the same 
viaduct rebuilt on August 30, 1919. Figs. 76 and 
77, on Plate XLV, apply to the Ohis viaduct 
carrying the Douai-Cambrai-Busigny-Hirson line; 
it was completed on December 10, 1919. The 
Vauxaillon tunnel, which was destroyed by the 
Germans in 1917 at both entrances and at the 
centre, was completely repaired on June 1, 1919. 
Figs. 78 and 79, on Plate XLV, illustrate the 
Guignicourt viaduct over the river Aisne as it 
existed before the war, over which ran the line 
from Rheims to Laon. As will be seen the arches 
carried a suspension road and foot bridge. Our 
second view illustrates the viaduct ruined by 
enemy action. It was rebuilt in 1919 to 1920 also 
in masonry, but without the suspension bridge 
which formed a feature of the former construction, 

The destroyed stations have been rebuilt on new 
patterns, and on a larger scale where this was 
possible without loss of time. Among the new 
buildings of this class may be mentioned the 
Délivrance station, the object of which is to 
centralise, shunt and distribute all the goods traffic 
and the industrial traffic of Lille, Roubaix, 
Tourcoing, to and from the Lens, Courriéres and 
Liévin Collieries, and also to and from Belgium 
and the northern seaports of France. An idea of 
the havoc caused to the railway stations and other 
buildings is afforded by our remaining views. 
Figs. 80 to 83, on Plate XLVI, illustrate the 
Valenciennes Railway Station, the site formerly 
occupied by the Chauny Station and the site of 
the Tergnier :workshops. The views Fig. 84 
and 85, on page 783, show the destroyed Missy 
bridge over the Aisne and the ruins of the 
Valenciennes No. 3 signal box. 

The two railway systems may now be said to run 
normally ; in point of fact the work of reconstruc- 
tion has been carried out so rapidly that efforts 
have not been lacking to minimise of a set purpose 
the extent of both the damage caused by the act 
of war and the more extensive destructions wilfully 
effected by the enemy. The expedition with which 
the two railway companies have made their property 
good again affords another proof of the skill and 
perseverance of French engineers. In regard to rail- 
way transport and supplies of material during the 
war, the allies, in duty bound, contributed their aid, 
an aid which our French engineering friends have 
always most readily acknowledged. By helping 
France we were upholding the right—our own cause. 

The Northern of France Railway Company ask 
us to state that the views, Figs. 72 to 77 and 80 
and 85, are reproduced by the: courtesy of the 
Service Photographique Nord. 
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Pitman’s Technical Primers. “dited by R, FE. Neaxz, 
B.Sc. (Hons.), A.C.G.1., A.M.L.B. London: Sir Isaac 
Pitman and Sons, Limited. [Price 28. 6d. net each.) 

ALTHOUGH neither engineering, nor any branch of 

engineering, can be effectively assimilated by 

feeding on emasculated peptic doses, this is not 
to say that good may not lie in a series of such doses 
designed to give a rough but accurate general 
impression of some or other branch of work. Such 
may be of value to the student in giving him an 
outline sketch of the practical application of some 
branch of his studies, and may well be of interest 
and profit to the growing proportion of the general 
public, which takes an interest in engineering 








matters, but for which neither time nor inclination 
make a more severe study possible. The series 
having the general title of “ Pitman’s Technical 
Primers ”’ is, in the publishers’ words, planned so 
that in each book “ the fundamental principles of 
some subdivision of engineering technology are 
treated in a practical manner, providing the student 
with a handy survey of the particular branch of 
technology with which he is concerned.” 

The planning and carrying out of a series of this 
kind is a useful piece of work, particularly from the 
point of view of the benefit of the general reader. 
The student may be concerned and interested, but 
in general he will not be lacking in opportunities for 
advice in connection with his reading. The member 
of the general public is, however, in different case 
and usually has difficulty in knowing where to look 
for an elementary but authoritative treatment of a 
technical subject in which he may take an interest. 
It is all to the good that this series of manuals is 
being produced by Messrs. Pitman, and it is to be 
hoped that it may take a position in its own sphere 
corresponding to that occupied by the invaluable 
“Home University Library.” 

The carrying out of a project of this kind is no 
simple matter. The hack writer of elementary text 
books is not likely to prove an efficient contributor, 
and the right man in each branch will not be easy 
to find. Unfortunately the writer‘who with some 
grace and full knowledge can produce the type of 
book required is probably more difficult to find 
among the practitioners of the engineering pro- 
fession than among the followers of art or letters. 
If, however, this series is to take the place which 
appears to lie open for it, its contributors must take 
their labours seriously, and avoiding the extremes 
of writing elementary text books or confining 
themselves to inexact and platitudinous generalities, 
must produce something which will give true general 
ideas on the subject being dealt with and will avoid 
overlaying with detail. If at the same time some- 
thing of charm and literary power can be imported 
into the task the series may take a permanent place 
in technical literature. 


Eight examples of Pitman’s Technical Primers 
are before us as we write, and of these we would 
especially select ‘‘ Hydro-Electric Development,” 
by Mr. J. W. Mears, as an excellent example of the 
kind of thing which is required. This book is of 
limited scope, as is intended by the scheme of the 
series, and does not deal with the design either 
of hydraulic turbines or electrical generators. Its 
subject is “the points which require attention in 
the discovery, reconnaissance and final design of a 
hydro-electric scheme.” It is informative and 
interesting, could be followed by any careful reader 
even if new to the subject, and gives in general but 
accurate terms an account of such matters as the 
way in which’ the power of available water is 
estimated and the various types of lay-out which 
may be adopted for the utilisation of water heads. 
It is a defect in the book that it contains no biblio- 
graphy, and this defect is common to all but one 
of the samples of the series which are before us. 
The example entitled “‘ The Fundamental Principles 
of Water Power Engineering,” which is written by 
Mr. Frank F. Fergusson, contains such a biblio- 
graphy. Weconsider such a feature a very desirable 
one in*a series of this character and regret to ‘see 
that it is not being adopted consistently in all the 
primers. A properly selected bibliography would 
add little or nothing to the bulk of the books and 
would greatly extend their usefulness. It is neither 
necessary nor desirable that such bibliographies 
should be long or exhaustive. Very careful selec- 
tion is, however, necessary and a list of books taken 
at random from half a dozen publishers’ catalogues 
is not at all what is required. 

It is impossible within the limits of our space to 
indicate the contents, or even the titles, of all the 
books with which we are now concerned. It is 
sufficient to say that they cover a range stretching 
from the “ Electrification of Railways” to “ Belts 
for Power Transmission,” and that in general they 
appear to be well done. As necessarily follows from 
the scope of the series various examples treat their 
subjects on somewhat different scales. Thus, 
“* Small Single-Phase Transformers,” by Mr. Edgar 
T. Painton, is definitely a text book or instruction 





book giving detail information necessary for the 
design of a type of small transformer, while “‘ The 
Electrification of Railways,” by Mr. H. F. Trewman, 
wisely does not attempt detail instruction in the 
design of anything. Differences of scale and treat- 
ment of this kind could not well be avoided in a 
comprehensive series of this kind, and is no matter 
for criticism. On the whole, these early examples 
of the primers are very promising in their contents, 
while they are well printed, and illustrated, on 
satisfactory paper. We shall watch the future 
of these primers with interest and shall hope to see 
them become an established success. 


A aon of Physical Chemistry. By W1itx1am C. McC. 
Lewis, M.A., D.Sc.(Liv.), Brunner Professor of 
Physical Chemistry in the University of Liverpool. 
In three Volumes. Vol. II. Thermodynamics. Third 
edition. London: Longmans, Green and Co. [Price 
15s. net.] 


Tx second edition of Professor Lewis’s ‘‘ System 
of Physical Chemistry,” which we reviewed in our 
issue of January 23, 1920, has soon been supple- 
mented by a third edition of Volume II of the series 
on Thermodynamics. It is only this one volume 
which is replaced, the opportunity of a re-issue 
having been taken to make some alterations, cor- 
rections and additions, partly balanced by a few 
excisions. The alterations increase the number of 
pages from 403 to 454, printed this time on a 
smoother paper. 

It cannot be said that the alterations were 
required to bring the volume up to date; for in 
that respect so painstaking an author as Professor 
Lewis had little criticism to fear. The alterations 
rather mean a further selection of some important 
work from the vast, not necessarily most recent, 
literature in physical chemistry. Thus the Cottrell 
method of determining the molecular weight of 
dissolved substances by the rise of boiling point 
dates from the latter half of 1919, and the studies of 
T. W. Richards and F. Daniels on thallium-amalgam 
electrodes go back to the same year, whilst the work 
of D. McInnes and Karr Parker on the Helmholtz 
method of determining the transport numbers of 
ions from electromotive measurements was pub- 
lished in 1915, and Tolman’s experiments on gravity 
and centrifugal voltaic cells were made before 1910. 
Several of the other additions, on the other hand 
again, concern quite recent American researches 
on ionic activity, and there is also a great deal of 
new matter in the sections on experimental evidence 
supporting Donnan’s theory of membrane equilibria 
and on the micelle theory of colloidal electrolytes, 
after J. W. McBain (Bristol) and others. 

Cottrell’s experimental modification of boiling 
point determinations, to which we referred, consists 
in his placing the thermometer bulb neither in the 
liquid, where it might be superheated, nor simply 
above it, where it is exposed to cooling, but in 
adopting an intermediate position. He suspends 
his thermometer in the vapour space above the 
liquid, in such a way that it is being washed by a 
stream of the liquid. Tolman’s experiments with 
centrifugal cells were an amplification in the 
Massachusetts Institute of Technology, by means of 
a steam turbine running at 8,750 r.p.m., of what 
Descoudres had done on a small laboratory scale 
in Leipzig. The idea is broadly as follow, 
though the theory is not simple: when the electric 
current is sent in a vertical tube containing solution 
of silver nitrate from the lower silver electrode to the 
upper silver electrode, heavy silver ions will travel 
upward against gravity, and lighter acid ions down- 
ward; centrifugal force is used to magnify the 
effects, though they remain’ very small; an 
electromotive force will be set up, from which the 
transport numbers of the ions can be deduced. As 
regards ionisation (or electrolytic dissociation) and 
the change of electrolytic conductivity with the 
degree of ionisation and chemical activity in general, 
problems which still remain quantitatively difficult, 
Professor Lewis suggests that the “ unknown 
physicalfeffect ” of Noyes and McInnes may be 
found in the radiations of the far infra red region 
which are the source of ordinary thermal reactions 
(at room temperature) including ionisation. The 
problems are thus brought into the domain of the 
quantum theory with which Professor Lewis dealt 
in the third volume of his second edition. Colloid® 
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October when the Faraday and Physical Societies 
discussed these phenomena. 
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“THE PROPORTIONS OF CRANKSHAFTS 
FOR PETROL MOTORS.” 
To THE Eprror or ENGINEERING. 
_ Srr,—The writer of the article on this subject appearing 
In your issue of the 27th ult., page 639, deals with a subject 
concerning not only petrol motors, but also large internal- 
combustion and steam engines, and I trust therefore 
that he will deal further with this matter. He states 
that the webs should be as stiff as the shafts. My 
experience with large engines is that the size of shaft is 
frequently determined by the bearing pressures in which 
case the above statement is incorrect. From a casual 
examination of motor-car engines the crank pins seem 
the Same size, when the shaft has two, three, four or 
five bearings for a four-crank engine. Is this so ? 
If the drawings of shafts shown are to scale, this also 
confirms my Statement. Will the writer be kind enough 
to ‘give details as to how he has workéd out the exact 
stresses, when he states that the stress in the crank web, 





due to simple bending moment, is over three times the 
stress in the crank pin, and the distortion ten times that 
of the pin, and if are maximum values of stresses 
which probably will not take place at one and the same 
time. 

It would be interesting to know how the writer calcu- 
lates the stress and deflection in the crank web. If 
Fig. 1 was drawn to a scale of | in. = 1 ft., the shaft 
would be 3 in. diameter, pin 2} in., throw 3} in., in 
which case most of the deflection has to take place in 
the distance of 1 in. (radially from the shaft) between 
the shaft circumference and pin circumference. (In 
some shafts this dimension is negative). The arrange- 
ment of bearings for Fig. 1 does not seem unusual. It 
appears to me to be the same as for Fig. 3. 

he writer objects to rounded corners of the crank 
webs (Fig. 5). As the maximum stress caused by the 
torque in the shaft must be at these corners, I think 
it would be better to have rounded corners than sharp 
edges, as the first initial crank has a far greater tendency 
to form over a sharp edge than if the corner had been 
rounded, and especially so when the stresses are alter- 
nating from itive to negative. 

The writer’s statement that high rubbing speed 
for larger diameter shafts gives trouble does not agree 
with my own experience on large engines and turbines, 
as lubrication seems to be assisted by the higher rubbing 
speed, and it would be interesting to know in which 
direction the trouble > ay 9 

In my e i I have found that it is an advantage 
in ne a to have eh teeeaohen on on than = 
one. good example of thi an engine is direct 
coupled to an Sooiecs generator with a bearing beyond 
the generator. If this bearing is not in the correct 
position, bending must take place in the webs of the 
crank nearest the generator. 

Yours faithfully, 
T. Moun. 
10, Rushford-avenue, Levenshulme, Manchester. 
June 2, 1921. 


[With reference to Mr, Mohn’s letter, I may say that 
in most cases the size of shaft in a petrol engine is deter- 
mined by the diameter ni to give the needful 
rigidity under the rapidly alternating stresses. These 
are mainly of two kinds, first the bending moments due 
to the inertia and explosion forces, the maximum being 
at the top and bottom of the stroke; second the tor- 
sional forces, the greater part of which, at high speeds, 
are due to the inertia of the pistons. The fatter fre- 
quently reach a very high value. If the crankshaft is 
not stiff enough the engine vibrates very unpleasantly 
and fails to run freely at high speeds. The relative 
stre of the parts mentioned in the article was 
calculated from the ordinary engineering formule, 

With reference to the arrangement of bearings, he 
has failed to note that the example shown in Fig. 1 has 
four bearings in the length of the shaft, while that 
shown in Fig. 3 has only two. Very few four-bearing 
engines have been made, though there are some 
theoretical advantages. 

With reference to the shaft diameters of two, three, 
four and five-bearing engines, makers’ practice varies 
so that rules cannot be laid down. It is lly con- 
sidered that the fewer the beari the stiffer the shaft 
should be, but it is possible t torsional stiffness 
sometimes determines shaft size, and in this case the 
number of bearings makes little difference. With 
reference to the round corners of the webs the loss of 
metal in many stam shafts is far more than simply 
round corners, see Fig. 5. Possibly as Mr Mohn says, 
it may be an advantage in some cases that shafts should 
spring, but there seems little doubt that in a high-s 
petrol engine they should be as rigid as possible.—Tue 
WRITER OF THE ARTICLE. } 





“THE SHIMIZU-WILSON APPARATUS.” 
To THE Eprror or ENGINEERING. 

Srr,—Although I have some acquaintance both with 
blast furnace gas cleaning and with Wilson’s Dust 
Counting Apparatus, I have failed to see where the 
principle involved in the latter comes into pley in the 
gas-cleariing operations outlined by Mr. 8. H. Fowles, 
in ENGINEERING for May 13. It may be that as the paper 
is entitled ‘‘ Notes,” it is avowedly incomplete. The 
principle used by Aitken has been known at least since 
the birth of chemistry, and thirty*years ago a local 
schoolmaster wished to impound”an apparatus the 
writer used at a public lecture to demonstrate the 
production of cloud. As Mr. Fowles*makes a con- 
siderable claim in his letter in ENGrveertne of the 10th 
inst., page 724, perhaps he will kindly explain how he 
makes the claim good. 

Iam, &c., 
Grorcr Crate. 
95, Bath-street, Glasgow, June 13, 1921. 





“RESEARCH IN THE FOUNDRY.” 
To tHe Eprror oF ENGINEERING, 

Srr,—With reference to the article on “ Research in 
the Foundry,” appearing in last week’s issue of ENGINEER- 
1nG, I beg to be allowed to take up a little of your 
valuable space with a few comments on foundry routine 
and development from one who has been through it, 
as a practical man. 

I often wonder whether the owners of engineering 
firms, foundries especially, give a thought to the ible 
decrease in skilled moulders and coremakers. Admitted 
that unskilled men are taught plate moulding, but it 
would take the years which an apprentice serves to 
make unskilled men into efficient loam moulders, motor 
cylinder moulders and coremakers, &c. The core of a 
motor cylinder itself is a work of art, IT have seen many 





a general coremaker get stuck, when given a motor 
eyli core to . 

The environment and general atmosphere of a foundry 
all go against the rising generation taking the trade up 
as a trade. Take the foundry building, for instance. 
Some firms imagine any old place is good enough for a 
foundry, and I may state that some of them are abso- 
lutely death traps. Leaky roofs, corrugated iron sides, 
rusted through in places, letting in all the winds England 
is subject to, not to mention the sulphur fumes which 

to one long after the foundry is left behind, 

All these things a moulder has to contend with, so 
is it likely that a father, who has his sons’ interests at 

would apprentice them to this occupation. 
Furthermore, our present-day schoolboys are getting 
greater facilities for education than did our fathers, not 
to mention the sports side of their education, which all 
goes against them catering, fhe unhealthy atmosphere 
of our present existing foundries, 

Now castings are fundamental part of an engine ; 
shall I say, the first operation. Bosses have to in 
exact position, so that drill holes become central. The 
core must be put into the mould correctly, so as to main- 
tain equal thickness of metal throughout the casting, 
there must be no blowholes where machining has to be 
done, &c. Mouldingis, in fact, a highly skilled job. Yeta 
moulder is just a moulder (or sand rat), to the other 
branches of the trade. He does not have to use a 
micrometer or vernier, or bore holes with an 0-00025 
limit, &.; nor is he called upon to attend evening 
classes ; but why should not a moulder have the facility 
to attend such classes, to enable him to pick up the 
technical side of the trade, and to keep him in touch with 
the castings by expounding to him the operations done, 
after the castings have left the fettlers. Personally, 
I think this method would bring the foundry, machine 
and fitting shops into closer touch with each other, to the 
mutual benefit of themselves and their employers. 

Referring again to the foundry buildi the following 
are a few improvements which personally I think could 
be adopted: (1) A slidi roof, convenient for the 
summer and fine days in winter; (2) ventilation tubes 
and fansto carry the sulphur fumes upwards ; (3) separate 
core shop with a brick floor (many are they who would 
sooner be a coremaker than a moulder, owing to it being 
a lighter job); (4) sliding fire grates (trolley fashion) 
in the drying ovens, so that they can be removed, to 
enable the oven to cool before the men enter to take 
out their cores. 

Ask any coremaker what it is like to enter an oven 
in the early morning. Terrible, is a mild word. Hence 
— suggestion for sliding or trolley fires, 

f you think the above matter worth bringing to the 
notice of the Cast-Iron Research Association, you are at 
liberty to do so, or publish this letter in Encrverrine, 
just as you think fit, 

Yours faithfully, 
. T. W. Ex.erron, 

“Richmond Villa,”’ 68, Sale-street, Derby. 

June 21, 1921, 





THE CONTROL OF INTERNAL-COMBUSTION 
ENGINES. 
To tae Eprror oF ENGINEERING, 

Srm,—With reference to Mr. McIntosh’s letter in your 
issue of the 3rd inst., my article on “ Thermodynamic 
Cycles for Internal-Combustion Engines,’’ which appeared 
in The Automobile Engineer, March, 1918, is taken as 
evidence in support of Mr. McIntosh’s 
of combustion control in internal-combustion engines, 
The article in question was chiefly concerned with the 
relative merits of constant volume and constant pressure 
combustion, and the conclusions reached pointed 
decisively to the value of what is now known as the 
“dual combustion cycle” in which part of the fuel 
ae. is converted first into mechanical energy by 
combustion at constant volume and then by combustion 
at constant pressure. Constant pressure combustion 
alone, unless accompanied by high compression pressures, 
as in the Diesel engine, has not a ghost of a chance in 
attaining high thermal efficiencies, as compared with the 
dual combustion method, Results obtained by the 
modern solid-injection, cold-starting, heavy ol! engine 
of medium compression pressures, most of which operate 
on the dual combustion principle, are sufficiently good 
evidence of the correctness of the writer's theoretical and 
practical conclusions on that point. His first attempt 
to draw attention to the value of the method is embodied 
in patent No. 118,934, 1917, the theoretical value of the 
principle having been, up to that time, apparently 
unknown. The idea is further developed in two recent 
papers by the writer, one on * Thermodynamic Cycles,” 
read before the Institution of Mechanical Engineers, 
December, 1920, and the other on ‘ Polytropice Curves 
and their Relation to Thermodynamic Efficiency,’ read 
in Manchester and published in the 1921 Proceedings of 
the Manchester Literary and Philosophical Society, 

With regard to Mr. McIntosh’s method of jucing 
slow combustién it is difficult to hazard any opinion 
thereon without direct experimental experience of the 
method. It appears sound enough but probably involves 
much development work to make it , if at all. 
For high-speed automobile engines the turbulence of 
the working mixture would present difficulties in the 
way of maintenance of the stratification desired. The 
effectiveness of stratification would certainly vary with 
the engine speed. In any case, to be of any value, the 
method must be developed to follow dual combustion 
lines. 





Yours, &c., 
Wa. J. Watxen. 
Engineering Department, University College, Dundee, 
June 16, 1921, re 











786 


THE LATE SIR THOMAS WRIGHTSON, BART, 

We regret to have to record the death, which 
occurred on Saturday, the 18th inst., at Neasham 
Hall, Darlington, of Sir Thomas Wrightson, Bart., 
J.P., D.L., chairman of the firm of Head, Wrightson 
and Co,, Teesdale Iron Works, Thornaby-on-Tees, of 
the Cramlinton Colliery Co., Northumberland, of Small 
Dwellings Acquisition Co,, London, and for a time a 
director of the North-Eastern Steel Co., Limited, 
Middlesbrough, 

Sir Thomas was born on March 31, 1839, at Hangle- 
ton-le-Skerne, near Darlington, and received his 
education at private schools and at King’s College, 
London. Early in life he selected engineering as a 
profession and served an apprenticeship at the Elswick 
Works, Tyneside, of which his cousin, Sir William 
Armstrong (afterwards Lord Armstrong) was then the 
head. He also spent some time in civil engineering 
at Westminster with Sir John Fowler and Sir Benjamin 
Baker. In 1864, he went to the Teesdale Ironworks, 
of Messrs. Head, Ashby and Co. , Stockton, which shortly 
after became known as Head, Wrightson and Co., 
Limited, Thornaby-on-Tees, one of the largest bridge- 
building companies of the country, of which Sir Thomas 
was first vice-chairman then chairman, when Mr. C. A. 
Head, the senior partner retired. 

Sir Thomas was elected a member of the Iron and 
Steel Institute in 1872, and has contributed the follow- 
ing papers to the proceedings of the Institute : ‘ Patent 
Hydraulic Apparatus for Lowering Charges into Blast 
Furnaces,” 1872; “ A New Form of Wagon-drop for 
Blast Furnaces,’ 1874; ‘‘Some Physical Changes 
oceurring in Iron and Steel at High Temperatures,” 
1879 and 1880; “ A New Form of Centre Crane for 
Bessemer Plant,” 1883; ‘The Application of Travel- 
ling Belts to the Shipment of Coal,” 1897. He also 
frequently took part in the discussions. Sir Thomas 
became an associate member of the Institute of Civil 
Engineers in 1869 and was elected to full membership 
in 1877; he had also been a member of the Institution 
of Mechanical Engineers since 1871. 

The public life of Stockton and Thornaby-on-Tees 
for many years received his careful consideration ; 
he was an active member of the Tees Conservancy 
Commission, and held the position of chairman of the 
Works Committee on that bod He was also for a 
time chairman of the Stockton Chamber of Commerce. 

Sir Thomas was deeply interested in a number of 
problems quite outside the realm of iron and steel, 
and engineering, and he quite lately published a work 
entitled “ An Inquiry into the Analytical Mechanism 
of the Internal Ear,” which we reviewed in a preced- 
ing issue (ENGINEERING, vol. cv., page 644). The book 
was soonpnenies by an Appendix on the Anatomy of 
the Ear,” by Mr. A. Keith, M.D., F.R.S., in which he 
expressed his belief that Sir Thomas had succeeded in 
establishing a really satisfactory theory of hearing. 
Sir Thomas was Member of Parliament for Stockton 
from 1892 to 1895, and for East St. Pancras from 
1899 to 1906. He was created a baronet in 1900, and 
is succeeded by his eldest son, Thomas Garmondsway 
Wrightson. 





REPAIRING THE FRAME OF A DIESEL 
ENGINE, 

AN interesting application of electric welding to the 
repair of a large casting was recently carried out at 
the St. Martin’s-lane sub-station of the Charing Cross, 
West End and City Electricity Supply Company, 
Limited. A three-cylinder Sulzer-Diese] engine of 
600 brake horse-power capacity fractured the base 
of the columns supporting the end cylinder, one column 
being completely broken off and the opposite one 
having cracks running inwards from each side, so that 
only a comparatively narrow strip of solid metal was 
left at the centre. The fractures took place just 
above the flanges by which the columns were bolted to 
the bedplate, the broken metal varying from 2} in. 
to 3} in. in thickness at this point. The cause of the 
breakdown was water in the cylinder, leakage having 
occurred through a faulty jacket. 

It was decided to attempt to repair the fracture 
by means of electric welding, the oxy-acetylene process 
being unsuitable because it would have involved 
dismantling the engine in order to heat the casting. 
The work was entrusted to the Union Electric Welding 
Company, Limited, of 14, Cockspur-street, London, 
8.W. 1, who undertook to carry out the repair on 
site without disturbing the engine. The first thing 
to be done was to chip out a vee-groove along the cracks 
on both the inside and outside of the columns, this 
groove being 2} in. wide and varying in depth with 
the thickness of the casting. A double line of small 
studs was then screwed into the chipped faces, the 
studs being inclined to the normal face of the casting, 
and thus acting as an anchorage for the metal with 
which the grooves were to be filled. The grooves 
were next welded up solidly so as to restore the metal 
which had been removed by chipping. The electrodes 





ENGINEERING, 








[JUNE 24, 1921. 





used were of the “A.W.P.” brand, approximately 
700 ft. of electrode being used up in the work, repre- 
senting about 50 lb. of added metal. In addition to 
this the joint was strengthened by a steel gusset plate 
at each side of the column, connecting the flange with 
the column wall. These gusset plates were fastened 
entirely by electric welding. and while they add con- 
siderably to the security of the job they do not detract 
from its appearance. 

The welding up of the fractured columns was done 
in sections of 9 in. at a time, and every care was taken 
to ensure the added metal being thoroughly united 
with the original metal of the casting. The photograph 
reproduced in the subjoined illustration shows the 





character of the job, and its appearance when almost 
completed. The current for welding was supplied 
by the Charing Cross Company, so that the only equip- 
ment which had to be brought by the Union Electric 
Welding Company, Limited, consisted of a portable 
resistance, the electrode holders and some cables. 
The pneumatic chisels used for chipping out -the 
grooves were supplied with air from a portable 
compressor. 

By the courtesy of Mr. C. M. Mayson, the Substation’s 
Engineer, we were able to examine the finished 
job, the engine being on load at the time, and the 
repair appeared to be all that could be desired. As 
we have already indicated, it was carried out without 
dismantling the engine in any way, and the engine was 
running on load again within four weeks of the com- 
mencement of the repair work. 





Tue Surveyors’ Instirvtion.—This Institution, 
whose address is 12, Great George-street, Westminster, 
S.W. 1., announces that a meeting will be held at Nor- 
wich on Thursday and Friday, July 7 and 8. Papers 
are to be read and 7 Haexcore on “ Norwich,” by Mr. 
F. Leney, curator, Norwich Castle Museum ; and on 
“The Municipal Machinery and Housing Schemes of 
Norwich,” by Mr. A. E. Collins, city engineer. The 
programme includes visits to works and other places of 
interest. 





Brrrish Cast-rron ReEsEARCH AssocriaTion.—The 
Secretary of the Department of Scientific and Industrial 
Research has announced that a licence, under section 20 
of the gs aga (Consolidation) Act, 1908, has been 
issued by the Board of Trade to the British Cast-iron 
Research Association, which has been approved by the 
department as complying with the conditions laid down 
in the Government scheme for the encouragement of 
industrial research. The secretary of this association is 
Mr. Thomas Vickers, Central House, New Street, Bir- 
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REDUCTION GEARS FOR SHIP 
PROPULSION.* 


By Mr. Rosert WaRRINER, Member. 


THE past ten years has seen a rapid development 
of reduction gearing for ship propulsion and something 
ike 1,000 merchantmen so fitted have been built or 
are building. The venture has not been an unqualified 
success, but the proposition is attractive enough to 
warrant careful study and discussion so that the faults 
can be eradicated and a reliable manufacture arrived at. 
The first application of reduction gear for ship 
machinery was on the ss. Vespasian by Sir Charles 
A. Parsons, and following this there were a few applica- 
ions to special steamers and cruising turbines for war 
vessels and the main drives for some destroyers. It 
was not, however, until the shipbuilding activity which 
resulted from the war had attained full swing and the 
urgent need for all kinds of machinery was felt, that 
the reduction _— drive was made a leading type of 
propulsion mac nz. 

The Neptune, built by the Sparrow’s Point plant of 
the Bethlehem Shipbuilding Corporation, was the first 
vessel of the United States Navy to be fitted with 
turbines and reduction gears for main propelling 
machinery. The equipment was manufactured o the 
Westinghouse Machine Company (since consolidated 
with t Westinghouse Electric and Manufacturing 
Comene and the boat was put in commission in August, 
1911. The economy of the machinery was not satis- 
factory and the contractor offered to replace the 
machinery with turbines of much higher revolution. 
This necessitated, also, renege the gears, although 
they were quite satisfactory. his new machinery 
was fitted and put into operation November, 1915, and 
has been in successful operation ever since, the ship 
having sailed over 180,000 miles since November, 1915. 

The U.S.S. Wadsworth, built by the Bath Iron Works, 
Limited, was the first destroyer of the United States 
Navy to be fitted with reduction gears for the main drive. 
She was authorised in March, 1913, and completed June, 
1915. The machinery is twin-screw and develops 
16,000 shaft horse-power, that is, 8,000 shaft horse- 
ay for each set and 4,000 shaft horse-power per pinion. 

he turbines are compound, the high pressure on one 
side and the low pressure on the other side of the large 
wheel, and the revolutions are: Propellers 450 r.p.m., 
high-pressure turbine 2,494-5 r.p.m., and low-pressure 
turbine 1,509-8 r.p.m. One peculiarity of this gear 
is that there is only one helix. The steam thrust of the 
turbine acts against the propeller thrust and any 
difference between the two is taken by a Kingsbury 
thrust bearing. This vessel was a remarkable advance 
on any previous destroyer of the United States Navy, 
both as regards speed and efficiency and during the six 
years of service has operated in a very satisfactory 
manner. There are now about 250 destroyers fitted 
with geared turbine drives. These are all single reduc- 
tions of various makes and no trouble is being experienced 
with them. 

The double reduction r was introduced for the 
turbines of the battleship | oy They were built by 
the General Electric Company and were distinctly novel. 
There is a single high-s turbine in each set and 
the pinion engages two wheels, which in turn are 
sowie’ to the two pinions of the second reduction, and 
engage in the large driving wheel. The shaft horse- 
power developed by each of these cruising sets is 1,750 
and the s reduction 23:35 to 1. These gears were 
tried out November 9, 1915, and proved very satis- 
factory, the efficiency of the vessel being improved from 
10 knots to 15 knots, from 30 per cent. at 10 knots 
to 10 per cent. at 15 knots. The same type of double 
reduction was further developed and fitted on the 
Pacific, built by the Union Iron Works, and on the 
Sucrosa and Mielero, built by the Fore River Ship- 
building Company. These sets were what 1s known 
as the “‘two plane” type (Fig. 5, page 787), the first 
stage or high-s gear being comparatively small and 
carried above the centre of the main drive. This allows 
the latter to be as large as can conveniently be housed in 
the ship and lends itself to sturdy, short second-speed 
pinions. After making a few of the two-plane gears, 
the single-plane type of double reduction (Fig. 4, page 787) 
was iivohused as @ means of increasing production. 
The change led to a rather cram design as the low- 
peone wheel has to be contained between the centres of 
the high-speed train and cannot be increased without 
increasing the latter, and this limitation led to a very 
considerable increase of tooth pressures. The units so 
designed are small and showed a saving in weight, and as 
they performed well at the outset, the manufacture 
of this type was generally adopted. We have now a 
variety of reduction gears in service and enough running 
has been done to show that some types are good for 
continuous service and to point out some of the defects 
in design, handling or manufacture. 

Lack of laeuhtins of gears and their requirements on 
the part of the engine-room staff, improper lubrication, 
failure to keep the oil clean and free of water, especially 
salt water, are some of the causes of wear and complicate 
the task of distinguishing between the and bad 
of design or material, but this is a condition which is 
rapidly improving and there are“now plenty of engineers 
experienced in the handling of turbines and gearing. 
The lubricating oil systems of most of the later boats 
have been stan ised on the lines set forth in a paper 
by Messrs. Smeltzer and Fernald, read before the society 
in November, 1919. The gravity system insures a@ 
constant pressure of oil to parts of the engine, and 
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* Abstract of a paper read May 26,11921, before the 
American Society of¢Naval Architects and Marine 
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the increased capacity of drain and pte tanks allow’ 
for a slower circulation of the oil and provides a reserve 
supply which will last a few minutes after the pumps 
stop and allows the turbine to be safely shut down. 


The settling arrangements are greatly improved and the 
use of the De Laval tor will do much to improve 
the condition of the lubricating oul. 


There is still frequently encountered the misconception 
in regard to lubrication that the lower the temperature 
of the oil feed to the machine, the better will be the 
lubrication. The would, of course, run better 
with cool oil or oil of high viscosity, providing it is not 
too cold to reach the wheels from the spraying nozzles, 
but bearings require oil of low viscosity, and as it would 
be cumbersome to have two oiling systems it is necessary 
to compromise between these two, and it has been found 
from experience that with oil of 500 seconds Saybolt 
viscosity, that good results are obtained on both gears 
and bearings when the inlet oil temperature is between 
100 deg. and 110 deg. F., that is to say oil at a viscosity 
of about 450 seconds Saybolt. Bearings fed with oil 
of low temperature are found to generate, more heat 


Fig.1. COMPOUND TURBINE 
SIN 














Fig.¢. SINGLE TURBINE 
DOUBLE REDUCTION ONE PLANE. 











Fig.7. COMPOUND TURBINE 
DOUBLE REDUCTION ONE PLANE. 


wheels along the whole face is a matter of one or two 
thousandths of an inch and unless this ali ent is 
strictly maintained it means that the work to be 
done by only a part of the face and that the which 
actually does the work is subject to i pr . 

Undoubtedly some gears have been manufactured 
with tooth pressures ter than present-day materials 
and manufacture will stand. Devices for giving flexi- 
bility and to compensate for misali ent have been 
tried out in the test-house and have shown the capacity 
of gearing to work under loads far in excess of those used 
in service. These tests would be carried out under the 
best conditions with little to distort the casings or to 
upset the ali ent. The conditions at sea, however, 
are entirely erent and it is difficult to estimate what 
may have to be taken into account. Apart from the 
alteration in a ship’s structure due to loading or trim 
and running light, there is the occasional disturbance 
due to heavy weather, the effect of which cannot be 
calculated. With the reciprocating engine the results 
are apparent, and it is necessary to ease down and stand 
by, but, with the turbines and reduction gears con- 





.2. COMPOUND TURBINE 
SINGLE REDUCTION TWO PLANE. 








g.5. SINGLE TURBINE 
DOUBLE REDUCTION TWO PLANE. 





Fig.8. COMPOUND TURBINE 
DOUBLE REDUCTION TWO PLANE. 








increase of the tooth pressure on that side, Some of 
these gears are also solidly coupled together so that;there 
is no give in the gears themselves to compensate for this 
uneven loading. 

The single-reduction gears under column No, 9, of 
Table I, have given considerable service. They were 
installed on the Orizaba and Sibboney and were manu- 
factured by the De Laval Company. Both of these 
vessels were operated under very severe overload ’con- 
ditions during the war. The Orizaba has steamed, to 
date, over 225,000 miles and the Sibboney 175,000}miles. 
It is stated that when the gears were last examined the 
were in excellent condition. All the other of this 
sort tabulated, are, so far as can be faneaioa, operating 
well, though the mileage is much less than in the case ‘of 
the two ships quoted. Amongst the double-reduction 
gears there are some cases of extended running which 

int to the loads which gearing will stand safely. The 

8. Pacific in service since December, 1915, still has 
the original low- , which, on last report, had 
made 240,000 miles. The 8.8. Sucrosa in service since 
July, 1916, also has the original low-speed gears after 


OUTLINE ARRANGEMENTS OF VARIOUS GEARS. 


Fig.3. SINGLE TURBINE 
INGLE REDUCTION WITH /OLERS. 











Fig.6. COMPOUND TURBINE 
DOUBLE REDUCTION ONE PLANE 
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~-%. COMPOUND TURBINE 
WBLE REDUCTION THREE PLANE. 
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and wear rapidly, whereas with oil of proper viscosity 
the wear, over considerable periods, is practically 
negligible. 

Accuracy in the cutting of the teeth and machining 
casings, assembling and setting up of parts is absolutely 
essential for insurance of good running. The clearance 
in the bearings must also be uniform so that in whatever 
direction the pressure is to be taken they will maintain 
the pinions in a true line with the wheels. The casing 
should be made as stiff as possible and will be better 
if it is so designed that it is rigid enough to hold its form 
when placed on the ship seatings for the process of 
fitting the packing blocks. The two plane and three 
plane t: are specially advantageous in these respects 
as the depth is so great as compared with the area 
covered by the gear. Ship seatings should also be 
designed so that they will add to the stiffness of the 
— A ship is generally quite flexible and alters 
considerably with change of trim, and works due to the 
action of the sea. It seems, therefore, desirable to make 
the seatings so that they will not be influenced by the 
movements of the ship, that is to say, they shall be 
substantial structures set down on the ship’s bottom, 
and free of all connections to the ship’s side or bulkheads 
which would have the effect of transferring to the gears 
the movements of the ship. They should be arranged 
to maintain the alignment of the gears and turbines, 
and not, as is so often the case, to add strength to the 
ship’s structure. 

he maintenance of the contact of the pinions and 





siderable variations may take place in the revolutions 
without making themselves felt except by a change in 
the hum of the engine. The constant change in inertia 
has all to be taken up by the teeth and it has been noted 
that gears which are heavily loaded wear rapidly in 
stormy weather. 

The tables, pages 788, and 789 give particulars of 
gears by different makers. Table I is for double- 
reduction gears and Table II for single reduction. These 
are by no means complete, but are representative of 
what has so far been made. Figs. 1 to 9, above, 
show diagrammatically the arrangement of wheels and 
pinions for a variety of reduction gears, and is explana- 
tory of some of the terms used in the paper. The single- 
reduction sets are generally satisfactory, and out of the 
large number fitted there have been very few failures. 
The tooth pressures are not excessive, those for war 
vessels may be fairly high, but they have only to work 
at full power occasionally and for very short periods. 
The turbine speeds are usually moderate and the inertia 
of the moving parts correspondingly low. It is 
to estimate the Ried on each pinion due to the turbine 
and the difference between mean and maximum torque 
is much smaller than in the case of double reductions 
with their high-speed turbines. In the latter (Figs. 
4 and 5, above) where a single turbine is used to drive 
two sets of wheels and pinions, it is difficult to assemble 
them so that work is divided evenly between the two sets, 
and any uneven wear or adjustment of the bearings will 
throw most of the load on one side or the other with an 














running 

= after 120,000 miles. The 

original gears still in use after three years 

witlele she made 160,000 miles. These are all of the two- 
(Fig. 5, above) and were made by the 


225,000 miles. The high-speed train was 
Ss Mielero had’the 
running during 


plane t 

General” Electrie Company. The desi tabulated in 
column J, Table I, has given an excellent account of 
itself, and there have been no breakdowns or repairs. 
Some of these units have been in service over two years, 
and show little sign of wear. Those tabulated under 
column 3%, Table I, have also given excellent service. 
Both of these are Falk gears. 

In regard to double-reduction of the single-plane 
type the results are various but there are few which have 
seen 100,000 miles of sea service, and this t is not 
likely to be repeated, to any great extent. After study- 
ing the results obtained on various types the author 
suggests the following table of tooth pressures as being 
the maximum which it is safe to use :— 


=. 

/D 

P = Pressure per inch of working face. 
D = Diameter of pinion in inches. 











- — | kK | D 
Double reduction gear with a in. 
single turbine where a single High speed] 120 | 6to 9 
pinion meshes with two high- 
speed wheels coupled to two Low speed 180 | 9 to 16 
low-speed pinions driving one 
low-speed wheel ee oe 
Double reduction gear, single or |) High speed} 150 | 6to 9 
compound, where each tur- 
bine drives a single wheel and | (Low speed | 220 | 9 to 16 
pinion .. by o4 ee 
Single reduction gears, constant 
service .. os ¥ »s _- 175 
Single reduction gears where full 
power is only used occasionally — 250 
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One further important item is the length of helix in 
proportion to the diameter of the pinion, and the con- 
stants quoted are based on the assumption that this 
ratio does not exceed 2 to 1, and should be reduced to 
1-5 to 1 whenever possible. 

The material of the casing and bearings is practically 
standard. The oil well and the gear-case cover are 
sometimes made of cast-iron and sometimes are built 
of steel. The cast-iron serves to deaden the noise of the 
gears and is to be preferred, but good results have been 
obtained with the steel covers by lagging them with felt 
and sheet iron. The general construction for the wheels 
has been either cast-iron or cast steel spiders with rolled 
rims of mild steel shrunk on and pinned and in which the 
teeth are cut. Gears of the Alquist type are formed of 





In some of the which have passed through our 
hands, which pasty = saa manufactured ahead of pots 
ments and have had to lie in storehouses for a few months, 
it has been found that the pinions have distorted. Some 
of these had to be removed on account of noise or vibra- 
tion, and on inspection it was found that both bearings 
and teeth had altered so much that it was necessary to 
regrind the bearings and recut the teeth. This would 
seem to show that when first made there were stresses 
in the material which annealing had failed to remove 
or which had been left by the heat treatment. It is 
suggested that it would be advisable to make casings, 
wheels and pinions ahead of time and allow them to stand 
out in the weather so as to get rid of these internal 
stresses, before machining. 





TABLE I.—MARINE REDUCTION GEAR DATA. DOUBLE 


on reduction gears where the torque from a single pinion 
has to be delivered through two wheels and ms to a 
single wheel. The device is illustrated in Fig. 10, 
page 787. The pinions are made hollow and a flexible 
shaft through the centre and is made just large 
enough to carry the load safely. It is attached to a 
turbine or high-s wheel by a solid coupling and to 
the after end of the pinion by means of an extensible pin 
coupling. The weight of the shaft is taken in an easy 
fitting bearing at the end of the pinion. These torsion 
shafts are admirably placed for taking up the variation 
between the propeller speed and that of the turbines, 
and eliminate to a great extent the turbine vibration 
being communicated to the gears. 

The superheater has, so far, not found much favour in 
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Reduction gear No. ny iy dt 1 2 3 7 
Horse-power of ship and number of . 
screws .. = ok at be 1,500—Single-screw 2,800—Single-screw 3,100—Single screw 4,500—Twin-screw 
Horse-power transmitted by each gear. . 1,500 s ,100 2,250 
Horse-power transmitted by high- 
pressure pinion .. ne - > 1,500 1,400 1,550 2,250 
Revolutions per minute .. 3,600-—90 3,566-90 3,196-90 3,300-105 
Type of gear ss One-plane Three-plane Three-plane One-plane 
Element High Low 8 High speed Low speed High speed Low speed High speed Low speed 
Part Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear 
Number... ‘i 7 1 1 1 1 2 2 1 2 2 2 1 1 2 
Revolutions per minute .. 3,600 578 578 90 3,566 539 539 90 3,196 538 538 90 3,300 444 444 105 
Pitch diameter (D) oe 8500” | 53°000” | 12-400” | 79-600" | 7-75" 51-250” | 15-613” | 93-387" | 8-500" | 50-500” | 15-629” | 93-371” 7-00" 52-00" | 11-274" | 47-726" 
Number of teeth .. 34 212 31 199 31 205 31 187 34 202 39 233 40 297 30 127 
Diametral pitch .. i 2°56 2 5-7 2-66 
Normal diametral pitch .. 5-65 3°53 5°65 2-16 5-65 2-7 8-0: 3-00 
Helix angle. . FS om 44° 53’ 30” 44° 53’ 30° 44° 53’ 30” 22° 58’ 18” 44° 53’ 30” 22° 58’ 30” 44° 26’ 27° 30 
Pressure angle abs . 26° 56’ 30” 26° 56’ 30” 26° 56’ 30” 20° 26° 56’ 30” 25° 20° 20° 
Effective width of face .. ee ne 15” 36” 14” 26” 16” 27-5” 20” 40” 
Velocity of pitch line, feet per second 133-5 31-2 121 36-7 118-5 36-6 100-9 21-9 
Tangential tooth pressure per square 
inch of face (P) .. ee ie se 412 733 455 808 450 845 7 706 
K (P=K Vv D) .. a6 ée 141 208 163 204 154 214 116 210 
Length of helix, diameter of pinion 1-76 1-45 1:81 0-832 1-88 0-880 1-43 1-77 
Stress at base of teeth, lb. per square inch 3,260 ; 2,775 3,780 | 2,525 3,680 | 2,500 3,840 | 2,860 3,565 | 2,472 4,220 | 3,160 5,100 | 4,220 4,400 | 3,520 
Weight per gear, in oounés oF e 100,000 
Bearings— 
Type ad as C.I. shell—Babbitted 
Number and size e 2—6” x | 2—9”" x | 2—9" x |2—13"x 
8” 14” 123” 14” 
1—9” x |1—13 x 
223” 18” 
Surface speed, per minute (V) 5,190 1,047 1,047 358 
Pressure per square inch (P) .. 48 84-0 88-0 33 
Tw Nes “e a 249,000 | 88,000 | 92,000 | 11,800 
Turbine Single Compound Compound Single 
Gear maker Falk Company Falk Company. Falk Company Bethlehem Corporation 
TABLE I (continued)—MARINE REDUCTION GEAR DATA. DOUBLE REDUCTION. 
Reduction gear No. at es as 5 6 7 8 
Horse-power of ship and number of 
screws... de ss a me 2,500—Single-screw 2,400—Single-screw 4,000—Single-screw 3,000—Single-screw 
Horse-power transmitted by each -_ 2,500 2,400 4,000 3,000 
Horse-power transmitted by a 
pressure pinion .. we 2,500 2,400 4,000 1,500 
Revolutions per minute .. 3,480-90 3,302-75 3,480-90 3,360-90 
Type of gear we One-plane Two-plane One-plane 
Element High s Low speed High speed Low speed High speed Low speed High speed Low speed 
Part Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear Pinion Gear 
Number ee Pe | oe 1 2 2 1 1 2 2 1 1 2 2 1 2 2 2 1 
Revolutions per minute .. 3,480 463 463 90 3,302 657 657 75 3,480 458 458 90 3,360 585 585 90 
Pitch diameter (D) he 7:4 55-6” 10-25" | 52-75” 6-5" 32-667" | 11-000” | 96-333"| 7-612” | 57-888"| 10-75"| 54-75” 5-196” | 29-830" | 9-238” | 60-045” 
Number of teeth . , 37 278 41 211 39 196 33 289 38 289 43 219 27 155 28 182 
Diametral pitch .. od 5 6 5 4 5-2 3-0: 
Normal diametral pitch .. 7:07 4°33 6-73 3-26 6-11 4°35 3-5 
Helix angle. . ‘ 45' 23° 27° 22° 58’ a 3° 0° 30° 
Pressure angle a 15° 15° 22° 13’ 21° 32’ 23° 57’ 16° 14’ 16° 38’ 16° 38’ 
Effective width of face .. as os 18” 45” 18-4” 32” 19-6” 48” 20” 36” 
Velocity of pitch line, feet per second .. 112 20-7 93-7 31-6 115-7 21-5 76-2 23-6 
Tangential tooth pressure per square 
inch of face (P) .. ‘é o's os 340 740 382 652 486 1,065 541 972 
K (P=K v D) ss ee oe 125 231 150 196-5 176 325-5 237 320 
Length of helix, diameter of pinion 2-44 2-20 1-415 1-455 1-29 2-23 1-93 1-95 
Stress at base of teeth, lb. per square inch \ ! 4,370 | 3,500 | 4,000 | 6,750 | 10,500 | 8,300 11,000 | 8,500 
Weight per gear, in pounds ome es 75,000 77,000 124,000 i 
Bearings— 
Type es ee C.1. shell—Babbitted Babbitted 
Number and size 2—6” x | 2—9" x -—9" x | 2— 2—6" x | 4—6”" x | 4—0” x |2—14” x/| 2—7” x | 2—10” | 4—10” | 2—17” 2—4}” 2—8” x | 2—13}” 
12” 12” 12” x 144" 10° 10” 16” 22” 10” x 15” x 15” x 13” x 6" 11’ x 15" 
1—9” x e 2—10” | 1—17” 1—4j” 1—11” 
16” x 30” x19” x 10” x 104” 
Surface speed per minute (V) .. 5,050 1,090 1,090 342 5,190 1,035 1,550 275 6,400 1,200 1,200 400 4,180 2—1,225} 312 
1—1,690 
Pressure per square inch (P) .. 41-5 62 99 40 58 94 77 92-5 5-8 70 97 134 103 157 43 
 ) fae oe o's ol 209,500 | 67,600 | 107,800 | 13,680 | 300,500 | 97,500 | 119,200 | 25,400 | 37,100 | 84,000 | 116,400 | 53,600 430,000 2— 13,400 
192,500 
1— 
265,000 
Turbine Single Single Single Compound 
Gear maker De Laval Company General Electric Company General Electric Company Westinghouse Company 

















steel plates (laminated) bolted together on a hub or disc, 
the plates being —o from each other to a depth 
of a few inches. This gives a +ertain amount of flexi- 
bility when new, but it is found that the teeth rapidly 
grow together. Some of the gears we have now in 
service have solid steel spiders with teeth cut in the rim. 
They are made by a special process and come out quite 
sound. Those tried have given results and the 
structure being finely gran it is believed that they 
will wear better and be less subject to pitting than the 
mild steel forged rims. 

Difference of practice is found in the material for the 
pinions ; some prefer high carbon steel and others nickel 
steel, chrome nickel or chrome vanadium steel. It is 
believed that the alloy steel will be found to give the 
best results as the structure is so different from that of 
mild steel and the material appears to have better 
qualities, The pinions are made as hard as they can be 
cut and they are usually heat treated to secure the 
necessary degree of hardness. 


Considerable difference has been found in the life of 
of the same design, between those fitted amidships 
and those fitted in the stern of the om. the latter wearing 
more rapidly. ‘The inertia of the turbine is much greater 
than that of the propeller and shafting, and the turbine 
will run with practically uniform angular velocity, while 
the motion of the propeller will be uneven, due to the 
different conditions of water, depths, &c. This variation 
will have little effect on the gears when transferred 
through the long flexible shaft of the machinery fitted 
eunldchipa, but with the short shaft for those fitted in 
the stern of the vessel this variation of torque will be 
reflected on the teeth without any damping due to the 
shaft. When reduction machinery is fitted in the after 
end of the ship it is better to fit the turbines aft of the 
gears so as to make the line shaft as — as ible. 

A number of gears have been fit with a flexible 
shaft between the turbine and pinion, or between the 
high-speed wheel and ae - a This device 
was patented by Mr. Day, of the Falk 





Company, for use 








America for marine purposes, and considering the 
number of turbine-driven vessels that are being built it 
is surprising that so many are working without superheat. 
The turbine under the same steam conditions gives an 
efficiency of 10 per cent. to 15 per cent. better than the 
reciprocating engine. From the actual service results 
of steamers of the same capacity and in the same 
trade, and running 55,000 miles a year, the one with 
triple expansi agi used 335-3 Ib. of oil per knot, 
and the other two with turbine machinery used 281-5 lb. 
and 282-5 Ib. of oil, tively. This could have been 
improved considerably by the use of superheat with ine 4 
little increase in the cost of the turbines. Practically 
that would have been needed would be to make the high- 
pressure end of the casing of cast steel instead of cast-iron. 
The question of gear efficiency has been much debated 
and various factors have been given from time to time. 


The Falk Company devised a means of motor anges under 





full load, for bearings and teeth, with a motor enough 
to supply the amount lost in friction only. his was 
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TABLE II.—-Marive Repvuctien Gear Data (Sinctze Repvuction). 


























Reduction gear No. hing ov W 10 11 12 
Herse-power of ship and number 
of screws .. ba ae -- | §9,000—Twin-screw 5,000—Twin-screw 4,500—Twin-screw 10,000—Twin-screw 
Horse-power transmitted by each 
gear oe o a bee 4,500 2,500 2,250 5,000 
Horse power transmitted by high- 
pressure pinion .. “8 ny 2,250 1,250 1,125 2,500 
Revolutions per min 1,500-120 2,204-110 1,924-105 1,793-125 
Type of gear "4 One-plane One-plane Two-plane One-plane 
a6 Pas . Pinion Gear Pinion Pinion Gear Pinion Gear 
Number .. - - -_ 2 1 2 1 2 1 2 1 
Pitch diameter (D) e. eo 8-50” 106-75” 6-000" 120-240” 714-3” 130-857” 9-143” 131-143” 
Nuniber of teeth. . ‘ ae 34 427 25 501 25 458 32 459 
Diametral pitch .. <e 4 4-167 3°5 3°5 
Normal diametral pitch 5-65 5-00 4-04 4-95 
Helix angle J oe 45° 33° 33° 26” 30° 2’ 54” 44° 53’ 30° 
Pressure angle .. os ee 15° 20° 25° 26° 56’ 30° 
Effeetive width of face .. oe 48” 24° 22” 36” 
Velocity of pitch line feet per 
second .. ae es ee 55-5 57-8 60-0 71:7 
Tangential tooth pressure per 
square inch of face (P) ae 463 496 469 532 
K(P = K D) ee os 159 202 175 176 
Length of ‘helix/Diameter of 
pinion .. ee ou - 2-83 2-00 1-54 1-97 
Stress at base of teeth, Ib. per | 
square inch .. ee se 5,630 | 3,960 3,960 2,770 3,610 2,555 
Weight per gear in pounds 76,000 000 
Bearings— 
‘ype an — C.1. shell—Babbitted C.I, shell—Babbitted |1C.I. shell—Babbitted | C.I. shell—Babbitted 
Number and size 2—64” x 9”| 2—1 44” x 4—5}” x 9] 2—14"x | 4—5h”x | 2—13"x | 2—8"x8" | 2—15" x 
—- x 13 13” 5+" 12” 2—8" x7” 12” 
Surface speed per minute (V) .. 2,550 455 3,170 403 2,650 358 3,760 491 
Pressure per square inch (P) 107 99 62-2 92 108-2 121-2 
ra a we oe 273,000 45,000 197,000 | 37,000 287,000 43,500 
Turbine oe Compound Compound Compound Compound 
Geer maker .. - De Laval Company Bethlehem Corp. Falk Company Falk Company 
TABLE II (continued).—Marine Repuction Gear Dara (Srincte Repvuction). 
Reduction gear No. oe - 13 | 14 15 16 
Horse-power of ship and number 
of screws .. be - .. | 12,000—Twin-screw 28,000-Twin-screw 90,000—Qdrple.-screw 27,000—-Twin-screw 
Horse-power transmitted by each 
gear a ” es ce 6,000 14,000 22,500 13,500 
Horse-power transmitted by high- 
pressure pinion .. ch a 3,000 7,000 11,250 6.750 
Revolutions per minute 1,789-125 3,217 and 2,994—450 2,513—400 2,950—455 
Type of gear . One-plane One-plane One-plane 
Part .. wa Pinion Gear HS. LS. Gear Pinion Gear Pinion Gear 
Pinion | Pinion 
Number .. be 2 1 1 1 1 2 1 2 1 
Pitch diameter (D) 10-0” |143-143” | 10-800” | 11-600" | 77-200”| 13-429” 84-286" 10-227” 66-314” 
Number of teeth . . 35 501 27 29 193 47 295 31 201 
Diametral pitch .. os . 3-5 3-03 
Normal diametral pitch 4-95 3-54 4-04 3-5 
Helix angle ss 44° 53° 30” 44° 53’ 30” 30° 2’ 54” 30” 
Pressure angle ‘ ee 26° 56’ 30” 25° 25° 16° 38’ 
Effective width of face .. oe 38” 33” 48” 26” 
Velocity of pitch line feet per 
second .. “- > re 78-+2 151-5 147-2 131-+5 
Tangential tooth pressure per 
square inch of face (P) 555 770 877 1,080 
K(P=K ./D).. - a 175 234 226 239 328 
Length of helix/Diameter of 
pinion .. pa es Be 1-90 1-53 1-42 1-79 1-27 
Stress at base of teeth, Ib. per 
square inch .. ae - 3,780 2,660 6,010 5,920 4,125 4,300 3,855 11,750 9,100 
Weight per gear in pounds . 38, ’ 
Bearings— 
Type as Se C.I. shell—Babtd. C.1. shell—Babbitted C.1.shell—Babbitted Babbitted 
Number and size . . 2—8” | 2—15” 2—8” 2—8” | 2—13” | 2—9}” 2—15” 2—8” 2—11}” 
x8” x12” x11’ x11’ x14" x 10” 12x” x7" x 10° 
4 2—s" | 2—8° 2—9}” 1—8” 
x7" x12”| x12” x 9” xo” 
Surface speed per minute (V) .. 3,750 491 6,750 6,280 1,530 6,090 1,510 6,180 1,360 
Pressure per square inch (P) .. 1,065 106 73°3 73°3 45-0 136-5 70°8 153 42 
Se ce pat -. | 400,000 | 52,100 | 495,000 | 460,000 | -69,000 | 831,000 111,200 948,000 57,000 
Turbine / Compound Compound Compound Compound 
Gear maker .. Falk Company Falk Company Falk Company Westinghouse Co. 




















further extended so that they could be tested for efficiency 
and tests were subsequently made on a number of gears, 
the results of which the Falk Company have kindly 
allowed me to add to this paper. 

The first of these was on two sets of single-reduction 
gears for one of the 35-knot destroyers built by the 
Bethlehem Shipbuilding Corporation at Fore River. 
The two gears, port and starboard, are placed back to 
back with a space of 10 ft. or 12 ft. between them. The 
main shafts and pinions are coupled together, the latter 
by means of torsion shafts with large couplings, so that 
the twist on the shaft can be varied at will. By this 
means it is possible to put the same load on the bearings 
and to run the gears at the same tooth pressures and 
under the same conditions as when operating on board 
ship. The two sets are driven by a direct-current 
motor at the required speed and the power developed 
by the motor represents the friction of all the gears 
and bearings in the two units. The thrusts are not 
loaded, but these are not a part of the gears, and as they 
are only located in the casing for convenience of manu- 
facture they should not be included in the gear losses. 
The results are corrected for motor efficiency. The oil 
service and lubrication are the same as for actual service. 

In the case of the destroyer rs a number of tests 
were run with various loads and speeds so as to obtain 
® curve for the efficiency over a range of speeds and 
powers. The curves for the actual tests are shown for 
one-quarter, one-half, three-quarters and full power 
torque, each over a range of speeds (see Fig. 11, on this 
page), and from these further curves have been developed 
showing the efficiency at various s , powers and 
revolutions at which the machinery would work in the ship, 
as shown in Fig. 12. It will be seen that the maximum 























Tasre II1.—Results of Reduction Gear Tests. 

Test No. .. a ee 2 3 4 5 
Duration of test .. ..| 21 hrs. | 14 hrs. | 11 days | 8 hrs. 
Total horse-power output 

of two gear units --| 12,000 12,000 6,000 6,200 
Horse-power delivered by 

each pinion ° .-| 3,000 3,000 1,500 1,550 
Tooth pressure, square 

inch of face—H.S. .. 630 553 482 448 
Tooth pressure, square 

inch of face—L.S. .. — _— 862 842 
Inlet temperature of 

water to oil cooler, 

deg. F. .. Je ¢ 67-0 59-5 51-7 54-0 
Outlet temperature of 

water from oil cooler, 

deg. F. .. se oF 82-2 75-1 72-4 67-9 
Pounds of water per 

minute to cooler iz 424 442 312 386 
Horse-power absorbed by 

cooling water .. ps 152 168 151 126 
a oe of oil to 

t,deg. F. .. oa 125 110-5 103 118-5 

Temperature of oil from 

unit,deg. F. .. - 131 120-5 — 124 

ure of oil to gears .. 18-4 8-9 12-0 11-7 

Revolutions per minute 

of propeller shaft ow 125 125 90 90 
Horse-power loss in units 229 209 203 186 
Output + losses of gear 

units .. cs .-| 12,229 | 12,209 6,203 6,386 
Gear unit efficiency 0-981 C-983 | 0-968 | 0-973 
efficiency is 98-3 per cent. at full torque and about 
one-half speed. In a ship, however, this condition 
is not used and the maximum efficiency is only 97-3 per 


cent. The bearings of these sets are very am and 
account for the pega A a of the friction loss, 
experiments were with shortened bearings and 
showed a gain in efficiency, but the curves are given 
for the actual gears as installed. 

A summary of several other tests is contained in 
Table III. Test No. 2 was made on units of single- 
reduction gears for the passenger ships for the United 
States Shipping Board. These units were designed for 
a normal horse-power of 10,000, but the test was made 
at 12,000 shaft horse-power, as shown, with a gear 
efficiency of 98-1 per cent. No. 3 was made on units 
for passenger ships similar to No. 2, but designed for 
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12,000 shaft horse-power. These were made at a later 
date and the improvement is shown by the increased 
efficiency. The fourth test was made on a pair of double- 
reduction gears with compound turbines, and was carried 
on continuously for 11 days. The conditions were 
maintained very nearly constant and the efficiency, 
96-8 per cent., is very good for this type of machine. 
Column No. 5 is for a similar set of gears with improved 
bearings, an arrangement which resulted in increasing 
the efficiency to 97-3 per cent. 

The author is indebted to Mr. P. C. Day for the infor- 
mation on these reduction gear tests and to the Falk 
Company for permission to use them. Also to the 
De Laval Company, Westinghouse Manufacturing 
Company and the General Electric Company for the 
information and data furnished by them. 





THE CONSTITUTION OF THE ALLOYS OF 
COPPER WITH TIN. 


By Joun L. HavcGnaron, D.S8ec., F.Inst.P., Member 
(National Physical Laboratory, Teddington), 
Part III. 

Transformations occurring below the Eutectic Tempera- 
ture.—In Parts I and II of this papert the author dis- 
cussed the earlier work on the alloys of copper with tin, 
and tabulated the principal div ces between the more 
important diagrams which had m put forward. He 
also described the work undertaken to clear up one of 
these points of differences, i.¢e., the range of composition 
and temperature of formation of the ¢ constituent, 
and he put forward a diagram for the alloys whose 
compositions lie between 55 per cent. and 65 per cent. 
of tin, and a tem ture extending from 200 deg. C. 
to 450 deg. C. This di did not differ markedly 
from that of Heycock and Neville. The present paper 
deals principally with alloys of the same composition 
but at a lower temperature, that is to say, it deals with 
the transformations other than the formation of the 
eutectic, occurring below 250 deg. C. The range of 
composition over which these alloys occur is, however, 
considerably greater than that investigated in the earlier 
paper, and extends from about 40 per cent. tin to 100 
per cent. tin. 

Earlier Work.—The diagrams of Heycock and Neville, 
and of Shepherd and Blough, are reproduced in Part I, 
and that of Guertler in the a to this oe. 
The parts of these diagrams ing with the ys 
at present under consideration are, however, reproduced 
on a larger scale in Figs. 1 to 3, The other workers 
either do not deal with this part of the diagram, or show 
no reactions occurring therein. Heycock and Neville 
(Fig. 1) show the eutectic as occurring between 65 
cent. of tin, with no reactions occurring below it. They 





* Paper read at the meeting of the Institute of Metals, 
on Thursday, March 10. 





+ See Encineertna, vol. xcix, page 419. 
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also show a line at the eutectic temperature between 
the limits of 38 per cent. and 65 per cent. tin. This line, 
however, is drawn dotted and is obviously meant to 
represent a metastable extension of the eutectic. This 
is indicated by the nomenclature in the various phase 


fields of the diagram, Agreeing with Heycock and 
Neville, Shepherd and Blough (Fig. 2) find nothing more 
than the eutectic on the tin side of pure e. the 


copper side, however, reaching as far as 37 per cent. tin, 
they show two lines, the upper one occurring at a 
témperature of 218 deg. C. and the lower one at 182 
deg. C. Concerning reactions, they say: ‘In 
addition to the changes in the solid which have been 
recorded for the copper rich alloys, we found two other 
heat changes in the alloys containing from 48 per cent. 
to 65 per cent. of copper. The first of these changes 
is at 218 deg, C. and occurs at the same tem ture in 
all of the above-mentioned concentrations. The second 
change is likewise one at constant temperature, and was 
found at 182 deg. C. The heat effect is small in the 














is named after its tin content multiplied by 10. Thus 
an alloy containing 61-5 per cent. tin is named No. 615. 
Preparation of the Alloys: This was carried out as 
described in the author’s earlier paper on this subject, 
except where otherwise stated. Apparatus and methods 
employed: The thermal curves recorded in the earlier 
paper became too erratic below 200 deg. C. to be of any 
use. This was due to the fact that they were carried 
out in a furnace designed for much higher temperature 
work, whose uniform gradient somewhere about 
200 deg. C., and in which the specimen passed from the 
furnace into a water-jacket at the bottom. This dis- 
continuity appears to have given rise to some of the points 
observed. In order to overcome this difficulty a new 
furnace has been designed, by means of which it has been 
found possible to take curves from 500 deg. C. to below 
50 deg. C. before any marked sign of departure from a 
straight line is observed. While the reduction in scale 
which is necessary to make the reproduction of such a 
curve possible in this paper renders it impossible to do 
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with and mag The temperatures 
have been measured with a very carefully calibrated 
iron-constantan thermocouple, the junction of which is 
tightly packed into a hole in the specimen. i 
have been taken every 50 microvolts, which correspon 
almost exactly with 1 deg. C., and the rate of cooling 
and heating was about 200 microvolts (4 deg. C.) per 





minute. The majority of the curves were taken between 
300 deg. and 30 deg. C., though in a few cases they were 
taken beyond the 415 deg. C. reaction.* 

The j 


majority of the curves were taken as described 
in the collier paper, i.e., from specimens cut from{the 
thick part of the chill-cast wedge. In other cases, 
however, a cylindrical shaped chill was made as follows : 
A silica tube, 15 mm. long and 7 mm. in diameter, was 
closed at one end by a silica plate cemented on with 
“ Purimachos.” This formed a mould which was 
embedded in ice, and the alloy poured into it. The 
mould was then pushed below the ice. This method of 
chilling, while not so drastic as the wedge chill, gave 
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lower change but quite large in that at 218 deg. C. 
At present we are unable to give a satisfactory - ana- 
tion as to the cause of these changes. At first sight one 
might attribute the upper change to lag in the eutectic 
change, but the 218 deg. C. point is very distinct from 
that of the eutectic. On the other hand, the suggestion 
that the 182 deg. C. change is related to the sup) 

allotropic modifications of tin, at 170 deg. C., is not 
borne out by the fact that these two changes do not occur 
in the alloys in which tin is one of the solid phases 
. « »” even after three weeks’ annealing of an alloy 
containing 75 per cent. tin. ‘“‘ Nor are these two changes 
to be detected in the alloys richer in copper than Cu; Sn, 
t.e., 61-5 per cent, copper. Our attention was first 


directed to these phenomena ~ 4 the change in micro- 
structure which these alloys undergo when annealed for 
a long time at about 180 deg. C.” 


The diagram given by Guertler is exceedingly compli- 
cated in this region (Fig. 3), It is, however, largely 
based on theoretical reasoning unsupported by evidence, 
or, to a lesser extent, on private correspondence with 
Shepherd, so that it is very difficult to judge as to how 
much weight should be attached to the various lines 
which he draws. It will be noticed that all but the 
eutectic lines are drawn dotted, f.¢., as uncertain. 
Between Cu; Sn and about 59 per cent. of tin he shows 
one line at 190 deg. C. From 59 per cent. tin to 65 per 
cent. tin this line falls from 190 deg. C. to 175 deg. C., 
the reaction which it indicates occurring over a narrow 
range having a maximum interval of 10 deg. C. Between 
65 per cent. and 100 per cent. tin the reaction occurs at 
a@ constant temperature of 175 «eg. C. Guertler refers 
to this line as the locus of the transformation of con- 
stituent IX into constituent X, w'thout saying definitely 
what these two constituents are. He also states that 
“constituents IX and X are so nearly alike in their 
composition that the polished surfaces of both are hardly 
distinguishable from each other.” In addition to these 
lines, Guertler has two others in alloys whose composition 
ranges between 65 per cent. and 100 per cent. tin. Of 
thom he says that, as the eutectic point is close to pure 
tin, “* the solid tin can only take up very small quantities 
of copper in solution. For this reason it is not probable 
that copper has any very considerable influence in the 
transformation temperature of tin. These are therefore 
— oo y in the diagram at 161 deg. C and 

leg. C. 
The Work of the Author.—Nomenclature: Each alloy 
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anything like justice to the original, yet one such curve 
is shown in Fig. 4. The thickness of the line drawn, 
if the reproduction were magnified to the size of the 
original, would cover practically all the observed points. 
Such a curve, which has only been selected for repro- 
duction because it was taken to a rather higher tempera- 
ture than most, and not because of any superiority, 
not only testifies to the uniformity of the temperature 
gradient of the furnace, but to the general excellence of 
the whole arrangement, and particularly to the extra- 
ordinary accuracy which can be obtained on the Rosen- 
hain plotting chronograph. 

The furnace is in principle the same as that described 
by Rosenhain in a paper before this Institute, though 
slightly altered in detail to make it suitable for low- 
temperature work. The furnace tube consists of an 
iron pipe 10 cm. in diameter and 90 cm. long, closed at 
the bottom, to which is soldered a water jacket, the 
last few inches of the tube acting as the inner wall of 
the jacket. About 6 in. of the top of the tube are 
wound (on mica) with “nichrome”’ tape, and the 
ps prem | is closed by a zirconia plug through which a hole 
is to enable the ing wire and the thermo- 
couple leads to pass. The tube is lagged in the usual 


samples of a much more suitable shape for thermal curves. 
Before taking thermal curves of the alloys, they were 
annealed in a Haughton-Hanson thermostat. The 
annealing took place in seven stages: (1) The quenched 
specimens were heated to 395 deg. C. and held there 
for 160 hours. (2) The slow-cooling apparatus on the 
thermostat was connected and the temperature reduced 
to 225 deg. C., the fall occupying over 54 hours. (3) For 
194 hours the temperature was maintained at 225 deg. C., 
and then: (4) Reduced to 195 deg. C. during 96 hours ; 
(5) annealed at 195 deg. C. for 242 hours; (6) slowly 
cooled to 170 deg. C. during 77 hours; (7) annealed at 
170 deg. C. for 69 hours and then quenched. 





* With reference to the relative value of heating and 
cooling curves, the author stated in the previous paper 
that heating curves were free from under-cooling effects. 
This mis-statement was corrected in the discussion by 
Professor C mter. In this connection he would like 
to state that he had succeeded in obtaining undercooling 
(or, more correctly, superheating) at the eutectic in one 
alloy, but it could only be obtained by heating at & 
rate of about 50 deg. C. per minute, and then the total 
amount of superheating was only about 0 -2 deg. C. 
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The alloys treated in this way were used for obtaining 
heating curves. In some special cases, which will be 
referred to later, variations in this method were intro- 
duced. Specimens for microscopic examination were 
treated in a similar way, samples being removed for 
examination after the end of the third, fifth and seventh 
stages. Electrical resistance measurements were made 
on @ few alloys which had been annealed and slowly 
cooled as above. The resistance was determined b 
measuring the voltage drop along a specimen retin | 
which a current was flowing. The specimen was heated 
in a specially-designed furnace with a very uniform 
temperature. The whole apparatus has been described 
by the author in a paper read to the Faraday Society.* 
The specimens were made by Broniewski’s method of 





the eutectic ‘arrest at 226 deg. C. makes its first appear- 
ance. With further tin the eutectic point increases in 
size and the 100 deg. C. arrest diminishes in size, being 
only just = po in the alloy 900. 

The shape of these points is of interest. In no case 
do they appear to be constant temperature arrests as 
in the case of the eutectic. In the case of the 190 deg. C. 
arrest this may be due to the small amount of heat 
evolved, for in alloy 570, where it is largest, it is also 
sharpest, having a range of about 8 deg. C. or 9 deg. C. 
The 210 deg. C. arrest, on the other hand, occurs definitely 
over a range, 210 deg. C. being merely the maximum 
point on the curve. The upper limit of the arrest appears 
to be about 215 deg. C. or 216 deg. C. The lower limit is 
very vague, but is probably not much below 200 deg. C. 





x 100. 


Fig. 9. Attoy 610 ANNEALED aT 225° C. 


x 100. 





Fig. 10. 


AtLoy 630 ANNEALED AT 225° C. 
x 100. 


forcing the liquid alloy into a silica tube by atmospheric 
pressure. 

Thermal Ourves.—Curves were taken of alloys ranging 
from pure tin to an alloy containing 30 per cent. of tin. 
The parts of the heating curves bearing on the subject 
of this paper are reproduced in Fig. 5. Alloy 305 shows 
no arrest points between 150 deg. C. and 250 deg. C. 
Alloy 428 shows one small arrest at about 190 deg. C. 
This arrest has become quite large in alloy 570, and is 
accompanied by a minute heat absorption at about 
210 deg. C. These two arrests are also visible in alloys 
590 and 610. It will be noticed, however, that the 
upper point becomes larger, relatively to the lower one, 
as the tin content increases, and in alloy 610 it is the 
more obvious of the two. (As the sizes of the ingots used 
varied somewhat, the absolute size of the points has no 
meaning, but the relative size is instructive.) The 
addition of a further 2 per cent. of tin produced a ve 
marked change. The 190 deg. C. point is still proncunsed, 
but that at 210 deg. C. has completely vanished, and 





*“The Measurement of Electrical Conductivity in 
Metals and Alloys at High Tem: tures,” J. L. Haugh- 


ton. Transactions of the Faraday Society, 1920, 
vol. xvi. 





Fie. 11. Atroy 550 ANNEALED aT 195° C. 
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Certain deductions can be drawn from these curves, 
The range of composition over which the 190 deg. C. 
point is observed corresponds to the range in which 
the ¢ constituent occurs. In addition to this, the 
magnitude of the heat evolution increases with addition 
of tin as far as can be observed until the point where 
the alloy consists of pure ¢ (say about 60 cent. tin). 
After this the point decreases in itude once more, 
From this it is difficult to avoid the conclusion that 
the heat evolution is connected with the ¢e constituent, 
probably being a polymorphic change in this body. An 
explanation of the higher arrest is very difficult to find. 
From the thermal curves it would appear that this point 
only becomes marked as the alloy reaches the com- 
position where it consists largely of ¢, but that the 
moment any eutectic makes its appearance the arrest 
disappears completely. From this it would appear 
that it is : (1) Not due to the 7 constituent as it increases 
in magnitude with decreasing 7; (2) not due to ¢, as 
it does not occur in the alloys containing ¢ + tin; 
(3) not due to tin, as it dlenppeece when free tin makes 
its appearance. All these deducti t be true, 
as there are no other constituents present, and it seems 
probable that (2) is the least certain, as it is conceivable 
that the presence of free tin would inhibit a change 








which, in its absence, would take place in the «. An 
attempt to indicate this on the equilibrium diagram, 
however, will show the improbability of the explanation. 

In order to attempt to obtain further light on these 
points a specimen of alloy 610, with a comes embedded 
in it, was annealed at 390 deg. C. for 360 hours, slowly 
cooled down to 170 deg. C. during 110 hours and annealed 
there for 170 hours. A number of thermal curves were 
then taken, as described below, without removing the 
specimen from the thermostat. The rate of heating 
or cooling is the rate at 200 deg. C. :—(1) Heating Curve ; 
Rate 12 deg. = minute. Only upper point shows. 
Fig. 6, A. (2) Heating Curve : te 4 deg. per minute. 

upper point shows. Fig. 6, B. (3) Cooling Curve : 
Rate 4-4 deg. per minute. Only upper point shows. 
Fig. 6, C. The alloy was then raised to 190 deg. C. and 
annealed there for about 15 hours, and then :—(4) Heating 
Curve: Rate 4-4 deg. C. per minute. Upper point as 
usual, (Curve taken Ree above lower point.) Fig. 6, D. 
The alloy was next annealed at about 200 deg. C. for 
20 hours, followed by :—{5) Cooling Curve: Rate 
3-2 deg. C. per minute, Both points show. Fig. 6, E. 
The alloy was then annealed at 150 deg. C. for about 
20 hours, followed by :—(6) Heating Curve: Rate 3-4 
deg. C. per minute. Both points pronounced. Fig. 6, F. 
(7) Cooling Curve: Rate 3-2 deg. C. per minute. 
Both points pronounced. Fig. 6 G. (8) Heating Curve: 
Rate 3-8 deg. C, per minute. Upper point only shows. 
Fig. 6, H. (9) Cooling Curve; te 3-4 deg. C. per 
minute. Both points show. Fig. 6, J. (10) Heating 
Curve: Rate 1-8 deg. C. per minute. Upper point 
only shows. Fig. 6, K. (11) Cooling Curve: Rate 
3-2 deg. C. ‘ minute. Both points show, though lower 
one is small, Fig. 6, L. 

It appears from these results that the upper point 
persists under all the conditions of heating and cooling 
described above, but that on a rapid heating curve the 
lower point will not show, and in addition slow heating 
or cooling curves taken after this do not show the lower 
point, but that further: annealing is n to bring 

ack the arrest. Repeated heatings or coolings, even 
at a slow rate, very soon bring about the di ce 
of the lower ges from the heating curves, ob ough it 
persists on the cooling curves. From these results it 
appears that the genuineness of the upper point cannot 
be called in question, although, were it not for other 
evidence, the reality of the lower point might perhaps 
be doubted. . 

Electrical Resistance.—In addition to the thermal curves 
electrical resistance measurements have been made on 
alloys 550, 610 and 630. The results are plotted in 
Fig. 7. The first curve (A) shows two definite points, 
the first at 186 deg. C. and the second at 206 deg. C. 
(on heating). The sharpness of this upper point s ts 
that the range observed on the the curves is due to 
the slowness of the reaction and is not a genuine case 
of a heat evolution occurring over a range of temperature. 
Resistance measurements taken on cooling the alloy 
showed the same two points, the ee being 
209 deg. C. and 180 deg. C. respectively. (Curve B.) 
The electrical resistance temperature curve of the next 
alloy (No. 610, curve C) is very instructive. The same 
two points appear again at 187 deg. C. and 206 deg. C., 
but in addition there is a point at 228 deg. C. which 
evidently corresponds with the eutectic. This is particu- 
larly interesting, for the thermal curve shows no signs 
of eutectic, while the microscope shows small amounts. 
This suggests that in this case the electrical resistance 
method is more sensitive than the thermal curve method. 
It also shows that it is ible for a certain amount of 
eutectic to be present without inhibiting the 206 deg. C. 
point. In avery small range of composition considerable 
differences in the reactions occur, an alteration of only 
2 per cent. separating the alloy which shows the maximum 
evolution at 210 deg. C. from one which shows none 
at all, and in view of the extreme difficulty of analysis 
of these materials it is dangerous to draw definite con- 
clusions from results obtamed by two different methods 
on two different samples of the same alloy. Hence the 
particular value which attaches to this result showing all 
three points on the one curve. Finally the temperature- 
resistance curve of alloy 630 remains to be discussed 
(curve D). As before, the 187 deg. C. point appears, 
this time at about 190 deg. C. “The evidence of the 
210 deg. C. point is very doubtful. The curve certainly 
appears to show a chi in direction at about 216 deg. C., 
but it is very slight, and depends almost entirely on a 
single observation. It seems probable that there is really 
no point here, and the curve been drawn as a mean 
line between the plotted observations. Finally at about 
228 deg. C. there is a large break in the curve, due to the 
fusion of the eutectic. The observations shown in 
Fig. 7, A, were not the only ones obtained in taking the 
electrical resistance of alloy 550; they are the points 
obtained on slow heating. All the results observed are 
shown in Fig. 7, E, which is of considerable interest as 
illustrating how slowly the alloys take up an equilibrium 
condition. The lower points, up to the one marked 2, 
were taken while the alloy was being heated very slowly ; 
after that the temperature was raised rapidly, and t 
next point obtained was that marked 3. As this was 
obviously off the curve it was suspected that the rate of 
heating was influencing the results, so the specimen 
was cooled down once more and then heated slowly, the 
points 4, 5, 6, 7, 8, 9, and 10 being obtained. It will be 
seen that after point 6 the curve mes normal again. 
From point 10 the alloy was once more heated more 
rapidly, and after Prem 11 cooled down, points 12 and 13 
being obtained. slow heating points 14, 15, &., were 
obtained, the curve becoming normal once more at about 
point 16. This t tendency to metastability in these 
alloys explains the — over which the points appear 
to occur on the thermal curves, while on the resistance 
curves the reactions are shown as occurring at a nearly 


: constant temperature. It may be mentioned that, 
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while a thermal curve from 100 deg. C. to 250 deg. C. 
takes 40 minutes, the electrical resistance curve over the 
same range takes about 7 hours. The alloy has therefore 
a much better ch ofr ining in equilibrium in the 
latter case. 

Microstructure.—Specimens cut from the toe of the 
wedge-shaped chill were annealed as described earlier, 
and examined. Numerous etching reagents were tried 
on these specimens, in the hope of being able to find some 
microscopical difference between those alloys which were 
quenched above, between and below the 210 deg. and 
190 deg. C. points, but nothing definite could be obtained. 
In some cases it appeared as if the 7 in alloys annealed 
below the 190 deg. C. point was different from that 
annealed above this temperature, but this was not 
generally true, and the fact that the 190 deg. C. reaction 
occurs in alloys containing no 7 shows that the line 
cannot be connected with chiiages in 7. It was therefore 
decided to anneal and quench samples of alloys 550, 610 
and 630 above the highest critical —. at 250 

P 





say, 

deg. C., mark a spot on each and nea Moen 4 it, then 
re-anneal them between the two critical lines (say at 
190 deg. C.) and re-examine them after quenching, 
finally repeating the treatment at a temperature below the 
lowest critical point, say, at 170 deg. C. If any re- 
crystallisation took place it would be probable that it 
would be detected by this method, even though the new 
constituent had the same etching properties as the original 
one. The pe ge used are those which had previously 
been annealed at 390 deg. C. and slowly cooled. Figs. 
8 to 16 are photographs of these specimens, and it will 
be seen that no recrystallisation is evident, and therefore 
no evidence as to the meaning of the arrest points can 
be obtained from the microstructure, 

The Equilibrium Diagram.—From the results obtained 
in the former paper and in this part of the present paper, 
the diagram shown in Fig. 17 has been constructed. 
Results obtained in Part [V of this paper are also 
included, but they will not be discussed here. The 
separation of ¢ is shown as occurring at 415 deg. C., 
as indicated in the earlier paper. As suggested by 
Professor’ Hoyt in the discussion of the earlier paper, 
the ¢ is shown as existing over a range of composition 
which, however, is very narrow. The 210 deg. C. 
reaction is shown dotted and no attempt is made to 
explain it, The lower reaction is shown as a line at 
189 deg. C., running from 38 per cent. tin (Cuz Sn) to 
61 per cent. tin. Across the e field it falls about 3 deg. C. 
and then runs to 99-8 per cent. tin at 186 deg. C. It will 
be seen that this boundary agrees qualitatively, though 
not quantitatively with that in the diagram advanced 
by Guertler. Above this line the constituent which 
results from the reaction of » with liquid is called e, 
below this ¢«’, the assumption being that they are two 
polymorphic modifications of the same body. No 
evidence has been obtained for the existence of the 
allotropic transformation in tin at 161 deg. C. In agree- 
ment with Guertler, it has been drawn as a dotted line 
very slightly below the temperature at which it occurs 
in the pure metal, this depression being due to the slight 
solubility region at the end of the diagram. 


Parr IV. 


It was intended to study, in this part, the composition 
of the eutectic, the temperatures at which it is formed, 
and the composition at which it first makes its appear- 
ance, i.e, the limit of solid solubility of copper in tin. 
An exceedingly careful piece of work on the first two 
points, by Guervich and Hromalko, has rendered further 
work on them unnecessary, particularly as they confirm 
Heycock and Neville in placing the composition of the 
pure eutectic at 99 per cent. tin. It may be mentioned 
that they give the melting-point of the eutectic as 
227-1 deg. C., while the present author, taking the mean 
of the values found between 60 per cent. and 100 per 
cent. tin, makes it 227-4 deg. C. 

There remains, therefore, the question of the limit 
of solubility of copper in tin. This is obviously very 
small when the eutectic contains only 1 per cent. of 
copper, and all the earlier workers have assumed that 
it is non-existent. 

Alloys containing 99-52 per cent., 99-64 per cent., 
99-77 per cent., 99-83 per cent., 99-88 per cent. tin 
and the “pure” tin which contained 99-93 per cent. 
tin were annealed for 68 hcurs at 195 deg. C. and for 
192 hours at 140 deg. C. 

In the specimens annealed at the higher temperatures, 
large amounts of ¢ were found in the 99-52 per cent. 
alloys, and a certain amount was found in the 99-64 
per cent. and the 99-77 per cent. alloys. In the other 
three specimens there is no constituent which is un- 
doubtedly ¢, There are a few minute spots, which, 
however, are as frequent in one alloy as the other, and 
appear to be canal inclusions of emery or polishing 
powder and not «. The appearance of « was best 
observed on the unetched specimens, as, on etching, 
the whole surface took on a mottled appearance whic 
rendered the distinction of minute crystallites a matter 
of great difficulty. It may, however, be remarked that 
specimens were examined, both etched and unetched, 
without previously noting which they were, and the 
conclusion was reached in each case that the 99-77 per 
cent, tin alloy was the last one definitely containing «. 
In view of this the limit of the homogeneous field has 
been drawn at 99-8 per cent. tin at this temperature. 

In specimens annealed at the lower temperatures, a 
little « was seen in the 99-83 per cent. tin alloy, but none 
in the ones containing 99-88 per cent. tin or 99-93 per 
cent, tin, It would seem from this that the solubility 
falls slightly with falling temperature. The amount, 
however, is so small that it is not possible to show the 
slope on the diagram. Figs. 18, 19 and 20 are photo. 





micrographs of the alloys containing 99-52 per cent. tin’ 
99-83 per cent. tin, and 99-88 per cent. tin respectively, 
annealed at 140 deg. C., under a magnification of 600 
diameters. The alloys were very difficult to polish and 
are badly scratched, but the appreciable amount of ¢ 
in Fig. 18, the small amount in Fig. 19, and the absence 
of any in Fig. 20 can be well seen. 

The author desires to place on record his gratitude 
to Dr. W. Rosenhain, F.R.S., Superintendent of the 
Metallurgical Department of the National Physical 
Laboratory, for his advice and encouragement, and to 
Mr. P. G. Ward, B.Sc., A.R.C.8., for carrying out the 
analyses required in connection with the research. He 
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It remains to consider how these diagrams agree with 
the earlier ones referred to above, particularly with 
regard to the six groups of divergences referred to in the 
present author’s earlier paper. 

1. The Limit of the a Region.—Guertler agrees with 
Shepherd and Blough in placing this at about 13 per cent. 
tin ; Broniewski places it at about 7 per cent. tin. 

2. The existence of ana + 7 Area.—This is not shown 
by any of the diagrams at present under discussion. 

3. The Area between 20 per Cent. and 40 per Cent. of 
Tin.—Guertler’s diagram bears some resemblance to that 
of Shepherd and Blough in this area, but there are several 
important modifications. That of Broniewski, on the 
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also wishes to thank Miss G. W. Ford, B.Sc., for her 
assistance in conducting the annealings and taking the 
photographs in connection with the recrystallisation of 
the « constituent. 





APPENDIX. 


Since the publication of Part I of this paper, a mono- 
graph on copper-zinc and copper-tin alloys, by W. Bro- 
niewski,has appeared in the Revue de Métallurgie. In 
this paper he refers to the work of Slavinski on the copper- 
tin alloys, and gives the diagram which the latter puts 
forward for that part of the system which he has in- 
vestigated, i.e., that lying between 15 per cent. and 28 per 
cent of tin. The paper is in Russian, and the author 
has been unable to consult it, but Fig. 21 is reproduced 
from Broniewski’s paper. It would appear that the 
investigation was carried out by means of thermal 
curves only, 

Basing his results partly on the data of Heycock and 
Neville, and of Slavinski, and partly on a mass of evidence 
obtained from measures of electrical conductivity, 
thermo-electric wer, hardness and other physical 
properties, Broniewski himself deduces the diagram 
given in Fig. 22. Reference must also be made to the 

iagram given by Guertler (Fig. 23) in his book on 











metallography. 


Fig. 15. Attoy 610 ANNEALED aT 
170° C. 


other hand, has more resemblance to that of Heycock 
and Neville. 

4. The Range and Position of the « Region.—According 
to Guertler, this constituent occurs over an area whose 
extreme limits are 59 per cent. and 65 per cent. of tin. 
The shape of this area is difficult to describe, but it can 
be well seen in Fig. 3. At about 180 deg. C. the ¢ 
transforms into another constituent. Guertler agrees 
with the earlier workers in putting the temperature of the 
reaction 

» + Liq = «. 
at 400 deg. C. 

According to Broniewski, the e occupies an area lying, 
below the eutectic temperature, between 55 per cent. 
and 65 per cent. tin, while above this temperature the 
area narrows to a point at 55 per cent. tin. The ¢ 
separates at a temperature of 420 deg. C., which is in 
good agreement with the results obtained by the author 
and described in Part II of this paper. 

5. The Transformations occurring below 250 deg. C.— 
Guertler’s diagram is very complicated in this region. 
Between 65 per cent. and 100 per cent. tin he shows the 
eutectic line at 228 deg. C., lines corresponding to the 
allotropic modifications in tin at 161 deg. and 18 deg. C., 
and a line at 175 deg. C. representing the transformation 
of the ¢« or constituent IX, as he calls it, into what he 
names constituent X. This transformation takes place 
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over a range of a few degrees in the field of pure e and 
at 190 deg. C. in the area where e + 7 exist. 

Broniewski shows no reactions in this area. 

6. The Composition of the Butectic.—Both Guertler and 
Broniewski give this as about 98 per cent. tin. 





7 CATALOGUES. 

Circuit Breakers.—The General Electric Company, 
Limited, Queen Victoria-street, London, E.C. 4, send 
@ catalogue of free handle circuit breakers, of both the 
open and enclosed types, for use with either alternating 
or direct currents. 


Stecl Casements.—A catalogue of steel casements 
Showing frame sections and fastenings, and giving 
directions for measuring openings, comes from Messrs. 
Fredk. Braby and Co., Limited, Glasgow. These case- 
ments are also made in gun-metal if required. 


Presses.—New editions of catalogues of hydraulic 
and screw presses for oil-extracting and for forging, 
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bending and other engineering work have been issued 
by Messrs. Hollings and Guest, Limited, Thimble Mill- 
lane, Birmingham. These include some new designs, 
notably heavy presses for shipyard work. 


Motor-Car Brake.—A description of a motor-car brake 
in which the engine is used to compress air, as a means 
of retarding the vehicle, has been received from the 
Commercial Vehicle Company, Limited, 64, Mortimer- 
street, London, W.1. The camshaft is moved longi- 
tudinally to bring a second set of cams into action with 
the valves when the engine is to be used as a compressor. 


Flexible Couplings.—Messrs. Edward J. Hardy and 
Co., Limited, 118, Queen Victoria-road, Coventry, send 
a catalogue explaining the construction of their flexible 
coupling, now ly used in motor cars and other 
vehicles. A special fabric, more durable than leather, is 
used, and with due care in construction and finish a very 
reliable coupling, allowing up to 7 deg. misalignment 
can be produ at a moderate cost. 

Cement and Concrete Slabs.—A pamphlet giving very 
full details of certified tests of t and te slabs, 
with steel reinf t, has hed us from the Cement 
Gun Company, Cornwells, Bucks. Co., Pa., U.S.A. The 
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slabs are made by shooting the material into moulds 
by means of the cement gun. The reports are worth 
attention, and the tables of safe loads included will be 
of service to prospective users. 

Refuse Destructors and Chemical Plant.—Furnaces for 
the destruction of refuse by burning are described in 
several leaf catalogues received from Messrs. Meldrums, 
Limited, Timperley, Manchester. A large range of sizes 
is listed up to those used by public authorities. Steam 
or hot water boilers, or other methods of using the heat 
= be added, The same firm sends lists of boil 
and mixing vessels for acids and also gland cocks an 
valves pe of special acid-resisting metal from }-in. to 
4-in. bore. 

Comparators, &c.—A leaflet is to hand from Messrs 
Alfred Herbert, Limited, Coventry, describing the 
Leonard comparator, made by Messrs. Leonard and Co., 
Croydon, for whom they act as agents. A description 
of the Leonard glass surface plates, and sine bars, is 
also given. The comparator measures up to 12-in. 

ig to wa nev a 0-00005 in. It emplo 

ti magnification. comparator was f 
Tenestbed in our issue of October 1, 1920 (page 436) 
in our articles on the Machine Tool Exhibition. 


Buffing Motors.—The method of mounting mops and 
other polishing and buffing appliances directly on the 
armature spindle of a small electric motor has advantages 
in the appearance and comfort of the workshop, the ease 
of o tion, and it , 4 tends oo a snohanes with 

beari and well-protec ing emplo for 
the work. "The subject is discussed in a Sponial eoteldins 
issued by the Metropolitan Vickers Electrical Company, 
Limited, Trafford Park, Manchester, who supply these 
machines from } h.p. to 3 h.p., on cast-iron pedestals 
or for fixing to a bench. 


Boiler Settings, &c.—Several catalogues received from 
Mr. A. B. Cartland, 3, Creechurch-lane, Leadenhall- 
street, London, E.C. 3, deal with boiler setting, flue 
fitti and furnaces. Expanding joints m by 
Premier Appliances, Limited, Bury, form the connection 
between the boiler and the brickwork and allow for 
expansion without creating openings. A hand-fired 
furnace made by Mr. Wm. Whittaker, Burnley, has 
sliding fire-bars which distribute the ingoing air and 
can be cleaned by turning a camshaft in front. Also 
a baffle bridge made by Messrs. Gallagher and Crompton, 
Stockport, which allows for pushing the live fire back 
to clean the firebars. 
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“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTBAOTS OF REGENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
dy yh 6 where none is mentioned the Specification is not 


from abroad, the Names, &c., 
of the communicators are given in 
may be obtained at the Patent Office, Sales 


"Branch 5s, Southampton , Chancery-lane, W.C., 


The date of advertisement 0 ae eee 2 2 Se 
ion is, in each case, gad after the 
— has been » when the word “ Sealed” is 
person may, at an "time within two months date of 
rtisement o, fOde a of a Complete S, 
give notice at the ce 0, ~* one grant of a 
Patent on any of the grounds 
AERONAUTICS. 
159,948. . Crozier, South ape ng Para- 
chutes. (5 Fas. - December 1, 1919.—The invention relates to 


means for attaching a person or package to a parachute. Accord- 
ing to the invention, means for Pttaching a person toa parachute 
to allow his leaving the aircraft on either side gomerine the 
conliastion with a pair of links, each attached to the parachute, 
one over one side and one over the other side of the fuselage, 
and each supported on the aircraft in automatic releasing means, 
of a member also supported on the aircraft in automatic releasing 
moans, wherein said member has two hooks, means for attachment 
ae ya and means to cause either hook to — = the 
eppropria ‘ate link when the person leaves the aircr: 
apparatus is secured to the cowling of an aeroplane. 1, 2 = 
the two ropes attached to the parachute, one passing over one 
side and one over the other side of the fuselage, connected by 
eyes to links 3, 4 of U-shape, bay each having a connecting pin 5 
across the open end. The link 3 is —— ina ~~ 4 i tating 
clips 6, 7, and the link 4 in a spring clips 8, The 
clips 6 and 8 are constituted of a common member ine the 


Fig.4. 
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clips 7 and 9 of another common member. The clips are carried 
on a frame secured to the fuselage by bolts. A third pair of 
clips 18, 14, arranged at right angles vA the clips 6, 7 and 8, 9, 
ons also carried on the frame secured to the fuselage. These 
clips hold in position a member 15, which may be built up of 
a pair of parallel plates secured together with a distance-piece 
at the upper end. On the member 15 are pivoted two hooks 
16, 17 so arranged that they may be caused to engage the cross- 
ns 6 of the links 3, 4. Each hook is connected by a spring 18 
the member 15 and the springs are so arranged that the 
hold their respective hooks away from the links when the appara- 
tus is not in use, and also hold them in e ment with their 
- when in that position. Each hook 16, 17 has a tail-piece 
20,21, respectively, of such shape that when one hook is e: ing 
its link, its tail-picce holds the other hook open, and the tail- a 
of the other hook also an to prevent the first-mentioned 
pe opening until the load is removed from it. At the cee 
end of member 15 is pivoted a shackle 19 which constitutes 
he means of attaehment to the person. (Sealed.} 


ELECTRICAL APPARATUS. 

W. T. Henley’s T Works Company, 

L imited, London, and G. Gregoire, Boxes for 
Switches. (3 Figs.) February 14, 1920. A flame- -proof box 
for switches, fuses and similar electrical fittings, such as are 








used in coal mines has the flange on the box ¢ and the flange e 
on its cover 6 adapted to mate in one plane and formed with 
. series of grooves d “eo along one or both of the 

Accepted April 6, 1921. 





GAS ENGINES, PRODUCERS, HOLDERS, &c. 


160,559. <A. J. Adams, Westbury. Electric Ignition 
Devices. (1 . December 23, 1919.—The invention relates 
to trip mechanism for electric ignition devices for internal- 
combustion engines of the kind wherein a driving member is 
connected with a driven member by means of a spring, and 
means are provided for permitting relative rotation between the 
members to. a limited extent. Rw driven member a coupled to 
the is and is provided with a pair of 
notches b, the trailing wall of each of which is formed in two parts. 











(100.380) cf 
The part ¢ is substantially radial and is adapted, when the 
member is being driven below a predetermined , to consti- 
stute an abutment for the end of a detent d pivoted at e, whilst the 
part f is bevelled, so that when the member a has attained the 
predetermined speed the detent d will be unable to drop into 
the notch b ayn Ay abut against the part ¢, but will fall on 
the part j(as indi in dot and dash lines) which will slide 
thereunder, and He eyed the member a wi be arrested. 
( Accepted ceepted April 6, 

160,575. TA. J. ‘Seeiion London, and W. Digby, 
London. Cylinders. e 8.) December 24, 1919.—In an 
internal-combustion 
or alloy but having an aod ‘Heel liner, the steel liner a is bored 
to receive the piston and turned on the outside to receive the 
aluminium_outer portion 6. This liner fits at its lower end 
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cylinder composed mainly of metal | The 


ment, as s the jib is luffed, of a compensating sheave or sheaves 


round w the hoisting rope the link 3 Is ivoted to a 
crosshesd which slides Soon b gulde E 

above the axis of the jib and has attached to it a rope 5 passing 
over a yr Bed g of the guide and controlling the move- 
ment of a balance weight 8 on which is mounted a compensating 


—_ : 








sheave 10. The balance weight 8 moves on an inclined"track 9. 
hoisting rope 11 is led from the jib head 12 overa pulley 13 
at the jib heel, vertically down and round two blocks 14, then over 
a guide pulley 15, round the sheave 10 on the balance weight 8, 
and is then made fast at 16. (Accepted April 6, 1921.) 


MOTOR ROAD VEHICLES. 


160,051. R.W. Hartley, Brighton. Self-Propelled Road 
Vehicles. (3 Figs.) January 26, 1920.—This invention provides 
means by which the inner wheel of the driving wheels is dis- 
oo * utomatically from the propelling motor when the 
pro of the vehicle deviates appreciably from a straight 

and ‘Ss automatically oe with the propelling motor 
when the vehicle progression in a straight 
line. The invention « compeinen, in a motor-propelled road vehicle 
the combination, with a one-part live ie 1, driving wheels 2 
loosely mounted thereon and each carrying, or connected with, 

















2 
in a recess} bored in the engine casing ¢, ona “™ its upper end in a 
similar recess bored in the cylinder The outer portion b 
is provided with radiating ribs 51, and is hosed to fit on the liner a, 
and is made shorter than the distance between the engine casi: friction clutcn 


and the cylinder head d by an amount sufficient to allow for 
difference in longitudi ion between the. cylindrical 
members*aland b. (Accepted April 6, 1921.) 


LIFTING AND HAULING Ee 


160,633. J. Gamblin, Boscombe, and E. Pearce, 
Brake for Hand Trolleys. “2 Figs.) 

February 5, 1920. —TIn automatic brake mechanism for hand- 
drawn trolleys of the kind in which the pulling forward of the 
draw handle ¥ removes the brake, the handle 1 is provided: with 








a projection 4 adapted, when the handle is pulled forward, to 
rock pivoted mechanism connected to a band 9 carrying a brake 
block 10 and = the a = as ned a the wheel, the dae ve 
when released ing return y aspring 3toa in which 
it will release the mechanism and thus free the pate and permit 
it to reapply the block to the wheel. (Accepted April 6, 1921.) 
160,544. . Souness, London. Luffing Cranes. (3 Figs. 
December 20, 1919.—In luffing cums ot of = type in ‘hie the 
hoisting rope passes down the on dhetong ead to the heel 
so that the length of the rope ope tin sheneeh: 4 thot 


. | head and jib heel is unaffected by ~~ Ee in which a link 


pivoted to the jib between the heel and head causes a move - 


¢| one member of a friction clutch 4 and co-operati: 
mounted 


locked to it to rotate with it. 


end at 11, = at the opposite end is internally 
)| a sleeve 1 


with a gear wheel 21 
friction disc 2 drives the opposi 





members 6, on the live axle. riving connec- 
tion with the latter, and movable endwise in relation thereto, 
there are means of ee oe rating friction clutch 
member 6 with the steering w! 30. ude a cam 28 
mounted on the lar, two —— 15 and 17 disposed 
oa, one 15 being and the other 17 connected with the 
co-operating pee pay clutch member a ‘ond also movable in a 
rotary sense, and a connecter 26 between the cam 28 and the 
last-mentioned hove. 


(Sealed.) 
160,567. J. S. Wilkerson, South Woodford. Trans- 
mission Gear. (2 Figs.) December 24, 1919.—In friction 


transmission gear for qe vehicles, comprising 
a pair of friction discs 1 face to face and a driven 
friction roller 4 di Ley and movable towards or away 
from >. ‘ah of friction discs, a road wheel is driven from 
each d gh re 8 carrying at one end one of the 
friction yy 7%. sleeve 9 surrounding said spindle and 





The sleeve 9 is journalled at one 

threaded to receive 

indle 8 S 

disc 1, m 

hub 23 of the wheel. The 

ite road wheel in an exactly similar 

ope be 14 meshes with an internal 
April 6, 1921.) 


a@ gear wheel 14. The 
gear wheel 14, driven from 
secured to the hi 


manner, except Cee its 
gear wheel 28. 


END OF THE ONE HUNDRED AND ELEVENTH VOLUME. 
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Beldam Pkg. & Ror. Oo. 97 Ltd. . ¢9 24 | McGowan, Wild, &Go. .. Cassels & Williamson 1 | Steven & Struthers ++ 125 | Weir, @. & J. - base 
Bellamy, John, vi Ellison, George .. 20 | MeKechnie, Bros., Ltd. .. 11 | Pratchitt 4 | Stewarts & Lioyds, Led. ia 28 | Weldiess Oo., . 
& LA... 198 Glliston, Bvans& Jackson 19 1 | McKie & Baxter ‘ Premier Cooler & Eng. Nl | Stone, J., & Co., Lad. 196 | Wells, A.C, &00, .. « @ 
Bennie, Semen Bese +. 196 E Supplies —. 123 31 | Maefarlane Eng. Oo., Ltd 198 | Premier Gas Engine Go., Ld 95 | Stothert & Pitt, Ltd... 9483 | Wert oe oe J 
Bennis, Ed. & Co., 58 Batrisie & On, Ltd 10 2% | Manlove, Alliott&Oo. .. 81 | Ramshay & Marshall. Lta. ” i Oo., Lad. 1293 | Western Wheeled Seraper 
Bergius Ce Saeed. 2 8 Breritt 2 Os 19 | Manning, Maxwell & Moore }7 | Ransome Machinery 6) | Sugden, T., . + 100] Ge, co os ve oe os © 
Bertrams, Ltd. ded Metal 1 2B es & Rapier, Ltd. 658| Gun Shipbailding Oo, .. 82| Westinghouse Brake and 
Bessemer, Hen: ry&Co. “Lea. 2 Farrar Boiler Works, Ltd. 126 38 Reavell & Co., Ltd. 8 | Sutcliffe Brothers «» 127 Saxby Signal Oo,, 14. ..1% 
Bever, Dorling & Oo., Ltd. 1 t ° 6 . 4 | Swertsh G. B.Co.Ltd .. 3,4 im W 
Beyer, Peacock & Oo. Iii Ferodo Ltd. .. .. - & 9 Reddaway, F., & Co., Ltd. 107 | Swift, George, & Sons. 196 » eo & 
Ba Metal Oo. 25 Fielding & Platt, Ltd. - a Redman, C., 71 | Swinney Bros, .. «. «- 8 J a0o, lsd 
B’bam E. 0. &Wagon Oo... Fife Forge Oo., Ltd. * Brown & Oo,, LA, 128 a omy ~ os = Oo Co. 
Blakeborough, J. &S3onsld. 60 Figee, Ltd. .. +. «+ os 16 ce ea 6 Coes [eres 48, me lad... - « 
Booth, Joseph, & Bres.,ia. 195 Findlay, Alex. & Co., Ltd, 126 Reyrolle, A., & Co., Ltd. 125 lor & « 72 | White, Bd. & Gomes .. «. 118 
Beving & Co., Ltd. 128 Firth, Thos,, Ltd, 7 | yng 97> gee 108 Nelopkons Mig. , Led. 68) Wiggins, F.. aeons... .. 18% 
Bradley & Craven, Ld. .. 110 tcher, George, & Co., 14. 1 Rice & Co. (Leeds), ” 194 | Texaco Petroleum Products ¥., & Os. 30 
Bradley & Foster, Ltd. Pletcher Malleable F’dries 106 Richardsons, Westgarth&0o1? Co, Lea 7 Chas, Jun., Ltd. 108 
Bradley Pulverizer Co... 101 foster Brothers, Robey &Co., Ltd, .. .. 8 Thermotank Go... <: .. 198 Wiison, J. H., & Os., ka. os 3 
Braithwaite & Co. France & ° Rose, Downs & Thom pscoa 6 | Thomas & Bishep . @. P., Lad... 196 
Brampton Bros., Ltd. s Fraser & Chalmers Eng. Wks.87 Ross & Duncan 5 | Thompson 6 , Martin 4 Os. 16 
Brecknell, Munre & Rogers 23 Pri Ltd, Rowan, David, & Oe. 196 | Thompson, John (Wel,) 82 &115 | W: Corrugated 
Brett’s Patent Lifter Oo. Fuller- Co, - so» 108 Royce Limited .. .. .. BM i Irom Om, «. «- « 12 
Bretts Stamping Co. Ltd. 109 Fullerton, eel wy: -1 2119) Timbre’ we angers, eS 
D., &0o. .. 101 0 | Gallownys Ltd. .. .. .. 128 Russell, G., & Oo., Ltd. 1| eel & Bug. Oo., Lad. .. 128 | Yarrow & Oo., 1,420 
1 este Rate. & Ragce 118 ¢ » Le led. 38 Rosesll.John & Oc. (Waleall) 22 Tomey, J A 1 Sete: Cees ks 5 
tte Machi 196 Bug. & ForgeCo.1 Ruston & Hornsby L4. 40 & 47 | Tranter, W.J., Lad... ., 98 | Zwicky Pump oo = 























15, FUEL ECONOMY 


IS OBTAINED BY THE USE OF THE 


EXHAUST STEAM INJECTOR 


FOR BOILER FEEDING. 


DAVIES & METCALFE, LT. 


ROMILEY, near Manchester. 


T-legrams: “EXHAUST,” ROMILEY. Telephone; 2219 STOCKPORT. Railway Address: ROMILEY, @. 6. & M. Hip 


EOSsSSsS & DUNCAN 


MARINE ENGINEERS & BOILERMAKERS, 


WHITH 
= cane LD WORES, GOVAN, petro ano ah , 


we YORKSHIRE COPPER WORKS = 


Have Supplied Tubes for the folowing Dreadnoughts, wis. :-— r.BUupDs. Canes +A: 3.0.5 (oh ond Oth Belton, aad = — — nena 
“ Queen Mary,” ae ” “ Prinooss ” “don,” “ » 4 Vv,” “Thanderer” “ » « . « = » 
nudactous, Se aie Tiacthorae * tigen ou « “ene ao at Cntr” “enue, Benbow,” “Hew Zealand,” 





COPPER, CONDENSER 
BRASS, _ TUBES. 


SOLE MAKERS OF “BEMLAL” BRASS CONDENSER TUBES. 














ENGINEERING. LJUNE 24, 1921. 


| GONVEYOR- ELEVATOR G? 


BULL BRIDGE WORKS, 


Prormerom Accrington, Lancashire. 
CONTRACTORS TO H.M. GOVERNMENT. 


ao eee STOKEHOLD ea CHAIN ELEVATORS. 
GRAIN CONVEYORS. | GRAIN ELEVATORS. Secret 
TRAY CONVEYORS. | COAL ELEVATORS. BALE ELEVATORS. 

















National 
Telephone 
No. 2778. 





Rig 
al lt iE: et 








GRA B- ROSE, DOWNS & THOMPSON, Ltd., 


DREDGERS._ HULL, LONDON aad SHANGHAI. = Oj | L By | MILLS. 
e Esramuenep 17TTT. 


Over one hundred years’ experience 
has made a world-wide reputation i 
for “T.B.” solid welded steel work. 


Personal and Prompt attention to all enquirtes. 


“=~ “ THOMPSON BROTHERS 


(BILSTON) LTD. 
BILSTON | STAFFS 
stablished [810 


a 
a 















































Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers Taps, Dies, Punches, etc. 9348 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 


JOHN HOLDING & COo., LTD., 


Union Forge & Steel Works, 


iar SHEFFIELD nok 
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“SIMONS” SUCTION CUTTER HOPPER DRE 


Constructors of 
BARGE-LOADING, RECLAMATION, and 
‘‘SIMONS” SUCTION CUTTER HOPPER aaa 
DREDGERS, HOPPER and BARGE-LOADING|  f 
BUCKET DREDGERS. 
































MARINE DREDCING PLANT) ELEVATING DECK FERRY STEAMERS. 
of all descriptions and up = AES 
to the “Highest. Capacity. : REPLACE PARTS for existing Dredgers. 


Proprietors of ALFRED WATKINS’ en: GOLD and TIN RECOVERY DREDGERS, 
BRITISH PATENT for ROTARY SPUDS. &c., Gc. sis 


WM. SIMONS @ CO.,Ltd., RENFREW melons - ag 


‘ Codes—ABO,5th Edition ; Scotts, le mation, Baition; Bentleys. 


AILSA SHIPBUILDING CO., Lip, 


SHIPYARD, ENGINE WORKS. AND. GRAVING DOCKS, TROON, N.B. 


























TELEGRAPHIC ADDRESS —“SHIPY AED, TROON.” FELEPHONS HO, % TROOR. 
9080 SRANOH.4 SHIPYARD WITH HEAVY. HAULING UP SBLIPWAY AT AYR. 
—— —— _—— 























DOXFORD 


OPPOSED PISTON TWO-STROKE 


MARINE OIL ENGINE 


(FA TEN TEP). 





Perfect, Combustipn. with, Crude Oils. 
Solid Injection. 








SHIPBUILDERS. ENGINEERS. 
WILLIAM: DOXFORD. & SONS, LTD., 
Tel. Address: SUBPEREAND. Tel. Nos. 














HOpDES 


LOK D-BAR 
POINT. 

















CHADBURN'S| S 


(SHIP) TELEGRAPH CO., LTD. 


Patentees and 
Original Manufacturers 
of Ships’ Telegraphs. 


TELEGRAPHS FOR STEAMERS 


OF ALL TYPES. 











PATENT SPEED AND 
DIRECTION TELLTALES 


ror TURBINES. 


SLASGOW.—4, Finneston Quay. 

WALLSEND.-ON-TYNE.—2, Gainers Terrace 

BELFAST.—39, Donegal Quay. 

LONDON.—98, Victoria Dock Road, Canning 
Town, E. 16. 


HULL.—38, Charlotte Street. . 
SOUTHAMPTON.—25, Oxferd Street. 


LIVERPOOL, — 47, —? Street, Pm] 
11, Waterloo’ 


HEAD OFFICE ann WORKS: 
CYPRUS RD., BOOTLE, 
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Apply to 
“DEPT. B” tor 
Deseriptive Catalogue. 








AIR 
COMPRESSORS 


FOR ALL PURPOSES. 


Portable Compressor Plant for J 


Rock Drills. 
REAVELL & CO., LTD., 


COMPRESSED AIR SPECIALISTS, 
| RANELAGH WORKS, 


IPSWICH, ENGLAND. 








© 6715 














ROUEN 


ey BOOK OOK YOU ® MAY REQUIN ONG ~) 
a 


DLO AY . 
10,57 HAYMARKE? ’ 
. LONDON SWI 








A 


YNOCH 


POWER PRESSES 


co) 





KYNOCH LTD., BIRMINGHAM 


Gcepetoent company ot on 








1| 












LANCS. 























Does not 
this 
PROVE 
the value of 


SUPER-SCREWOL 


OIL FOR 


CUTTING, DRILLING, 
BORING & TURNING 


STERNS LTD., 5, Royal London House, Finsbury Sq., E.C. 2. 




















France & Moray, 


Makers of every description of 


BRASS WORK 


MARINE ENGINEERS. 



























WHITEFIELD BRASSWORKS, 


GOVAN, GLASGOW. 







































RS. 





JUNE 24, 1921.] 


ENGINEERING. 











et!) The Victoria Mixer delivers concrete in large batches 
which require but a minimum of time to mix thoroughly. 
It is filled and discharged very quickly, is ° 


and is particularly economical. Recommended wherever 
a really largeoutput is required. Complete details of our 
various models of the Victoria Mixer are given in 
Catalogue M.D. 103. May we send youa copy ? 

















VERTICAL THREE - THROW 


HYDRAULIC PUM 








CHAIN DRIVEN FROM MOTOR 
EXTENDED BEDPLATE. 





maxing A NEAT, COMPACT, ano e 
SILENT UNIT. 








HOLLINGS é GUEST, Ltd. 


Thimble Mill Lane - - - BIRMINGHAM. 














Illustrating an 80 HP. shaft Drive by BRAMPTON Inverted Tooth Type Chain. 
Distance between Shaft Centres 4 ft. Gear Ratio 3 to’. 


Chain Gearing. 











O other form of Power 
N Transmission maintains 
such a high standard of 
efficiency in use as Chain Gearing. 


Actual experiments have demon- 
strated that the loss of power due 
to friction in a well-made chain 
is only one per cent., and in a 
complete drive, #.e., chains and 
wheels, the frictional loss under 
average conditions does not 
appreciably exceed two per cent. 
throughout the useful life of the 
drive. 


The positivé action of chains 
prevent the leakage of power 
through slip, and enables them to 
run without the initial tension 
required for belts thereby re- 
ducing bearing friction to a 
minimum. 


Elasticity :—Notwithstanding the 
positive nature. of the trans- 
mission chains possess a bene- 
ficial measure of elasticity. 


Smooth Running:—The multi- 
tooth engagement of the chain 


on the wheels gives a smooth 
even turning movement in the 
drive, which, on machines for 
repetition work results in in- 
creased output and a superior 
finish on the work produced. 


The adaptability of Chain 
Gearing in respect of speed 
ratios, shaft centre distances, etc., 
are also points for the considera- 
tion of engineers and power 
users. An appreciable saving in 
shop space can be effected by 
the shorter shaft centre distances, 
and wheels of smaller diameters 
and widths which Chain Gearing 
permits of as compared with 
belts and belt pulleys. 


Working Conditions : — Chain 
Gearing has a decided advantage 
over belts when used for such 
classes of machinery as Oil 
Pumps, Laundry, Dyeing, Clean- 
ing, Rolling and Forging 
Machinery,,.as they are not 
affected to such an appreciable 
extent by. conditions of unusual 
heat or moisture. 





Our experience of over 30 years in the manufacture of Chains and 
Chain Wheels for the transmission of power is at the disposal of all 
who consult us for advice or estimates, and any recommendations 
which we make in consultation can be relied upon to be the most 
economical with due regard to the suitability and serviceable life of 


the drive. 


Your enquiries are invited, J 


BRAMPTON BROS.. Lm. 


Head Office and Works: 


Oliver Street, 


BIRMINGHAM. 
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PURE_ WATER 


‘Parséoukars 
The BUHRING’S Patent WATER PURIFYING Co., 
€0. Wilson Street. .0. 














“BRITeIO~ 
4,000,000 HP im Service. — 


WATER TUBE BOILERS and 


MECHANICAL STOKERS. 
(200,000 HP in Service.) 
The British Niclaugse 


lets ce 
R.B.LINDSAY:C° 


SRMAIR TY 
PLANTATI<® 


8s81f 











TEL 


COMICAL 
CiLAscow 








STEAM CAUCE DIALS, 889 
INDICATING MACHINE*DIALS &c. 


JAMES COOKE & SON, 


8 & 9, WRENTHAM:ST. 
Specialists in Dials. 
"Phone: Mid. 1611. Grams: 


BIRMINGHAM. 
* 'Est.s75 Years. 
“ Horolegy,” Birminghan 














H.W. KEARNS«C=E 


BROADHEATH, MANCHESTER. 





Sat wu Misairated Advert., page 7, Tune 10. 
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Coventry” Chain Gearing 


medium for power transmission, 


. due to the comprehensive advantages 
it offers, viz. :— 


Highest Efficiency, which is maintainabie 
throughout the life of the drive. 


Positive, yet flexible transmission. 


Absence of initial tension to secure grip, 
reduces load on bearings. 


Adaptable to varying: speed ratios, which 
can be readily modified. 


Centres can be arranged withia relatively 
wide limits. 


Steady and irregular loads can’ be aecom- 
modated. 

Variation in temperature and humidity has 
no effect upon the life and efficiency, when 
lubrication is effective. 

The horse power that can be transmitted 
is practically unlimited. 


Minimum maintenance costs. 


The above illustration shows @ Three-throw Hydraulic Pump 
operated by *‘ The Coventry’’ Chains, 
chain gearing is particularly beneficial to this proposition. 


The flexibility of the 


on your transmission problems? 


advise without prejudice or obligation. 


Glasgow. Birmingham. 





THE ADVANTAGES 
OF CHAIN GEARING 


“ The 
has fully demonstrated its superiority 


May we bring our unique experience of 25 years 


We 





“THE COVENTRY” CHAIN CO. LD.., 
Spon End Works, Coventry. 


London. Manchester; Belfast, 


Le 


LET n= Ere 


Se 


S——$_—L_L LL LLL SSS 
(KELVIN ENCINES 
STATIONARY TYPES FOR DRIVING 
AIR GOMPRESSORS, PUMPS, &c. 
The Bergius Launch & Engine Co., _ 
GLASGOW. 
winuwtautivndem 


H.W.WARD & Co.,Ld. 


Lionel Street, BIRMINGHAM. 


MACHINE TOOLS 


Tudor, Bi Tel. No, 7460 Central. 
bet tllustrated Aduntioga last and next week, 























THOMAS SHANKS °°; 
yoots 











|e) > aaa 


URPOSES. 


| A. COUSLAND & SON 
3, MITCHELL ST. GLASGOW. 





“FoR 


WATER SOFTENERS, &o, 


APPLY TO— 


The Harris Patent Filter (1910) Ltd. 
24, Grainger Street West, 
NEWCASTLE-ON-TYNE. 














te 


WATER WORKS ENGINEERS 
wWwivvti 


ENGINEERING 
COMPANY LTD 























‘WINDSOR HOUSE 
KINCSWAY 
rey 


JOHN SPENCER 


WEDNESBURY. 
IROW & STSPAL 


TUBES 


POLES, STEAM MAINS. TUBULAR PILES. &c. 





3 











THOMAS & BISHOP, Ltd., 
37, Tabernacle Street, Londen, E.C. 3. 





BULL'S METAL & MELLOID CO. 


Heap OrFice AND Works: Limirep. 
Ow. 


BULL'S METAL.— —Propellers, Bars, Sheets, Pum, 
Rods, Valve Spindles, Condenser Stays & Plates.&c. 
MELLOID. (Reg. Trade Mark and Patented.)—Con- 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire-box Plates, Bars,Sheets, Valves,&c. 
WHITE METALS Rehittte Pla atic &e 


gi: 
ott Fo yn D. & J 


TULLIS, L¢., 
Clydebank, N.B. 
See our Advert. page 90, last week. 8824 
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Rabber Mill 


A alll NEAR 4 
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every Bearing Purpose. 


The McKechnie range of antifriction. metals 
provides a suitable, high-class alloy for every 
type or class of bearing at a competitive 
price. These alloys, in common with all our 
productions, are of a high quality standard, 
they are the outcome of years of specialised 
knowledge and experience. They are made 
under expert supervision and analyses 
checked at various stages of manufacture 
by experienced chemists im our own 
laboratories, ensuring soundness and 
uniformity of composition. 





In order that efficiency can be combined 
with economy, our “Tank Brand” anti- HEREVER there is need of 
friction metal is made in various qualities, an independent power-plant 
suitable for a very wide range of gs f Lighti P ss 
including Loco, Axle Boxes, and other or Ligming, 5 umping, dic., 
Heavy Bearings, Railway Wagons and Thornycroft Oil Engines are admirably 
similar Bearings, Tramcar Bearings, Dynamo suitable, economical to run and 
and Heavy Work Bearings. proved efficiency. Power-plants from 

15 B.HP., Lighting Sets from 8 Kw. 
Our “Velveto” brand is a good class 


close-grained lead base Alloy and a most Demonstrations of specimen sets in 


satisfactory and useful all-round metal. tae operation can be given by arrangement. 0109 
\ Fall rtioul. it. 
Send details of your Bearing Metal needs and we — 


ant sia seeltt’ ton, for ‘Gtr pan , JOHN I. THORNYCROFT & 0,, 


Please mention Engineering when writing. 


McKECHNIE BROTHERS Ltd., 
same saaiin Rotton Park St, BIRMINGHAM. 


"Phone: 381 Edgbaston. 'Grams: McK ECH NIE, Bham. 


a 


a.’ 


HH. & Ww. 
Trace Marx. 





10, Grosvenor rl SOs Ss. W. 1. 
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ERE is an illus- 
tration of a Water 
Cooling Plant papetente Borough of 
Electric Supply 


HIGH-CLASS van Ser py oes 
Sea aa Aa ae 
SPUR-GEARED wn suitaole Cooler for 





the country enables us to 
given conditions. 


LIFTING BLOCKS aa 


The mechanical efficiency of these blocks OLER Z& 
is very high, and every care is exercised 3 ENGINEERING 
to produce a first-class appliance. Tested Ls co., 


to 50 per cent. overload. STATION. WORKS, 


HOLT & a 
WILLETTS 


LION WORKS_ _ 


GRADLEY HEATH 


WRITE 


FOR 


ILLUSTRATED 
DESRIPTIVE 
CATALOGUES 
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“HALLSIDE” 


CONTRACTORS TO-— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD ores PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional ip required for Ship, Boiler, 
and Bridge Building, ard other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, 

a of i hest ao. 


FORGINGS. 


uality, to meet the requirements of Home 
ailways. 


eves D leatitive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


THE 


STEEL COMPANY o SCOTLAND 


23, ROYAL EXCHANGE SQUARE, LIMITED. 


GLASGOW. 
TELEGRAPH 
Aopress 


“STEEL” G.ascow. 


esl4 














HONE’S Patent ~° 


SINGLE-CHAIN TOOTH GRAB. 


Highest Awards wherever Exhibited. 


LABOUR-SAVING MACHINERY. 


During the present shortage of labour, all 
Contractors and others handling materials, 
should adopt at once Hone’s Patent Grabs, 
made in various types to suit requirements, 


All particulars as to price, &., ———— 
SOLE MANUFACTURERS: 
JOSEPH WESTWOOD & Co., Lid. 


NAPIER YARD, MILLWALL, LONDON, E. 
Telephones— East 4208 (4 lines). Telegraros— W est wood, Milleast, London 








“EMPIRE ” 
AUTOMATIC CONTROL 


Live Rolls, Skids, Screw-Down 


, Hoists and Charging Machines 


pay 


-Favecretc (Honreot [Aimirep | 1 Os en 
GLASGOW. _neweastl 


i GI TON 





READ-MARK - LEARN 
DENISON 


THAT THE 


“UNION” TESTER 


CONSTITUTES A 
WHOLE LABORA. 
TORY IN ITSELF. 


IT GIVES TESTS 
IN :— 


TENSION 
COMPRESSION 
DEFLECTION. 


HARDNESS 
AND 
SHEAR 


CAPACITY 10 
AND IS TONS. 


8872 


SOLE MAKERS 


SAML. DENISON & SON, LTD,, 
FAR HUNSLET, —______ LEEDS. 











STEEL SHEETS 


5 LA K 


C.R..C.A., PATENT FLAT 


GALVANISED 


: teen 


CORRUGATED é PLAIN 


WOLVERHAMPTON 
CORRUGATED IRON G 
ELLESMERE PORT 
Nr. BIRKENHEAD 


TELEGRAMS TELEPHONE 
“CORRUGATED” ELLESMERE PORT, 32 ELLESMERE PORT 
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“RITUMAST! ” 








Registered 


wa EM * 


GRINDING MILLS.||'|| Saves all expense for 


repairs and renewals 






; =A, | | 


























SMEDLEY BROS., Lt, by forming and elastic, impervious film over 


Belper, Derbyshire. *“ the metal which completely prevents rust. 

Its enormous covering capacity and ex- 
ceptionally long life renders “ Bitumastic ” solution 
far more economical in use than oil or lead paint. 


























The solution is supplied ready for application 
in Black, Red, Brown, Green or Grey shades 


A post-card will bring full particulars. 





Sole Makers: 


Wailes Dove Bitumastic Ltd., 
5, St. Nicholas Buildings, ' 


(kop NR sat 
; ath “i1 . a. . dll. Winn 
SS i UY Bie 
Ra, \S SZ y UY Z H ‘i | 
COMMERCIAL VEHICLES || Cahn 7 ee 


a em. aS OR a a 
tol ee 
Fs 














i 





9420 





Newcastle-on-Tyne. 








el 








] ai! 
Nay 
By 
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If you are looking out for | 


the 
PERFECT SYSTEM 
of storing ALL KINDS 
of Oil for daily use, you 
cannot do better than 
instal 


“VALOR ” 
Oil 














FOUR-TON WAGON WITH PATENT TWIN SCREW TIPPING GBAR. 


STANDARD MODELS FOR 3, 4, 5 TONS. 





PAGEFIELD PATENT ENGINE OPERATED TIPPING GEAR CAN BE 
FITTED TO ANY OF OUR CHASSIS AND ENABLES THE DRIVER 
ALONE TO HANDLE THE LOAD. TIPS IN ONE MINUTE 








7 a 
A LIMITED NUMBER OF SURPLUS GOVERNMENT VEHICLES Cabinets 
RECONSTRUCTED IN OUR SHOPS AND GUARANTEED BY Standard Sizes r 
N US ARE OFFERED AT SPECIALLY LOW PRICES. EARLY 6 to 50 Gallons. 


APPLICATION IS ADVISABLE. 





No Waste. No Leakage. No Smell. 
Designed and Built by CAPACITY 50 30 2 12 =~ 6 gallons, 


WALKER BROTHERS PRICES ON APPLICATION. 








0) 2 






































elegrams (WIGAN) LIMITED, Telephone: For use im Factories, &c., and Establishments where 
PAGEFIELD, widAN.§ ENGINEERS, 714 WIGAN. cleanliness and safety are considered. 
MAK “ ” 
ERS OF THE “PAGEFIELD” COMMERCIAL VEHICLES. The Valor Company, Limited, 
we PAGEFIELD WORKS, WIGAN. 7 Aston Cross. BIRMINGHAM. s4s0 
—— — 








Cc 
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Ashmore, Benson, Pease & Co., 


LIMITED, 


‘STOCKTON-ON-TEES. 





Makers and Exectors of 


BLAST FURNAGE PLANT, 


GAS CLEANING PLANTS, 
STEEL FURNACES, PRODUCERS, &c. 


COAL, COKE & ORE BUNKERS. 
Cast Iron ana Steel Work 


for Coke Ovens and Chemical Plants. 


GAS WORKS PLANT OF EVERY DESCRIPTION. 


CASTINGS UP TO 20 TONs. 


9143. 











SOLE MAKERS OF 


'Forter’s Patent Reversing Valves 
For Steel, Glass and other Furnaces. 








| FLEXIBLE | 
SHAFT COUPLINGS | 


Our Couplings are 

a sure remedy for | 
a a oe 

©) misalignments and | 

| are suitable for | 
all kinds of drives 


They have a first- 
e427 class finish and 
f are well balanced, 

) resilient & reliable. | 

When sending enquiries, 

state H.P. to be trans- | 


mitted, R.P.M., and | 
nature of drive. | 


ELECTRO-METALS, 


HEAD OFFICE: 
Dept. 5, 


LTD., 


NEWCASTLE-ON-TYNE : 


56, Kingsway, J. R. STRAKER-WILSON, 
3, St. NicuoLas Buripinas. 


London, W.C. 2. (Central 2749). 


(Holborn 6420). soa | 
Works: Stoke-on-Trent, 


MANCHESTER : 


R. MILLETT, 
30, Cross Strerr. 
(City 7772). 

















VERTICAL BOILERS 








SPECIALTY 


Vertieal 
Cross-Tube Boilers 


Steam Cranes. 


Vertical Boilers 





INDIA, AUSTRALIA, AND 
Sourm AFRICAN MARKETS. 





ENQUIRIES SOLICITED. 





Telegrams— 
“Borters, Lovugmporoven.” 
Telephone— 

51, LOUGHBOROUGH, 
Code— 

ABC, 5th Edition. 





WALTER W. COLTMAN & CO. LTD., 


Central Boller Works, LOUGHBOROUGH. ain 








STEEL STRUCTURES 


ROOFS, BRIDGES, TANKS. 














GLYDE STRUCTURAL IRON Go, b | 


CLYDESIDE IRON WORKS, 


Telegrams : 
CORRUGATED, GLASGOW. 


SCOTSTOUN, 





»' WESTERN 2962-29653. 


Telephones; 


GLASGOW. 
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YOO S300 Md || For Superheated 


SHEFFIELD. 











Steam Fittings 











use 
i Metal! 
10 IN. THREE-HIGH FIGHING MILL. ul 
MODERN ROLLING MILL PLANT. 
STEAM-HYORAULIO AND ELEOTRIO SHEARS. Superior to steels and bronzes 
HIGH.SPEED FORGING PRESSES. «: in retaining strength at high 


AND STEEL WORKS MACHINERY. temperatures. 








| = Monel Metal Valves and Seats 
J Co) C5 fitted four years ago and 


[ subjected to 750° F. superheated 











steam are still in good condition 
















G. &].WEIR, Ltd. sos CA Se8 ow 


tif4 


a 
































rw 


“TRONITE:= 


BRAND CEMENT FOR FLOORING 


Makes CONCRETE FLOORS Wear Proof, Dust Proof, Water Proof, Grease Proof, 











‘AK 








ROWETT. LINDLEY Gas Engines 
have @ained a high reputation by their 
sterling qualities. Simply designed and 
soundly constructed with liberal bearing 
surfaces, they insure the maximum economy. 
Power is equally distributed inieach cylinder _,,., 
and back-fire is absolutely avoided. 





Send for our *List of Users 
the names aed iargest firmavin the sonntry 


a @®)%,? { tt-Lindley 
LUWCeY 
/BR 2. 60., 111. 


| SANDON WORKS, PATRICROFT, 








Underground Heating Chamber 10ft. below ground rendered tight with ‘‘Ironite” en Floor and Walls 
liso “IRONITE Brand CEMENT for WATERPROOFIN 


“ITRONITE” Brand CEMENT for WATERPROOFING. esse 
Re See ASLREel a eae Gprammnat Danese 


THE IRONITE COMPANY, LIMITED, 


(Managers—8. THORNELY MOTT & VINES, L 


JC) SMT nasa at 


























MANCHESTER. II, Old Queen Street, Westminster, LONDON, oo. 1. 
Lompon Office -  Amberlay House, Morfotk Street. Telephone—No. 5618, VICTORIA. Telegrams—THORMOTVI OUBSR. 
ween ES eal 7. cae Rat Madree and Lahore, Sous Agxxt POR Tae Duron Bass Uxpres— i” iBone m Bosna’ 
Sen “Soxznpa.” head Office | Beoheng, Boe J gr od : Batavia, Soerabaya, 
Ww. jase Tuition — Cc 
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ESTS 1907 


W. MARTIN WINN; 


STATION WORKS, 


DARLASTON. 


BRIGHT 
STEEL 
STEEL BOLTSK 
BARS NUTS 
HEX. STUDS, 
SQUARE ISET PINS 
ROUND. ETC. 


PHONE TELEGRAMS 
72>. ACCURACY 





BRIGHT 
URAWN 


























COAL SAVING 


BY SCIENTIFIC METHODS 
IN THE BOILER HOUSE. 











REFERENCES. 


We find by experience that we are able to save 15-25% of the 
coal bill of the average boiler-plant, and we have obtained 
these results for many of the most important firms in this 
Country. In some cases the saving has been as much as 40%. 


For example :—A well known firm of Paper Manufacturers 
write saying, * The saving Messrs. Brownlie & Green, Ltd., have 
effected is, as near as we can estimate, 36% of our coal bill, 
and we can recommend them therefore as experts in boiler- 
plant work.” We should be very pleased indeed to send you 
copies of a number of similar references, and we can obtain for 
you equally satisfactory results. 


We shall be pleased to supply full 3 on 
application, either or by letter, and we 
are prepared charge, 


te visit your Forks tree of 


saldiobotul: ete dl Ge working of 
boiler-plant. wits 


Brownlie & Green, Ltv., 


TECHNICAL CHEMISTS AND 
_ ENGINEERS, 


Specialists in Fuel Economy, 
2, AUSTIN FRIARS, LONDON, E.C. 2. 
Telephone - oe - = 6292 Londes Wall, 
GLascow - - ~- 94, Hope Street. 


LABORATORIES AND TESTING STATION, 
Church Street, Cheetham, Manchester. 











STEAM: 'CRAN ES 








eee? or ar oo 2 ; 
— [GHEE a 
Licensee for Great Britain, Ireland and British Dominions: ,... 


THe Parsour |Mrrovement & fMfechanica. Enc. Go, [ro 
(H. I, M. E. Co., Ltd.) 


63, NEW BROAD STREET, LONDON, E.0O:2. 


Tele :—‘* Soundings, ‘Phone, London.” Phone: London Wall 1137. Code: A 5 C (5th sma 


Wes 














NAVAL TYPE. 


National Telephones 
26, DARTFORBP. 


SEAGERS, L>- 


DARTFORD. 


Telegrams : 
SBAGERS, DARTFORD. 











































jones 
RB. 
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“SPEEDICUT” 


HIGH SPEED 
DRILLS 


Mechanical progress 
makes quick and better 
drilling § imperative — 
SPEEDICUT drills 
makes it possible. 


The fine quality of 
SPEEDICUT steel, 
coupled with highly 
scientific manufacturing 
methods, has given to 
every SPEEDICUT 
drill a big penetrating 
power and a_ unique 
capacity for standing up 
to ‘hard gruelling duty 
without having to be 
reground for every few 
holes. 


All standard sizes of 

SPEEDICUT Drills are 

held in stock for 
immediate delivery. 
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THOS. FIRTH & SONS, LTD. 


SHEFFIELD. 
































THE HORSELEY BRIDGE 
ENGINEERING GO., LTD. 











Builders ot Bridges & Piers, 


VIADUCTS, ROOFS, CRANES, 
STEEL TANKS. 


CONSTRUCTIONAL WORK 


OF ALL DESCRIPTIONS, 
AND 


PRESSED STEEL FLOORING. 





HEAD OFFICE & WORKS: 


TIPTON, STAFFOR peruar. 


LONDON OFFICE: 


11, VICTORIA STREET, 2 Rea, 
S.W. 1. 


















































Consolidated Safety Valves 
Have a Higher Factor of Safety 







The greater relieving capacity of Consolidated Safety 
Valves, compared with that of ordinary safety valves, 
gives them a marked superiority. 


They are guaranteed to relieve pressure at the point for 
which they are set and will positively prevent any 
over-pressure. 






Consolidated Safety Valves are made of a special bronze 
composition, handsomely finished, and each valve carries 
a plate on which are stamped the popping pressure, lift, 
closing pressure and capacity. Connections conform to 
British or Metric standards. 
















Our agents, listed below, are prepared to advise you 
regarding selection of the proper size and to quote 
prices. Consult them also regarding Ashcroft Gauges 
and Metropolitan Injectors, used for years by engineers 
the world over. 


MANNING, MAXWELL & MOonreE, INC., 
NEW YORK. 


933 
AGENTS : v 
ENGLAND. SCOTLAND. 
CRANE-BENNETT Lrp., PHILIP & BRUCE, Lrp., 
45/51, Leman Street, Lonpon, E, 1. 50, WELLIncTon Street, Giascow. 
FRANCE, BELGIUM. ITALY. 
Markt & Co. (Paris) Lrp., A.A. yy ty nnd Lrp., Marxt &Co. (Milan) Lrp., 
107, Avenue Parmentier, 88, Rue de la Caserne. Via Ale ardo-Aleardi, 2, 
Paris. — Mi 


CONSOLIDATED 


SAFETY VALVES 
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== SMOOTH-ON 


TRADE- MARK 


IRON CEMENTS 


Make permanent repairs of steam, water or oil leaks 
en iron and steel castings, boilers, engines, tanks, etc. 


Every Engineer and Foundryman should have a 
copy of our new 144 page illustrated Instruction 


Book. It is free. 


WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C. 


Large stocks on hand ready for immediate delivery by 
LONDON 


va, HeSivtrd ona Veet ii. 


RLS 
teehapel Reed. 1 E: 
45VERPOOL.—Mr. JOHN TAYLOR, 10, Strand St. 


MANOGHESTER. 
THE wale“) Soe ar PLY co., 


A. DAWES & SONS, Ltd., 181, i Road. 
MULL.—J. P. MOFFATT, 44, Anlaby Road. 


@ARBIFF .—A. E. SMITHSON & CO., West Bute St. 





THE FORDA wainee! nine. 06 LTD. 
j toe Werks e , 


BIRMINGHAM. 
Messrs. CLARK & HOWARD, , 
BEWARE OF IMITATIONS. 


BARRY, HENRY & COOK; LD: 


FOUNDERS & GENERAL ENGINEERS, 
ABERDEEN. 


ELEVATING AND[& 
CONVEYING 
MACHINERY AND 
PLANTS OF EVERY 
DESCRIPTION. 


London Office: 
155 


~FENGHURGH STREET 





SHPre 


* * 
& ‘ Re \, ’ 
Sete ah . 
ies sae] 
:. SS A 0 ee 


i; 


(ae ee me 


- Ra" 


SHAFTING, 
GEARING, 
=| « FIXINGS, 
S|ROPE & BELT 
PULLEYS, 
ENGINES, 
fe. WATERWHEELS 


ETC. 
‘7858 


SCREENING 
& 


CRUSHING: 
PLANTS: 
































EMPRESS WORKS, oie SCOTLAND. 


Branch Offices :- 
Associated British Machine Tool Makers, Lim ted, London. 
Birmingham, Manchester, Newcastle. Bristol, Sheffield, Leeds, &c. 


Improved __ Horizontal 
Cold Sawing Machine. 


OR CUTTING STEEL JOISTS, CHANNELS, TEES 
&c., and SOLIDS, ROUND or SQUARE. This machine 
is most sutstantially built throughout for heavy work without 

chatter and vibration. The saw can be removed and replaced without 
disturbing any other part of the machine. The bed is designed to 
form two troughs, one containing cutting lubricant in which the saw 
rotates, and the other forming an oil bath for the main driving worm. 
The machine may te arranged for either direct motor or belt driving. 

















| 











Illustrated Catalogue upon Application. 
The Quality Mark. cB 


$$$ 








THE FLETCHER 


FILTER PRESS 


ALL SIZES. ALL PURPOSES. 


INQUIRIES SOLICITED. 


GEORGE FLETCHER & CO. L” 


MASSON WORKS, DERBY. as 


LONDON OFFISE 21, MINCING LANE, E.C. 3. 
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AUTOMATIC 
2G BOILER 


HOUSE 
CONTROL 
= APPLIANCES 


SAVE FUEL 
THE AND 


IMPROVE 
TIME RESULTS. 
To INSTAL 


AUTOMATIC APPLIANCES 
SUCH AS 


BOILER FEED REGULATORS, 
DAMPER REGULATORS, 
DRAFT REGULATORS, 
FEED PUMP GOVERNORS. 


BECAUSE. they enable fewer men to 
do more work, and do it better, 


Crosby Valve 8 Engineering Co., Ltd., 


41/2, Foley Street, London, W. 1. 


| 











any specification 


Drop Forgings 
Smith Work 





8725 





N.HINGLEY& SONS LTD: 
Netherton Iron Works, DUDLEY. 




















ELECTRO-MECHANICAL 
BRAKES. 
E 
“ 
|} ELSTON, EVANS & JACKSON, 








Telephones : Clerkenwell 1924 & 1925. Telegrams : “ Elevanje, Finsquare, Londen.” | 
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HARVEY 
Bngineering C0,, 


LTD., 
M°OHIE, HARVEY & C@., L”™ 
Scotland Street Engine Works, 
Head Office: 224, West Street, 


GLASGOW. 
London Office: 27, Mincing Lane, E.C. 


BSTABLISHED OVER 50 YEARS 


MAKERS OF ALL KINDS OF 


SUGAR MILLS 


PATENT FIVE ROLLER MILLS. 


BARVEZ'S 


Triple-Effet . . 
. . Evaporator 


Now {n use fm all Sugar Growing Countries. 


AND EVERY REQUISITE FOR 


Sugar Plantations. 


SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 


HIGH-CLASS 


ENGINES 


OF THE MEAVIEGT TYPE. 


MULTITUBULAR, CORNISH 
AND 
































8660 











LANCASHIRE BOILERS. 


TANKS & WROUGHT IRON 
WORK 


OF EVERY DESCRIPTION, 





iTelegraphic Address: ‘* Maconie, Glasgow. 


Cable Codes used: A BC, Ai, Liebers, Western. 
Unicn, Engineering and New Busines+ 





ky ES ES ES ES Eg 


re 


EX ES ES GS ES me ie 


GE ES 


ES ES ES 


“Sy af 


Simple Direct and Efficient Drive ; no belts or 
overhead gear and conspicuously silent. 

Drills to the centre of an 8 ft. circle. 

All speed changes made on the saddle. 

All feed changes made on the saddle. 

Electric reverse for spindle and elevating gear 
operated from saddle. 


i ff EE Ba 


8. | 
kal PROMFKFT DELIVERY. bu 
BHRHEBEGE BEE EE SE -ofe Mim of Mn ok Mi ks Mn o-  f+ I o> oT oT 


ks Ea ky ES ES ES Eo & 


= |ALFRED HERBERT LTD. COVENTRY 












4 ft. RADIAL DRILL. 


LEADING FEATURES : 


Catalogue D3 on request. 








RAR FA RR 
ky kX KX 


eA 
ka 


RA 
ka 


kA FA FR 
ky EX KX 





ie 


ky 





aie 





co ba cy 


O 3300 


Easy and efficient adjustment of spindle along rx 
arm and arm round column. ba 
Arm clamped and unclamped and elevating motion ge 


engaged by a single lever. 


No running shafts or gears anywhere except on 
the arm. 








kal 


r 
& 
eke 
ka 
RR 
Ky 
ake. 
ka 
zx 
& 


RA 
ky ky 
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EXPANDED 
METAL. 


For PRICES, SAMPLES, etc. apply to— 


The EXPANDED METAL COMPANY, I”. 


Head Office: YORK MANSION, PETTY FRANCE, WESTMINSTER, LONDON, S.W. 1. 
Telephones: Victoria 8809 (2 lines). Telegrams: “* Distend, Vic., London.” 

Works: STRANTON WORKS, WEST HARTLEPOOL. 

West Hartlepool 94 (2 lines). Telegrams: ‘“‘ Expansion, West Hartlepool,” 


BEY A SY A VSS A VS FAR YA a 


THE STANDARD 
MACHINE GREASE 











Telephones : 

















A 


FIRST m 1882 
FOREMOST EVER SINCE 


yf 


LAS 
FRR 


ON 


¥ 


id 


Tae 


_ 


SS 


at 


STAUFFERS 
LUBRICANT 


REG. TRADE MARK 


—s = QS = 
o 
o% 


Say? 


SOLE MAKERS 
TRIER BROS. L™ — 


36 VICTORIA ST TULL 
WESTMINSTER S.W.1 “Ty 
WORKS CAMBERWELL S.E.5 























WE SPECIALIZE 


MACHINERY & POWER PLANTS 


@ RICE ‘MILLS. @) 


DOUGLAS & GRANT LTD., 


HEAD OFFICE AND WORKS: KIRKCALDY, SCOTLAND. 








Branch Offices: LONDON, Hastings House, Norfolk Street, Strand. 
CALCUTTA, MADRAS, RANGOON, BANGKOK, SAIGON, HAIPHONG. 








WELLS’ ' LIGHTNING” 
@ PAINTING MACHINE. 
(Wallwork and Wells’ Patents.) 


GRXAT SAVING IN TIME, PAINT & LABOUR 


























PAINTING SPEED—8 sq. yas, a minute. 

nt is cpeoyed evenly and continuously 
ame & flexible tube and nozzle, supplied 
with compressed air, either from existing air 
main or from our special com pressors, 


















“WELLS’ LIGHTNING” 


LIME & COLOUR WASHER. 


(Wallwork and Wells’ Patents.) 





LIME WHITING OR COLD WATER PAINTS 


applied at a speed of from 10 to 20 square yards 
rT. in a manner superior to brushwork, 

th the machine on rough surface is 

equal to ve twe applied with brushes. 


WELLS’ 
WASTE OIL FILTERS. 
Fitted with Patent onartn Feed" Syphons. 


invaluable to ALL Users ot 
Machinery, Steam, Oil, er 


Gas Engines. gy 
as Engin ome, 
Governments, 








Write jor Samples of Work done by the Filter 
LARGER SIZE8 MADE TO ORDER. 


A.c. Wells & Co. 32: PANORAS, Wea” 
Works : Carnarvon Street, MANCHESTER, 
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OUR 
SPECIALITIES. 


he 


with PROMPT 
DELIVERY. 


SCREWING 
MACHINES. 


STOCKS 
and DIES. 


PIPE CUTTERS. 





TWIST DRILLS. 


PARALLEL 
REAMERS. 


BRIDGE, REAMERS. 
ENGINEERS’ 


TAPS 


CHASING TOOLS, 
AND 
ALL GASFITTERS’ 
TOOLS. 


50 per cent. GREATER 
EFFICIENCY OBTAINED 
BY. USING 


CHA'TWIN’S 
TOOLS 








BECAUSE THEY ARE 


GUARANTEED 
ACCURATE. 


L'a 


THOMAS 





CHATWIN 


LIMITED 


VICTORIA WORKS 
| BEEMINGRAR 


| CALEDONIAN 
BOILER WORKS, 
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GLASGOW. : 

















AN IMPORTANT USE FOR YOUR COMPRESSED AIR. 


If you have 
Compressed Air 
why not 
CUT COSTS 
by installing the 


AIROSTYLE 
PAINT 
SPRAYING 
SYSTEM 


A simple connection to your 

Compressed Air Supply makes 

the Set illustrated ready for 
operation. 





We can offer other types of 

equipment, and are also makers 

of Air Compressors, both 
stationary and portable. 





- Kirostyle & Lithos Ltd., 


ENGINEERS. E. Dept, 
35, ST. BRIDE STREET, LONDON, E.C. 4. 
8682 











-—- 4 





2 IDAN F/ 
“ = 6 

















































F FORGE COMPANY. L© 
at . . bch \ KIRKCALDY. SCOTLAND. 























BUILT 


FINISHED 





TUNNEL 
SHAFTING 












FINISHED 


LINERS, 






8282 











Specialities. 


CRANKSHAFTS 


COMPLETE. 


ROUCH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 


PROPELLER 
SHAFTS FORCED 
FROM PURE 
SCRAP IRON, 
INCOT STEEL 


NEW BAR IRON 
TURNED AND 


COMPLETE WITH 
CUN METAL 
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/ pantgaine at oem tte... THE a tS “DOBBIE-M°INNES 
BIRMINGHAM |[.necsrers. 


RAILWAY CARRIAGE AND WAGON CO., LTD., 


gE SMETHWICK. =a 


Optical Indicators for High-speed Motors. 


LOGOMETERS | TANK & DRAFT 
FOR TURBINES | DEPTH GAUGES. 


(Revolution and ao 
Direction STABILITY 
Indicators) INDICATORS. 








¥ 





MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS OF EVERY DESCRIPTION, 
INCLUDING ALL-STEEL CARRIAGES. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOGIES. 
MAKERS OF RAILWAY WHEELS AND AXLES, IRONWORK, AXLE BOXES, CASTINGS, &c. 


BOURDON PRESSURE 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS, 

SPEEDOMETERS. 

Engine Room Clocks. 


DOBBIE McINNES LIMITED, 



















6931 





Sole Manufacturers of Dean & Churchward’s Patent ‘‘Eitherside"’ Brake, 


























































































D and Marillier’s Patent “ Instanter’’ Coupling. 57, BoTHWELL Sr., GLasaow. 
= 
HEL LUULNUUUERAELELADOQERDOSOSEASGOODOOGDEVODOOADUOUOOOOOUEONOEOUOUEOEOEOUOOOEOOOOOOOUOLOOODEOEOEOUOROUIUSOSUONEOEOEOSODOEODOGUUEOONEOUOEOUEGEGNGUOQOGEONSUCOEOUEUCUOONOUOUEOEOOOOOEOROEOOOUOONDODOOOOOUROUUDADOUGDOOEDOOOHOUEOUIIO p AGK | a cs ty 
BRECKNELL, MUNRO & ROGERS, LTD. cS 
Engineers and Contractors. Vs me 
AUCUUUAEDUALAEEUODSEEUEENUACUSEUNUAGUGEOUOEAEDOGRUED AGEN GGL OGUOCEOTOOEOUSEUEUUEDOOGUOCROEEOOEUUUDUOEDOEDEDONGOOOOEOGDOOUOOOSUUONGEELOCUUOUULOOEEOLERSOOISD oy) C A R D ED 
hia FIBRES. 
SPECIALISTS IN OVERHEAD LINES’ AND ES 
FITTINGS FOR ELECTRIC RAILWAYS AND ower 
TRAMWAYS IN INDUSTRIAL WORKS. “4 
| HOBDELL, WAY & 6O., Ltd, 
: HIGH OR LOW TENSION LINES ERECTED 124/7, Minories, London, E. 
on IN ANY PART OF THE COUNTRY. 
ies, MAKERS OF PANTAGRAPH COLLECTORS BUDENBERG “mont. 
: FOR ALL TYPES OF ELECTRIC LOCOMOTIVES, . BROADHEATH 
” CURRENT COLLECTORS FOR ALL PURPOSES, GAUGE Co. L® We, MANCHESTER 
D INSULATION OF ALL CLASSES, LINE EARS, =.2 
is SPLICING EARS, SUSPENSION FITTINGS, PRESSURE GAUGES, 
| SECTION INSULATORS :  :  ETC., ETC. TechGpem sac Cerne 
- pe Test Pumps, &c. 
il URUULAEDAAUANDDLUNAAOOAAOOEEONEUGESUAAOAUASEOOESUSSGUONOTUOEOAAEAUUGSDONEOULENSUAEALAOLOEOUUOGUOERUEREOOEUUEGL OOO UOEUEEEOOSEOOESEOROODDUOED DEAE TEASED - 
UTS. 
ER soe 
= Joet us Quote for your Requirements. 
CATALOGUES ON REQUEST. 
_ Head Offices: THRISSELL STREET, BRISTOL. J 
-” Telegrams: “ Brecknell, Bristol.” Telephones : 3137. and 3138 Bristol. ee TP ms 
- j 
; UONUEULESDEOELS AUN UENAARDAEND SUEDUODSOAUENEDED EDEN COAEUENG EOALAEDDOTENUAOSNEOGEDOOUOUEQNOONOENONSLOUESCOCOOEOEOUESEONODOOEOUEOOODEOOOUODEONEOCOOSOUOOEOLOGON OUD ONANA ASE NNENNNEN SELF RECORDING INSTRUMENTS 
- PRESSURE. TEMPERATURE and SPEED. 
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GARLY DELIVERY OF Hindley 


MANY SIZES. | Vertical 


i Telegraphic Address :— 
8719 Multitubular AQUILENTUS, KIRKCALDY. 


BOILERS 


Satisfaction — 
anda@-- - 
small fuel bill. 
WRITE 


E. S. HINDLEY 
AND SONS, 
Bourton, Dorset. 


Ose. Ht! Gas Mains. 


sae 
OXY-ACETYLENE 


WELDING (5° | "0. LONDON AGENTS:-JOHN WILSON & CO., 39, Lime Street, E.C. 
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THE STEEL PIPE COMPANY, 


EIREKCALD WY. LIMITED, 








Exhaust Pipes. 
Water Mains. 


Steel Chimneys, 
Stamped Steel 
and Angle Flanges. 











—— 
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Special Pipes for Electric Stations. 











Sie 
2la, ST. VINCENT CRESCENT, 
GLASGOW. 


Telegrams : “ BRaziNnG.” Telephone: CENTRAL 4637 


CONTRACTORS TO ADMIRALTY AND WAR OFFICE. 








HENDRY 


CASTING REPAIRS 


up to 5 tons, » 
MATERIAL.—STEEL, WROUGHT IRON, CAST 





MBELTING 


ONE of the leading Electrical Engineers of 


IRON, ALUMINIUM, BRONZE, &c. 
PROCESSES.—OXY - ACETYLENE, ELECTRIC 
and CAST IRON, BRAZING. 


the day describes HENDRYS’ new patent 
Laminated Leather BELTING as forming ‘a 
true Endless Belt which is adaptable to 
universal service.’ 

The Hendry Enptess Sptice forms a 
joint identical in Texture, Thickness, Flexi- 
bility and Driving Grip with the belt itself, 
so that a HENDRY BELT runs without jar, 
vibration or slip under the heaviest loads 
and at the highest speeds. Illustrated 
booklet, samples and prices on request. . . 























JAMES HENDRY Ltd. 
252 Main Street 
Bridgeton, GLASGOW 


fa t Registered 








CLIFTON & WADDELL, 


METAL SAWING SPECIALISTS 


HICH-SPEED 


Machine Tool Makers. 


BOLTS, 
STUDS. 
NUTS. 


BRIGHT WORK 





JOHNSTONE, near GLASGOW. 








A 
SPECIALITY. 








BAND SAWS 
HOT SAWS - 


CIRCULAR SAWS 


5. MARSDEN & SON, Ltd. DISC SAWS - 


LONDON ROAD, we ee BEST AND MOST 
MANCHESTER. — cell UP-TO-DATE DESIGNS. 


Telegrams— Telephone— NEW IMPROVED BAR CUTTING OFF MACHINE, - - 
aaa een nou" } | suitable for cutting bars trom 4} in. up to 18in. diameter. Over 1000 Machines in Use. 
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f BIRMINCHAM BATTERS@ammRE] — \e 
9] BRASS & COPPER /| . DUNKERLEY 
’ . Z and CO, Ltd. 
- y 
oT . FOR BOILERS, CONDENSERS, &c. ) 
| ~ “Battery, SELLY OAK.” —— sow Iron fee 
YS, een 
eel from 
res WAREHOUSE STOCK. 
> s 
| STEEL JOISTS, 
’ 24" x 7H" to 3” x 1%’. 
STEEL CHANNELS, 
15" x 4" to 29” x 13/16". 
STEEL ANGLES, 
E.C. 8" x 3h" to $<" x +". 
STEEL TESS, 
6" x 6" to $" x“ +". 
STEEL FLATS, 
18" =x $" to #” x 3/16’. 
STEEL ROUNDS, 
Conti ion Heading mi eaten 
tin -mot 
tg a i nator STHEL SQUARES, 
Nam ey - STEEL PLATES, 
LSE LF SEF] | 22°" 9 #° % © toe 
= ‘ mas = “= In all Standard Sections, cold 
straightened, lengths to 42’. 
xX a A LARGE AND VARIED STOCK OF 
AJA “= | CROWN IRON, 
BEST, BEST SCRAP and 
FORGE SHOP MACHINERY § [sist tumaxcinox 
HOOPS, SHEETS, CONVEX, 
my | Nu Built by the Ajax Machinery Co. and backed by over thirty ’ STEEL eames RAILS, 
i years’ experience. Ls BRIGHT STEEL, &c. 
| There are more ‘‘ Ajax’”’ machines in use than all other makes a 
because they produce more in a given time. IRON and STEEL 
These well-known products include— 
——_—] is Forging Machines. 8 HOOPS FOR BALING, 
ps Bolt Heading and Upsetting Machines. Plain & Painted, a Speciality. 
Continuous-motion Heading Machines. a ee 
Bulldozers, COMPOUND GIRDERS, 
5 Hot-pressed Nut Machines. : STANCHIONS, ROOFWORK 
Taper Forging Rolls. and 
Hot Saw and Burring Machines. CONSTRUCTIONAL STEEL 
ITS ic Write for full particulurs. lt wil cost you nothing and may save you much. is . ' “Stock Mei 
Sole Agents: = 
“AJAX” 
R CHAS PATENT CONVEYOR TANK 
YY CMU Wipe for handling Metal Scrap, Coal, &e. 
iH ; ———— 
Ww Le CHU p ; HI LL Gs Be tla SOLICITED, 
A =. Wy VM ection Book 
: & CO.LTD wes 5 Ma sooo 
Li 9-15 LEONARD STREET. LONDON.Ec2 Ciaran Fr 
SAWS iS NEWCASTLE.SS @RISTOL = LEEDS - Shermeco “AJAX, MANCHESTER.” 6400.6 {ein fines). 
; id Au ic STORE STREET 
es Iron and Steel Warehouses, 
_ | ES Eee eee] | MaNonester. 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


: Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 
BILLETS of dead soft quality, and for wire and springs of special quality, from any grade of carbon ; also SLABS. 


THE GLASGOW IRON & STEEL CO., LTD., 


| WISHAW, SCOTLAND. 


9479 

















- 
— 











SAFETY FIRST I 


Cotton Brake Linings 
H E a a4 ' Are No Good to You. 
C Use the only guaranteed 100% Pure Asbestos 
fabric made. 


Brake Chatct wm! GHEKKO 2" 


Let our Engineers tackle your problems. 








CRESSWELLS’ LTD., BRADFORD. 














Turned Shaftin Q, 
Couplings and Collars. 


“Bright Bars for Automatics. 


‘Phone: Govan 653-654. Telegrams: Pedestal-Glasgow. 


GOVAN SHAFTING & ENGINEERING Co., Ltd. Glasgow. = 


San 











41 OSWALD STREET, GLASGOW. > 
VL LLL LLL LLL ttt 








JUNE 24, 1921.] ENGINEERING, | 27 

















H DAVID COLVILLE: SONS, ; 
GLENGARNOCK IRON & STEEL WORKS, CLYDE BRIDGE STEEL Aes 
GLENGARNOCK. CAMBUSLANG. 
p DALZELL —* & si WORKS, MOTHERWELL. \ ve he ee 
; 
23 | IN SOFT, MILD, MEDIUM, HIGH TENSILE, H.H. TENSILE, (te) 
— NICKEL CHROME BRAND, NICKEL AND ALLOY STEEL. CRE. STEEL GRAND 




















“ alias Yt a DRYING & STOVING. 


SS || THE PERKINS SMALL BORE SYSTEM OF 
% | HEATING FOR ENAMELLING, JAPANNING, 
| TINPLATE PRINTING, COLOUR DRYING, 
CHEMICAL DRYING, BTC., AT TEMPERA- 
TURES UP TO 350 DEGREES FAHRENHEIT. 


SPECIAL FEATURES. 


Absolutely Dry and Clean Heat. 
No smoke. 

No fumes. 

No dust in Stoves. 

Perfect equalization of heat. 
Low fuel consumption. 
Temperatures quickly obtained. 
No skilled attention required. 














Illustration of three Stoves heated on the Perkins System 
“WE of Heating from one Furnace for temperatures wp to 
360 degrees Fahrenheit. 

















ala apc 2 yen : ete a ees bm 9362 
oe et — ie ears OER SE stl’ Shi: RS sé: EEE ae Wa, Bok Re TS ee ee 
— pene I} Works: Telephone No. 
Willesden and Peterborough. City 748. 








de JOSEPH BAKER SONS & PERKINS LTD. (HEATING pepT,), 21, COLLEGE. HILL, E.C..-4. 


Ww. 





9318 





ae renee a 










N 
SN 





RRA AA AAAAAAIUNd 


YAS 
S 
SNS 


GUARANTEED 99°84°/. COMMERCIALLY PURE IRON. pom 


ALL GRADES HIGHEST RESISTANCE TO CORROSION, LONGEST LIFE, TOUGH & DUCTILE pa - 
and FINISHES ; ; ARMCO ” STEEL, 
Sole Agents for Allied Companies producing Armco ingot Iron Products. 
fs ' ELECTRICAL 
of SHEETs, 


on hoe S. H. MORDEN & CO., LTD. Diskin: aetna 


18, DARTMOUTH STREET, WESTMINSTER, LONDON, S.W.1. ones 
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On. ADMIRALTY LIST. 


Telegrams: 


Telegrams : BESSEMER, BOLTON, 


BESSEMER, SHEFFIELD. 


STHnTL MANUFACTURERS. 
opbClAli7ig. AND AT BOLTON (LANCS.) 


FORGE INGOTS up To 25 TONS. SHAFTING 


OF ALL DESCRIPTIONS FOR 
FORGED CHROME MARINE ano LAND ENGINES. 
STEEL SHOES ano DIES, 
FOR GOLD MINING PURPOSES. 
LARGEST OUTPUT ROLLED BARS, FLATS, 
oF ANY ENGLISH FIRM. ANGLES, COLLIERY RAILS, 
PRING STEEL 
ROLLERS ano PATHS FISHPLATES, S 


FOR QUARTZ CRUSHING. AND SPECIAL SECTIONS. 
NICKEL REELED 
o BARS. 
CASE 1S 2 
HARDENING oe be 

TEELS. 

r —. BLOOMS 
HIGH FROM 
TENSILE 2-12" sQ. 

ores. CONTRACTORS 


RAWING on 
WIRE COLONIAL, 
ORDNANCE 
NC — 
an FOREIGN 
CONTRACTORS GOVERNMENTS, 
ADMIRALTY, BRITISH 
WAR OFFICE, - & 


a BUILT-UP anno SOLID CRANK AXLES, win GuaranTeeD MILEAGE, ano CRANK Bn apern al 
&c. 


COLO. SHAFTS, TYRES, ano AXLES or att trees for Railways, Tramways, &c. 


SPECIAL HIGH-TENSILE TYRES, “ARGENTINE” BRAND, for Locomotives, &c. ws 
WELDLESS CRANK HOOPS, BOILER RINGS ann ANGLE RINGS. 





We hereby Certify 


that the undermentioned British Firms are users of the FROUDE 
DYNAMOMETER, and are therefore in a position to GUARANTEE 
the Horse Power of their Engines accordingly. 
HEENAN & FROUDE, LIMITED, | 
WORCESTER. 


Fairfield Shipbuilding Co. Rolls-Royce. 
Armstrong, Whitworth & Co. Armstrong-Siddeley. 
Wm, Beardmore & Co, Napier, 

Harland & Wolff. Vickers-Petters, 
Vickers, Crossley Bros, _,,, 


Worcester, England. 
Please send free copy of your Treatise 


on Testing for Brake Horse Power. 


Names 07 other well-known users will be published in our next, 








HEENAN & FROUDE, Limited, 


Business......... 


ov ee ae 


COUPON. 
Gentlemen :— 
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WERF CONRAD, "Mh. 


reg A 


WERFCONRAD, HAARLE 
DREDGORAFT, AVE. LONDON. 





£S—LIEBERS, ABO, 5th 
hee and MOREING & NEAL. oc 


TEL.—CITY, 257. 


Agents: MARINE WORKS, Lid FRPIARS HOUSE, 39-41, NEW BROAD STREET, ys E.C.2. 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES and FLATS Buitt in SsoTrions ror RE-ERECTION ABROAD. 














BUCKET HOPPER i Le i i 3 a FLOATING ORANES, 
BARGE - LOADING , ae + GOAL BUNKERING 
DREDCERS. a : pangs | VESSELS. 
SUCTION PUMP als | HOPPER BARGES 
DREDCERS. of any capacity. 
COMBINED BUCKET SPARE PARTS 
PUMP DREDGERS. ae 

an GOLD avo TIN 
DREDGERS RECOVERING 
for DREDGING DREDGERS 

CLAY, &c. A Speciality. 





— COMBINED BUCKET and 8UCT'ult HOPPER DREDGER, built for the French Colonies. Hepper Capacity 1850 Tons. = dee a 
DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT 
AND DREDGING GENERALLY, AND UPON ALL QUESTIONS ’ AFFECTING THE RECOVERY OF 








GOLD, PLATINUM AND TIN, ON APPLICATION, 





$$ 























REGISTERED 


A Merry Young Operator using the TRADE MARK 


Oxy-Acetylene High Pressure Apparatus. 


A SOUND CLEAN WELD AND A STRAIGHT CLEAN CUT 


are ensured by the use of 


THE DISSOLVED ACETYLENE HIGH PRESSURE SYSTEM 


The gas is = pure and the required | The apparatus “can be taken to the | ™Danger is eliminated because cylinders 


pressure is always exactly regulated in job,” but both portable and fixed | « ‘containing acetyleneare entirely filled with 
accordance with section of metal. plants maintain the highest efficiency. | 7 porous su idaace leaving nofree gas space. 


ALLEN-LIVERSIDGE | Pig with which are amalgamated oars 


IMPERIAL LIGHT LTD. and THE DISSOLVED ACETYLENE .CO. LTD. 
106, VICTORIA STREET, S.W. 1. 











Telephone : Victoria 4155. Telegrams : ‘‘ Aceterator, Sowesi, London.” 
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THE LILLESHALL CO., 2° sinorour: 


Telegrams—“‘LILLESHALL, OAKENGATES.” Telepho 3. OAKENGATES. 


Mixing Tanks 
and Gearing. 


“ STEAM ENGINES. 
GAS ENGINES. 


























IRON CASTINGS 
up to 60 Tons weight. 


GENERAL CONSTRUCTIONAL WORK. 


| EQUIPMENT FOR BLAST FURNACES, STEELWORKS, ROLLING MILLS, COKE OVENS. COLLIERY PLANT. 
= 



























































ical Points about the 
F. W. (Richards’) 


PULLEY 
for all kinds of Electric Motors, Line Shafting, etc. 


1 Lightness. 2 _—sCBBalance. 4 Strenath. 


Scientific design has combined 

maximum stre ngth with the The ee wanes ot the 

elimination 2f every unneces- wheel is assured by th as 

a by ard = weight. — distribution of metal ry “al soeing . 
the li pelsis roned the contre end It ie ee, 

morket. sail e y ; traction strain and ¢ the unique 

in graded ‘weights “uctate st produc 1 a method of jointing gives 

the in true strongest on ree cps 











354 (Pr.Br.Ex.) Lee. 7, King’s How ". 2, Kien Shona, 
: ’ hone 261 1 Cent) LASGOW : 
53 Shipley. “gg Hope Street. (Phone’ 2/0 Cent.) 
MANCHESTER : Royal Exchange, Pilla 

No. 116. (Tues. and Fridays) 
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HICK— 
UNIFLOW 
ENGINES 


Reliability, Economy 
and Efficiency, the 
product of many 
years of specialized 
effort in the manu- 
3 facture of high class 
ee » og Steam Engines. ws 


HICK, HARGREAVES & CO., Ltd.. BOLTON. 


ESTABLISHED. i1i882. 
Telegraphic Ce BOLTON.” Telephone BOLTON—1373-4. LONDON OFFICE: 
Addresses | “‘UMSHA ios. 


WVAPO, FLEET, LONDON.” LONDON—6268 Central. 
Telegraphic Codes:—A B C, Fifth Edition: A 1 (1888), Western Union (Universal Edition), Lieber’s Standard. 90, Temple Chambers, Temple Avenue, London, E.C.4. WwW 






SSG 





















$1 

















DRILLING. MACHINES 


From 3 ft., to 4ft. Gin. Radius. 





No. 1222. 
THREE SIZES - - 34 ft, 4 ft. and 4ft. Gin. Radius. 


18 SPINDLE SPEEDS (4 RATES CEARED FEED 


Improved Multiple Disc clutches for | Double gear instantly engaged by 
stop, start and reverse of spindle. | lever on saddle, 











—— - 


Improved Locks tosaddieandarm, | Automatic Stop Motion to spindle. 





DRILLS up to 2in. DIA, in M.S. 8843 


——Z J. ARCHDALE & CO,, Ltd., 


he Ledsam Street, BIRMINGHAM. 
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NILES-BEMENT-POND CO 


MACHINE TOOLS 


For Railroad Shops and General Manufacturing 


Machine Tools for Locomotive, Car and 


Railroad Repair Shops ° 
LATHES, Driving Wheel: 51" to 90" swing. Car Wheel. Axle. Hea ) Duty Engine Lathes 


WHEEL PRESSES: C ities, ° ons ° e wheels from - . 
ae mt peat ae ee een From 26" swing up to any requirements 











CAR WHEEL BORING MACHINES, to take wheels up to 42". 
AXLE CENTERING AND CUTTING-OFF MACHINES. 
WHEEL QUARTERING MACHINES. 

STEAM HAMMERS: single and double frame. 

STEAM DROP HAMMERS, Etc. 

CRANES, TRAVELLING CRANES, HOISTS, Etc. 


Machine Tools for 
General Manufacturing 


LATHES: From 9" swing up to meet any requirements. 
PLANERS: [rom 30° up to meet any requirements. 
BORING MILLS: 386° swing up to meet any requiremencs 
SLOTTERS: 6° to 92" stroke. 


DRILLING MACHINES 24° to 60°. RADIAL and full 
universal ; also heavy duty type up to 10’. MULTIPLE’ SPINDLE. 2,4 
and 6 spindles, in variety of types. 

MILLING MACHINES: Built in variety of types and sizes to suit custom 
requirements. 


SHAPERS: ‘Travelling Head. Single or Double, 22” and 26° stroke. 





HORIZONTAL BORING AND DRILLING MACHINES. Rash moan 
HORIZONTAL BORING, DRILLING AND MILLING MACHINES. ‘ ris Chee ee 
CYLINDER BORING MACHINES. a sipih Re OME Telly he > st OS 





42" Triple Geared Engine Lathe 
‘General Offices: 111, Broadway, New York. London Office: 25, Victoria Street, s. Ww. 
For Canada: The John Bertram & Sons Co., Ltd., Dundas, Montreal, Teronto, Winnipeg, Vanceuver. 
——_—_—_— —— — ——— 


























Sse 


SUN SHIPBUILDING CO. 











CAPACITY OF SHIPYARD—EIGHT BUILDING WAYS THREE LARGE WET DOCKS. 
BUILDERS OF HIGH CLASS SINGLE AND TWIN SCREW PASSENGER AND 
CARGO VESSELS; ALSO BULK OIL TANKERS, UP TO 600 FEET IN LENGTH. 
ENGINE BUILDERS. BOILER MAKERS. IRON FOUNDERS. 
NEW DONNELLY TYPE FLOATING DOCK, 10,000 TON CAPACITY. 


EXTENSIVE FACILITIES FOR SHIP, ENGINE AND BOILER REPAIRS. a» 
Main Office & Shipyard - - Chester, Penna., U.S.A. 
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FORGED > TESL 
STERN FRAME 

IN TWO PIECES 
WITHOUT A WELD 


? 

















TYPE C. 


we 


@hese Machines 
are jnade 772 9 om 
capable of transmitting 
pon 2 2001P 









kLIAMS-JANNEY 


BayRERs VICKERS LIMITED) 


NK 2 ULIC % 
ED GEARS}, 
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Trafford Park. 
MANCHESTER. 


ELECTRICAL C R A N E Ss a 
and WINCHES. 








GAS, OIL AND PETROL ENGINES 
AND SUCTION GAS PLANTS. 


Our productions are in use in all parts of the world, and are 
the embodiment of 


EXCELLENT WORKMANSHIP. 
FIRST-CLASS MATERIAL. 
SOUND DESIGN. 
Our Gas Engines are specially adapted for operating on 
Town's Gas, Producer Gas, Blast Furnace Gas, or Coke 


Oven Gas, and are manufactured in standard sizes up to 


2000 B.H.P. 


THE NATIONAL GAS ENGINE CO., LTD., 


ASHTON-UNDER-LYNE. 


Telegrams ; 


: : ss London Office :— 
* National, s 0. 42 
Sittin Lees. 75a, Queen Victoria Street, E.C.4. 4.50... ps 





7049 
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a 2 | BROWN, LENOX @ Co, (London), 












LIMITED, 


POPLAR, LONDON, E. 14. 


Contractors to the Admiralty since 1808. 





<7 





ETS 
™, 


~, 
| 


—— 


_——< 


ee 
mae 


A 


7S 


Manufacturers of 
Rivetted Tanks of every description. 


Speciality :—Patent Pressed Steel Sectional Tanks in 
multiple units of 3 ft., 4 ft. and 4 ft. 10 in. with round 
or square corners. Bolted joints. 


N 
é 
DI 
\ 
N 
4 
y, 
k 


a7 
1 17 
a= | J > 


” "= 
, = 
i 
—— 


Mooring, Beacon and Light Buoys, Submarine Telegraph 
Buoys. 


Coal Bunkers. Hoppers, Chutes, Steel Chimneys, 
Supporting Towers for Tanks, &c., &c. 


Telegrams: LENOX, MILLWALL. 
Telephone: East (700 Two Lines). on 



































WORTHINGTON 
ee LON es 


VERTICAL SIMPLEX FEED PUMP 


Specially Designed for 


MARINE SERVICE 





Small Floor Space ‘ Simplicity 
Adaptability - few Working Parts 
DELIVERIES from STOCK. 
Apply for Leaflet. ots 





WORTHINCGTON-SIMPSON 


Queen’s House, Kingsway, London, W.C. 2. 
Telephone Works: Toeareme 


NEWARK-ON-TRENT. WESTCER 
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PORTER'S NEVER STRIKE.— 


They are built to give long life and service with a comforting freedom from repairs. 


QUALITY with PORTERS is traditional—it started 35 years ago with our first engine— 
in our shops to-day are two score skilled workmen who have been building PORTERS 
for over 25 years and who take pride in making Porters the best that can be built. 


Write for bulletins. 


H. K. PORTER COMPANY Pittsburgh, Pa. 


Export Agents :— 
WONHAM, BATES & GOODE TRADING CORPORATION, 251, Fourth Avenue, 
New York, N.Y., U.S.A. 


Cable Address :—‘‘ Stapely.’’ All Codes. 
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JAMES HOWDEN « CO., uo., LASCOW. 


; MANUFACTURERS OF 
IMPULSE” STEAM TURBINES, SPECIALLY RECOMMENDED FOR LARGE UNITS. 


HIGH-SPEED STEAM ENGINES. 






























MANCHESTER— 
86, Cross Street. 
LONDON OFFICES— 





Caxton House, 
Westminster, 8.W. 


NEWCASTLE-- 
90, Pilgrim Street. 
and 


9, Billiter Square, E.C. 


BELFAST— 
137, Royal Avenue, 





15,000 KWT. “HOWDEN” HIGH PRESSURE TURBO ALTERNATOR 8761 
installed at Manchester Corporation Electricity Works. 


PATENTEES AND MANUFACTURERS OF HOWDEN’S FORCED DRAUGHT; 
WALLSEND-HOWDEN OIL BURNING SYSTEM. 
PATENT COMBINATION WATER-TUBE BOILERS; 
AND VENTILATING FANS. 


JAMES HOWDEN & CO. LTD., GLASGOW. 


9 Ci NG LANT = a 
Dimensions and Capabilities. 
London Brbtbition, 1908. 
Gold oi Medal fal Yapun-Detiah Exhibition, 1944. 


Bow and Stern Well Centre and Side Ladder Bucket Barge Loading and Hopper-Dredgers, Suction Dredgers, Hydraulic and Mechanical 
Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, Paddle and Screw Steamers. 


4 st 
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is “ - as 4 
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ps ee a ee . 
; 5 ae thee gs 
é s Bo ee ‘ 
ot " 
s tet i ~ 
a * 











Wy 











— — 





























Delivered Complete or Shipped in Sections. Spare Gear and Renewals Suppiled. 9415 


FERGUSON BROTHERS (ort Gissgow), LTD. 


SHIPBUILDERS AND ENGINEERS. 
ON WAR OFFICE AND ADMIRALTY LISTS, NEWARK WORKS, PORT GLASGOW. = Mele. Address: OREDGER, PORT GLASGOW. 


F 
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ORAVEN BROTHERS anckesten LIMITED, 


om moos. Vauxhall Works, REDDISH, STOCKPORT x. crumv incor: 


Gontractors te the War Office, Admiralty, Colonial and indian Goveraments. Established 1853. 


RAILWAY GARRIAGE & WAGON WHEEL 








ACTUAL OUTPUT . 


56 PAIRS OF WHEELS IN 98 WORKING HOURS, FLOOR TO FLOOR. 


GARDNER OIL and GAS ENGINES 


E"*zoam i to 200 B.uP 


GARDNER SUCTION 


GAS PRODUCERS, 
From 15 to 150 B.HP. 


SPIRIT ENGINES, 
ALCOHOL ENGINES, 
HIGH-SPEED 
VERTICAL ENGINES 


For LAUNCHES, HEAVY VEHICLES, &c. 
OIL, SPIRIT or ALCOHOL. 


L. Gardner & Sons, Ltd. 


Barton Hall Engine Works, » 


PATRIGROFT, MANCHESTER, 


Telegrams—‘** THEOREM, PATRICROFT.” 
Telephone—No. 401 ECCLES (4 lines). 


ream alpina call SHOWROOMS 
es aig oa te LONDON -— NORRIS, HENTY AND 
~ GARDNER'S Ltd., Gardner Howse 


@ARONER HIGH COMPRESSION ENGINE FOR CRUDE AND RESIDUAL VILS 115, Queen Victoria St., E.C. 
Telephone—CITY 9493 & 9494, 
Telegraphic Address :—** NORNODESTE, CENT., 
LONDON” (Charged as two words only). 


NEWCASTLE SHOWROOMS—NORRIS, HENTY & GARDNER'S, Ltd. Milbura GLASGOW ~ 124, St. Vincent St. 
House, (Fioor A.), Newcastle-on-Tyne. LIVERPOOL : 701, Tower Bldg.. Water St. 











Kc. 


St. 
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HOFFMANN 


BALL AND ROLLER 
BEARINGS 


THE 


BEARINGS 


OF 


RESERVE 
STRENGTH 

































aaa 


THE HOFFMANN 
MFG. CO., LTD., 
CHELMSFORD, 
ESSEX. 


SAVE YOUR COAL BILL. 


And Install Giant Semi-Diese!l Oil Driven Air Compressors. 





Combine in one unit the highly perfected Giant Semi-Diese! Oil Engine and the Consolidated 
Air Compressor, fitted with Simplate Valves. Easy to install, simple and economical to operate. 


Write for Particulars, 


Tel. Address Tel. No,: 
“ CAULKING 9215 
PICCY GERRARD 
LONDON,” (4 lines). 
Complete Little Giant 
Portable L Pneumatic 
Plants P4 se ee, and 
supplied to ee | Electric Drills 
meet all P r we ~ and Grinders. 
reqvirements. £ 6 = — ol . at 
A a bis ' te sienies . od * Boyer 
Also Giant Oil e en ; Nex, Pneumatic 
Engines. 4 i se | ee Ce Hammers. 





Giant Semi-Diese! Oil Driven Air Compressor. 9191 


THE CONSOLIDATED PNEUMATIC TOOL CO., LTD., 


Head Offices: EGYPTIAN HOUSE, 170, PIOCADILLY, LONDON, W.1!. 
WORKS; FRASERBURGH, SCOTLAND. BRANCHES ALL OVER THE WORLD. 
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Ruston-Hornsby 


Che Car of Quality & Valeo 


WO touring models of sound construction, built bo. | 
js seat five persons in comfort. They are smooth 16-20 HP. The Specification includes ae 
Four cylinders, bore 80 mm., stroke 130 mm., magneto ignition 


running, speedy, good on hills, and notably economical GEAR BOX AND REAR AXLE—in one unit, three 
in fuel—entirely British and manufactured by Ruston speeds forward and reverse. WHEELS—Michelin steel 


and Hornsby Ltd., of Lincoln. The best car values disc detachable. TYRES—Michelin 815 by 105, spare wheel 


on the market to-day—note the prices. and tyre with tyre bracket. . EQUIPMENT — includes 
concealed hood, adjustable wind screen, electric starting and 


7. £695 


20-25 H.P. The Specification includes :—ENGINE— 
Four cylinders, bore 90mm., stroke | 30 mm., magneto ignition. 
GEAR BOX AND REAR AXLE—in one unit, three 
speeds forward and reverse. WHEELS—Michelin steel 
disc detachable. TYRES—Michelin 820 by 120, spare wheel 
and tyre with tyre bracket. EQUIPMENT — includes 


concealed hood, adjustable wind screen, electric starting and 


lighting, tools, etc. 
For further particulars write the Sole Concessionnaires ; 


C.B. WARDMAN & Co., Ltd., 122, Gt. Portland Street, London, W.1. Sa yd lente” 


St. James’: 47. 
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“FIELDING” 


25 to 160 B.H.P. 





CRUDE OIL ENGINES 


Uses Heaviest and Cheapest Fuel Oils. 








No water injection. 


Perfect governing. 


Moderate 


Simplest and most reliable, 


compression. 


Highest class workmanship. 


0 





oO 





oO 


Send for Catalogue. 


40 years experience. 


Horizontal—4 Cycle Pattern. 
















25 TO 85 B.H.P. WORKING LOAD TYPE. 














=| FIELDING & PLATT, LTD. 








GLOUCESTER, ENGLAND. 




















| 
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BROWNHOIST 


Products include 

Heavy doek mach . 

Coal & ore Tease brew. 
ive cranes, 

Grab & drag-line buckets. 

Overhead travelling cranes. 

Tramrail systems. 


Write for Catalogues. 




















This Brownhoist bridge and coal bucket are used for handling coal 
from cars into storage. Brownhoist cranes and buckets have been 
perfected during 40 years’ experience with handling problems. And 
now there are types adapted for handling large lump stone, ore and coal. 


2041 Just write our European representative, H. E. Hayes, 12, Rue de 
Phalsbourg, Paris, about your handling problem. oun 


The Brown Hoisting Machinery Company, 


40 Years in Crane Business. Cleveland, Ohio, U.S.A. 
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F LAURENCE, SCOTT & @]™\ 


TEL.ADD-GOTHIC NORWICH # N ORWICH « "PHONE N°S. 1362&1363 


MANUFACTURERS OF ESTABLISHED 1883. 


DIRECT-CURRENT MOTORS, GENERATORS, 
and CONTROL GEAR. 


A COMPLETE RE- ORGANISATION OF OUR FACTORIES ENABLES US TO OFFER 


QUICK DELIVERIES 
COMPETITIVE PRICES. 
PLEASE SEND FOR OUR NEW LISTS. 




















Heap’s Automatic Screwing Machines 


Arranged for Direct Motor Drive. 


These machines are made in all sizes with Single and 
Double Heads. 


When desired they can be fitted with an All-Gear Head 
instead of the usual Cone Pulley. The drive can then be by 
Electric Motor as illustrated, or by Constant Speed Belt. 

All these machines are fitted with our Patent Steel 
Head, a is the most simple and only mechanical Die-head 
on the market. Springs, with their attendant troubles or other 
delicate mechanisms, which can get clogged with dirt and the 
swarf insepara rable from a Screwing Machine, do not enter inte 


its construction in any w ay. 


The Die-head opens automatically and the return motion 
of the carriage closes it ready for the next piece. There are 
no other levers to set. 


If you hav e threading work to an eo 


and we will ier you a suitable mac 


Copy of Catalogue will be posted free on request to all 
responsible firms. 


JOSHUA HEAP & CO., LTD., 


ASHTON-UNDER-LYNE, ENGLAND. 
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POWERFUL TWIN-SCREW SHALLOW DRAUGHT TUG 


built by 


YARROW & CO., Ltd., Glasgow. 














Uhe above represents a * twin-screw “Shallow > Draught , length 80 ft, beam 14 Jt. 64 nes. , ivdiagh 22 ins, 


propelled by screws working in tumnels fitted with ‘ARROWS PATENT BALANCED HINGED 
FLAP, by means of which considerable increase of speed is secured without additional power or cost, and ona 
the maximum efficiency under all conditions of load is obtained. | 
Messrs. YARROW construct fast Passenger and Cemmercial Vessels, Shallow Draught Steamers, Tugs, &c., 


propelled by Sternwheels, Side Wheels, or Screws working in Tunnels fitted with Yarrow’s Patent Balanced Hinged Flap. 


REPAIRS ON PACIFIC COAST ) 
g by YARROWS, Limited, Victoria, British Columbia, Shipbuilders, Ship Repairers and Engineers. : 
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OIL WELL SUPPLY CO.., eet tse 


The oldest and largest manufacturers of oilfield equipment. 
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The First Santa. Fé Type Locomotives For Operation 
In South America. 


The first Santa Fé type Locomotives (2-10-2) to be operated in South America were built for the Paulista Railway of Brazil by the Baldwin 
Locomotive Works. These six locomotives are an excellent example illustrating the great development which has taken plaee in the design 
of high capacity engines operating on a restricted gauge of one metre. 


BUILT FOR THE PAULISTA RAILWAY, BRAZIL, 


Gauge 3' 3-3/8" (1 metre), Diameter of Cylinders 
20" (508mm.), Stroke of Piston 22" (559mm.), Dia- 
meter of Driving Wheels 42” (1,067m.), Tractive 
Force at 85°/, of Boiler Pressure 32,oo0clbs. 
(14,515kg.), Boiler Pressure 1golbs. 13°4kg.), Total 
Weight of Engine and Tender 256,ooolbs. 
(116,365kg.). 


The Paulista Railway known throughout railway circles as one of the most progressive and efficiently managed railways in South America was 
contemplating the purchase of either Mikado or Santa Fé type locomotives to move the increased amount of freight due to the agricultural 
development of the surrounding country. As the Santa Fé type locomotives will develop approximately 25°/, more power than a Mikado type of 
the same restricted wheel loading it was decided to test this type for main line freight service. The Lourenco Marques Railway of Portuguese 
East Africa have {found Baldwin Santa Fé typejlocomotives so serviceable and of such low upkeep that they are indispensible for their heavy 
freight operations. 





The first Santa Fé type 1ocomotives were constructed in 1903 for the Atchinson, Topeka and Santa Fé Railway of the United States of 
America as a further;development of the Decapod. This type being provided with a rear truck, the firebox may be entirely back of the driving 
wheels, as shown in the illustration, which permits of a wider firebox and higher steaming capacity. Due to the constantly increasing traffic 
with the economical advantage of a minimum number of motive power units, Santa Fé type locomotives are rapidly displacing various designs 
of eight-coupled locomotives where additional power is required. 


RIO DE JANEIRO LONDON - - - 
Cc. H. ee oo R. P. C. Sanderson. 
Rua da Alfandega, 5 34, Victoria St., S.W.1. 


THE BALDWIN LOCOMOTIVE WORKS, 


PHILADELPHIA, U.S.A. 





9450 
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Glasgow Office, 
54 GORDON STREE 










ARDROSSAN 











So al 
CORRUGATED” | 
M ETALLI Cc J OINTS 







A FEORS ‘TO THE BRITISH ADMIRA 


. 
mM Wet, 


MANUFACTURERS OF 
Metallic Disc Valves. 


Multiplex dead-lift or Flexible, types. 

For Air, Circulating, ng ond eed, &c., Pumps. 

Easily fitted to “oo Warship 

Supplied te ever arships y of the British Navy. 
Corrugated Metallic Joints. 


Made of Brass, Copper, Nickel, or Steel. 
In any shape or size. 
For Steam, Hydraulic, Oil, or Blast Pipe Joints. 


Seamless Copper Joint Rings, 
Soft Annealed. In all sizes, shapes and sections. 
Copper and Asbestos Joints and Washers. 
For Steam and Water Pipe Joints, Motor Cars, Aeroplanes, &c. 
Fibrous Metallic Packing. 


For Glands of all t of Steam Engines. 8878 
Suitable for High or Low Pressures. 


Manganese Jointing Paste. 
Gas 

; i ” ae he we a SF with Corrugated Metallic 
R COM ESSORS 
































Joint Rings. 
ILLUSTRATED CATALOGUE ON APPLICATION. 




















ENGINEERING. 





JUNE 24, 1921. 











Modern Production Methods have developed 
the need for light weight, high speed tools for 
manyclassesofwork. Hereareillustrated three 
Pneumatic Tools that will meet the require- 
ments of the present day needs. The L.D. 
No.6 Drill, weight 9 lbs., wilkrapidly and easily 
drill holes from the smallest size up to ~ in. 








* Little David" Drill No. 6. 


EASY TO OPERATE. 

LOW AIR CONSUMPTION. 

LOW COST OF UPKEEP. 
p _ David" Grinder, No. 601. 





(INC. IN U.S.A.) 


GLASGOW : 20, Renfrew Street. 








LARGE WORKING CAPACITY. 


“Little David” 
PNEUMATIC TOOLS 


The L.D. Grinder No. 60t, weight 16 tbs., | 
speedy tool for polishing, buffing and grinding 
work, The Close Quarter Drill made in two 
sizes, is specially designed for work in cramped 
positions and is suitable for drilling to 3 in. 
and reaming and tapping to 2 iny ‘All these 
Tools are of simple but Sturdy construction. 


“ Little David ” Clese Quarter Drill, 


INGERSOLL-RAND COMPANY 


165, Queen Victoria Street, LONDON, E.C. 4. 


MANCHESTER: 196, Deansgate. 



































FEED WATER HEATERS. FILTERS. 
| FUEL OIL HEATERS. STRAINERS. 
COMPLETE DISTILLING PLANTS LUBRICATING OIL CO@LERS. 





The Griscom-Russell Co., 
West Street, New York, U.S.A, 


Cable Address: ‘‘Grispen, New York.”’ 


a 








Marine Auxiliaries 
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Reilly Type “*D ’’ Heater. 
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Single and Double-Ended. All sizes up to 2" supplied from stock. 


SPECIAL SPANNERS made for following trades :— 


ENGINEERING AGRICULTURAL IMPLEMENTS 
SHIPBUILDING RAILWAY PERMANENT WAYS 
CONSTRUCTIONAL MACHINE TOOLS 

BRIDGE BUILDINGS LOCOMOTIVES 

MOTOR CARS AND LORRIES WATER DEPARTMENTS 


ARMSTRONG, STEVENS & SON, LTD., cinminaran. 





Works :—WILLENHALL., 


PRICES QUOTED ON APPLICATION. 








PERFECTION IN LATHE DESIGN 


is the resultant of Lathe Specialisation. 





WE SPECIALISE IN 


Sliding, Surfacing and Screw-Cutting Lathes, 
Surfacing and Boring Lathes. 


12m CENTRE SLIDING SURFACING ano SCREW-CUTTING LATHE 


JOHN LANG & SONS, saursctur: 
3s MANUFACTURERS 


JOHNSTONE, near GLASGOW. 
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GAS ENGINES 


With ‘‘ Variable-Admission” Governing. 





ENGINES 


OR GOUPLED 


RIGHT OR LEFT HAND 


ae Fer TOWN'S or SUCTION PRODUCER GAS. 
































A USER’S TESTIMONY. 


and Mar., 1921. 

“We have pleasure 
tn testifying to the 
satisfactory running 
of the Ruston Onl 
Engine supplied 
you for driving t 
Dynamo in connection 
with the Electric 
Lighting of this estab- 
lishment. Tt is very 
easy to start and we 
have experienced no 
trouble even in cold 
weather. The work- 
ing parts are readily 
accessibleand no skilled 
attention is required. 
We find the fuel con- 
sumption to be most 
economical as stated to 
us when we fixed your 
Engine. We have 
pleasure in recom- 
mending the Engine 
to prospective users 
and we shall be glad 
to show our plant at 
any time,” 


TESTIMONIAL 21-4078. 





PH HHO OE 


A Few Features 





RELIABILITY. 
DURABILITY. 
SIMPLICITY. 
SAFETY. 


EASY & CERTAIN 
STARTING 
FROM COLD. 


ECONOMY. 
ADAPTABILITY. 


These points are dealt 
Cutslogue 'B4078 
gent on application to 


Head Office, Lincoln 
is 
London Office— 


46, Queen Victoria 
St., B.C. 4. 
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- McKIE : BAXTER 


sinsnam Eieow: ENCINEERS,  SHIPBUILDERS, BOILERMAKERS, =, asc, encnverrs, manconr 
COPLAND WORKS, GLASGOW. — 




















CONTRACTORS TO THE FOLLOWING GOVERNMENTS: 








BRITISH, SPANISH, DUTCH, CHINESE, SIAMESE, |FRENCH, 
CANADIAN, ARGENTINE, NIGERIAN, PERSIAN, EGYPTIAN, Etc. 

























































































MARINE MACHINERY FROM 26 |.HP. TO 5000 |.HP. ON ONE SHAFT. 


SPECIALITIES: tacuinery For Vesse.s CONSTRUCTED ABROAD. 


Oorrespondence Invited. 
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ELLISON 


ELECTRIC CONTROL GEAR 

















Production to-day is 

largely dependent on 

plant. The plant in 

which the electric power 

is correctly controlled 

will secure the greatest 
output. 





HIS illustration shows an Underground Pumping 
Plant in a Colliery. The Control is Ellison 
Unit-type Switchgear, comprising busbar chamber with 
armoured cable fittings, automatic oil break circuit 








breaker, and an oil-cooled rotor starter for each motor. 





We shall be glad to receive enquiries from 


The Standard, fer Grplicity Engineers for Electric Control Gear and Switchgear 


and Correct Design. for use with pumping plant. 


GEORGE ELLISON 


WORKS: PERRY BARR BIRMINGHAM 





LONDON: 25, Victoria Stree‘, S.W. 1. LEEDS : Standard Buildings, City Square. HOL LAND & Cotonzes : Ingenieurs Bureau INDIA: H. L. Roehat & Co., York 
“Econoom,” Pri B 
*LASGOW : 19, Blythswood Square. NEWUASTLE-ON-TYNE : Milburn House. r _o- 967, Amsterdam, uilding, Hornby Row, Bombay. 
BE ‘ ‘ SWITZERLAND: F. Burri, c/o Fr. Sauter, AUSTRALIA: N. Guthridge, Ltd., Equit- 
3ELFAST : 68, Victoria Street. BIRMINGHAM: Atheneum Chambers, _ Angersteinerstr, 82, Bale. 8 = 


Temple Row able Buildings, 850, George Street, Sydney. 


CARDIFF ; Queen's Chamb raw DENMARK, SWEDEN AND NORWAY: 
ere Queen Street. p ANCE & BELGIUM: Florent Neirincks, Elektricitets Aktieselskabet Protector NEW ZEALAND: Carrick, Wedderspoon 


MANCHESTER : 78, King Street. 12 bis, Rue de Picpus, Paris XLI. Havnegade 11, Copenhagen K. & Oo.,94a, Hereford Street, Christchurch. 
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AGRICULTURAL « CENA 2 
ENGINEERS 4 : 

LU CENTRAL HOUSE, KINGSWAY. LONDONwe. Lx 


>) 
Telegrams : Telephone : Ww b 
GERRARD 6850 (6 lines). 








“AGROENGIC, "PHONE. LONDON. 


LOW FUEL CONSUMPTION, 
REDUCED RUNNING COSTS, CONTINUITY OF OPERATION 


EFFECTED BY INSTALLING A 


Garrett 


SUPERHEATED STEAM SEMI-STATIONARY POWER PLANT. 


- 
a. 


‘Ti 


ee 


Richard Garrett & Sons, Limited. 


AGRICULTURAL & GENERAL ENGINEERS, LTD. 


ASSOCIATING : 
Aveing & Porter, Ltd. Rochester ; Charles Burrell & Sons, Ltd. Thetford ; Richard Garrett & Sons, Ltd. Leiston ; 
ames & Fredk. Howard, Lid. Bedford ; 


& Perkins. Lid. Peterborough ; Burrell’s Hiring Co.. Ltd. Thetford ; 
E H. & Co., Lid. urrell’s Hiring Co., Ltd. Thetford ; 
sayy Rag et Clarke's Crank & Forge Co., Lid. Lincola's °F ee Patnee Lad Iommee 
. Ltd. Peterborough ; Davey Paxman & Co., Ltd. Colchester ; A.G.E. Electric Motors, Ltd. Stowmarkey, 
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duction in Priced. 


Electric | 
Motors 


for direct current circuits strongly 
appeal to power users owing to their 
absolute reliability, silent operation and 
sparkless commutation at all loads 
and overload, low maintenance cost 
and excellent design. 














| 
| 


Further He 








B.T.H, Protected Type D.C. Motor. 





All parts are interchangeable, and 
the motors may be converted from 
protected into enclosed-ventilated or 
The since bil: ae’ dhaty us cuidiainsd Sone drip-proof types in a few moments 
ae by adding inexpensive covers. 





All material used on these motors is 
purchased, manufactured, tested and 
assembled under the most rigid 
specifications. 


Delivery 
w=  frOm stock 





9137 


The British Thomson-Houston Co., Ltd. 


| Electrical Engineers and Manufacturers, 9137 


| Head Office and Works~— - - - Rugby, England. 








—~- 











2 ENGINEERING, [ JUNE 24, 1921. 


TLL 


THE Mark of @&) Efficiency. 
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MOTORS FOR BLAST FURNACE HOISTS 


OVER 


3,000,000 _ HP. 


Electric Motors have been 
Made at our Works. 


METROPOLITAN-VICKERS 


ELECTRICAL CO., LTD., 
TRAFFORD PARK. MANCHESTER. 


ee 
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HOWDEN OVERSEAS TRADING 60. 


(For the Placing Abroad of Surplus Machinery) LIMITED 


have the following Machinery, &c., for immediate disposal : 
CODE WORD. 


Four Sets Triple Expansion Enginesand Bedplates, 27 in., |“ «spligot. 
44 in. and 73 in. by 48 in. —_ Working Pressure 180 Ibs., LHP. 2850. 
Two Sets Tnple Expansion Engines, 22 in., 36 in. | “Spligmes.” 
and 59 in. by 39 in. Working Pressure 180 lbs., 1.HP. 1400. 
Two Sets Triple Expansion Engines, 24 in., 38 in. | ~Spligma.” 
and 64 In. by 42 in. Working Pressure 180 Ibs., 1.HP. 1800. 
Two Sets Triple Expansion Engines, 15 in., 25 in. and | «spectus.” 
40 in. by 27 in. Working Pressure 180 Ibs., LHP. 725. 
F our Sets Inverted Reciprocating Iiple Expansion Engines 
Osin., | 54in. and 26in. by | in." *Wering Breanne 180 be 270 LHP. 


Two Manne Boilers, 9 ft. 6in. by 11 ft. 


180 lbs. Working Pressure and Howden’s Forced Draught, mi | Steam and Water Mountings and Smokebox. 


One Marine Boiler, 16 ft. 6in. by 1 1 ft. 9m. 180 tbe: Working Pressure 


Heating Surfece 2941 square feet, fitted with H a ie Forced Draught and complete with Mountings 


Two Marine Boilers, | 6ft. Oin. by 1 1 ft. 6in. 


Working Pressure, 180 lbs. Howden’'s Forced Draught and tbirs Steam and Water Mountings. 


Three Sets Marine Turbines and Double Reduction 
Gearing, S.HP., 2500. Three Sets Thrusts for above 

Four Sets Marne Turbines and Double Reduction 
Gearing, S.H.P. 1000. 

10 20 B.HP. Paraffin Marine Motors. 

Five 10 B.HP. ditto. | « 

26 ft., 28 ft., and 30 ft. Ships’ Lifeboats of high-class | « 
riitike Motor Launches, &c. 

One 14 in. by 12 mn. by 14 in. Oil Pump. 

7 6in. by 6in. by 6in. Dup lex and General Service Pumps. 

100 Sluice Valves "big 3 in. to 12 in. : 


7,000 feet of Piping from | in. to. 12 in. 
Stuffing Boxes, Expansion Joints, Valve Chests, Mud Boxes, &c. 


REGISTERED OFFICE: 


100, ST. VINCENT STREET GLASGOW. J 


Cable Address: ‘‘Hoverstrad, Glasgow.” 
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ER Arp Pumps 














THE MONOTYPEAIR PUMP | 


A perfectly balanced pump, regular 
and uniform in working, meeting with 
ease the varying and difficult condi- 
tions of air pump load. Unequalled 
for small installations. “" 


For RECIPROCATING ENGINES up to 5000 H.P. 


G. & J. WEIR, Ltd. 








THE DUAL AIR PUMP 


obtains maximum vacuum with 
high hotwell temperature, thus 
ensuring the utmost economy. 
The original pump of its type, 
its success is evidenced by the 
extent to which it is installed 
—and imitated. 


For TURBINE VESSELS over 1000 I.H.P. 












CATHCART 
GLASGOW 
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BUILT-IN 


A modern and massive 
equipment with an 
organisation which 
subjects every detail of 
material and manu- 
facture to the closest 
scrutiny results in the 
uniform production of 





accurately made: per- 
fectly balanced with 
built-in strength. 
AVAIL YOURSELF 
OF THIS OFFER! 


We have just published our 

Wheel and Axle catalogue. 

We remind _ responsible 

buyers that a copy of this 

catalogue, the finest of its 

kind, will be sent post free 
/“ upon request. 
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BEARDMORE MANUFACTURING RESOURCES ARE UNIQUE. 


The great Steelmaking Firm of Wm. Beardmore & Co., Rolling Stock. Huge contracts for these are already in 
Ltd., of Glasgow, Scotland, after the Great War, hand but the enormous facilities of this firm place them 
converted their large munition shops to the production in the unique positicn of being able to extend and increase 
of Transport material— Locomotives, Wheels and Axles, the manufacture of these much required commodities. 8955 


WILLIAM 


BEARDMOR < 


AN DD COMPA LImMi’‘re YD . 
PARKHEAD, GLASGOW. 
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PRESCOT 
SPOT WELDERS. 


; _ 
* 


Lt 
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The illustration shows a group of our No. 13 Welders, with stakes of various 


lengths, suitable for welding together plates of an aggregate thickness of 1's inch. 





PLEASE WRITE FOR PAMPHLETS. - 





BRITISH INSULATED & HELSBY CABLES, Lr. 


Cablemakers and Electrical Engineers, 


PRESCOT, LANCASHIRE. 
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Link your Boiler House 
to our Inspection Dept. 


B* making use of the “ Bennis” Service Department, steam users 
are assured of efficient results from their boilers, with a great 
saving of wear and tear and a reduction in fuel costs. Our 
experience in the practical side of boiler firing is unequalled in 
this Country, and we shall be pleased to advise steam users 
regardnig their plant and the burning characteristics of the various 
fuels used. For further particulars of our Inspection and Service 


Department write to 


E 


enrl 


&Co,Ltd 


LITTLE HULTON. BOLTON 
end 28 Victoria Street. London.SW. 
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Continuous Current 


Dynamos & Motors 


Highest Quality 


These machines represent the latest 
practice in design and construction, 
and are suitable for all climates 
and conditions of service. 


Fixed Prices 


Prices are now fixed and based 
on the recent fall in the prices of 
raw materials. 





Quick Delivery 


Recent extensions to our works 

enable us to offer machines of 

normal output for delivery at very thé leading 
short notice. Firms. 


Contractors to all 


MAY WE HAVE YOUR NEXT ENQUIRY 






” Magnet. Manchester 
“Orders"Cannon. London. 






‘8 4 
We pe 
, ‘ 
OPENSHAW : 


London 49 Queen Victoria St. E C, 
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Pine (Trade Mark) 


fer Cranes Trollies 


and Hoists. 


Hyatt Bearings add 25%, to 30% to the mechanical 
efficiency of a crane. 








This enables the size of the Electric Motor, controller 
and feeding wires to be cut almost in two. 


230700089" 


Hyatt Bearings therefore not only considerably reduce 


running charges, but reduce the capital cost of the 
crane. 


They require oiling only once or twice a year. 


HYATT LIMITED, 


4, Thurloe Place, S. Kensington, 


LONDON, S.W. 7. 
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Bargain Prices 


FOR THOSE WHO BUY NOW. 














FLEXIBLE AND FIXED 


ROLLER BEARINGS 


FOR Isin—AXLE WAGONS, TRUCKS, ETC. 

















325 FIXED. 


Complete and soundly made and both interchangeable 





with other makes of bearings for outside journals, 


598 FLEXIBLE. 


Special Discount for taking the lot or a large quantity. 


All Enquiries to DEPT. E. 


When writing also ask for any of the following Catalogues :— 
No. 151 on Concrete Mixers for General Use. 
No. 17 on Concrete Mixers for Road Laying. 
No. 16 on Concrete Hoisting and Placing Equipment. 
No. 6 on Tar Macadam Making Machines. 
No. 5 on Steel Piling and dase Plant. 
No. 18 on Steel Hand Tip Cart. 


RANSOME MACHINERY CO. (1920) LTD. Dept. 


Visions 14-16, GROSVENOR GARDENS, LONDON, S.W. 1..." 


CONTRACTORS TO GOVERNMENTS, PUBLIC BODIES AND THE LARGEST INDUSTRIAL CONCERNS. 
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WARSHIPS, 
MAIL AND PASSENGER 
STEAMERS. 


Icebreakers, Dredgers, and Other Special Craft, 

Floating Docks and Cranes. Guns and their 

Mountings. Armour Plates: Marine Engines of 

= all descriptions, including Turbine and Heavy Oil 

- ——=)' Engines. Large Gas Engines. Mining, Cement 
Making and Stone Crushing Machinery. 


——— 


e VICKERS 
LIMITED — 


AIRCRAFT. 


—— | Water Power Installations. Oil Well Percussion Drilling Tools 

and Drilling Derricks. High Efficiency Vacuum Plants. Contraflo 
Condensers. Kinetic Reciprocating Air Pumps, Cascade Filters. 
Winch Condensers. Feed Heaters and Evaporators for Land and 
Marine Installations. Michell Thrust Bearings for all purposes, 
Rubber-Making Machinery. Centrifugal Pumps for dealing with 
Acids, Solids and Abrasive Materials. Engineers’ Small Tools. 
Machine Tools. Concrete Brick, Tile and Slab-Making Machines. 
Cardbox-Making Machinery. Target and Sporting Rifles. Sewing 
Machines. “ Vickers’ Duralumin.” Darenta Washing Machines. 


Mi 


\ 


\\" 


IN 


\ 


\ 
i") 


—— 
| : 
= 


i 





Head Offices: 
Vickers House. Broadway, 


London,SW1. 


DEPOTS: WORKS: DEPOTS: 


MANCHESTER: (Temporary GLASGOW: Vickers House, 
Address), Cathedral BARROW a IN ™ FURNESS, 247, , West George 
reet. 


cimmmonsm: “viewers ERITH, SHEFFIELD, snonwion, 16, White Lion 
House, Loveday Street. = BIRMINGHAM, DARTFORD, om 


NEWCASTLE: Commercial 


Unton Buildings, CRAYFORD, IPSWICH, 


Pligrim Street. 


BELFAST: 26a, Arthur 
Street. 
LEEOS: Greek Street 


WEYBRIDGE. Chambers, Park Row. 


| | i 


\) 
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: Railway Material, Drop 
j )) WO ge Forgings and Stampings, 
: VICKERS’ Special Steels, 
: De) d) zm Gauge Plates, Motor Car 
G O Pressings and Springs, Spiral 
and Straight Toothed Bevel 

VY ky 9 Gear Wheels, Files, Hack 

: Saw Blades, Magnets, Jigs, 


Gauges, Fixtures, Special 
: se Tools, Surface Hardening by 
in all q ualities of Patented Process, Cast 


C ARB ON Cutters, S.R. Boring Cutters. 


rewatel 


ALLOY STEELS. | 


RUREE OCYSANAA SAAN SCPE SLAY ALES REE AN UTE 





— 
“ae 
Z 
= 
es 
— 
= 
> 
= 
Ss 
—_ 

_ 
— 
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Lae 
HMMM 





# 


J) a Hot Rolling of 
74 Steel Billets into Rough Tubes 
'f ~ previous to being Cold Drawn 
. into Solid Weldless Finished Tubes. 


es 





DEPOTS: DEPOTS: 
MANCHESTER: (Tempora 


' 
ry — : 
Address), Cathedral = > meme 7 ss est” Seu 
‘ a sitewen, Long Mitigate. ~ co | Street. 
| HAM: Vickers ' ( | : 
mew pT, ed Ted, : : NORWICH: 18, White Lion 


Street 
NEWCASTLE: Commercial i " 
Union Bulidings, BELFAST: 26a, Arthur 


Piigrim Street. ' Street. 


BRISTOL : 55, Park Street. gg 


Mi a cI 


ast 


Valk 
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STONE BREAKERS, 
ORE CRUSHERS, 
SCREENING AND 


ELEVATING 
PLANTS. 


H. R. MARSDEN 


LIMITED, 


Soho Foundry, LEEDS. 


Londoa Offices :— 
I7, ST. SWITHIN’S LANE, E.C. 4. 





Marsden’s High-speed Crushing Rolls with Automatic Feeding Apparatus. 


[NION TRANS!) 00. 
1. 





FREIGHT CONTRACTORS, STEAMSHIP AGENTS, CHIEF , ARGY TREET, GLA i 
INSURANCE BROKERS, WAREHOUSEKEEPERS Cabra aoe ARG’ Sealy Mi Pte HAT hodictndo hd bl 


and DISTRIBUTING AGENTS. Marconi, A.B.C. (4th & sth 
eee 








Invented twenty-five years ago and now 
regarded as the world’s standard friction lining. 


FIEIRIO\D/O: 


FRICTION LININGS. 


Send for Price Lists and Samples. 
FERODO LTD. - - Chapel-en-le-Frith. 


‘“* Economic ’’ Boiler is renowned for its wonderful efficiency, and is the 
most economical steam generator on the Market. Being only half the length 
of the Lancashire or Cornish types of equivalent capacity, a great saving in 
foundations and transit charges is effected. 
LET US SEND YOU FWRTHER PARTICULARS. © 8901 
DAVEY, PAXMAN ®& Co.., Ltd., COLCHESTER, and Central House, Kingsway, London, W.C. 2. 


(Branch of Agricultural & General Engineers, Ltd.) 





Manufacturers of pm op Bs wis os al ie Bess a = Complete Stone Breaking 
Torey ue i : : ‘ cae eee -_ fa and Ore Crushing Plants. 


TRACE 


Sole Makers of 


STEEL FORGINGS | cess ~ bo. ii 7 oe 


For Marine and other Engineering POU a — 
purposes, in the rough, rough [4 a Be MANGANESE 
machined, or finished. : et 2 


MADE TO ADMIRALTY, WAR OFFICE, “> STEEL 
(TRADE MARK.) s 


LLOYD'S, BOARD OF TRADE, AND 


BUREAU VERITAS SPECIFICATIONS. 
THE SUPREME MATERIAL for Rail- 


dT Special Trackwork; 

STEEL CASTINGS also Wearing Parts of Stone Breaking 

of every description to 30 tons. and Ore Crushing Machinery, &c. 
Wectmenempayee lea CD TE" ES Ts ED SS 


the War 15,000. , 
: Bast Heela and Hecla Works, SHEFFIELD. 
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“J & S” Massive Manufacturing Machines 


ris absolutely superior to any other Drilling Machines on the market. They are more massive, have greater 
riving power, and the gears are heavier and stronger all through. Power for Power, our 21 inch machine 
compares favourably with other makers’ 25 and 28 inch, and our 27 inch and 30 inch with any other 36 inch 


Ii 


“tbat A. A. JONES & SHIPMAN, Ltd. c...8'Wors, LEICESTER +» «: Toronto. 


—<— [a 
¥ iV 
V} Steam Power Plant ccs o oo co. onom, — 
i For Land and Marine Purposes. acre tl an 
Brotherhood Steam Engines and Turbines offer dependable, 
\¥ lowe eckinguae aaabede: ite specialised sill of many 
years’ experience. 
VV STEAM TURBINES 
VV Impulse Type, up to 1000 HP. Special types for back 














—— 











—- = 


















¥ 
¥ 
i) 
























pressure work. Automatic bearing lubrication by ring 4 bE ‘ng i" 
\V, or pump according to size. me {' - 
+9 Simple and Compound 
f\ STEAM ENGINES 
[\| fr all purposes, thoroughly reliable in performance and : 3 

requiring minimum of attention. Forced lubrication. - —— 
\ Write for Catalogue. ‘ i @ ii 

PETER BROTHERHOOD LTD 
Office & Wonks 
PETERBOROUGH - ENGLAND ois 


BRANCHES — LONDON - MANCHESTER - NEWCASTLE-ON-TYNE 
BIRMINGHAM AND GLASGOW. 





























HAUAVODOUODOOUEUEDEAOUUACUAEADOEUAUOADAGOEUOUOG EUEEOEEOCOOUOLSEOEELOELAUUAUADUOEEEOEOAEDEDONOEDUOUOORSURA SADE AOOAAEAADAOUE AA EUEEE 
Made in 12 


= se | THE “ALLEN” 


“torticston” | Heavy Fuel Oil Engine 


‘Tes “ALLEN” Heavy Fuel 2-stroke Oil 





Engine is simple in construction and 

simple to operate. For an internal Com- 
bustion Engine it has a minimum number of 
working parts, rendering it especially suitable for 
use where skilled engineers are unobtainable. 


Runs equally well with Crude Oil, Refined 
Petroleum, Shale, or low grade and cheap oils. 


Special Features— 





Great Flexibility. Quick S , 

Low Fuel Consumption. Simplicity in Use. 

Small Space Required. Freedom from Deposit in 

Length of Life. Cylinder. 

Forced Lubrication to Moving Accessibility to Working Parts. 
Parts. No Compressed Air used for 

Perfect Combustion. Fuel Injection. 





W. H. ALLEN, SONS & CO., LTD., ~ 


Queens Engineering Works, .. .. BEDFORD, England. 


= 
= 
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= 
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77, -and Capital—and Labour--.and Repaurs 


by installing our intercommunicating phone. 
ou are then directly in touch with every 


Winnie “ao Te (lu! 
WHY Yj; Ny A ‘\ Ww ae 
Vida iw 


department—however extensive your 
premises are. You can talk  instanter 
with aay of your Managers or Foremen. 


Invaluable in Shipyards, Foundries, Offices, etc. : 


Particulars from 


WEST DULWICH, 
LONDON, S.E. 21. 


Telephone : Sydenham | 067 
Telegrams : Bubastis—Dulcrox—London. 


The Illustration shows a desk instru- 
ment for 20 lines, with microphone 
and automatic communication 
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LTRS yet arson e i 


END TIGHTENED 
BLADING 


ensures High Steam Economy € entirely 


pas tsa ws vith elf fine Redial 1 Clearances 

















Axial Clearance 
Con jouled by-Tk 








ABOVE IS A PERSPECTIVE VIEW OF PARSONS’ END 
TIGHTENED BLADING IN CYLINDER AND SPINDLE. j 


at ECO? - 


HEATON WORKS 


NEWCASTLE-ON-TYNE 


London Office: 56,Victoria S$, $.W.1 

















AUUOUEYONGEAC TAQUERIA OAR 
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THE WALLSEND SLIPWAY 
avo ENGINEERING CO.,L™. 


WALLILSHWND-ON-TY NH 




















Builders ot ALL TYPES of 


Maehinery for mare 


ia Speed Liners and Merchant Vessels. 


OF TWIN-SCREW GEARED TURBINE ENGINES FOR LARGE MERCHANT VESSEL. 


paar OL BURNING INSTALLATIONS 


More than 450 Vessels have been fitted up by the Company for burning oil fuel; 
while the aggregate power of Boilers so fitted exceeds 4,500,000 HORSE POWER. : 


SHIP REPAIRERS. Graving Dock 640 ft. long. 
Works and Offices - - - - WALLSEND-ON-TYNE. 


Telegrams —"“WALL, NEWCASTLE-ON-TYNE.” 
LONDON Office - - 30, GREAT ST. HELENS, E.C. 
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BURMEISTER & WAIN, L™ 


ENGINEERS AND SHIPBUILDERS, COPENHAGEN, DENMARK. 


BUILDERS OF LARGE SEAGOING DIESEL MOTOR SHIPS, . 
CARGO VESSELS AND LINERS UP TO 600 FT. 












ONE OF THE TWIN 
MAIN DIESEL 


MOTORS 
INSTALLED IN THE 


A SIMILAR SET OF 
DIESEL 
MOTORS 


















MOTOR SHIP 
“AFRIKA” DELIVERED TO THE 
13,000 TONS D.W. UNITED STATES 





SHIPPING BOARD 





4600 |.HP. 

LARGEST 
MOTOR SHIP 

OF THE EAST ASIATIC 









EMERGENCY 










FLEET 







CORPORATION. 





CO.’S FLEET. 


LARGEST WORKS FOR BUILDING MARINE AND STATIONARY 

DIESEL MOTORS. LARGEST, BEST EQUIPPED & QUICKEST 

REPAIR ESTABLISHMENT FOR SHIPS, STEAM AND 
DIESEL ENGINES IN SCANDINAVIA. 










y Eola a 

























100 TONS DRY DOCK 
STATIONARY 475 FT. LONG 
HAMMERHEAD 3 PATENT SLIPS 

CRANE. 300 FT. LONG 






FLOATING DOCK, 11,500 TONS CAPACITY. 
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Texaco 
Crater 
Compound 


The Great 
Gear 
Lubricant 


Keeps the Gears Coated 


\ K THEN you apply Texaco 


Crater Compound to a set 
of gears, it coats the teeth and 
they stay coated. The pinions 
run on a film of lubricant. 


Texaco Crater Compound is 
pure and heavy. It adheres 
with unusual tenacity to metal 
surfaces. 


In cold or hot weather Texaco 
Crater Compound is always oily, 
always a lubricant. 


It won’t harden, flake, or spat- 
ter. Texaco Crater Compound 
reduces wear, cutting and noise. 
It lessens the number of worn 
and broken teeth in the gears. 


Texaco Crater Compound 
lengthens gear life. 


Write for our monthly maga- 
zine ‘‘ Lubrication,” devoted to 
the scientific selection and use 
of lubricants. It costs you 
nothing. 


Texaco Petroleum Products Co., Ltd. 


Imperial House, 
I5—17—I19, Kingsway, London, W.C. 2. 


BRANCHES: LEEDS, LIVERPOOL, BRISTOL, GLASGOW. 
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z = 
a al MANUFACTURED IN THE FOLLOWING SIZES: . 
= (LENGTHS TO SUIT REQUIREMENTS, ) 

= ev PLANERS 20° to 72” Sop. LATHES 7” to 15’ CENTRES. 

= BELT AND ELECTRICALLY DRIVEN. 

= * Quick Devivery. 

= iz = 
e : 
= C. REDMAN & Sons, Ltp., PLANER & LATHE SPECIALISTS, KincsTon, HALIFAX. . 
a0 
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PRESS 370 PRESS 675 


BELT DRIVEN AT HIGH SPEED | WITH SLOW SPEED FOR 


FOR THIN MATERIAL. CUTTING &PRESSING THICK 
PATENT CLUTCH MATERIAL 

STOPS PRESS & * 
ON TOP 
CENTRE. 





STEEL SHELF BRACKET: 
K) PRESS 


(BLAN 


pe te 


BLANKED 
& PIERCED 


FOR ALL PROCESSES 
OF MINTING FOR 


COINAGE 


OF EVERY DENOMINATION 

ALSO FOR THE NUMEROUS 

OPERATIONS TO PRODUCE 
SMALL ARMS & 
QUICK FIRING 


CARTRIDGES 


AND FOR THE VARIOUS 
PROCESSES EMPLOYED 
IN MANUFACTURING 


GUNPOWDER 


THIS MACHINERY 
EMBODYING IMPROVEMENTS 
EXTENDING OVER MANY 
YEARS OF EXPERIENCE 


SECTIONAL DRAWINGS 

REPRESENT PRESSWORK 

PRODUCABLE FROM 
FLAT BLANKS. 
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EVERIT 






























































x 
a 
ASBESTOS-CEMENT Ye 
+ 
a >» 
~~ 2 C “2 <8 
1 HE Corrugate eets fi §£ 
e Bg < : 
» © . 
. © “i s td 
ig ; 6 re . 4 ; x of 
e a : FIXING SERVICE. : For all industrial buildings EVERITE is the ideal * . 
Sy & : We have a large staff : building material, being fireproof, electrically non- & ° 
ao & : ofexp-rtfixers,whose § conducting, perfectly insulating, corrosion-proof, and ; 's ’ 
* < * service and advice $ immune from condensation. It is unaffected by Sy : 
“4 “3 } are at your disposal. ; atmospheric conditions, acids, or chemical fumes. It wy & a 
° al : It will pay you to } k a buildi Aas? d cool i . 
°] » : take advantage of } eeps a building warm in winter and cool in summer. % 
~_ os * our Special Fixing : The first cost of EVERITE is its only cost. There : : 
re. -: : Department. H are no painting or upkeep expenses. = . 
~ . ea samececsaee ! fe ad 
Le fe & ’ 
Pf f 
mi a = q 
7 wo + , 
“ . “23 
2 _ % | 
‘4 oo As there are various kinds of asbestos-cement corrugated sheets on the E : 
‘ “ market, we show the above diagram of “EVERITE.” To make sure of having 2) 
a * the best, test your sample with the diagram. If it does not correspond in “4 ‘ 
-) - pitch and depth of corrugation, it is not EVERITE. 2 9 
“4 is the same material in FLAT SHEETS, t 
Po s, ABESTILITE SLATES and TILES. € 
> ”y *. 
5 ce EVERITE RAINWATER GOODS *, BS 
5 ms (Gutters, Pipes and Connections) are stronger, lighter and fe 
rt . cheaper than cast iron. The rapid growth of their popularity proves od 
: < the value of these Rainwater Goods. CP 5 
J Illustrated Catalogue, Samples and Quotations, from : a if 
J 
| ~ s 
BRITISH EVERITE AND ASBESTILITE WORKS, LTD., & 2 
PETER STREET, MANCHESTER. f& 
9324 P 
Telephone: 7790 City. Telegrams : Everite, Manchester. 


London Office: 77 &79, Cannon Street, London, F.C. 4. 


|" h 



















et5A. +s 





a +" o%e &t 














“NOT FOR AN AGE ipa] BUT FOR ALL TIME”. 


+ “eS: : ~ 324% A _ ag 
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SOME OF THE 














® HOPKINSONS 


So, 
Ure’ ware 


BRitTaNNIA WoRKS: 


WE 
SPECIALIZE 


IN THE Pe re ncens 


BOILER MOUNTINGS 
VALVES 


J.HOPKINSON & C° LTP 
HUDDERSFIELD. 








HOPKINSONS 
e. wy 
W-orr 


HOPKINSON’S 
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ECESSITY IS THE MOTHER OF INVENTION, AND 
INVENTION THE MOTHER OF INDUSTRY. _ IDEAS, 
BORN OF NECESSITY, GROW INTO INDUSTRIES 


AND 


TURED PRODUCTS 


@ TWENTY YEARS AGO 
WE ESTABLISHED A 
GEAR-CUTTING DEPART- 
MENT. AS TIME AD- 
VANCED MORE EXACTING 
BECAME THE REQUIRE- 
MENTS OF ACCURACY, 


AND WE, THROUGH 
NECESSITY, EVOLVED 
MACHINES WHICH 


WOULD PRODUCE THE 
MOST ACCURATE GEARS 
IN THE SHORTEST 
POSSIBLE TIME. 


HENRY 


Telegrams : 
“ Foundry, Manchester.” 


GO FORTH IN 


THE FORM OF MANUFAC- 
TO SERVE THE WORLD. 








@ HAVING SATISFIED 
OURSELVES AS THE 
RESULT OF EXHAUS- 
TIVE EXPERIMENT ON 
ALL TYPES OF GEAR 
THAT OUR MACHINES 
WERE BEYOND RE. 
PROACH, THEN — AND 
ONLY THEN—WE 
PLACED THEM ON 
THE MARKET, SINCE 
WHEN THEIR REPU. 
TATION HAS BEEN 
EARNED BY _ SERVICE. 














We make two types of Machines, the “B” type Gear-cutter, 
which is illustrated above, and deals with Spurs and Spirals 
and Worm Wheels of moderate lead, and the “C” type 
Worm Wheel Generator which deals with Worm Wheels only. 


For over twenty years Wallwork Gears, all of which have been made on these 
machines, have been accredited as soundly made. . 


ee. oe de Nt A 


WALLWORK & CO., LTD., 
MANCHESTER. 


Telephone : 
8400 City. 
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G-E Railroad Electrification 
Achievements 


Baltimore & Ohio R. R. 
Tunnel at Baltimore, Md. 
New rere Central R. 
N. City Terminal Division. 
West pa & Seashore R. 
Philadelphia to Atlantic City. 
Great Northern Railway 
Cascade Tunnel. 
Michigan Central R. R. 
Detroit Tunnel. 
Butte, Anaconda & Pacific R. R. 
Butte to Anaconda 
— Milwaukee & St, Paul R.R. 
Longest electrified line in the 


world. 

Canadian Northern R. R. 
Montreal Tunnel 

Victorian R. R. 
Melbourne, Australia. 

South Manchurian R. R. 
Fushun, China. 

The Imperial Railways of Japan 
Tokyo to Yokohama. 

Be thlehem Chile Iron Mines 
Tofo, Chile. 

Hershey Cuban_ Railway 
Matanzas to Havana. 

Paulista Railway 
Jundahy to Campinas, Brazil. 














 ~ 


Look for this 
mark 
of leadershi 
in electric: 


development and 
manufacture. 


— 


NEW YORK 
120 Broadway 








Argentina—Geners| Electric, S. A., Buenos Aires. 
Australia—Australian General Electric Co., Ltd., Sydney 
and Melbourne. 
a and Colonies—Société d’Electricité et de Meca- 
nique Procedes Thomson-Houston & Carels Société 
Anonyme, Brussels, 
Bolivia—International Machinery Co., La Paz and Oruro. 


Brazi!—Genera! Plectric,S. A..Rio de Janeiro and Sho Paulo. 

Canada—Canadian General Electric Co., Ltd., Toronto. 

Chile—International Machinery Company, Santiago, An- 
tof; a and Valparais. 

China—Andersen, Meyer and Company, Ltd., Shanghai. 
International General >. Co., Ine., (General 

Far East, excluding China 


al. 
t & Poor, Medellin, Barranquilla 


mtatives of the 


tive undesirable. 


THE VISION IN THE EXHAUST 


N the wasteful exhaust of the powerful, steam locomotive, 
noisily laboring up grade amid a cloud of smoke and steam, 
the engineer sees the vision of a new and better locomotive. 


International 


General@Electric 


Company, Inc. Je. 


SCHENECTADY, N. Y. 


Agents and Representatives: 
Cuba—General Electric Company of Cuba, Havana. 
— a indies—International General Electric Com- 

Inc., Soerabaia, Java 

Ecusder—Carlos Cordovez, Guayaquil and om. 
Eoypt—British Thomson- Houston co. Ltd., Cairo. 
France and i th 








Houston, fone 

Great Britain and Ireland—lInternational General Elec- 
trie Co., Inc., London. 

Greece one Colonies — Compagnie Francaise Thomson- 


Houst Paris, Fran 

indie-~Intetnational General Electric Co., Inc., Calcutta 
and Bombay. 

Italy and Colonies—Franco Tosi Societa Anonima, Milan. 


Japan—Shibaura Engineering Works, Tokyo; ‘ioxyo Llec- 


trie Company, Ltd., Ka’ 
Mexico—Mexican General Electric Co., City of Mexico 
and Guadalajara. 


This dream is now coming true. Each year more and more rail- 
roads are adopting electric motive power, as electricity proves in 
cold facts and indisputable figures the economy an 
haulage of electrification. 


A few years ago electric locomotives were used only in tunnel 
service where noxious smoke and gases made the steam locomo- 
Then electricity was adopted for terminal 
work where congested areas and business enterprise opposed 
the noisy, dirty steam engines. 


Present traffic demands have opened a 
entire railroad lines, hundreds of miles long, are being electri- 
fied. Electricity is revolutionizing transportation by making it 
cheaper, quicker, safer and more reliable. 


increased 


reater field and toda 


{ Distributors 
for th 


‘or the 
General Electric 
Company 
outside of the 
United States 








New pane ne —o— l & —w—~ yt Co., Ltd., 
Auc unedi 

Paraguay—General By ‘Ss. A.,Buenos yh Argentina. 

Peru—W. R. Grace & Co., Lima. 

Philippine Islands—Pacific Commercial Company, Manila. 

Porto Rico—International General Electric Co., Inc., 
San Juan. 

Portugal and Colonies—Compagnie Francaise Thomson- 
Houston, Paris, France. 

Russia—Wseobshtchaia Electricheskaia Kompania, Petro- 
grad and Viadivostok 

South Africa—South African General Electric Co., Ltd., 
Johannesburg and Capetown. 

Spain and Colonies—Compagnie Francaise Thomson- 
Houston, Agence d’ eee Madrid, 

Uruguay—General Electric, S. A., Montevideo, 

Venezuela—Wesselhoeft & Poor, Caracas. 








Sole Owners of Patent and Manufacturing Rights for Great Britain and Ireland 
THE BRITISH THOMSON-HOUSTON CO., LTD., LONDON 


Factories at RUGBY, WILLESDEN, COVENTRY, BIRMINGHAM 

















— 
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MATTMEW PAUL & G0., i" 


LEVENEORD worxs, DUMEBAETr TON. 
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CENTRIFUGAL 








PUMPS 
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AND , ENGINES. 








DYNAMO ENGINES. LAUNCH ENGINES. 














ENGINES. 





FANS AND 
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See a oe CAS 


| HYDRAU LIC Variable Stroke PUMPS 
mand Rotary MOTORS 


THE HYDRAULIC TRANSMISSION GEAR 


SEARCHLIGHT end RANGE-FINDER CONTROL MR TEnsmssion of Power b p 
eel MR ag — Oi/ Pressure up lo 


42500 LBS. PER SQ. INCH 
}HvDRAWUC GEARS [fD 


ok , Contractors to HM ADMIRALTY and WAR OFFICE 
~< a ge, BEAVOR LANE,;HAMMERSMITH. 
LONDON.W.6.. « 


©Gelephone: Gelegrams: 
| HAMMERSMITH "HYGEARLIM. PHONE” 


1933 & 1934 LONDON 
— 4 Directors: 
er ies me j $. GLUCKSTEIN - G.W. BOOTH - G.W. OATLEY, 
H.H.MACTAGGART - W.G.RIDDELL. OBE. 








1 
~ < 

















We claim for this 
Machine that 


I. It uses simple Tools. 


2. It involves only simple 
calculations. 


3. It is very simple to 
manipulate. 


If you are interested—write us. 





SMITH & COVENTRY, MANCHESTER, 


Telegrams: “ GRESLEY,” Manchester. Telephones: 8160 CITY (4 Lines). 














B\¥ 
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ERA 

















WEDISH 











LLING MILL 














Motor Generator under erection on Test Bed. 


OUR LISTS Nos. 41 and 41A WILL INTEREST YOU. 


SWEDISH etéctric LIMITED 


ELECTRIC. 
WORKS e Telephone : Holborn 1703. 


WALTHAMSTOW, ENGLAND ; 
5, CHANCERY LANE, LONDON, W.C, 2. 


VESTERAS, SWEDEN. 
Lloyds Bank Buildings. Wales: Witty & Wyatt, 5, Burt Street, Clarence Road, Cardiff. 
Telegrams : “ Autosyncro, Manchester.” Telephone: Cardiff 232. Telegrams: “ Whitwy, Oardiff.’ 


Newecastle-on-Tyne : E. Angus Leybourne, Cathedral Buildings. 
Telephone: Central 3400. Telegrams: ‘‘ Leybourne, Newcastle-on-Tyne. ’ 


Nottingham: The Electrical Stores (Nottingham), Ltd., 35, 37, 39, 
South Sherwood Street, Nottingham. 
Telephone : 3842. Telegrams: “ Electrical Stores, Nottingbam.”’ 


Bristol : J. H. Baldwin, 3, Hughendon Road, Weston-super-Mare. 


Telegrams: “ Autos_ncro, Fleet, London.” 


Manchester Branch : 
Telephone: City 4358. 


Birmingham Branch: Daimler House, Paradise Street. 


Telephone: Midland 52. Telegrams ;: ‘“ Autosyncro, Birmingham.” 


Scottish Agent : J. Hally Craig, 45, Hope Street, Glasgow. 


Telephone : Central 793. Telegrams : ‘‘ Halcra, Glasgow.” 


AUSTRALASIA :—Vicroria anp Tasmania: Thomas Bros., Melbourne; New Sourn WALES: Australectric Limited, Sydney; Sovrm AUSTRALIA : 

Unbehaun & Johnstone, Ltd., Adelaide ; Western Australia: Unbehaun & Johnstone, Ltd., Perth; QUEENSLAND: Intercolonial Boring Co., Ltd., 

Brisbane. INDIA, BURMA, &c. :—McLeod and Co., Calcutta and Bombay. SOUTH AFRICA :—Reunert & Lenz, Ltd., Johannesburg. 
CHILE, PERU AND BOLIVIA :—Graham Rowe & Co., Valparaiso, Santiago, Antofagasta, Lima, Callao, Oruro. 


BRANCHES AND AGENCIES THROUGHOUT THE WORLD. 
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“BLAKEBOROUGH”’ AUTOMATIC 
Exhaust Relief Valves. 


A Safety Valve for the Condenser. 














These Valves have a full area both in the body and 
through the seat, the diameter of the seat being increased 
above the normal size of Valve, so as to compensate for 
the restriction of area which would otherwise be caused 
by the Valve Spindle. The seat is Water Sealed, thus 
enabling the Valve to hold tight under high vacuum. 
We made the first Valve of this type in 1894, and the 
present design embodies the many refinements which have 
been made since basis designs were standardised. 


Write for List No. 572. 





Horizontal Pattern. 


Made in all sizes 6in. to 36in. bore and in both 
Horizontal and Vertical Patterns. 












































AIR COMPRESSOR 


SPECIAL FEATURES: 


High Efficiency; Economy in Main- 
tenance and Running; Simplicity of 
Design; Accessibility of all Working 
Parts; Patent Automatic Plate Type 
Air Valve; Patent Unloading System ; 
Smooth Running at High Revolutions. 





ALL SIZES OF COMPRESSORS FROM 
50 TO 10,000 CUBIC FEET CAPACITY. 





FULL PARTICULARS ON APPLICATION. 








Telephones : 
' 163-4 Paisley. 
(Private Branch Exchange). 


Raginesg, PATStey noch Exe 


. . Marconi Inter. “Vulcan, Paisley.” 
Gh ESTABLISHED 1838. 


Codes : 
ABC bth Edit., 














fallertn Hladgarts Barclay é 
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“Man loves good Machinery—MANLOVES make it.”’ 
sa 












































Specialities : Specialities : 
CENTRIFUGAL EVAPORATING 
MACHINES. PLANT. 
DRYING FILTER 
MACHINES. . PRESSES. 




















Quick Production at Low Cost. 























Our Cupolas are ideal for the quick, economical 
production of Hot Metals. They are designed by 
practical engineers and produced by thoroughly 
experienced workmen. They give long high-pressure 
service at a very low cost and have been installed 
by hig 600 Foundries with definitely satisfactory 
results. 


We quote the following typical case as an instance 
of their ability to produce Hot Metal quickly and 
economically. 


No. 6 Cupola. 25’ 6” high by 4’ 6” diameter.— 
INTERNAL. DIAMETER OF LINING 2 ft. 5 in. 


IRON MELTED. Special Mixture for Motor Cylinders. , 


BLAST PRESSURE, 74 ounces. CHARGES, 560 Ibs. 
AVERAGE CHARGES per HOUR, 15. LENGTH OF 
BLOW, 96 minutes. RATIO OF TOTAL COKE, 
including bed to total iron melted, 18-29%. NUMBER 
OF TAPS, 28. METAL MELTED, 12,600 Ibs. 


Note. Metal poured at exceptionally high temperature. 


Some Special Features in Construction. 


COLUMNS.—Fixed directly under shell and carry 
dead weight of shell lining and charge. 


AIR-BELT.—Wood’s patent—pressed steel or welded 
—one section for each tuyer row, top dished to 
prevent water lodging and setting up corrosion. 


TUYERS.—In two or three rows, according to Cupola 
size. Blast to each tuyer is operated by valve and 
from outside belt. Tuyers are of special design, 
securing equal blast distribution round circumference 
of Cupola. 


SAFETY TUYERS.—An outlet is fitted to each lower 
tuyer, which, in the event of iron rising too high in 
Cupola, carries it, by means of a tube and fusible 
plug, to outside of Cu la, thus preventing metal or 
slag overflowing into belt. 


Send for further particulars to-day. $211 


THE CONSTRUCTIONAL ENGINEERING CO., LTD., 


Titan Works, Charles Henry Street, BIRMINGHAM. 


Telephone: MIDLAND 2182. 


Telegrams : ““ STRUCTURAL,” Birmingham. 
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Hohn Chompson (GHolberhampton) Tid. CHolberhampton. 
SPECIALISTS IN 


GALVANIZING MACHINERY 
ANNEALING PLANTS. 


“ Thompson ” Patent Corrugating we os = a se " Sage ; ” , S| Jones ray Machines 
Machines. Sree oe Na : 























Ridgb Capeisig: hlniacs. ar Seven-Roll Flattening Machines. 





Three and Four-Roll Curving ff Hydraulic Stretching Machines. 
Machines. Rak co 





Patent Shearing Machines. | . ee: Drossing Pots. 








Galvanizing Baths. Annealing Covers. 


GALVANIZING MACHINES. 














C. M. & M. - 
[HEAT EXTRACTION ENGINES 


HE present high cost of fuel and labour makes it essential that 
every progressive concern shall ruthlessly scrap obsolete and 


_ uneconomical power plant, and replace it with up-to-date 
equipment. 


By installing the C. M. & M. Heat Extraction Engine the 


utmost power is obtained at minimum cost for fuel and attendance. 





This engine can be used either as an ordinary power unit, or fitted 
so that steam is extracted from the receiver between the high and low 
pressure cylinders at constant pressure ; the surplus steam, after doing 
work in the low pressure cylinder, also exhausts to vacuum. The 
C. M. & M. Heat Extraction Engine also gives surprisingly economical 
results where a large amount of low pressure steam is being used for 
heating or for process work, while in many cases all the power required 
can be obtained from the steam during the reduction of pressure from 
that at the boiler to that which is required for process work or heating. 


In such cases power is obtained for nothing, as the production of Process 
steam would be necessary in any case. 


Send for the Free Booklet. 


Containing full details and Sean. or iif desired we 
shall be pleased to send a 


to advise on your own i power problems. 























We also make a speciality of the single cylinder 
_ Central Exhaust (or Uniflow) Engine for installations 
THE C. M. & M. HEAT EXTRACTION ENGINE ' where steam is not required for heating, etc. 


@) Cole, Marchent & Morley, Ltd » | 
(Brnatord, Yorkie 
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HIGH CLASS 
DROP FORGINGS 
IN ALL GRADES OF STEEL. 


Contractors to: 
H.M. Government, 
Home and Foreign Railways. 


LONDON OFFICE: 
38, VICTORIA STREET, 
WESTMINSTER, S.W. 1. 


TELEPHONE - - VICTORIA 4260. 


\J- 
? OF 


WAGONS I 






‘TON 


as, PASSENGER COACHES AND 
Unnns CS ORIPTIONS IN WOOD OR STEEL. 


pre 





ABBEY WORKS, 


TELEPHONE : 
LINCOLN 660. 








reson ar nc UE NCOLN. 












































a 





PATENT. & 











4in. OIL FUEL PUMP. 





























OIL FUEL TRANSFER, 
FORCED LUBRICATION, 
Etc., Ete. 


Our Oil Pumps are highly efficient in 

dealing with all grades of oil howeve r 

viscous, and we can give prompt despatch 

fowls sets for a wide range of 
uties. . 























84 [SUPPLEMENT page XX] ENGINEERING. [JUNE 24, 1921. 
THE 


DE LAVAL STEAM TURBINE Co. 














De Laval Geared Steam Tur- 
bine Driven Centrifugal Pump . 
in Municipal Water Works. 
Capacity 30,000,000 gallons 
per day against 267 ft. head. 
Compare size with 20,000,000 
gallons Reciprocating Pump 
in background. The small 
unit at ‘the right is a De 
Laval Geared Turbine Driven 
Centrifugal Pump for cir- 
culating Condenser Water. 




















Turbo Alternators. 

Ship Lighting Sets. 

Double Helical Gears. 
Combined Turbo-Boiler Feed Pumps. 


150, SOUTHAMPTON ROW, LONDON, W.C. 1. 


Telephone: Museum 6178. 





Telegrams: ‘AVALTURB, WESTCENT, LONDON.” 








LOCOMOTIVES 


OF EVERY DESCRIPTION. 





HEAVY ka | i , a “| AND 

MAIN LINE, | — mariner - 4) ELECTRIC 
NARROW 1 | LOCOMOTIVES, 
GAUGE, "| ALSO ALL 


RACK, : ae, | COMPONENT 
COLLIERY, = | PARTs. 








Sir W. 6. ARMSTRONG, WHITWORTH 8 Co, Ltd., 


WEWwWw CAS'T.L.E1-UPYFOnN-TYNeE. 


London Office - 8, GREAT GEORGE STREET, WESTMINSTER, S.W. I. 
Telegrams: “ ZIGZAG, PARL, LONDON.” Telephone : VICTORIA 4010. 
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OS re ea, BD ee ce A a Ne Le oe 
a 
" Sankey Plate and Sheet Metal Pressings 
and Stampings are made any. size. or 
weight, rough or machined, single piece 
Plate & Sheet combination pressed and welded by 
oxy-acetylene and other processes, Our 
Metal P ressings | equipment includes 750-ton Hydraulic 
' and other Presses and Stamps. 
! & Stampings 
Send details of your requirements 
: i 
| AEROPLANE PARTS. Heavy | and we will quote you. 
; — steel ana ye | 
— steel pressings, Pressed steel foun 
| rss JOSEPH SANKEY & SONS, LTD. 
sheets. for Engineering. Electrical | aus. BILSTON, -sactitiitiation.- 
and guar Tew eed | ETTINGSHALL. "Albert. Sttdet'Werks:' WEREREEN 
| aa sig Bankfield * Works. Hadley Castle Works. 
ps. he 
1 a 
N.” == — = 
=i === - —. —— ———e 
‘S-PATENTS fn: TRANSMISSION OF POWER 
SMITH 1H OF 


BHAT IN: pind ie 
it ith een 
del 





“FACTORY =@UIPMENT a Speciality. 


— “S Swivel Adjustable SELF OILING BEARINGS. SWIVEL, “ADJUSTABLE, 
SMangers, Wall Brackets, Standards, Wall Boxes, oe 
A'S GRIP COUPLINGS. Turned Stee! Shafting, Collars, 
And all Accessories for POWER TRANSMISSION. 











© 





Complete Catalogue of SHAFTING, FITTINGS and PULLEYS on application. 


SMITH & GRACE, trp. 


TreERAPSTON. 
LONDON: 3865, Queen Victoria Street, E.C, 














Cast Iron Pulleys. "PHONE—London : 9531 City. Works: 19 Thrapston. 


PLUMMER BLOCKS. 
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Record 


SAVE FUEL 
By Insuring Correct Air Supply. 


Dp’? YOU ever realize that your fireman may be needlessly wasting fully one- 
quarter to one-third of your fuel, merely because the dampers and doors 
are set to admit too much air? In good practice about 15 lbs. of air per 
pound of fuel is the proper ratio. -If you are not controlling combustion the 


Uehling way it is likely that you are using two or three times as much air 
as necessary. 


Uj 
/) 
y 


i 
Lf 


MY 
OM 


ih 


» 
So S RX 
oe Sy 
a 


Za 
nd 


Uehling CO, Equipment is built in single engineer or superintendent ; this may be placed 


and multiple forms for analysing the flue 
gas from any number of boilers, up to 
a total of six, simultaneously. 


The equipment consists of three principal 
parts: (1) the Boiler Front CO, Indicator 
which enables the fireman to keep the air 
supply just right for maximum fuel 


at any distance from the boiler; (3) the CO, 
Meter (not illustrated here) which latter 
instrument withdraws the gas from the boiler, 
analyses itand actuates recorders and indicators. 


Tell us how many boilers you have, the 
horse-power of each, the kind of fuel used and 


its cost per annum and we will 





economy ; (2) the CO, Recorder, 
which makes a permanent and 


NO CHEMICAL 


explain in detail how you can profit 


continuous record for the chief 





SOLUTIONS 








by using our equipment. Write 
9385 


for Bulletin 111. 


Uehling 


2020, Empire Bidg., 


Instrument Co., 
New York City, U.S.A. 


C02 Recorder for 
if Chief Engineer’s Office. 





Combustion Engineers. 

















THE KILMARNOCK ENGINEERING COMPANY, 


LIMITED. 


Works : 
BRITANNIA :WOR:. 
KILMARNOCK, N.B. 


10, COLEMAN STREET, 
LONDON, E.C. 2. 

















1 


iL 
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EVERY TYPE OF MACHINE TOOL 


FOR 


IMMEDIATE DELIVERY. 



























Engine Lathes 
Capstan Lathes 
Milling 

Machines 
Shaping 
Terret Lathes ra ~ ‘ 7 OS ella °, | ao ae senueesvecesceeeenpan 
Ri ti & pee 477 a arenes $$ ] . = Ad oo > cern 

Hammers 


1400 
MACHINES 
IN STOCK. 







Woodworkers 


1400 
MACHINES 





























“WALCOTT” LATHE with quick Change Gear Box. Capacity 7in. by 6f% 


SOLE SELLING AGENTS :— 8164 


UNIVERSAL MACHINERY CORP": LTD., 
— 326, OLD STREET, LONDON, E.C. 2. Fotephons 


















* a ? i 
i No mt 
. Pa’ 38 


w 
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(ROBINS SySTEM) 


The above illustrates a Coal Shipping Plant at Hull of 700 tons per hour capacity 
Built by Fraser & Chalmers Engineering Works, it was the first Belt Conveyor 
Coal Shipping Plant erected in this country and so economical and efficient 
did this system prove that the N.E. Railway offered it to Coal Shippers as an 
inducement to use Hull as a port of export. 


Fraser & Chalmers have achieved the highest reputation for Conveying and 


Transporter Plants dealing with the heaviest mineral product, also the handling 
of lighter materials,{boxes and packages. 


Mechanical Handling means Economical Handling 


Enquiries are invited for Transporters, Belt and Gravity Bucket Conveyors, 
Elevators, Hoists, Waggon Tipplers, Grabs, &c., and complete handling plants. 


Our wide experience is at the disposal of intending purchasers of such equipment. 
== . 


LONDON OFFICE 
ERITH.KENT Magnet House, Kingsway, W.C. 2. 
Associated with ROBINS ;CONVEYING CO. of U.S.A. (A 1395) 
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THE DARLINGTON ‘sua L™- 


“Jorge, Darlin Darlington.” DARLINGT ©) N, ENGLAND. "To 2610. 


STEEL & IRON 

FORGINGS, 
STEEL 

GASTINGS. 


Up to any size or weight. 


REPAIR WORK A_ SPECIALITY. 














3-THROW MILL ENGINE CRANKSHAFT. 
23 in, diam. by 31 ft. Gin. long. Finished Weight, 40Q-tons. 




















EFFICIENCY 


_ What does it mean to you ? 


I "THE purchase price of a belt is but the 
i beginning of belt outlay. After-costs total 
al more than the first cost. 
: (eat 



































it 
j 
j 
j 


I ne) Consider these after-costs when you're buying — 


m4 





if 
i 
i 
if 
i 





don't wait for the “ post-mortem.” 

First cost and after-costs are very intimately 
related — the higher the first cost the lower the 
after-costs in repairs, replacements, lost output, 
idle labour, wasted power. 

Experience covering 86 years demonstrates that 
“ Tullis” Leather Belting renders such a high 
degree of efficiency and long life that its cost 
per horse power per year of service is the 
minimum. This makes “ TULLIS” the least 
expensive belt obtainable—hence the belt for you. 
N.B.—Our “Columbia” and “ Orange Tan” Brands are 
particularly suitable for heavy drives and perfectly straight running. 

Samples and Prices on application, 


, \ T LTD. 
ys Belt that will init ee ph “a 
__ five you Service St. Ann’s Works, - - Glasgow. 


Telephone: BRIDGETON 1205-6-7-8. Telegrams : 
(Private Branch Exchange). “TULLIS, GLASGOW.” 
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TAYLOR PATENT 
REAR VIEW ROTARY CUTTING-OFF MACHINES 


OF 


3IN. MACHINE =——- FOR BARS AND TUBES ~"™ 
ALSO NON-FERROUS METALS, 


FRONT VIEW 








TIMES OF CUTTING-OFF, INCLUDING 
MOVING UP STOCK AND RE-GRIPPING 
IN VICE. 


}° ROUND MILD STEEL 11 SECONDS 
? 12 

Tt” » 19 

2” SQUARE ,, " 22 

3” ROUND , 9 45 

. 2 w» BEST CAST 
STEEL 65 
2’ GAS TUBE .. «18 w» 

















DELIVERY FROM STOOK. 


 BARTHOLOMEW SQUARE, 
BIRMINGHAM. 






































ALL TYPES 
PIZES. & 
PRESSURES 


QUOTATIONS 
SPECIAL Rie 
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OIL FUEL, sé WHITE PATENT OIL BURNING SYSTEM 


unsurpassed for 


EFFICIENCY, 
RELIABILITY, 
SIMPLICITY, 
ECONOMY. 














The ‘‘ White ’’ System 
has been fitted in over 
1000 ships with a total 
approximate HP. of 
3,120,000. 


Recent installations include :— 


CUNARD LINER 
R.M.S.S. “AQUITANIA,” 


WHITE STAR LINER 
R.M.S.S. “ OLYMPIC,” 


the largest Passenger Vessels in 
the world having oil fired boilers 


I? has been fitted on all types of vessels from small harbour craft, and utilization of HEAVY MEXICAN CRUDE OIL and has an efficiency up 
pleasure yachts, to the largest ocean liners. to 20% higher than steam atomization systems. 


Its advantages have been demonstrated not only on ships, but on all bt dag most economical and practical system of oil burning for all types of 
kinds of shore installations, including Locomotives, Steel Works, Hotels, Uwe g 
Factories, etc. All enquiries should be addressed to the Patentee Mr. Wm. ALBERT WHITE, 


at the address below, by whom full information of latest designs and specifi- 
The ‘* White” Patent Low Pressure System was the pioneer system in the cations will be furnished. 9024 


White Patent Oil Burning Company, Ltd., Oil Fuel Engineering Works, Shadwell Street, South Shields. 


Telephone ; 780, Telegrams : Whitoil, South Shields. Code: Bentleys. 





Motors 


widely different 
characteristics may factured by us for all duties, 
be obtained from and our many years’ expe- 


the various types rience in their application 
of motors. and ex- to industrial drives is at 
>] 


A.C. & D.C. Motors (% to 
1500 B.H.P.) are manu- 


: : our service. 
perience alone is . 


the true guide to 
the selection of 
the motor most 
suitable for a par- 
ticular duty. 


Let us assist you. 





‘ Lancashire" Totally-enclosed D.C. Motor, with under-type 
we speed reduction gearing. 

















. Export Department. 
Home Sales Offices. ae : - 


LANCASHIRE sm . 
oe — a 28, Victoria Street, 
cardiff Newcastle gen: YP TO it | LONDON, S.W. 1. 


Dublin Trafford Park 


and Willesden. WORKS: Trafford Park and Willesden. Telegrams & Cables: ‘‘ Unformer, Vie, London.” 
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Experience — coupled 
with modern research H 


that is the secret of the efficiency of Jessop’s Steels. 
Every improvement which has taken place in steel M 
manufacture since 1774 has been immediately applied 
to the production of Jessop’s Steels. Many indeed, 
have been evolved by the expert technical brains 
constantly working on Steel problems in the Jessop 

















om a and research departments. Yet through- 
ver out this constant ion, the old principles of 
tal The ou tcome of pains-taking and phe chery ‘Workménhip se ion | } 
P strictly adhered to—the methods which produce th 
of 1 5 0 Yea rs BEST steels, not pine ala be ay ~ 
. e cumulative effect of a $s trou enin pr ih 
exper tence. with J essop's Stecle at ‘ae eek wae ee ‘of } 
it, rouble in use. 
: 
ie = nse ne ee MM MN 
= ; 
4 : HIGH GRADE STEELS FOR | HEAVY STEEL FORGINGS, ~ 
= : (ee | STEEL CASTINGS 
“a 2 HIGH SPEED STEELS, : 
: E 
(a i SPECIAL ALLOY STEELS, |... : 
ITE, 2M lata a as oe | ry 
ecifi- 


- WM. JESSOP & SONS, LTD., Brightside Works, SHEFFIELD. 


ields. 






































Part of a consignment of Engines leaving Vickers-Petter’s Ipswich Works, for Bristol. 





How we saved an important factory at Bristol from closing VICKERS-PETTER ENGINES will work on a cheap fuel oil costing to-day 
dowa during the Coal Strike. £6 15s. per ton, and the consumption is guaranteed not to exceed half-a- 

May 23rd. Order received for two 300 B,HP. Engines. pint (say 0°53 1b.) per BHP. per hour. The total cost of producing power 

~~ 4 ~~ yk yD DE in Vickers-Petter engines is 3d. per BHP. per hour, including fuel, lubri- 

— oo First ane erected on foundations and started. cating oil, attendance, interest on capital, and depreciation. Equal to 

Second engine = Sea 115d. per electrical unit. 
In sizes ranging from 100 to 500 BHP. BETTER ENGHO are cle cpermtnetess Sep Oa, cornee Ur pein oP 
Write for Illustrated Catalogue to— IMMEDIATE DELIVERY BY ROAD OR RAIL. 
TD., Branch Offices and Showrooms — 986) 
- 75b, Queen Victoria Street, London, E.C. 4. 
140, Victoria Street,- - - Bristol. 
IPSWICH, ENGLAND. 163, Hope Street, - - - - Glasgow. 











30, Lower Sackville Street, Dublin. 
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_WHITWORTE 

















RAPID PRODUCTION 
€_ make 


LONDON OFFICE 

10, Gt. George Street, Westminster SW1 : 
Telephone: Vietoria 40/0. Telegrams: Arwhiteoy, Rl, London. mn 
Elswick Works: , NEWCASTLE-UPON-TYNE 
















































Petrol Engine 
EFFICIENCY 


to-day reaches its highest 
development in 


OIL ENGINES ‘== 


For Twenty years ASTER have been 
perfecting the many and various types 
produced by them. Their Engines are 
consequently the recognised high water 30,000 Engines 




















COMPRESSOR SETS, 


STATIONARY 
ENGINES, 


AUXILIARY 


mark of POWER, ECONOMY, pu ee. prarietipern 

RELIABILITY, SIMPLICITY and 44.4 a ES 

EASY ACCESSIBILITY. + tre STING SETS, vl 
: MARINE SETS, 

ASTER ENGINEERING CO. (1913), LTD., meuie teaater 

en . - genomic SETS, ETC., ETC. 


Scottish Agents : Drysdale & Co., Ltd., Yoker, Glasgow. (5 hp. to 450 hp.). 




















MI 














~~ 
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THE “HALLOWELL” STEEL BENCH LEG. 


The “ Hallowell” is suitable for most all 
kinds of Work Benches. 


The “ Hallowell” is Light, Rigid, Unbreak- 
able, Neat and Inexpensive a far superior 
to wooden and cast iron bench. supports. 


And as lumber and labour are dear and cast 
iron breakable, the market for the “‘ Hallowell” 
Steel Bench Leg is a steadily growing one. 


To save freight the “Hallowell” can be 
shipped “‘ knocked-down,” as shown in Figure 
1, while the bolting and riveting together 
is very simple indeed. 
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Figure 2 shows the “ Hallowell” erected 
in place. 


The ‘‘ Knock-down” feature will interest 
those who want to manufacture steel bench 
legs on a minimum investment, 


Write for our ‘‘ Hallowell ” Steel Bench Leg ‘= "BATT. AND PATENTS PEND'G 


PAT AND PATENTS PEND‘. Bulletin, which contains complete information. vrai 
F 


STANDARD PRESSED STEEL CO., PHILADELPHIA, San) 




















oa apes titi pate nme oceans wa ain cheese SE: seer ta HUEY a ait ni Seis i 
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2 Head Office: 34, Robertson Street, GLASGOW. TELE {orem 3 Magen Se sow. 


Brancu Orrices—LONDON, MANCHESTER, LIVERPOOL, NEWCASTLE-ON-TYNE, CARDIFF, SYDNEY, WELLINGTON, N.Z., JOHANNESBURG. 
Worxs—GLASGOW, GOVAN, COATBRIDGE, RUTHERGLEN and GARNKIRK. 


MANUFACTURERS OF ; - 


WROUGHT-IRON 


AND 


STEEL PIPES. 


MAIN STEAM PIPE INSTALLATIONS 
DESIGNED, MANUFACTURED AND ERECTED. 


MI 


Tint 
sijilliii 





a 





Gas, Water and Steam TUBES and 
FITTINGS. 


Boring and Casing TUBES, 


PIPES for Welding into Continuous 
Mains. sri 


“ARMCO” RUST AND CORROSION RESISTING IRON TUBES. 


WRITE FOR DESORIPTIVE PAMPHLET. 
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FOR 


29 


years 


we have been 
tackling varied 
problems like 


these y-—> 





Our laboratory 5 A yer % : | 

will solve your WILLIAM MILLS LIMITED 2° cat 

light casting areas i *, repr 

troubles. ALUMINIUM = MOTOR CYLINDER “OUNDERS i = et Ge 
oes) Gaove STREET. = pues Snir) 

Our Pl " s BIRMINGHAM se ‘ho 

Dept. put the _ 

job on a pro- 

duction basis. 

They are used 


to it. 








’Phone : 


Smethwick 313-314 
Telegrams : 
Wilmil, Birmingham. 


RT id 











ENGINEERING 








Premier Multi-cylinder Gas Engines, 
with their excellence of design and 
perfect system of governing, are ideal 
for installations whete low cyclic 
variation is essential,’ including the 
driving of direct coupled alternators 
in parallel. 


They are recommended also for driving) large 
Pumping Plants, Textile Factories, Flour 
Mills, ete. 


In addition to their steady running, Premier 


Engines have the advantages of low fuel con- 
sumption, accessibility and reliability. 


PREMIER GAS ENGINE Go., Ltd., 


(CROSSLEY BROTHERS Ltd.) 


SANDIACRE - Nr. NOTTINGHAM. 


MITTS 





STITT TED TT OP DES 


BT] 


STURN LALIT 








4-cylinder Premier Gas Engine of 840 B.HP. direct coupled to 500 Kw. Dynamo at 
The Kawasaki Dockyard and Engineering Co., Ltd., Kobe, Japan. 














SECURITY 


Surveyors from Lloyd’s, Board 
of Trade and the Admiralty are 
continually visiting our Works. 
The class of work here illustrated 
reaches the high water mark of 
steel casting production. 


Eaquiries to Head Office : 
ALLIED STEEL MAKERS & FOUNDERS, LTD., 


Central House, Kingsway, London, W.C. 2. 


Works : 23 Braintree Castings Co. 
National Steel Foundry (1914) Ltd. 
Thwaites Bros. Ltd. 

Branch Offices: Coventry & Newcastle. 





. 








DAVIT FRAMES FOR PASSENGER VESSELS. 


We also make the Arms and detail Castings 
and machine and test the complete Davit. 
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WELDING 
AND eos 
CUTTING PLANT 
MANUFACTURERS. 
COMPLETE EQUIPMENTS. 


MeBOWAN, WILD & 6O., 


Lower Hurst Street, 
BIRMINGHAM. 
Tel.—1616, Miptarp. Teleg.—Loenc, B’xau. 


G.A. L HARVEY ao (London), Ld, 


WOOLWICH ROAD 
Wiiiatees LONDON 8.E.7 
SUFFOLK Hovuss, 
LAURENCE POUNTNEY HILL, LONDON, E.C,4 


woven FEE 


MAGNETIC-ADHESION 


Electric Drill 


LABOUR SA VING TOOL. 


Is 
setting-up 
Time the 
limiting factor 
in 

Your 

drilling- 
operations ? 


No 

Erection 

Required. 
Place in position and switch on. 
Qa VHA ll 


WHITE, JACOBY C0., Ltd, 


ane OFFICE & WORKS: 


Bayham Place, Camden Town, 
ILONDON, N.W. I. 


Telephone No.: North 2066. 9284 


THE WELDLESS STEEL TUBE CO.,LTD. 


Icknield Port Road, BIRMINGHAM. 


On Admiralty List. “™ Est* 1872. 


PATENT WELDLESS<cSTEEL TUBES. 


For Boilers, Hydraulic Presses, Ferrales, Boring Rods, Bushes, Shafting and General Engineering Uses. 





| 
| 
| 





“Columbia” Bright Cold 
Drawn Mild Steel Rounds, 
Squares, Hexagons, Flats, * and 
Special Shapes. 


Free cutting, uniform throughout, and true to 
size. Suitable for case hardening. 


Supplied well greased in 5 cwt. cases. 


“Columbia” Turned and 
Polished Shafting. 


All bars absolutely true to gauge 
and accurately straightened. 1s 


Telegrams: Integral, Holb., London, 
Telephone: No. 1562 Holborn. 


COLUMBIA STEEL & ENGINEERING Co., Ld., sso: tics trotvor, London, W.C.1. 














Jue? Se 192r. | 








ENGIREE RINSE. = 





an igs REE ) 


J, & E, HALL, = 


Makers of 00, and NE, 


: Refrig ting | hi 





























Mv, ell o) i 


FORE 


1 BO. HUAN 


| outs Patentees . 
Manufacturers 
T he 


BELDAM 


PACKING & RUBBER (0., 


LTD. 
a9, Gracechurch Street, 
LONDON, E.C. 3. 


} Works — 
BRENTFORD, 


"Phones Code: ABO, 
Avenue 8904 1982. beh 2 Oth Baition 


* STOCKS AT 
AVONMOUTH, CARDIFF. 
ASGOW, HULL, 
LIVERPOOL, LEITH, 
MIDDLESBROUGH, 
SOUTHAMPTON, 
SUNDERLAND 





SWINNEY BROS., 
de 


HISTEA 


MIDDLESEX. 
"Grams: Th peat Led., London.” 


LTD., 
Morpeth. 


For all kinds of 


Grinding 
Machinery 


ALL SIZES. 





Send for Catalogue. 


Telegra “ Swinney, Morpeth Lad 
Telephone (2 lines)—92. heen 














ml | 


) (h y \ 
| Py ll are MiP 


wi TAA WA 


WAVAHFION AHH! | 


a 


THE METALLIC BEARING SURFACE 
IS A SINGLE FLEXIBLE 


WHITE METAL BAR. 


mm A Mil i MW ew) 


mmm | 
mn il) i ny 


(Chg » . IGS 


jel MIP DI RIE: RESSURES 
Y i ii i I il Ht ull ti CN RON 


| 








ig 


Hallford Motor Vehicles 


10, ST. SWITHIN’S LANE, LONDON, B.O, 4 
sl, Dale Street, Liverpool, 


and DARTFORD, KENT, 9287 





KENYOR'S 
PATENT 
OIL FILTER 


WATER 
SEPARATOR. 


—_—-~ 
Over 900 ordered by HM. 
Government. 


ENGINEERS’ STORES 
TOOLS. 


ALEXANDER KENYON & CO., LTD., 
Victoria Bridge, MANCHESTER 8031 


STAMPINGS 


ANY WEIGHT. 
IN ANY STEBL. 
FOR ALL PURPOSES. 


HEAVY STAMPINGS LTD., 


sceneee Shai CEE 
TELeYGR«AMS—STAMPINGS. TELEPHONR—291. 
sosmon OFFICE: 71, Southwark o treet, S.E.1 


NE—Hop, 5217 (3 lines). 


; Governors 


(PICKERING TYBR), and with 


“ SMITHS " PATENT KNOCK-OFF GEAR, 
Simple. Efficient, 
Jockey Pulley abandoned, 
Operates should Governor step 
from any cause. 





9367 








Bole Licensees and 








DP Pollock, Macnab aHigna 


SHETTLESTON, 
: orasaow. 


Makers to War > Office and Admiralty 


G. 8A. HARVEY, 1. 


GOVAN, GLASGOW, WwW.” 
MAKERS OF 


HIGH-CLASS 
MACHINE TOOLS. 


PROMPT DELIVERY. 10 
CATALOGUE ON APPLICATION. 


See our Illustrated Advt. in next 














GALVANISED CORRUCATED SHEETS. 


MERCURY BRAND. 


(BEST AND CHEAPEST.) 





Send us your enquir'es. Thick es 
NW Sef all difficult, Dorrugation my te 


for— 


Ventilator Shafts, 
Bc. &e 


RAMSHAY « MARSHALL, L¢ 





“4108 
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tz “The Lancaster’ = [I CAST STEEL. 


We specialise in the manufacture of all classes of Railway 

Materials, i.e., wheel centres, grease boxes, buffers, &c., 

; Dynamo Castiags, Front and Rear Rings, Commutator Rings, 

&c., Motor Lorry Wheels, Gear bpig We also 

manuf, rings descriptions. 

For Piston Rods and Valve Spindles. ont wand a mia ‘Se 
Suitable for all Pressures, Speeds and Superheats. Ch. VERMOT, VALERE, MABILLE & R. PELGRIMS, 
fe LTD. 


Description Catalogue post free om application. 


LANCASTER & TONGE, L”: MARIEMONT (Belgium). 


Sole Makers of ‘‘The Lamenster’’ Steam Traps, Pistons, Limit Piston Rin: Representative for Great Britain and Colonies: 9273 
Steam Dryers, Machine Moulded Wheels, &c, %% 8926 


PrMprLETonm MAIO G. HUMPHREYS, 83-87, Victoria Street, WESTMINSTER, S.W. 1. 
4 Telephone—Vic. 337. 

















Telegrams—tIronfisted, Vic, London. 








Sern Wheel Steamers. Bucket and Suction Dredgers 
of all Sizes. 





THRUST BEARINGS 


(Michell Patent) 
SINGLE COLLAR 


MARINE AND LAND TYPES 
ANY LOAD AT ANY SPEED 


FOR PROPELLER THRUST, TURBINES, PUMPS, 
WORM GEARS, ETC. 


BROOM & WADE, LTD., nich wycomsr 




















We can do WORK 
for you at our Factory 


or Small Contracts Apply Darr. A. 
for SMALL 


ENGINEERING and All kinds of Experimental * Sete a Pe 
INSTRUMENT Werk. Work mee Pepeent hs ica 5 as lil 
Components or Comple 
Units. LTD os dat aera br As supplied to British, Foreign and Colenial Gevernments. *7% 


wom § New Eltham ick sist 


LONDON. 6E9 — CHAMBERS, SCOTT & CO., Ltd., Motherwell. 

















POSITIVE RAILWAY YAGONS 
LOCK WASHERS TRAM CARS, eErc. 


* PREVENT VIBRATION. MIDLAND 
f The one and oe! saworllgagad tdevice | RAILWAY- CARRIAGE. 
Avoid Imitations b ity KOLOK. SS ee 
vo ons by specifying “ "Y { WORKS. 
Made and Sold in 12 Months- -158,000,000 VICTORIA TREE! WASHWOC 


i4.. VICTORIA STREET, 
WESTMINSTER S-w.t 


WASHWOOD HEATH | 
POSITIVE ‘LOCK WASHER CO.,]| M **: 33z.cre BIRMINGHAM. 


118-122, James Watt Street, GLASGOW. 9133 


o “= OL.0= "| Tm aelunnees 

















soil 
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YOU CAN SAVE 200°/, BY USING 
THE “GRIPLOCK” WASHER 


" = WP 


As Supplied to: 

















= Hn «Fargas Cu., wag 2 ———— AGENCY, 

uu elds 

BRUSH ELEC. ENGINEERING CO., J. pr 'k CO., LTD., Sheffield. 
Loughborough. 


It is an Absolutely Sate Lock and supersedes 
Lock Nuts, Split Pins, Spring Washers, etc. 


For Particulars apply— 8751 


The MANAGER, GRIPLOCK WASHER. LTD., 6a, Tudor Street, Blackfriars, LONDON, £.C. 4. 
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PUMPS. 


ONLY ONE 
STEAM VALVE, .<c:“[) 


MININUM WORKING 





























FRIEDENTHALS L™:, 


RIVER ENGINE WORKS, PRESTON. 


























We build a Western 45 cub. yd. Railway Tipping Wagon, air operated, designed 
for handling bulky material, coal cinders, etc. It is readily convertible into a 
standard 30 yd. Tipping Wagon, for handling heavy dirt and stone. 


Western Tipping Wagons are extensively used for hauling waste from industrial 
plants. Free for the asking we'll send an illustrated magazine, describing haulage 
methods in various plants. 


Write direct or through our British agents, George F, West & Co., Iddesleigh 
House, Caxton St., London, S. W. 1. 


WESTERN WHEELED SCRAPER CO., 


Earth and Stone Moving Machinery, Founded 1877. 
ATEHRO S.A. 8263 


Gable Addre s—WESTERN, AURORA, ILLINOIS. Codes used—Al, ABO (ith and Sth Bditions), Western Union 




















RUSTLESS 
SOLUBLE OIL 


CUTTING COMPOUND. 
SPECIALLY SUITABLE FOR BRIGHT WORE. 





Prices and Particulare from the Makere— 


W. J. TRANTER, LIMITED, 


Tibbington Works, Princess End, TIPTON, Staffordshire. pl47 
Telephone—76 Tipton. EsTaBLisHED 1890. Telegrams—* Titan, Tipten.” 

















ARMSTRONG 
COMBINATION KITS. 


Made up of Tools of Armstrong 
Manufacture into Four Sets. 


One of these will suit your needs! 





= 
=" goa 


Our CATALOGUE No. 14, lists 
— each outfit, pcos bevgg ‘tools, 
p bre of ete kits, &c. 
The a, yours if you 
— ask for it. — 
MADB UP AS FOLLOWS— 
One Genuine Armstrong Stock 
and Dries } to 1 in. R. or L.; 
One Model B Pipe Currer; 
One Junior Hinged Pipex Vice; 
One Stillson Pipxr Wrencx. 
All put up in a Hardwood a 


THE ARMSTRONG MFG. O0.,an:SuEe3"'n Sey | FORK ion 








ooo Geny 


ALFRED 


BEEBEE, 


WEDNESBURY. 























—————— 


eau CORROSION ers 
Sarin AN? SCALE 


ONDENSERS, BOILERS, Etc. 
SY INSTALLING 
THE “HArRRIS-ANDERSON” ELECTRICALLY 

AUGMENTED PROTECTIVE SYSTEM. ,,., 








WRITE FOR PARTICULARS TO 




















EVERITT & CO, LIMITED 


40, CHAPEL STREET, 
Telegrams »"‘ PERSISTENT.” 


Telephone : 2905 CENTRAL (8 lines). LIVER POO L 


FERRO-ALLOYS & METALS. 
FERRO-TUNCSTEN, icoSinc:scorsorm 


TUNGSTEN METAL POWDER. 98/99°/, 
FERRO-VANADIUM. COBALT METAL. 





THE HARRIS PATENT FEED WATER FILTER (1910) L1o,,| |] PuoseHoR GoPreR FERROURANIUM ANTIMONY” 
24 GRAINGER STREST WEST. PERRO-PHOSPHORUS FERRO-ZIROONIUM = 
eB Newcastieon-Tyne. TIN COPPER SILICON-COPPER 
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GLENIFFER 


MARINE MOTORS 


10 to 90 HP. 


They are of clean 
design and sound con- 
struction. Suitable 
for all types of motor 
craft from the small 
open motor launch up 
to vessels over 
100 feet in length. 
9419 


Anniesland, 


GLASGOW. 


- ARMSTRONGS « MAIN. 1a 


Sir W.G. Armstrong Whitworth & Co., Lid. (Engine 7, and A. & J. Main & Co., Lid. 


GENERAL & CONSTRUCTIONAL ENGINEERS, 


i” Sa ee Pee 
: 


t oe 
E Thete 8 : 


GLENIFFER MOTORS, LTD., 


























. —-—--____________]| 
Invite your Enquiries for Steel Buildings of all types. 


LONDON OFFICE - - AUSTRALIA HOUSE, STRAND, W.C. 2. 
GLASGOW OFFICE 149, WEST GEORGE STREET. 








A.é3 ar NEWCASTLE-ON-TYNE, MANCHESTER, EDINBURGH, DUBLIN, BOMBAY 
CALCUTTA, CAPE TOWN awn JOHANNESBURG 9104 











STEAM CRANES, 
“\_ OVERHEAD ELECTRIC CRANES 





Telephone Ne.: 1966 DERBY. T legrame: “COLES, DERBY.” 


HENRY. COLES Ld oz Derby|_ 


MERRYWEATHERS’ PATENT 
Water-Tube “Safety” BOILERS. 


& HP. ro 260 +P. 
Por COAL, WOOD, or OIL PUEL: 


The Ideal Boiler for 
EMERGENCIES 
and for all cases where 
Lightness, Portability, 
and Small Bulk are 
essential, 


A large user of Merryweather Boilers 
in the Hast says they are easily 
worked and kept in order by Native 
labour. The Boilers were used under 
very severe conditions, on bed water 


- and for long periods. 
This Photograph, taken ‘‘ Up Country,” speaks for the Lightness 


and Portability of Merryweather Boilers. EsTim ATES SUBM ITED. 
— — 91 


MERRY WEATHER & SONS, ttd., Greenwich, S.E. 10, London. 


SUCDEN’'S PATENT STANDARD a 
ano SECTIONAL SUPERHEATERS 


For all Types of Boilers. 














WROUGHT STEEL THROUGHOUT. 





THOUSANDS IN USE. 





Main advantages :— 
SIMPLICITY OF DESIGN 
ard 
READY ACCESSIBILITY to all parts. 





Write for Illustrated Circular : 


| T.SUGDEN, Lt. 


180, FLEET STREET, 
LONDON, E.C. 


Telegrams : TUBULARITY, FLEBT, LONDON. 
Telephone: No. 186 Holborn, 1772 


Representatives in all Principal Towns, 


STANDARD SUPERHEATER 
as applied to a Lancashire Boiler. 
LL — 


HYDRAULIC 


Machinery 


Including LATEST TYPES of 


Scrap-Metal BALING PRESSES. 


OIL MILL 


Machinery 


for all kinds of SEEDS and NUTS. 


BRIQUETTE 


Machinery. 


ROBERT MIDDLETON & CO., 


Sheepscar Foundry, LEEDS. 


Codes Used A.B.C., 5th Edities; MARCONI 














‘tent B.C. AMOS, M.I.Mech.E., 22, Martin's Lane, Cannon St.,B04 


























ive 
der 


UT. 


arts. 
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CHEMICAL } 
ray ‘Vet -3 Wal herr, 


1, ae oe con] ad bed OO oy) Gf oe 
IVORINE ETC. 





WE ARE Nee OF 
i Sa DIAGRAM AND NAME PLATES. 9040 
NSTRUMENT SCALES, PROTRAG CTORS, 
METER AND OTHER DIALS. 
FoR ENGINEERS, SHIPBUILDERS, INSTRUMENT MAKERS, &c. 


UNITED METAL ENGRAVING CO. LD. 
40, HIGH RRIDGE, NEWCASTLE-ON-TYNE. 


TELEPHONE: 1988 CENTRAL. 
TELEGRAMS: “IMPRESSION,” NEWOASTLE-ON-TYNB. 








jouw PICKLES & SON, ENcS., LTD., 
HEBDEN BRIDGE, 
ARE AT YOUR SERVICE AND SOLICIT 
ENQUIRIES 
FOR 


SAWMILL, WOODWORKING, THREE-PLY 
AND VENEER MACHINERY. 





WE HAVE A REPUTATION FOR HIGHEST 
QUALITY PRODUCTS. 


Send for Illustrations, Leaflets, etc. 














Ee * 


MOST RELIABLE asd ECONOMICAL 
Gas, Water, Steam, Air and Oil Service. 
“Db” BRAND 
MALLEABLE FITTINGS 
LARGE LONDON STOCK, 


MARKT & CO, (London), LTD,, 


98-100, Clerkenwell Road, 
LONDON, E.C. 1. 











cn ee ee a 


























FIXTURES - TOOLS - GAUGES. 


TELEGRAMS 
CUFFIN, LEICESTER. 


W.H.CUFFIN, 
GROSVENOR Jia 

& Gauae Works 
LEICESTER. 


TELEPHONES: 
2087 & 2088 CENTRAL. 

















Cut down overhead charges 
RY the use of Heywood & Bridge Friction 

Clutches. They ensure efficient and 
economical distribution of power, save wear and 
tear on belts and gearing, and lessen the risk of 
accidents. 


Mumerous testimonials and repeat orders testify to the 


efficient service they are rendering in Mines; Mills, and 
Engineering. Establishments all over the world. 


aColfrD 


Manchester. + 
fam BS. Queer Victorie 5! EC 







"200 page Catalogue 
(C31) Post 


BUCYRUS C0., Sth. Semin U.S. A. (Faid‘to 


Castleton. ¢ 


2mm) 


STEAM SHOVELS (Steam and Electric) 


1! BUCYRUS SHOVELS WKRE EMPLOYED IN DIGGING THE PANAMA CAnAL 


the BRADLEY 3-ROLL MILL 


The 20th Century Marvel for Grinding 


PHOSPHATE ROCKS, 
LIMESTONE, COAL, 
PORTLAND CEMENT, 
ORES of all kinds. 


REQUIRES NO AUXILIARY APPARATUS 
FOR FINISHING PRODUCTS, 


SATISFACTION GUARANTEED. 
Full particulars on application to— 
BRADLEY PULVERIZER 00., 
87, WALBROOK, LONDON, E.C. 4. 


———————————— 
ile, 






























OVERHEAD 
ORANES & 
RUNWAYS 


CONVEYORS 
ELEVATORS 
CHAIN BLOCKS 


HANDLE MATERIAL ECONOMICALLY 


Proper handling equipment saves money, increases output, 
and prevents accidents, We can serve you with Proposals 
and efficient appliances. Please send enquiries. 


PATERSON HUGHES ENGINEERING Co., Ltd., 
36, Charlotte Lane, GLASGOW. 












Drac-Linz ExoaAvaToRrs. River aND HARBOUR DREDGERS. Goin Drepazs 
BUCYRUS COMPANY, iddesieigh House, Caxton Street, Westminster, 8.W, 1. 
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YOU SHOULD USE 


SMITH BROS. LUBRICATORS 


DROP FEED PATTERN & SUET LUBS. 








Me. 671, wm. 


DO NOT FAIL TO WRITE US TO-DAY FOR_ PRICES. 


SMITH BROS. & CO.ctYsom LTD. | ——" 


ENGINEERS & BRASSFOUNDERS, 


Head Office & Works - NOTTINGHAM. 








Tel, 1516 Norrm. 


Telegrams : 
“ Hyson,” Norrm, 











PRESSURE AND 
Suction Types. 


PATENT PRESSURE 


GAS PLANTS 


For BLOW PIPE8, STOVES, > 
BRASS MELTING, ENGINE | 
DRIVING, BRAZING, 
ENAMELLING, HEATING, do. | 





10 to 20 HP. for 
ONE PENNY Per Hour. 


Complete Pumping 
Installations. 


DANIELS GAS ENGINES. DANIELS HIGH-SPEED PUMPS. 





T. H. & J. DANIELS, Ld., Stroud, Eng. 


Thomas Turton & Sons, 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENGINEERS’ TOOLS, HAMMERS, EDGE TOOLS, STEEL 
FORQINCS, SPRING STEEL. 


Tool Steel. 
SHEAF WORKS, SHEFFIELD. 


London Office: NORFOLK HOUSE, 7, Laurence Pountney Hill, "EO. 4 























THE 


STEEL CONSTRUCTION Co., Lo. 


-_ ae i 4 Sar 
a HOM AS 





Steel*Framed Buildings, Riveted Tanks, Pipes and General Constructional Steelwork. 


Head Offices and Works; 


CRAIGHALL IRONWORKS, 


London Offices 


118, CANNON STREET, 





GLASGOW. E.C. 4, 
Telegrams: ‘‘Devisers, Glasgow.’’ O24 ‘*Tension *’Phone,’ London.” 
Telephones: 3821 Douglas (two lines). 2726 City. 





Lets look: 
Dorks Siches. 


5 Your lubricant is Foliac Graphite 

Cup Grease $ your jointing com- 
pound is Foliac Graphite Joint Com- 
pound ; and every unit of your plant 
produces its full efficiency, because 
Foliac Graphite Cup Grease means 
smooth sweet running and Foliac 
Graphite Joint Compound . setares 
perfect unions,” 


li? 

If your works stores is not so happily 
placed, there are samples of these 
Foliac Graphite Products of British 


Manufacture throughout ready for your 
post card. 








GRAPHITE PRODUCTS LIMITED, 


218, Queen's Road, Battersea, S.W. 





*Phone— Gra 
Battersea 227. 


nas— 


Lustroso-Phone-London. 8980 


MAXWELL & FACE 


(Successors to BRUCE & STILL, Limited,) 


49, SEFTON STREET, LIVERPOOL. 
CONSTRUCTIONAL ENGINEERS and CONTRACTORS. 
FOR STEEL BUILDINGS, BRIDCES, CIRDERS AND ALL DESCRIPTIONS OF STRUCTURAL WORK. 
TIMBER BUILDINGS DESIGNED FOR USE AT HOME AND ABROAD. 
London Representative: J. W. YABSLEY, 11, Queen Victoria St., H.0.4. Tel; 420 Central. 


: _— aA ; SX 
ee y RY \ "ane an Nee i 


a 
a Ware set ee. oe 


ba 
2.8 









































70 ft. Span Steel Roof in course of Hrectioen. 





Catal and Estimates free on » 














Designs pplication." 
Telephone: No. 1817 ROYAL. 8780 Telegrams : “* GALVANIZBR, LIVERPOOL. 
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| Ss. SMITH a SOMS, LTD. 
) Send us your Setar cris | WeshsndChreme Moberly (ESE 185 1, 
































. Ms WITH Newest Type of Chronograph Watch, 

) Blue Prints! RAILWAY SPEED BOP coi. sated dabiaan 

t RECORDING DIAL, SE « Sinial SUES 
It is quite possible that we can 10/* extra Fly-back Action. 


WITH RANGE OF 
FIGURES fer Counting 
Pulsations for Medical 
Profession ... 20/- extra 


DIE=CASTINGS |[#==: 


from £2/2/0 upwards 


8786 Absolutely Nen-Magnetic. 
FINEST FINISH. 

17 Jewels. 

Every Watch Guaranteed. 


save you 90 per cent. on the 
manufacturing cost of repetition parts. 
vl _ Production by 








Please write for 
Supplementary List 
and particulars of 




















means that you will have merely 























the cost of the die and the finished : 
} casting practically ready for assembly pte = As or Lae Sal Fea Prices, 
: and reproduced in a strong white 1B. vee£312020 Sterling Silver Cases £10:10:0 
. 4 metal alloy. 6, GRAND HOTEL BUILDINGS, TRAFALGAR SQUARE, LONDON, W.C. 
= It will be worth your while to — 
-T consult us. 9286 


All enquiries treated 
as strictly confidential. 


Pulverized Coal Equipment 


AMONG some of the plants using our Pulverized Coal Equipment 
for heating Industrial Furnaces and Steam Boilers are 


the following. N IRON Le 
ing AMERICAN IRC IRO NY & STEEL, Oe 
AMERICAN LOCOMOTIVE WORKS. 
team 


Ars SMELT. & REFINING CO. 

AMERICAN § L& SBE co., 
Open H AN STEEL & | 

AMERICAN STEEL & WIRE ca, 


eating Furnaces. 
ATCHISON, TOPEKA & SANTA FE R. R. 
otives. 


ATLANTIC STEEL COMPANY, 
Hearth Furnaces. 
ASH GROVE Me & PORTLAND CEMENT CO,, 


Steam 
, BETHLEHEM ‘STEEL co. 
Open Hearth Furnaces. ; 
CHOCTAW SORTLARD CEMENT Co, 
Steam Boilers. : 
INLAND STEEL CO., "Heating Furnaces. 
LACKAWANNA STEEL CO.. Calcining and also 
ue Dust Nodulizing Kilns. 
M.K. & T. RAILROAD, Steam Boilers, 
MILWAUKEF. ELECTRIC LIGHT & POWER CO, 
Steam Boilers. 
NICHOLS COPPER COMPANY, Smelter. 
PACIFIC COAST COAL CO., Steam Boilers. 
PITTSBURG MALLEABLEJRON CO. 
leable Furnaces. 
SIZER FORGE COMPANY; 
Heating and Forging Furnaces agd Steam Boilers. 
SCRANTON iT & N co, 


Heating and Pudcling Furnaces. 





THE PATENT DIE- 
CASTINGS CoO., Ltd., 
64, Strode Road, Willesden 


Green, London, N.W. 10. 
TeverHone - - WILLESDEN 733. 


































Telephones 


Is your Telephone worth it? 


You cannot afford to maintain a telephone system that 
encourages errors and conduces to general inefficiency. 





If your present equipment is giving you ‘trouble, far better to gy odultsing Kilae 9020 
scrap it and install ERICSSON inter-communication equipment STONE & WEBSTER CO. Steam Boilers. 
which gives you a specialised service, reliable year in, year out. UNION CARBIDE COMPANY, Kilns. 
Any electrician will tell you it pays to instal ERICSSON UNITED VERDE EXT. MINING 

Telephones Reverberatory Furnaces and S¢ Boilers. 


Write for Illustrated Price List. 


Practically all the Cement Plants in the United States: and Canada 
BRITISH L.M. ERICSSON MFG. CO., LTD., have installations of Fuller Mills. 

Some of the above plants are using Pulverized Coal cheteining from 
10%, to 17% of ash for heating their ‘metallurgical furnaces. 

Fuller Mills are to-day pulverizing over 25,000 tons of coal per day’ 
for heating various types of Furnaces. 

The satisfactory performance of our pulverized Coal Equipment warrants 
your investigat‘on. We manufacture Coal Crushers, Dryers, Faller-Lehigh 


60, Lineoln’s Inn Fields, 
W.C. 2. 





BEESTON, NOTTS. 


i scort, AND.—Malcolm Breinean, Pulverizer Mills, and Pulyerized Coal Feeders. All this equipment is 
i audt Cay wml Seeley ep : described in our Catalogue No, 72, which we will be pleased to’send you. 


? Macqdarie Place, ,3 
oe Sydney, : 

: J; Rar a and Son Pty. Ltd., : 

$ 86, Bourke Street, Melbourne. ? 

: NEW ZEALAND.—B. T. Donne, : 

: Australasia Bank Chambers, : 9482 
Customhouse Quay, Wellington. : 


FULLER-LEHIGH COMPANY, 


Main Office and Works - + FULLERTON, Pa., U.S.A. 


BRANCH OFFICES:—NEW YORK, N.Y., U.8S.A., 50, Church Street; CHICAGO, ILL., U.S.A. 
McCormick Buildings. PARSONS, KANSAS, U.S.A., First National Bank Building. 
ONTREAL, CANADA, Canada Life Building. 


Special Representatives in the Iron, Steel and Copper Industries for the British Isles: 
ooses> osceossss moose ees THE WELLMAN BIBBY COMPANY, LIMITED, 
36, KINGSWAY, LONDON, W.C, 2. 
LONDON. OFFICE :—25, Victoria Street, Westminster, S.W. 1. 
Telephone; 5912 Victoria. Telegrams; Fullengcoy, ‘Phone, Londea, 











o oss ss. - 
‘POOL. SSS sss SSS SS SS SSS SSS SSS S SSS 
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SHIPPING, 
ENGINEERING 


EXHIBITION 
OLYMPIA 
SEPT 7-28 


THE GREAT 


SHIPPING 
ENGINEERING 


AND 
MACHINERY 
EXHIBITION 


OLYMPIA :: LONDON 
September 7th—28th, 1921 





Most of the Leading 
Firms have _ already 
booked space, and 
EARLY APPLICATION 
Should be made for 
REMAINING SITES. 











The Exhibition will embrace : 
Wireless Telegraphy. Oxy-Acetylene 
and Electric Welding. Diving 
Demonstrations. Life -Saving 
Equipment. Boat Lowering Devices. 
Pumps. Electric Specialities. 
Handling and Transportation 
Machinery. Shipyard Tools. Search- 
lights. Syrens. Winches. Turbines. 
Condensers. Ventilating Machinery. 


Gas Engines. Heating Apparatus. 
Ships’ Models. Etc. Etc. Ete. 


Buyers from all parts 
of the world are 
expected to visit this 
finest collection of 
exhibits ever shown 


under one roof. 


For full particulars apply to the Organisers : 


F. W. BRIDGES & SONS, LTD., 


36 & 38, Whitefriars St., 
LONDON, E.C. 4. 


Tel ephone 7 ° 7 7 


Central 5486. 








HAMWORTHY 


OIL ENGINES 
WINCHES ano HOISTS. 


THE MOST LOWEST IN 
ECONOMICAL | PRICE. 
OIL ENGINES, pecans 





y- C- FUEL 
SIZES 5 a CONSUMPT. 
24 B.HP. e 2 AND 
AND S | WORKING 
UPWARDS. Nail stn eemmeeiall costs. 


_ EASILY STARTED. WORK ON PARAFFIN. 
1 and 2 ton sizes are also suitable for Crude Oil. 
DELIVERY FROM STOCK. 


PARTICULARS AND PRICES. 





~ Capacityat | o. | re | Weight |p... | B.HP. of 
190 ft per ain, | Size. | Length. | Breath. +7 Height. | “ipS" | Price. | “Engine. 
5 cwts. , A 1,120 | £86 2k 
” F 3° 4° 1,340 | £110 5 
| v 4 2,450 £195 5 





3,900 | £345 9 
4’ ie 5,100 | 2620 15 
WAA and WABs are Warping Winches only. 
The most reliable and economical Winch made. The 2-ton Winch will use any 
Crude or Residual Oil used for Diesel Engines. Fuel consumption less than ‘5 pint 
per B.HP. per hour at full load. 


THE HAMWORTHY ENGINEERING CO., LTD., 
SOLE MANUFACTURERS, 


76, Victoria Street, London, S.W. I. 
Works: POOLE, DORSET. 























CRANKSHAFT TROUBLES 


due to 


TORSIONAL VIBRATIONS 


can be avoided only by proper 
design. We pass upon this and 
guarantee freedom from torsional 
* periods.” 





No “‘ literatare.’’ 
Send representative to see us. 


9053 





VIBRATION SPECIALTY COMPANY, 


Harrison Building, Philadelphia, Pa., U.S.A. 
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Facing the Imperative! 
To reduce your production costs is imperative. 


Yet things are so abnormal as to make this difficult. 


Nevertheless, any shop not yet using “ Asquith” Radial 
Drills can easily reduce its drilling costs by installing 
one or more of these machines. One ‘Asquith ’”’ 
often replaces three other machines -— saving 
wages of two operators. 


Face your “ Drilling Imperative” now, and be ready 
for the keenest competition. 


ASQUITH OT 


(William Asquith (1920), Limited). 
PARK WORKS, HALIFAX, ENGLAND. 





nUOOAA0000000000000010 HUTT MUTT 





—— 
anne 








TMNT 


EE ARARAAAAAALARERARARORRERORRERAEREAERRREREAT 


Sole Maker of PATENT “ECLIPSE” 


: 
F 


ic 


|All Types of CRANES and LIFTS 








CARELS 


(Ghent) 


CASTINGS. 


We are in a position to offer 


HIGH GRADE CASTINGS 


equal to those used in our 


DIESEL AND STEAM ENGINES 


for 


QUICK DELIVERY AT COMPETITIVE PRICES, 
LARGE HEAVY CASTNGS, 


UP TO 36 TONS 
or 
SMALL WORK MASS QUANTITIES PREFERRED. 


CARELS DIESEL & STEAM ENGINES (London), LTD,, 


Joint Managing Directors, 
G. E. HEATH. — R. A. SERENA. 


Carlton House, Regent Street, = 
Waterloo Place, London, S.W. |. 


Teleptone : Regent 3484. 











Telegrams: Dieselben, Piccy, London. 


CHARLES WILLETTS 2% 


Colonial Works, CRADLEY HEATH. 
MANUFACTURER OF 





ELECTRIO, STEAM axo HAND POWER. 
Also PULLEY BLOCKS, JACKS, CRAB WINCHES, JIM CROWS, &e. 





WILLETTS’ STEAM CRANES. 
A well-known large English Firm writes: 
‘Referring to the Steam Crane with which you supplied us in 


January of this year for use in our Works, we are saspel tebe able 
to state that the Crane has given us every satisfaction.” 


SCREW PULLEY BLOCKS. 





From Photo ef 3-Ton size. 16 ft. radius. 8668 


Colonial Works, Cradley Heath, Staffs. 














I The Octopus Chain Pipe Wrench, | 


$ drop-forged, full thrust is taken by } 
i stock. Sizes for pipes } to Gin. dia, } 
: Prices from 10]- to 34/- each. ' 








| PELIVEREES EX STOCK 
can be given of high-class 

Engineers’ Tools at very low 

prices. Special circular available 

of : 

Pipe Cutters of various types, Ratchet 

Braces, Parallel Vices, Tube Vices, &¢, 


(ESTABLISHED 1650). 


ALLDAYS & ONIONS LT?» 


BIRMINGHAM. 


9274 
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BROWNING 


‘The All-Around Champion’’ 


The Browning 
Locomotive Crane 

is easily and quickly 
changed into a 

pile driver with 
24-foot radius 


4 om Browning Locomotive Crane is a remark- 
able crane on account of the fact that it may 
be so readily adapted to various uses. 


The illustration shows a set of Browning fold- 
ing Pile Driver Leads attached to a Browning 
Crane, converting it into a traveling pile driver of 
great efficiency. With it piles may be driven 
anywhere within a radius of 24 feet. 

When moving from place to place the leads may be 
folded close to the boom of the crane and lowered so they 
will lay on a flat wagon for transportation. When in this 
position, the crane will pass under a clearance of 16 ft. 6 in. 

The leads may be attacied in a few minutes without dis- 
turbing the lines or any other parts, and may be detached 
almost. instantly, leaving the crane free for regular loco- 
motive crane service, such as handling material by means 
of a hook-block, or for clamshell or drag-line bucket work. 
In addition to this the crane may be converted into asteam 
shovei of long reach and high dump. 


Write for catalogue showing the wide range 
of usefulness of the Browning Crane 


THE BROWNING COMPANY 
CLEVELAND, OHIO, U.S. A. 
Cable address: 


Browning 


SURORORAORHREREORECODECEDEORRHRORERE TERR RR eRe Ree eeheehaeteeeeeeeeeeeneeees 


“¢ 
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ELEVATOR « CONVEYOR 
CHAINS. 








Elevator 


Buckets. Wheels, &c. 


poweewees peeweeeey 








FLETCHER MALLEABLE FOUNDRIES, LD., 


DERBY . 


9301 


T elegrams— 


Telephone— 
“* Foundries, Derby.” 


221 Derby. 











nee 











GALDERS LIMITED, 


10a, George Street, EDINBURGH. 


Telegraphic Address: Telephone No. 
REDLAC, EDINBURGH, 1212 CENTRAL. 





Home and Foreign Timber Merchants, 
Creosoters and Preservers. 





IMPORTERS OF 
RAILWAY SLEEPERS. 
DEALS BATTENS AND BOARDS. 
MINING. TIMBER. 
TELEGRAPH POLES. 
FENCING, Creosoted or Clean. 


Sleepers and Timber of every description 
in Stock. 








Sawmills and Creosoting Works : 


Middlesbrough-on-Tees. Immingham. 
Newcastle. Brandon. 
Bo'ness. Perth. 


London Branch : 

CALDER & MACDOUGALL, LIMITED, 
la, Dover Street, W. 

Creosote Works, ROTHERHITHE. 


8927 
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| nau | | “CAMEL HAIR” 
DELIVERY ! (RECISTERED TRADE MARK) 
BELTING 
UPWARDS OF 90,000,000 FEET 


o EAT | NG COl LS | SUPPLIED TO WORLD WIDE USERS. 


FOR 


HEAVY OILS 
AND 


OIL FUEL INSTALLATIONS. 


SEND ENQUIRIES TO hs | 
We pe em a por . 
ENGINEERING CO., LTD. ee gen... NG , Aiiniiatiss. 
21, PANTON ST., LONDON, $.W. 1. oe), 
, TEL.: Gerr. 1328, 9016 | 7 , 
é TELEGRAMS: **‘ IRONWARE, CHARLES, LONDON.”’ CEMENT WORKS 


TUBE MILL MOTOR DRIVE, 










































































CROCK A 
™TWO cliMPLEX] SPECIALTIES OF INTEREST. 


To 
Production Engineers. 


FERRULE SLOTTER 


FOR SLOTTING (Jf 
CONDENSER & 
FERRULES, (#3 


CASTS ATING ey \l HAS AN'‘UNBLEMISHED REPUTATION 
TON SLOTTING = — gf alae OF NEARLY 46 YEARS, AND IS THE 


Sou 2000 Fens — MOST SUCCESSFUL AND RELIABLE 
| BELT IN THE WORLD. 




















Oo 
Power Engineers. 








FEED WATER 


SUCTION FILTER Sole Makers: 


SIMPLE, EFFECTIVE, 


FILTERING MEDIUM 
EASILY CLEANED 
AND REPLACED. Y CO 
PRICE & 
EXTREMELY MODERATE. ; 
Large number. in e s 5 
LIMITED, 


successful operation 
Supplied with or 





without bypass. 


Write for List ““M” gives full particulars, PENDLETON, ox 
CW: CROCKATT & SONS, 12> MANCHESTER, 


ite LONDON : 


64, Darnley Street, Glasgow, 60-61, LIME STREET, E.C. 


and at 12, Bath Street, Liverpool. 
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— Blackman 
BELTS vernatna FANS. 


SLACK 
WITHOUT 


SLIPPING 














BELT OR 
ELECTRIC 


TO RUN 
HORIZONTALLY, FOR 
VERTICALLY EXHAUSTING 


OR 
, OR 
For Leather Belts DIAGONALLY. BLOWING IN. 
Sternol Adhesive Belting Bricks increase 
driving power and ensure true running at ome 
any speed. They are clean and convenient 


and cannot sibly stain or damage goods 
in process of manufacture. 


For Balata Belts STRONG. anieaieer RELIABLE 


IF you contemplate installing Fans for any purpose, we shall 

be pleased to give you the benefit of our expert advice, either by 
means of a visit from one of our engineers, or in the form of a scheme 
and estimate on receiving full particulars of your requirements. 


STERNS LTO., 56, ROYAL LONDON HOUSE, FINSBURY SQ., LONDON, E.C. 2 James Keith & Blackman Co., Ltd., 


27, Farringdon Avenue, 


LONDON, E.C. 4. - 


a 


HAYWARD-TYLER & CO., LTD. 
OIL PUMPS. 


OVER 30 YEARS’ 
EXPERIENCE. 


use Balagrip. Packed in case containing 
10 x 2 Ib. bricks. Sample case sent on 
approval. If not satisfactory to be returned 
at our expense. 
































Established 1816 











VENUS PENCILS 


set the world’s standard for 
fine pencils. Every one of 
the 7 degrees are perfect. 
The degrees which will 
a you the best results 
or your work aie :— 
FOR ENGINEERS— 
HB, 2H, 4H, 6H, 8H. 
FOR DRAUGHTSMEN— —= 
4B, 2B, HB, 2H, 4H, 5H. : 4 
Blockiead, Gdenshs 610 per denen. From a Photograph of a 10 x 10x 12 Duplex Oil-Cargo Pump supplied in 1890. 


oe ore. The HAYWARD - TYLER DUPLEX 

eee ee Oe etnies te teas - superseded Pumps of the Single Cylinder 
anieal Drafting.” Type for Oil Pumping in 

~ ore tie Word Head Office : Works: Luton, Beds. 


: 99, Victoria St., Tel : Tylerox Cent, London. 
VENUS, 173.5, LOWER CLAPTON R-AD, E.5. Queen Boe one Ty ato t 









































| 
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MIRRLEES, BICKERTON & DAY, to. 


Hazel Grove, near STOCKPORT. 


Telegraphic Address :—"“ ECONOMY, HAZEL GROVE.” 
LONDON Office : ‘* Mirrlees House,” 7. Grosvenor Gardens, Westminster. S.W.1. 


MAEZHBHRS OF 


The “ MIRRLEES-DIESEL ” OIL ENGINE. 





~ 600 BHP. “Mirrlee -Diesel” Engine—Crosshead Ty 
THE MOST ECONOMICAL ENGINE MADE 
FOR LIGHTING. TRACTION, POWER, PUMPING, PROPULSION, &c, 
' CHEAP AND SAFE OILS USED AS FUEL. 





DROP 
FORGINGS 


OF EVERY DESCRIPTION INCLUDING 


SPANNERS 


ie 
OF SUPERIOR QUALITY.” Ma 










- BRETT'S 
STAMPING C:: 


ee HARNALL LANE, 


SF COVENTRY. 


CONTRACTORS TO H.M. GOVERNMENT, 
WAR OFFICE AND ADMIRALTY. 


Telegrams: “Brett's, Coventry.” Telephone; No. 168. 














——___—__—__ — 





| 














FUEL OIL 


TANKS 
FROM STOCK. 


PIGGOTT’S PATENT PRESSED 
STEEL TANKS, 


LIGHT, STRONG, EASILY ERECTED 
AND CHEAP. 


7411 


THOMAS PIGGOTT & CO., LTD., 
“ATLAS” WORKS, SPRING HILL, 





BIRMINGHAM. 














MACHINE VERSATILITY. 


Tia one machine that can be quickly and conveniently changed from « 
bonzontal shaper with a 7’ stroke to a 3-1/2" vertical slotrer, adjustable te 
W degrees. For light work where utmost accuracy is essential. you get 
MAXIMUM EFFICIENCY AT MINIMUM COST. 
For Satz um Bretanp BY—BUCK & HICKMAN, LTD., CHARLES CHURCHILL & CO., LTD. 
ALFRED HERBERT LTD., 


THE SELSON ENC. CO., LTD. 
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‘ UrwakpDs oF 
Telegraphic Address: BRAKE, MANCHESTER. 


200,000 Telephone : CENTRAL No. Gry. 


GRESHAM'S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE. 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL . aaa, ee MANCHESTER. 
LONDON OFFICE ° (iter. -« 


- - + 40, WOOD STREET, WESTMINSTER, §,W. 1. 
GLASGOW OFFICE: Wu. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS; 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris, H LAND: Th. H, M. 4 
Piazza Sicilia, 1, Milam. . AUSTRALIA : 


uy 5 ergy © Bend Hague. ITALY : Giovanni Checchetti, 

Adore & Co., fares Collins St., Metourne. INDIA: H & Gresham, Ltd,, m’s Broadway, Madras; 6, Waterloo St., 

Calcutta : m Peerion Rd., Lahore. SOUTH AMERICA: A: Evans, Thorton & 465, Calle Vefenga, Buenos Ayres ROUMANLA ? END THE NEW STATES: British Engineers 
and Traders yndicate, Lid., Australia House, Strand, Cc. a. SOUTH + Jeti: & Co., 19=24, | Amanat et Sq 


ware, Cape Town; Smith Street, Durban; Ginsberg 
Chenbod ohamnesburg. i 


Hui MA hi ANA 








Steel Aone 


London Offices : 
8, The Sanctuary, Westminster, S.W.1. 
Telegrams : “ Aldwarke, London.” 


ATLAS WORKS, SHEFFIELD, 
& CLYDEBANK Nr. GLASGOW. 


Telegrams : 
“ Shipyard, Clydebank.” 

















BRADLEY * CRAVEN," 





ESTABLISHED 1843. 


WAKEFIELD. 


mionceRs OF STIFF PLASTIC 
BRICK MAKING MACHINERY. 








BRICKS PRODUCED BY OUR LATEST IMPROVED 
MACHINES ARE OF UNEQUALLED STRENGTH AND 


FINISH, READY FOR IMMEDIATE DELIVERY TO KILN. 


No. | “STIFF-PLASTIC " BRICK-MAKING MACHINE 
Output 1000/1200 per hour. 
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BEYER, PEACOCK: Co.= 


ee a Sema sw GOrton Foundry, Manchester.“ «= 


otitinas: “ FOLGORE” Vic., poe Telephone No. 255 Manchester 
Telephone No. 3937 Victoria. ESTABLISHED IN 1854. 5640 Genl. Manr. and Secy's Office. 


LOCOMOTIVE ENGINES 


FOR ALL PURPOSES AND GAUGES 
GARRATT PATENT 


arTicuATD Looe iia MAOCERINE Toort.s. aun BADRINES 
WITH OR WITHOUT ELECTRICAL DRIVE. PEOIALITY, 
WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE. 


| STEEL FOUNDRY ior Casting Wheel Centres and other tae ome of Locomotives. Also general CASTINGS and FORGINGS | 


CLAYTON, SON & CO., LTD. vz: 3. 


Te.earams—“ GAS, LEEDS.” i: To H,M. Govanseeanyr. Laupos OFFICE: 5, VICTORIA STREET, S.W. i. 


WELDED AND RIVETTED STEEL PIPES... 


BOILERS. GAS PLANTS. TAN KS FOR OIL & WATER, &c. 
STRUCTURAL STEELWORK oF EVERY DESCRIPTION. 


IcE & REFRIGERATING MACHINERY 


Carbonic Anhydride and ammonia Compression Systems. 


Land Installations. _ »Marine Installations. 


RECIPROCATING PUMPS Avo HIGH PRESSURE GAS COMPRESSORS. 
THE LIVERPOOL REFRIGERATION COMPANY, Lto. 


LONDON OFFICE: Contractors to H.M. pov 
Dunster House, Mark Lane, E.C.3- nm COLONIAL HOUSE, LIVERPOOL. 
=i eg 


THE BUTTERLEY CO., Lo. 


DHRB YW. Esrastisnen 1701. 
Telephone—Nos. 15 and 76, RIPLery. Telegrams—“ Lronworks, Butterley.” 
Pig Iron, Bar Iron, Iron Castings wi to 
20 rows. 

Bridge and Structural Steelwork, Pit Trams, &c. 
High-class Machine Work of all descriptions. 
Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &&, a Speciality. 


_ LONDON OFFICE—52, Queen Victoria Street. Telephone—2180 City. 

























































































[SUPPLEMENT page XLVIII| ENGINEERING. 


PEGKETT# SONS, Gy 


BRISTOL. 








SPECIALITY 


TANK LOCOMOTIVES 


Of all Descriptions and any Size of Gauge. 
8313 Full Particulars on Applicatien. 





NAPIER BROTHERS LEtd., 130, nypeparksr., GLascow, w. 
Sedign Aion, GENERAL ENGINEERS. oa Geek 
Contractors to ADMIRALTY, COLONIAL and FOREIGN GOVERNMENTS. 
Steam, Hand, Electrical, Compressed Air and Petrol ae 


WINDLASSES, CAPSTANS, STEERING GEARS and WINCHES. 


HAULAGE GEARS, WINDING ENGINES and POWER TRANSMISSION GEARS. 
The Machine Cutting of Large Worm, Spur and Bevel Gears a Speciality. 








HUDSWELL, CLARKE & CO., LIMITED, 


RAILWAZT FOUNDRY, LEBDsS. 


LOCOMOTIVES 


For Main or Branch Railways, Gontractors, Ironworks, Collieries, &c. | Made to suit any Gauge of Railway, 


Established Telegraphic Address : 


1860, petal LOCO, LEEDS. 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS CN APPLICATION. 
Sor 


wos or ELODGERS PULLEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT. RIM, ARMS, AND BOSS. 
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MAKERS OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge, 
DESIGNS & SPEOIFIOATIONS 
SUPPLIED OR WORKEBS Te. 
Quotations and Spptionties os on application. 





Telegraphic Address: ‘‘ENGINE, LEEDS.” 
Telephone: Nos. 20877 (3 lines). 


ROBERT STEPHENSON & CO., LIMITED, 


Loccomotiwe Builders, DARLINGTON. 
ESTABLISHED AT NEWCASTLE 18323. 

















NEW WORKS OPENED AT DARLINGTON 1902. 
3 cog Sea PE pai ; 


LONDON OFFICE: 


Sanctuary House, 


WESTMINSTER, 8.W. 


Telegrams— 


WORKS : 


Telegrame— 
ROCKET, DARLINGTON. 
Nat. Telephone— 
2700. 





Codes— 
Engineering Standards, AB @ 
(5th Edition). Engineering 
‘Telegraph (2nd Edition), and 
Kendall's. 


ALTISCOPE, LONDON. 


Mat. Telephone— 
No. 650 VICTORIA. 





1130 


LOCOMOTIVES OF THE HIGHEST CLASS UP TO ANY SIZE AND CAPACITY. 
“tpi Locomotives: Compound or Simple Expansion, Articulated, or other Types with Flexible Wheelbase to suit any Gauge of Rail and Conditions of Servies, 
Ps teense herein Avene Ot deren LANE ER AAAS SOUR A De cle BO Ee 


THE — FOUNDRY & ENGINEERING CO., Ltd., SHEFFIELD. 


MAKERS OF 


BRICK, TILE... ~ 
SANITARY PIPE MACHINES 


CATALOGUES ON APPLICATION. DELIVERIES FROM STOCK, 


THE ‘‘NORRIS’’ PATENT MECHANICAL BRICK MOULDER. 
CLAYTON’S, MURRAY’S and PULLAN and MANN’S MACHINERY. 


3 'LONDON OFFICE : 2: VICTORIA STREET, S.W. 1, 


HONE: 920 VICTORIA, 











AVONSIDE 


ENGINE Co., Ltp., 
BRISTOL, 


LOCOMOTIVES 


IN STOCK AND PROGRESS, 
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HAM, BAKER & CO., LTD. 


Makers of 
SLUICE VALVES, 
AIR and RELIEF VALVES, 
FIRE HYDRANTS, 
LOCOMOTIVE WATER CRANES 
and WATER FITTINGS of all kinds. 


SLUICE GATES, PENSTOCKS, &c., 
for Irrigation Works, Sewage Disposal 
Works, &c. 


VALVES & FITTINGS 
for Oil Pipe Lines. 


ENGINEERS, IRON AND BRASS FOUNDERS, 


LANGLEY GREEN, BIRMINGHAM. 


'Grams—“ Penstock, Langley, Worc8.” = 'Phone—87 Oldbury. View showing a number of Sluice Valves of various sizes in stock. 














“For removing Rust from 
Steel Bars, etc., previous to Painting.’ 


And That is another sphere of usefulness which the 


Dhaleshale, Patent Pneumatic Scaling Tool 


has found. Every Engineer who has had experience in the old-fashioned 
method of removing rust from Iron and Steel, etc., will fully understand 
this Firm’s appreciation of the way the “SKATOSKALO” reduced their 
expenses and enabled them to get through more work. 
be odes tek, In many of the largest Dockyards, too, this handy one-man Tool is daily 
ae ee RENIN FOREN being used for the purpose of removing rust from Ships’ bottoms, ete., 
imines th} while as a means of removing scale from Boiler Plates it has won the 
P Pesan wiser men eh Seta,eioe owe whole-hearted appreciation of Engineers all over the world. 


every satlefaction, and © hope te continue to we Wee 





jor tae Game purpose, 


Satelit heen hdedaitiiatin einen Are YOU employing old-fashioned, laborious and expensive methods in 
OW aemen rer Whe 14 sone seniieg sotandy ant ts your works. If so, why not write me for my latest descriptive Folder. 


S06) lien enahare wt Ww get tnroug sore Forts 


fe a FRANK GILMAN (::), 9, Westfield Ré., Birmingham. 

















IMPROVED ENGINE TYPE CYLINDER. 


DISMANTLED WITH EASE AND QUICKNESS, 


MANUFACTURERS 





VACUUM BRAKE EQUIPMENT 


Suitable for all classes or 


STEAM AND ELECTRIC ROLLING STOCK. 


THE GONSOLIDATED BRAKE & ENGINEERING c0., Lip, 


15, DEAN’S YARD, LONDON, SW. 1. 


Tecearams ‘—“ Vacuo, Vic., LONDON.” Copves:—A BC, 5TH Eprrion AND BenTLeys. TELEPHONE :—VicTORIA 3987. 
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MANNING, WARDLE & .CO....LT. 


BOY Wt EI nwGia 5 Worn kK S, LuBUDs. 


Makers of Lesomotive Engines for any width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passengér traffic. Materials and Workmanship of the best quality. Tank Bogines wp 
to 18 in. cylinders, on four or six wheels, always in stoek er in progress. Specifieations, Photos and Prices on application atid Special Designs sent on reveipt of partioulers of requirements. 















London Office: Mr, o. J. HEAGEBTY Blenheim Mansions, Broadway, Westminster, S.W. 1. Od 2496 





STEEL CASTINGS ., » 6 TONS: 


To any reasonable specification. 


a.so MALLEABLE IRON CASTINGS. 


| THE PARKER FOUNDRY C° L™: DERBY. 


JOHN | eon (WOLVERHAMPTON LTD., ‘WOLVERHAMPTON 


IanaePROTE BRLVERY FUEL ECONOMISERS. 





Wu 











PORIMMEDIATE DELIVERY. BOLL ERS OF ALE TWPBS. “ 


= — ——— 


ANDREW BARCLAY Sons 2 Co, Limiten, 
CALEDONIA WorKs—KILMARNOCK—ScoTLanp. 


STANDARD LOCOMOTIVES 
SUITABLE FOR HEAVY WORK 
CYLINDERS 10in, to 16in. Diameter 
IN STOCK or IN PROGRESS. 


LIGHT CLASS LOCOMOTIVES 
CYLINDERS 6in. Diameter 
UPWARDS. 

















CRANE LOCOMOTIVES. 
ARTICULATED LOCOMOTIVES. 
OIL-FIRED LOCOMOTIVES. 
FIRELESS LOCOMOTIVES. 


$406 
LONDON ADDRESS— 


53, VICTORIA STREET, WESTMINSTER, S.W. 


TELEGRAMS—BARCLAYSON—KILMARNOCK, 
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The ClayCrossCompany,L“- ClayCross, Derbyshire. 


Setegrams p—JAOKSON, CLAYCROSS. — ~ESTABLISEED 1887 Telephone 419 CHESTERFIBLD. 


MAKERS OF STANDARD-TYPE 


FUEL ECONOMISERS 


For Utilising the Waste Heat from Steam Boilers of all Types. ,., 


SAVES IN COAL FROM 15 To 25 PER CENT. 


Adopted by’ Steam Users throughout the World. 


HASLAM’S 
REFRIGERATING MACHINERY 


Fok COLD STORAGE, ICE-MAKING, &c,, 08 SHIPBOARD An) ASHORE 
641-3, sacispury House, THE HASLAM FOUNDRY & ENGINEERING CO., LIMITED, union rounoey, 











Ammonia & CO, Compression Systems 
Ammonia Absorption, Compressed Air 





























LONDON WALL, INCORPORATED WITH DERBY. 
LONDON, £.C.2. PONTIFEX & WOOD, LIMITED. Telegrams—ZERO DERBY, 
TIME CHECKING MACHINES. TIME RECORDERS. WATCHMAN’S WATCHES. 
BRITISH MADE. 
‘GEARS REDUCING 
ALL DESCRIPTIONS AND 
— CUT MULTIPLYING 
MACHINE MOULDED. GEARS 





IN OIL TIGHT CASES. 


18 Class, ~ Card O. 17 Clase, Patent Diagram Recorder. 


Watchman’s Watch. por 
PRICES AND PARTICULARS ON APPLICATION. RESPONSIBLE |AGENTS WANTED WHERE NOT REPRESENTED. 
LLEWELLAN’S MACHINE CO., BRISTOL, ENG. ‘eresisc ond Catie dairess—"LLEWELLIN'S BRISTOL. 














DONKIN 


Blowers, Gas Compressors, Exhausters positive Tyr 
For INDUSTRIAL PURPOSES. 


9150 





For Gas Works, for Chemical, White , ADVANTAGES ANB FEATURES : 





Lead, Soap & Oil Works, for Pumping Absence of all Valves. 
Gas, Forcing Air h Liquor, &c., Simplicity of construction and small 
for Agitating or » &e. we on of a 
Can be arranged for driving by Belt, S orking parts entirely 
Engine, Gas echt or ol co Good efficiency. Silent working. 


, THE BRYAN DONKIN CO.,LTD. 
Fig. 850 Engineers, CHESTERFIELD, ENGLAND. 


ENGINEERING, '[ SUPPLEMENT \page LIT! ] 














MECHANS LIMITED, 


Engineers and Contractors. 
SCOTSTOUN IRONWORES, GLASGOW. 


LONDON OFFICE - 28, VICTORIA ST., WESTMINSTER, 8.W. 1. 





























ORT 


sa } 
a ne ao : 
~ 
Pe ie te Sy 
\ | a . = 
et ey : tae : 
‘ —_ -- 
‘ 


Giascow, 


Ry, cose Nt | PoLMAniE Iron Worxs. | 
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BROOM & WADE, == ' <  Gicnest ereictency) 


ae * may —— HIGH WYCOMBE —— 2 


wacene OF AIR Gomer use bacco 

















_ and 
5 TO 1,000 CUB. FT. me baw © J i ) [TE RELIABILITY 














IARD wo re R ants 


Ber kl y Street, 
BIRMINGHAM 


Makers..of Steam 
Electric & Hand 


“Cranes. 
All kinds of 


ee Sica 


eT 
ee 


























Cast tron & C.M. Cocxs || (i 


a Pall : MAVOR %& COULSON, L» 
@iascow> 47, Broap Street, Mie END, GLASGOW. 


For ALL Duties, 
For Every ie 
BRITISH STEAM SPECIALTIES L°: 
BepForp Street, LEICESTER. 














THIS Feed-Water Heater 
is VERY EAS! LY Pe: Write for detawus and prices. 
CLEANED. , aie of : 





DRUMMOND BROs., LTD., ENGLE WORKS, nr. GUILDFORD. 


A GIANOM at the hn 


illustration will 











show the simple con- 
struction: the tep 


li i ee isa. 2¢ SCRAP METALS 


INGOT METAL CASTINGS 


Nae | anf: eee 
Ml | 


ae E. J. SMITH & CO., ttn 


FEED WATER Hi TELEcnams} 2scam°"==" Tyseley Metal Works, BIRMINGHAM 
T. SHORE a SONS, = 


Albien Foundry, 


















































= 


Progress shows Appreciation. 


Our Business has Joa>Ogp3-easmed. to such an extent that we have been compelled to build 
and equip New Works—the largest and finest of their kind in the World—for the manufacture of our 
BEEMT AL IIO PAORING 20d other specialities. 


This shows the appreciation of Stem Osexss who realise that there is only on Bost 
and that has proved the @Ihem pest in the-long run. ¢ v50 


The UNITED STATES. METALLIC PACKING CO., Ltd. 


Telograme— Maratusc, Barros.” Oho Works, Allerton Road, BRADFORD. Telephones—4705 and 4706. 


LONDON—110, Fenchurch Street. NWEWCASTLE-ON-TYNE—2, Collingwood Street. BOLTON—16, Mawdsley Street. SW ANSEA— 
GLASGOW—52, St. Enoch Square. LIVERPOOL—16, Fenwick Street. SHEFFIELD—24, Norfolk Row. Angel Chambers, York Street. 











































Cleansed in “S minutes by means of 
Steam Air Injector and back flush 
of water,’ 





Waters analysed, and advice on treat- 
thent for amy particular requiréments* 
free of charee 








ASK. FOR, CATALOGUE ,.., 


ROYLES LIMITED, 
SPECIALISTS, 


ENeINEGRS AND : 
1R LAM. nr “MANCHESTER 9 


+67 + 


Malleahle Tube Fittings 


Gas, Steam, and Water, } in. to 6 in. 


PRACTICAL MEN REALISE THAT IT PAYS TO USE ONLY THE BEST MATERIAL. “ 
6at7 xX DWIwDWWw’ s-| WISH | HAD 


used #* QF & Fittinas. 


ONE..GRADE ONLY FOR 
GAS, STEAM, OR WATER. 
7500 VARIETIES. 


4 in. to 12 in, 
. LONDON, GLASGOW, MANCHESTER, BELFAST. 


STOCKS IN ALL PRINOIPAL TOWNS. 





















































xX DWID-BECAUSE | USED 


+ GF + ritmnas: 
+ GF 4 PTTNGS Have 


A LARGER SALE 
THAN ANY OTHER, 


LARGE. STOCKS HELD OF WELDED AND SEAMLESS TUBES: 
EDWARD LE BAS ® CO. : 


+OF + MALLEABLE FITTINGS 
DNSURE COMPLETE SATISFACTION 
ANB A SAVING IN LABOUR OF 507 








ESTABLISHED 1863. 


_ GAUCE CLASS PROTECTORS 


‘Ew REez A” 
at a ke o 








“Ss...” 
Mor FOR SPECIAL HIGH-PRESSURE BOILERS. 


STEAM GAUGES 


PRESSURE and INDICATING 


GAUGES of ‘aif /Déscriptions. |) 
JOSEPH TOMEY & SONS, Me 


ASTON, BIRMING HAM. 


London Office and Warehouse: 5, Exchange Parade, 





Y 
' A 






MAKERS OF THE NEW GAYUCE CLASS 


SAALIMAN inst 
for 100 year’, and ? 


GUARANTEE 
it to protect all 
- 5 ites Hardware 
+> ate against 
seqrecsion, rust 4 
¢ is ot stain 5 


ee. 


: Z 
THE PAPER ABSOLUTELY NBUTRAL. 


Samples and Price on request from 


CHARLES MARSDEN & SONS; Ltd. 


Paper Makers, 
~~ Fay ‘Holly Street, 


Rc White Se Wika, 





963 



























DOUGLAS, 


LAWSON 2C° 
BIRSTALL, 


NFR 





Southwark St. Lendon, SE. 
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cL STAFFORDSHIRE TUBE GO., Lr, 


Telerbone : 6456 & 6457 Central, 


CAMMELL LAIRD & CO., C0. L. CT acaucas, 


STEEL MANUFACTURERS, | SHIPBUILDERS. TENGINEERS. ~» BOILERMAKERS. 
ome _ oe WW: ite a NEXT wane tae 


Hartness JONES & LAMSON The Fay 
Flat Turret Lathes MACHINE CO., pe ee 


and ater Lane, Queen Victoria S 
Automatic Dies... ee LONDON, E.C. 4. a to Lathe. 


SSS 
rRCAST IRON WELDING. EXTRUDED BARS 
Sie) DELTA” BRAND 


chipped. A m wn dee Baw ae n| - BRONZE, YELLOW METAL, BRASS, RED METAL NAVAL BRASS, COPPER, &.. 3801 
er: COUN ICAL COL’? chemico worKSBIRMINCHAM. |THE DELTA METAL ‘60., LTD. "y BAST GREENWICE, LONDON, 5.E. 10 
as eter rnerreenctamriareeneitalie amie 


Ané ‘ BIRMINGHAM. 


cartaas:| COCHRANE” HAMMERS |: 


STEAM - COMPRESSED AIR - PNEUMATIC POWER 


en ESTABLISHED OVER 70 YEARS 


un INSTALL OUR PATENT 
HAMMER air or steam. 























———— 


















































WE CAN CONVERT YOUR 
EXISTING HAMMERS. .. 


JOHN COCHRANE oarrneap) Ltd. 
BARRHEAD, near GLASGOW. 




















emcee nina 


DUH OT TT TCT 


Solid Atlin ‘pea & Cop per Tubes, Lobaeli &| 
Condenser Tubes, Muntz’s Metal Sheathing, Braziers’ | 

Sheets, Circles, Bolts, Pump Rods, Plates, Nails, | E 
ins Naval Brass Sheets, Plates, Rods, &c.¢§ 


| 

| 

a 

ee  PaqduscGy ord -|- fs 
x H. MUNTZ & CO, LTD. 
=~ 


Works, 


{ 
WwaHsrT BROOM wicH. | 
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TUBES LIMITED ~~ 


WELDLESS TUBES for BOILERS and STEAM PIPES 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. i 
9 Works: ASTON MANOR, BIRMINGHAM. 


a ae _— ~~ —  _ ~ - ___ 


PANT ET SATE oN 


- | BRAITHWAITE &C? 


117 VICTORIA ST LONDON,sw.1 
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Tole { Some! Crimpers. 
phone : No. 871 & 872 E (4 lines). 








RE RE FIT) SURES HEE EG er 


wo, nes 





CROWN BRIDGE WORKS 
WEST BROMWICH. STAFFS 
CONSTRUCTORS OF 
STEEL-BRIDGES 
STEEL-‘JETTIES 
STEEL: BUILDINGS 
STEEL- STRUCTURES 





NEPTUNE WORKS 


NEWPORT. MONMOUTH SHIRE 
SPECIALISTS In 





PRESSED -STEEL-WORK 
PRESSED STEEL: TANKS 
PRESSED-STEEL: FLOORING 
PRESSED STEEL CULVERT: PIPES 








STEEL- GIRDERS ole PRESSED-STEEL: SLEEPERS 
PORTABLE: &-LIGHT: RAILWAY: MATERIALS 







4 Gop 


E. 16 





Being Engineers ourselves—Engineers with a long and exceptional experience 
in the manufacture of Electrical Equipment—we appreciate the standard you 
set on your requirements and in our own activities maintain an excellence 
: which we know will meet and satisfy your most critical demands. 


th 


OUR PRODUCTS INCLUDE: 
Electric Cables for every application, 
‘Transformers, Switchgear and Electric Plant generally, 


and the specialised knowledge we possess is placed unreservedly at the disposal of our. customers, In this 
direction you may have a problem—if so, we welcome your enquiry—let us hear from you. 


JOHNSON & PHILLIPS, Ltd., Gai iciot cc: is. Charlton, London, S.E. 7 


City Office: 12, Union Court, Old Broad Street, B.C. 2. 


IR 























Thoroughly | efficient 


Cheap to run and in- 





and reliable. 





They are built to stand 
up to the hardest work 
and have many advan- 


tages over Steam Loco- 


motives. 





Locos for all gauges. 








fig%, 40 B.HP. Simplex hesret Gilad niasdiiee 


THE MOTOR RAIL & TRAM CAR Co., LTD. 


expensive to maintain. 





Estimates on request. 
Please write, giving 
gauge, gradients and 
gross loads to be hauled. 





We can give prompt 
deliveries. 





9470 


-mplex Works, BEDFORD 
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STANDARD GAUGES 


for quick delivery include 

“UBEL” Gauges for Pressure 
and Vacuum. 

“UBEL” Hydraulic 
oleuine: 

“UBEL” Traction eee and 
Steam cca emadiebie: 
PR ote 98 Non-Vibrato: Miew 
; and Aeroplane Gauges for Water 
Circulation, .Oil Pressure Feed, 
Altitude, ete: 


“UBEL” Dingihadigns ty p< Vertical 


Gauges. 
nd Accessories 
F uae and Hydraulic 
9345 


ready 











Pressure 








Write for Catalogue Section A. 


United Brassfounders 
and Engineers Limited 











24 LAN 


Depots also at London, Glasgow, Newcastle, Birmingham, Cardiff, Belfast and all principal world centres, 


















— 











c. gBaBes R. 


By Direction of the, Disposal Board: 
FOR SALE BY (TENDER. 
A large: number of 
PUMPS (Steam and Oil-Driven), ELECTRIC 
LIGHTING . SETS, AIR COMPRESSORS, 
_ TUGS, LIGHTERS 
~ AND - 

" VARIOUS OFHER PLANT, 


OSTEND. AND ZEEBRUGGE, BELGIUM, 
TA doa! *‘Céndition, and Ready for Immediate Use: 


TENDERS CLOSE TEN ‘a.m.; 28th JUNB, 1921. 
Full particulars, ete., to be obtained on application to the CONTROLLER,'D.B.1.E. (1), 
Block G., Barls Court Exhibition, London, 8.W. 5, R 170 
















g BUFFALO” INJECTOR 


Lifts 24 ft. 
TAKES HOT WATER. 


Illustrated Catalogue with prices and full particulars 
of both classes of Injectors and Tripp’s Metallle 
Packing on m epeveation. 


GREEN & BOULDING Lid., 


ENGINEERS, 
162a, Dalston Lane, London, ‘E. "8. 


The Standard Piston Ring 
& Engineering Co., 
Premier Works, — 


Don Road, 
SHEFFIELD. 


Tel. : Dalston 1033, 
ele, ; Temperature, 'Phone, London. 


HAMMERED 
CAST IRON 
PISTON RINCS 


a] 























9437 


















Telephone: 
No. 2149. 


Telegrams : 
Ocean, 
Sheffield. 





Quick Delivery. 


JOHN | RUSSELL & GO., LD. 


————— WALSA LIX. ——— 


[LAPWELDED & SOLID - -DRAWN 


























— FOR LOCOMOTIVE AND OTHER BOIL BOILERS — 
CENERAL ENSINEERINC PURPOSES 
CONTRACTORS. 























Ln 











“CRANES 


ELECTRIC, STEAM, 
HAND. 














Govan, GLASGOW. 
















THE METALLIC VALVE C° 


COLONIAL HOUSE WATER STREET, 
LIVERPUOL. 


AU) > 


TELEGRAMS 
VALVE’ 


Tue Bavuss Parent THE : Steet HELICOW 
STEEL FOUR: SLIT 
LOCK-NuUT 


© PARTICULARS ON REQUEST 


FOUNDRY DEPARTMENT. 


CHILLED & GRAIN ROLLS. 
MILL & FORGE CASTINGS . 


ROLLING MILLS 


BEST STAFFORDSHIRE IRON AND 
FLATS, SQUARES 









% 
IRON GATES & RAILING FOR EVERY 
PURPOSE . 
2 









STEEL IN ROUNDS (FL 
AND sect) ONS. 


























re 


26 OFF 


BAYLISS . 


wORKS 


_ JONES. 





BAYLISS LP. 


CANNON 








] 
; 
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0° 


ALI TYSE' US. 


CAPILLARY TUBING, 
Up to 60 yards from Source of Heat. 


ENGINEERING. SUPPLIES-L71p. 





GALLOWAYS Patent Superheaters. 
ae Cougeousiiabiind the Coal Bill. 


ENGINE sree BQILER MAKDRS yawwey “gla fm tpn acai esi | 


THERMOMETERS) 





RECORDING. 


to 1800° Fah. 





SUFFOLK HOUSE, 5, Laurence Pountney Hill, E.C. 4. 


Telegrams; ‘‘ PROELLS, LONDON,” 8706 Telephone: CITY 2630 



































HEAD. OFFICE : 71; LOMBARD STREET, E.C.3. 


LLOYDS BANK 
LIMITED. 








17, 
BIRMINGHAM, 


COLONIAL & FOREIGN DEPARTMENTS : 


CORNHILL, E.C. 3, 

and at 

BRADFORD, LIVERPOOL, MANCHESTER, 
NEWCASTLE- CTENE. 





_ 


Credit and 
and Letter 





Foreign’ Bills “and Ch am are bolletted. 
and approved 


Foreign Currency Drafts, Telegraphic Transfers, 


of the world, can be ° obtained arog the | 9 
Principal Branches, 


Bills . Letters of 


Circular Notes are issued, and 


Payments, available in all parts 














The Agency of Colonial and Forsign. Banks is ‘ uildertakie. | 




















= 





ROPE 
DRIVI 


For EFFICIENCY & 
DURABILITY USE = 





“THE TRANSMISSION 
OF POWER BY ROPES.” 


Post Free on Application. 





Illustrated Lecture on— 


. 


NG 








Telegrams : 
Kenyon, Dukinfield. 
Telephone: 

494, Ashton, 








by KENYON & SONS, L™.: 


DUKINFIELD, Near 





LONDON OFFICE: 
95 & 97, FINSBURY PAVEMENT, 
E.C, 





CHAPEL FIELD WORKS, 
MANCHESTER. 

















eee oe 


i 


oa 
» he 

















LENTY OF “FRESH 


tion and reliability are what 
you require and what you 
get with Sturtevant Propeller 
Fans. 


Write for Booklet ‘« D, 1065,"’ 


147 Victori 

















These Fans are 


protected 


breakdown by hav- 
ing totally enclosed 


dustproof 





Engineering Co., Ltd. 
St, London 













against 


“motors. 


914i 



































» special 
CASE HARDENING STEEL 


“Tufcor” ‘is our latest speciality and ‘is = 
outcome of much research work in our 
atories. It gives a fibrous core with good im fapat 
tests and is unrivalled for parts which call for hard 
surfaces and shock resisting properties. 

of tests and data on treatment, on request. 


Ae specialists, we shall be pleased 
to advise you on any steel problem. = 





pcr # 
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TELEcr 





NEWTON, BEAN & MITCHELL, 


Engine Builders and Millwrights, 
DUDLEY HILL, BHRADFOo kT. 
Telegrams: “‘ADROIT, DUDLEY HILL.” 
’Phone: 125 DUDLEY HILL (2 lines). 


STANDARDISED MANUFACTURES 


TANDEM, CROSS COMPOUND, and 
VERTICAL ENGINES. 


All with our Improved Piston Drop Valves- 


CONDENSING PLANT. ™” 
TRANSMISSION MACHINERY - 
Of all kinds. 


i" oe ao, (RYE Tee — : ENGINES INDICATED & DETAILED 
BATS ike DF. Sted pS Ee DR A bee a ew ie Pers ide : REPORTS PREPARED. a 





900 HORSE POWER TANDEM DROP-VALVE ENGINE aban cur beet attention stall tae pn 


ee 


TRAFFIC PROBLEMS. 


We are Specialists 


in rapid transit and are prepared to. place our experience in 


BRAKE AND SIGNAL ENGINEERING: 


gained under all conditions of service 


ON STEAM AND ELECTRIC RAILWAYS 























| throughout the World at the disposal of Railway Engineers, and to 
co-operate ‘with them in meeting the ever-increasing demands on the 
capacity of their roads. 





All standard apparatus supplied by 
us is of British Manafacture. 





hese BRAKE & SAXBY SIGNAL C*® L= 
82, York Road, King’s Cross, LONDON, N.1. 
CALCUTTA, BRISBANE AND MELBOURNE, 


WORKS: 
LONDON AND CHIPPENHAM. India. Australia, 
Telephone—North 2416. Telegrams—‘‘ Westinghouse, ‘Phone, London.” 
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Improved a Patented 
NON-CONDUCTING 


LEROY’ 


COMPOSITION 


=e Veh BB) A. prpant EES. fre &c,, Beg 


power os mm TE WILLATONCE snow slr, LE va 
T CANNOT catcH OR COMMUNICATE FIRE. 


In London Sangeet et Ge coverng & qaved 
in aboyt six months. 
May be seen where it has been in use 20 years. 


ESTABLISHED 1865. 8874 


F. LEROY & CO., 
20, Gray St , Commercial Rd., London, rf 


Also at MEUCHETEER. 


JOHN OAKEY «SONS, Lic 


GENUINE EMERY, EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Yelling Mis, GLASS & FLI NT PAPERS, 


"LONDON, S.. 1. BLACK LEAD, Ko. 








REGISTERED TRADE MARK. 
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FIRST-CLASS 
AWARDS. 


Comhs Tannery, 


STOWMARK fi T. 


(Dept. 2.) 
PRICE LISTS AND TERMS ON APPLICATION. 


DEMPSTER, MOORE & CO., Lro., 


Engineers, GLASGOW. 






























5117 


Medern High-Speed Machine Tools. 


EBONITE INSULATORS 
Jor 


ELECTRICITY or HEAT. 





SPARKING PLUGS 























BARRETT & ELERS,LTD.|| fan GA8 ENGINES 
WALTER CRADDOCK; CASTINGS. 
PLAIN AND ORNAMENTAL JAPANNIBA Canmetiizine ond beler Meantags 
of all kinds of castings, 2c Lighthouse and Fog Signal Engineers. 
ENERAL BLBCTRO PLATING STEVEN «. STRUTHERS — 


GLASGOW, SCOTLAND. 8043 
See our Illustrated Advertisement on June 10 
and July 15. 


MICHELL BEARINGS, LD., 


ENGINEERS and MANUFACTURERS OF 

Michell Thrust & Journal Bearings. | 

London Office : 8961 

3, Central : Buildings, Westminster. 
See large Advertisement, page 78, June 10, 




















THERMOTANK Co. 


Heating and Ventilating Engineers 
55, West Regent Street, 


GLASGOW 


See last and next weeks’ illustrated advertisement. 


‘BALATA BELTING’ 


R. & J. DICK, LTD., 
GLASGOW. 


9240 
See displayed advertisement back cover (J un 10). 





Engineers, 
ST. MARY’S, BIRMINGHAM, 





See displayed Advt. every fourth week. 


HORDERN& MASON, 


Specialists in Sheet Metal Working Machinery. 





























Joseph Booth & Bros. 
RODLEY, LEEDS. 


ALL TYPES & ALL SIZES. 


See our Advt.in alternate issues, 





Limited, 
—- ated 
ee 








IMPERIAL 
E NGINES 


desig 





igned to meet every conceivable 
ent for power. Gas, Oil and 
Dirit engines are produced in both 
c l_and vertical types to suit 
“a. conditions, We shall be pleased 
send you complete Specification of 
ype suitable for your purpose if you 
with full particulars. 



































Two cylinder horizontal IMPERIAL Gas Engine. 


EIGHLEY GAS & OIL ENGINE CO., LTD., 
IMPERIAL WORKS, KEIGHLEY. 
London Office:—ALBION HOUSE, NEW OXFORD STREET, W. 1. 
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STANDARDISED 
MINING MACHINERY 


FOR PROMPT DELIVERY. 








The USKSIDE Electric Handens 


A Standardised Haulage Gear 

of Paramount Excellence. 
Sizes 25 HP. to 300 HP. Every component made of the very best 
and most suitable material. These Haulage Gears are an unrivalled 


proposition which will repay investigation. Write for Booklet “I,” 
containing full specification, sent post free. 


Steam aad Compressed Air-driven Havulages also made. 
THREE THROW RAM PUMPS.. 


The USKSIDE ENGINEERING Co., Ltd., 


MINING MACHINERY MANUFACTURERS. 




















NEw Porn, BLO. 


























Telegrame—” ROWAN, GLASGOW.” 
adic Oodes—A BO (éth & Mth Rditions), LIEBER’A 





GAS PRODUCERS. 
STEEL FURNACES. 
SHELL FURNACES. 


See Last Week's Advertisements, 
Send for particulars to— 


G, P. WINCOTT, LTD., 


180, ATTERCLIFFE ROAD, SHEFFIELD. 


9067 





The TIMBRELL & WRIGHT 
MACHINE TOOL & ENG. CO., Ltd., 
Birmingham. 


Slaney Street, 
T. & W. 
CAPSTAN LATHES. 


See our Fortnightly Advertisement 8720 


BLENFIELD & KENNEDY 


Eagincers & lreafeunders, 


KILMARNOCK, 


SCOTLAND 
Sus Apve. Last 4yp Next Warx’s lesvz. 


PFPuMeYK s. 


Direct-acting, Feed, Air & Service Pumps, Duplex 
& Centrifugal Pumps, Auxiliary Condensing Plant. 


NICHOLS PUMP & ENGINEERING i 60., 


(Lats NICHOLS BROSB.), 





Z 

















Berane gy ore lp 


DAWSON & DOWNIE, 


CLYDEBANK. ‘tT 


PumnmrYs 7 
FOR LAND anp MARINE PLANTS. 
SEE ILLUSTRATED ADVT/ PAGE 104, June 17. 


USE COLLIERY WASTE FUEL 


MEI DRUM FORCED DRAUGHT 


FURNACES 
Will efficiently consume it and maintain 
your Steam Pressure at the lowest cost. 
Write for List No. 106 F. to us at heey” 
Manchester. 
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Largest Steck ia the Werld. Od S034 
168, 108, & 104, Mineries, LONDON. 


Mich === 














FORINSULATION, srar.xo:.xs, 
Shortage of Coal and Labour. 





Mechanical Stokers are now & 
necessity. 


“One of the best machines is : 
the TRIUMPH.” 





TRIUMPH STOKER, Lrto., 
KIRKSTALL Roap, LEEDS. 











UNE I. 


TPARKINSONE SON 
© csarras iw | 












UNIVERSAL MILLERS 


> THE 
MACFARLANE . ENGINEERING 
" 


Netherlee Road, Cathcart. 











See half-page advertisement in issues of x7th Junc 
and 15th July. 








Sa 


yA Tpeyrolle A Ga., Ks. 


Hebburn-on- Tyne. 





i Switchgear. 

















Sight Feed Lubricators 


Sole Makers of 8081 
Adams Patent Seafield Mechanical Lubricator 
and Grandison's Piston Type Lubricator, 


STEAM KETTLES 


for Canteens, Ships, etc. 


The Steam Cylinder Lubricator Co. La 


eT | Gordon Works, Lr. Broughton :: MANCHESTER. 

















ALEX. FINDLAY é CO., Ltd., 


Stool Roof and Bridge Builders, MOTHERWELL, N.B. 


Structural Eagineers, . . 


Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1 covering a total area of 560,000 square feet; also for 
the Grand Stadium, area 200,000 


Aut Kinos oF Sree. Structures Desianep AND Execuren. 
SPEC'ALITY :—HYDRAULIG PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS 
Head Office . e ; MOTHERWELL, N.B. 
London Office 9, VICTORIA STREET, S.W. 
TxeLeenams: FINDLAY, MOTHERWHLL, PARKNRUK, LONDON 


square feet, 9262 








CLYNE ENCINEERING CO., L™- 


Telegrams: ‘‘Mopzanizs.” Tele No. 4070 Orrr. 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 

AND COMPRESSORS, 14) 
STEAM TRAPS, &c. 
04, Marxer/St., MANoHEsTER. 











THE * STONE” SYSTEM 


HYDRAULIGALLY OPERATED 
WATERTIGHT DOORS. 


As fitted to latest Mail and Passenger Steamers. 


J. STONE & CO., LTD., 


Deptford, London, 8.B. 517 





Measure your Screw Gauges accurately 
by using 


B-L CYLINDERS & PRISMS. 


Tilustrated Booklet containing full 
and prices post free from the makers, 


BASSETT-LOWKE, LTD. nonTHampron. 


RELIABLE BOURDON 
STEAM GAUGES 


High Speed 
Indicators. 
ENGINE COUNTERS, 
Bei ore bm 


Tastrument 
Man 





RICHARD INDICATOR. 








CRADOCKE’S ROPES 


— SOME SECTIONAL VIEWS. — 


No. &a6 6STRANDS. No.9a 6 STRANDS, No. 17 6 STRANDS. No. 186 STRANDS. 


o WIRES sxc, 
(30 rou roun 
(24 round 18 round § 1g round. 12 round 


12 round 6 round 1). 6 round 1). 


18 WIRES each 7 WIRE: each of WIRES each 


(11 round 6round 1). (15 round 9 round 3). 
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HANNAN 2. BUCHANAN 
78, Robertson St., GLASGOW. $683 








GEORCE GRADOCK & CO., Limrtep, WAKEFIELD. 
CRANE 


World Wide "921 Fa 


VALVES & COCKS 
Their Economy meets 
the needs of to-day. 
Their Permanent 
Quality provides for 
the future. 

any Pipe Line.’’ 


CRANE-BENNETT L™°. » 


1855 


PI PE FITTINGS 


Sizes are to 6 in 








All preewre 


All | Purpones 


““—E caidas for 


Distributors of Sanitary Fixtures and Materials, 


45-51, Leman St., London, E. af 9254 


Telephone: legrams: 
Avenue 8062/5 (4 lines). “ Spruceness, Cet London.” 





THE SCOTTISH 
STAMPING & ENGINEERING Go. Lo. 


Drop Forgers 
and Stampers, | 


NEPTUNE Wor«ks, AYR. 
See last and next week's [lustrated Advert. 


a oe SHEARING Ji nye plh 


NING. “MACHINES, --CRO” 
JAMES BENNIESSONS: -oRvaN 


Mii, STEEL.oR IRON,, vit Hl 
BELLISS & MORCOM, 
Balt rang tam. Eng, uta, 
he 


See illustrated Advt. every month. 













































NEWALLS 
MACNESIA COVERING 


For BOILERS, TURBINES, &c. 


NEWALLS INSULATION Co., Lt 
81, MOSLEY STREET, NEWCASTLE-ON- TYNE 


STEAM CRANES AND ELECTE 
OVERHEAD CRANES. — 


SAMUEL BUTLER & C0.U% 


Grangefield Works, STANNINGLEY, near LEE 


‘Grams—' Lir Tine 
Phone—176 STANNINGLEY. 


STONE AND 


.__ GOODWIN BARSBYA( 


THE 
Lad Bey 
a* . rr) 


moe |. 
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ENGINEERING COSY 2a MUMBO SO 









2... 
DYNAMOS & MOTORS. 
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ENGINEERING _ 
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= ’ JUNE 24, 1g21.] ots [SUPPLEMENT pose LEHI] | 2 ae _ 
| “GUNTHER” §& 
‘Tt FANS Every Kink Taken Out COVERNORS 
a ee méanen On our Automatic Wire Straightening and Cutting Machine. 
| BP _cunciane, 0. No matter what ||] WILSON HARTNELL & Co., Ltd., ensue: 
S| Cenrewvaat kind of wire you use, ||] 1), NEW STATION ST., LEEDS. ees 
= PUMPS. this Roig i pi 
"ae straighten it cu 
4 “ween tescerate cage || MACHINE CUT GEARS. 
OFSTRAL WORKS. | at high speed, and it 
' — : will run all day, and ‘}| Spur, Hike, sod Kh ae 
5, a every day in the year. Iron gt 
be THE wi 
= CLEVELAN D sizes, lengths and styles, and equipped to suit the kind of oy Poh ast Rawhide and "Phe Pinions 


BRIDGE Anp 


Heap Orricg and Worke— 
DARLING Ton. 








CROWN BOILER COVERINGS 


THE COOLEST AND STRONCEST IN USE. 
96% EFFICIENCY 








ja 

M, SUTOLIFFE BROS, 
Ti Boho Works, 6166 Seal Wharf, 
5, i Godley, near Manchester. Stratford, E, 15. 





>! 
pe 
a 


PUMPS 











NG OIL FUEL 
; PETROLEUM. 
= SERVICE 
= AIR 
! VACUUM. x 








ZWICKY PUMP Co., Lro., 


284/286, Salisbury House, 
London Wall, E.C. 2. 






















= 
“POINTS WORTH 
REMEMBERING ” 
ABOUT 
THE 


“BRADFORD” 
WATER 
COOLERS 


HOLEHOUSE’S PATENT 

















1827 













§ The best constructed cooler 
on the Market. 

q No nails used for irrigation. 

@ Rails are exposed to water 
on all sides and exposed to 
free and cold air, 

q Every cooler is made at our 
own works and are all 
standardised. 

@ They are ALL BRITISH. 









THE | 
DAVENPORT ENGINEERING CO., Ltd. 











F. B. Shuster Co., New Haven, Conn., U.S.A. 


CATALOGUE ON REQUEST. 


Formerly Joha Adt & Sen . Established 1866. 


9277 








G. ANGUS & Co. Lo, 


Neweastle-upon-Tyne. 





——_— 








Also Makers of Riveting Machines. 








GRAFTON  & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


mM? 






Telegrams — 
Grafton, Bedford. 





Illustrated rue Price List free on application. 


SILVER MEDAL, Inventions Exhibition London, 1885. GOLD MEDAL, Paris 1900. 
GRAND PRIX and GOLD MEDAL. Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 














,ielegrams: Harris Street, Telephone 
Sf Boxcprry,” BRADFORD. 
y, 








RIGHARDSONS, WESTGARTH: & Co. Ld. 
wipotessroucw, HARTLEPOOL, sunper.ans. 


















STEAM TURBINES. 


9341 


Standard Sizes up to 20,000 K:W. 


~ 











KAYE'S 


LATEST PATENT 


SERRATED 
SEAMLESS 


STEEL 
OILCAN. 





oe THE “K” 
OIL ECONOMISER 


STORAGE 
CAPACITY 
FROM 
4 7006 
to 
100 
GALLONS 
AS MAY BE 
DESIRED. 


War Dept. 


Contractors to H.M. Aaa’ a a a 
ways. 


Home Office, and Indian 





SOLE MAKERS :— 


Joseph Kaye@ Sons 


LTp., 


LOCK WORKS, LEEDS 


AND 


93, HIGH HOLBORN, 
LONDON, W.C. 1. 




































ENGINEERING, 


HEAD OFFICE and WORKS:— LL SONS & CO \T | hacrinienes 
GAINSBOROUGH, ENGLAND. Sees §=«6LOCOMOTIVE MULTI- 
, eat «Wee §6©6TUBULAR BOILERS. 
3, London Wall Bidgs., E.0.2. & “ae ‘Se SIZES UP TO G5 LHP. 




















cla adii S i, pas ee GEM CONSTRUCTED with FIREBOXES for 
Es ve COAL, Oil, WOOD, and INFERIOR 
Caleutta, Bombay, Madras, Lahore. J : eral Pagano 


CANADIAN DEPOT; x = SPECIAL & SECTIONALISED TYPES 
Saskatoon, Sask, ca: for “OVERSEAS” REQUIREMENTS. 


KIRKSTALL FORGE LTD., near LEEDS. 








anes 


& BOVING & CO., Liat, 2 


v. . [Manufacturers of} 


WATER TURBINES, 
PIPF. LINES, VALVES, GOVERNORS, etc. |; 


(for water power plant), 





—_ 


g 





- 


EFFICIENCY in Water Turbines is of even greater importance than in 
most machines as water power is often very limited and must therefore 
be utilised to the fullest extent. Good design and workmanship are 
therefore prime essentials for this class of work and water power users 
are invited to study the remarkable result we obtained after re-designing 
and re-building five pairs of old type Pelton Wheels for Turbines, each 
developing 16,000 B.HP., with the remarkable result as shown. 


EFFICIENCY % 
a 





HEAD OFFICE: 
Dept. 5. . 











Telegrams: ; 


ae 36, Kingsway, JENORTEN, ’PHONE, . 


Lorpor. 


@ London, W.c. 2. : | 
REDPATH BROWN & CE: 


STEEL CONSTRUCTIONAL ENGINEERS AND MERCHANTS. 



































EDINBURGH, UC, 5 — ay VARIED 
LONDON, a oe «4 ~STOCKS. 
MANCHESTER, §_\..2g eset mt i, (2) IMMEDIATE 
GLASGOW. Nee ee hl DELIVERY. 
NEWCASTLE. Non See ey a ag 
MIDDLESBORO, CONE | He te Technical Advice, 
BIRMINGHAM, | TOUS | _ | Adan nee Designs & Estimates 








25000 Tons in Stock Registered Ofice 2 St Andrews Square, EDINBURGH. 


a — 


Peaeget tae eae & at the Bedford £21, a ee —=——= minions 
| "Y TINGINMMMING, 86 4°36, Bedtord Street, tart Pa el Bar Bak Coreek aceen tale is tee dee ot a Oices 


ee ~ eT TT ——L 
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